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Lay title
Review of current and future treatments for patients with Paroxysmal Nocturnal
Haemoglobinuria

Lay summary

What is Paroxysmal Nocturnal Haemoglobinuria?

Paroxysmal nocturnal haemoglobinuria (PNH) is a very rare disease. It arises from PNH
stem cells in the bone marrow. In a normal bone marrow these are inactive; however, if
there has been a problem in the bone marrow, the PNH stem cells can expand and make
PNH red blood cells, white blood cells and platelets. The problem with these cells is that
they lack the cell surface markers that usually protect them. Red blood cells are broken
down in the circulation rather than the spleen, which gives rise to PNH symptoms such as
abdominal pain, difficulty swallowing, erectile dysfunction and red or black urine (known
as haemoglobinuria). The white blood cells and platelets are ‘stickier” increasing the risk
of blood clots. Previously life expectancy was reduced as there were limited treatment
options available.

What was the aim of this review?
To provide an overview of current and future treatment options for PNH

journals.sagepub.com/home/trd 1

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (http://www.creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/trd
mailto:m.griffin@nhs.net

Therapeutic Advances in Rare Disease 1

Which treatments are available?

expectancy to near normal.

ravulizumab.

What does this mean?

Why is this important?

Introduction

Paroxysmal nocturnal haemoglobinuria (PNH),
an ultra-orphan disease with a prevalence of 15.9
cases per million in Europe is a life-threatening
disorder, characterised by haemolysis, bone mar-
row failure and thrombosis.!? Prior to the devel-
opment of eculizumab, patients with PNH had a
median survival of between 10 and 22 years.3*

Clinical PNH arises from a stem cell mutation
and subsequent expansion of these PNH stem
cells in the bone marrow, often following an
immunological ‘insult’, such as preceding aplastic
anaemia, although this insult may be transient
and without clinical symptoms.> Somatic muta-
tions in the phosphatidyl inositol glycan A (PIG-
A) gene in bone marrow stem cells result in the
loss of all glycophosphatidylinositol anchor pro-
teins on haematopoietic cells.%” CD55 and
CD59, the complement regulatory proteins on
red blood cells are therefore deficient. CD55 reg-
ulates the formation of C3 and C5 convertases
and CD59 the formation of the membrane attack
complex (MAC). Thus in PNH, with a deficiency
of one or both of these regulatory proteins there is

e Eculizumab is an treatment given through a vein (intravenous) every week for 5weeks
then every 2weeks after this, and has been available for 13years, improving life

e Ravulizumab is a newer intravenous treatment similar to eculizumab but is given every
8weeks instead of every 2weeks. In clinical studies it was comparable with eculizumab.
e Future Treatments - There is new research looking at different methods of treatment
delivery, including injections under the skin (subcutaneous] that patients can give
themselves, treatments taken by mouth (oral] or a combination of an intravenous and
oral treatment for those patients who are not optimally controlled on eculizumab or

PNH is now treatable. For years, the only drug available was eculizumab, but now different
targets and drug trials are available. Ravulizumab is currently the only second licenced
product available, in USA and Europe, there are other medications active in clinical trials.

The benefit for patients, from treatment every 2weeks to every 8weeks is likely to be
improved further with the development of these new treatments, providing patients with
improved disease control and independence.

As we move into an era of more patient-friendly treatment options, the PNH community
both physicians and patients look forward to new developments as discussed in this article.

unregulated activation of C3 and C5 convertase,
formation of the MAC and alternative pathway
self~amplification. This results in complement
mediated intravascular haemolysis, free haemo-
globin release and nitric oxide (NO) depletion.

NO depletion inhibits smooth muscle relaxation
causing PNH symptoms such as abdominal pain,
oesophageal spasm, erectile dysfunction and pul-
monary hypertension.?$° The complement and
coagulation systems are closely interlinked ren-
dering PNH patients at significantly increased
risk of thrombosis, alleviated only partially by
anticoagulation. !0

Eculizumab, a humanized monoclonal (IgG,,x)
antibody, produced by recombinant DNA tech-
nology, binds to the complement protein C5 pre-
venting terminal complement activation and
subsequent intravascular haemolysis. Licenced
by the United States (US)Food and Drug
Administration (FDA) and European Medicine
Agency (EMA) in 2007,':12 it has revolutionised
treatment of patients with the disease in countries
with access to this therapy. Life expectancy is
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now near that of the normal population.!? The
risk of thrombosis has been significantly reduced
with eculizumab, a relative risk reduction of 85%,
overcoming the most severe life-threatening
aspect of PNH.1#4 Eculizumab is however a high
cost drug, and this has limited access to treatment
for many patients with PNH throughout the
world.

The dramatic improvement in the management
of PNH over the last decade is now enabling a
move towards a more personalised patient-cen-
tred care with options to reduce frequency of
treatment and the option to self-administer
medication.

There is also an unmet clinical need in PNH for
patients in whom control of intravascular haemol-
ysis is suboptimal on eculizumab. As reported in
the literature, 20% of patients require a higher
dose of eculizumab to prevent haemolysis; these
needs are not met in some countries where dose
increases are not permitted.!> Breakthrough intra-
vascular haemolysis can also occur at times of
high stress such as infection or surgery, resulting
in patients requiring careful timing of elective sur-
gery and potentially an additional dose of eculi-
zumab. Some patients also experience relatively
high levels of extravascular haemolysis whilst
receiving eculizumab. This is due to opsonisation
of PNH red blood cells, leading to their increased
clearance from the circulation. This means some
patients remain transfusion dependent, despite
eculizumab treatment.!®

The therapeutic field of complement inhibition
has become an area of increasing interest, as com-
plement inhibitors are utilised not just in PNH
but also in other diseases such as atypical haemo-
Iytic uremic syndrome, ophthalmology disorders
and myasthenia gravis. With an increase in thera-
peutic options for patients, this should also lead
to reductions in drug costs and wider access
throughout the world.

To fully understand the evolution of PNH treat-
ment, an understanding of the complement cas-
cade is required.

Complement pathway
The complement system is complex, with the
classical, lectin and alternative pathways converge

at the complement protein C3. The classical
pathway is triggered by antigen-antibody interac-
tions activating the C1 complex; the mannose
binding lectin (MBL) pathway is initiated through
interaction between carbohydrates on the bacte-
rial cell wall with either MBL or ficolin, associ-
ated with MBL/ficolin-associated serine proteases
(MASPs).

In contrast the alternative pathway (AP) can be
triggered through spontaneous hydrolysis of C3
with constant ‘tick over’.

All three pathways generate a C3 convertase, the
CP and MBL generating a C2a4b molecule and
the AP pathway producing C3bBb. Both the acti-
vated Crl and MBL molecules catalyse formation
of C2a and C4b leading to the C3 convertase
C2a4b. In the AP, C3 undergoes spontaneous
hydrolysis and binds with activated Factor B. The
active Factor B (Bb) is generated by Factor D and
binds hydrolysed C3 forming the AP C3 con-
vertase (C3bBb). Properdin helps to stabilise the
C3 and C5 convertases. Once the AP C3 con-
vertase is generated there is a potent amplification
loop with multiple molecules of C3 being cleaved
and further C3bBb generated. Both pathways
generate their respective C5 convertases, which
cleave C5 into C5b and potent anaphylatoxin
C5a. C5b joins with C6, C7, C8 and multiple
molecules of C9 to form the membrane attack
complex (MAC). Each pathway has multiple reg-
ulators and targets for therapeutic inhibition.17-18

Deregulation of the three pathways give rise to a
variety of disorders. Concentrating on the alter-
native pathway, inherited or acquired abnormali-
ties of the proteins within the pathway can result
in patients developing a wide range of disorders
including PNH, atypical haemolytic uremic syn-
drome and glomerulonephritis.

Infection risk and complement inhibition

Inherited loss of complement proteins has resulted
in an increased susceptibility to particular infec-
tions. This information is useful in informing the
management of patients who are receiving specific
anti-complement therapies targeted for disease
management in conditions such as PNH. Neisseria
infections are the only infections associated with
loss of terminal complement proteins C5-C9. A
retrospective analysis of nearly 10years of patients
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with PNH treated with eculizumab demonstrated
67 cases of meningitis, representing 0.25 reports
per 100 patient years (PY) of which eight were
fatal (0.03 per 100PY). However, the rate of
meningococcal infection has decreased over
time.2% Since terminal complement inhibitors ecu-
lizumab and latterly ravulizumab have become
available, healthcare staff and patients are more
familiar with risk, enabling them to mitigate it
with vaccination, antibiotics and education of
patients and healthcare professionals.

Whilst all patients as per treatment licence should
receive meningitis vaccinations for subtypes
ACWY and B, in the United Kingdom (UK), all
patients are vaccinated at commencement of C5
complement inhibition (instead of 2weeks lead-
ing up to treatment), due to concerns about
increased haemolytic activity observed by the
PNH national service when vaccinating prior to
treatment (unpublished data). Patients also
receive ciprofloxacin antibiotics for 2weeks and
long-term penicillin/erythromcyin.

This is standard practice in the UK, as advised by
the Public Health England Meningococcal
Reference Unit, the Centres for Disease Control
(CDQC) also recommended antibiotic prophylaxis
in patients who are on complement inhibitors,
both departments acknowledging the small risk of
antibiotic resistant meningitis strains.2122

Annual monitoring of AWCY antibody titres and
revaccinating where immunity is suboptimal, as
well as meningitis B booster every 5years is also
advised. It is not currently possible to assess anti-
body titres for meningitis B due to interference of
C5 inhibition with the assay.

As newer therapeutic options target other proteins
in the complement cascade, understanding and
management of potential infection risks are essen-
tial. Targeting C3, factor B and factor D are likely
to increase the risk of infections such as haemo-
philus influenzae, proteus and pseudomonas spe-
cies, as well as meningitis. We must be careful to
vaccinate where possible as above, in addition
with haemophilus influenzae type B and pneu-
mococcal vaccination, and to educate patients
and healthcare staff of the risks.23 Prompt hospi-
tal admission for patients with pyrexia/concerns
about meningococcal infection and treatment
with intravenous antibiotics as per local hospital
guidelines is essential to mitigate mortality risk.

Ravulizumab, mechanisms of action and
clinical trials

Ravulizumab is a second-generation IgG medi-
ated monoclonal antibody, similar to eculizumab,
produced in a Chinese hamster ovary cell.
Eculizumab when bound to C5 has increased
clearance, thus reducing the half-life of the drug
to l1ldays and the need for treatment every
14 days. Eculizumab is transported into acidified
endosomes (pH 6 environment), with or without
bound C5 (see Figure 1). The eculizumab-C5
complex is thought to inefficiently dissociate at
pHG6, resulting in degradation of the complete
C5-eculizumab complex and reducing the option
for recycling of eculizumab. Lack of recycling of
eculizumab results in loss of availability to bind
to further newly generated C5, reducing the drug
half-life.24

Modification of the eculizumab structure by four
amino acids to form ravulizumab has resulted in
increasing the half-life significantly. Mouse models
demonstrate this process two-fold. Ravulizumab
targets newly synthesized C5, binding to it and
continuing cessation of the C5-C9 complement
cascade (see Figure 1). There is a marked reduc-
tion in target mediated drug disposition, effected
by altering the pH at which the monoclonal anti-
body-C5 complex (mAb-C5 complex) dissociates
to pH 6. This allows it to dissociate in the endo-
some, enabling lysosomal degradation of C5 and
releasing ravulizumab into the vascular space,
recycling and allowing binding and neutralizing
of newly generated C5.

This combination of reduction in target mediated
drug deposition and recycling results in increased
drug half-life. In vivo analysis of pharmacokinet-
ics (PK) and pharmacodynamics (PD) data dem-
onstrate a three- to four-fold increase in drug
half-life compared with eculizumab in a single
dose escalation study.2+

Clinical trials with ravulizumab

The phase Ib (ALXN103 study) and phase II
(ALXN201 study) multicenter trials included
dose finding and PK studies in patients naive to
complement inhibition. ALXN 103 was a dose
escalation study of 13 patients with patients
receiving treatment every 4weeks once a loading
dose had been completed. Dosing of cohorts
included either 900 mg or 1800 mg every 4 weeks.
Based on ALXN103 study dose selection for the
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ALXN201 study were selected with 26 patients
enrolled, receiving either 1000 mg every 4 weeks,
1600 mg every 6 weeks, 2400 mg every 8 weeks, or
5400mg every 12weeks. The primary end point
of reduction in lactate dehydrogenase (LDH)
were reached with a mean LDH percent reduc-
tion from baseline ranging from 72.9% in study
201/cohort to 89.6% in study 201/cohort 4 [LDH
inclusion criteria of three times upper limit of
normal (ULN)]. Improved FACIT fatigue scores
and transfusion requirements supported the
effectiveness of ravulizumab leading into phase
three studies.?®
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[llustration of the three main pathways of complement activation and an overview of some of the targets of therapeutic

Phaselll. Following the successful phaseI/II tri-
als, ravulizumab was trialed in a phaseIIl non-
inferiority  multi-center  study, ALXN301
[ClinicalTrials.gov identifier: NCT02946463]
compared ravulizumab with eculizumab in treat-
ment-naive haemolytic PNH patients. Inclusion
criteria included an LDH greater than 1.5 times
of the ULN, a lower LDH threshold than for the
phasel/Il study which permitted increased
recruitment and fewer screening failures.

A total of 246 patients were randomized to receive
either ravulizumab (single loading dose followed
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by a maintenance dose starting after 2 weeks, by
weight-based dosing) or eculizumab for 6 months
(600 mg weekly for 4weeks followed by 900 mg
every 2weeks) with a 1:1 randomization.
Ravulizumab was non-inferior to eculizumab for
both the primary endpoints of LDH normalization
and transfusion requirements (transfusion inde-
pendence, 73.6 versus 66.1%; LDH normalization,
53.6 versus 49.4%, p<<0.001 (for non-inferiority).
Secondary endpoints were also non-inferior which
included breakthrough intravascular haemolysis
and quality of life measures.26

The ALXN302 study [ClinicalTrials.gov identi-
fier: NCT03056040] was a non-inferiority switch-
study for PNH patients already on eculizumab.
Inclusion criteria comprised ‘stable PNH’ on
900mg of eculizumab every 14days. A total of
195 patients were randomized switch to ravuli-
zumab or continue eculizumab, with those on the
standard arm offered a switch to ravulizumab at
the end of the 26 week comparison period (1:1
randomisation). Similar to the phaseIIl treatment
naive cohort, ravulizumab was non-inferior to
eculizumab with minimal percentage change in
LDH compared with the LDH at baseline
(=0.82% for ravulizumab versus +8.39% for ecu-
lizumab).2” The 52-week combined data from the
301 and 302 study demonstrates ongoing effec-
tive management of PNH, with very few break-
through events in the patients on ravulizumab.?8
C5 levels in both the 301 and 302 studies patients
on ravulizumab were shown to have C5 levels
consistently below 0.5ug/ml for the duration of
the 8 week dosing schedule, compared with 22 or
the 219 patients on eculizumab who had at least
one C5 level rise above 0.5ug/ml. This suggests
ravulizumab provides a more effective, sustained
C5 complement inhibition compared with eculi-
zumab, due to a minority of patients in the eculi-
zumab control arms not sustaining comparable
C5 inhibition.?® Interestingly the five patients
who experienced breakthrough events on ravuli-
zumab (up to 26 weeks) did not have a rise in
C5.30 The side effect and safety profile in all the
above studies were comparable with that of eculi-
zumab. Two patients across the four trials experi-
enced meningitis, both had been vaccinated
against meningitis and the meningitis strains iso-
lated were penicillin resistant and of indetermi-
nate penicillin sensitivity, respectively. Follow-up
time is relatively short compared with data on
eculizumab, and thus further cases of meningitis

are likely to emerge in the future with use of
ravulizumab.?’

Headache was the most frequently reported
adverse event (AE), which was also the case with
eculizumab. The theory behind the headaches
experienced by treatment naive patients relates to
an increase in NO (due to cessation of intravascu-
lar haemolysis and scavenging of NO by free hae-
moglobin) leading to a dilatation of cerebral blood
vessels. Patients also reported headache when
switching from eculizumab to ravulizumab (26.8%
with ALXN1210 versus 17.3% with eculizumab).
Several possible reasons for this include the longer
infusion time, the requirement to be in a clinical
care facility whereas patients may have been
treated at home previously with eculizumab, or as
speculated by authors of the trial, a deeper control
of intravascular haemolysis; however, only well
controlled patients on eculizumab were permitted
to enter into the trial. Long term safety data are
awaited.

The results of the phaselll trials led to ravuli-
zumab receiving marketing authorization by the
Food and Drug Administration in 2018, and the
European Medicines Agencyin 2019 (Ultomiris®,
Alexion Pharmaceuticals, New Haven, CT,
USA). Approval in the UK and other countries is
awaited at time of publication.31,32

The cost of ravulizumab is lower than eculi-
zumab, stated to be approximately 10% lower in
the US at $458,000; however, healthcare model-
ling suggest a more generous cost analysis. This is
based on several factors, including improvements
in patient’s quality of life and therefore productiv-
ity, and the reduction in breakthrough events
reducing the need for healthcare visits and blood
transfusions. The reduced frequency of infusions
also reduces healthcare staff time. Whilst it
remains relatively early post-ravulizumab-
approval, dose increases as yet have not been
required, unlike in eculizumab with 20% of
patients requiring a higher dose, which adds to
drug costs. It does, however, remain a very costly
drug, with access likely remaining limited for
patients worldwide.33:34

Whilst receiving licensed approval, there are areas
for improvement with ravulizumab. Patients are
still committed long term to lengthly 2-3 hour
intravenous infusion every 8 weeks, requiring
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healthcare staff for administration and in some
countries attendance at hospital.

Other C5 inhibitors

Currently the only licenced products for the treat-
ment of PNH are C5 inhibitors available as intra-
venous preparations (see Figure 1). Alternative
modalities of drug delivery are now being investi-
gated, including daily and weekly subcutaneous
(SC) therapies.

Pozelimab, a fully human monoclonal immuno-
globulin G4P (IgG4P) antibody directed against
C5, has been trialled in healthy volunteers has
demonstrated complement inhibition with a
reduction in the complement function assay
CH50 and a favourable safety profile.3> Currently
recruiting, an open-label single arm phaseII study
in treatment naive patients, with initial IV then
weekly SC dosing [ClinicalTrials.gov identifier:
NCT03946748] with a target recruitment of 42
patients.

Crovalimab, a SC C5 inhibitor with sequential
monoclonal antibody recycling technology
(SMART), is another approach to treatment for
PNH, developed by Roche Pharmaceuticals. It
binds efficiently to C5, with enhanced uptake of
bound C5 into endosomal cells and, similar to
ravulizumab pH dependent dissociation, crovali-
mab dissociates from it antigen-antibody complex
allowing degradation of C5 and the free antibody
to be recycled back into plasma for further C5
inhibition. Optimal dosing frequency is suggested
to be every 4weeks following a phase I/II clinical
trial which included treatment naive (10 patients)
and C5 inhibitor treated patients (19 patients)
who switched to crovalimab, with a sustained
response in LDH < 1.5 X upper limit of normal
(ULN). Two patients on the higher dose (680 mg
every 4weeks), developed a skin rash which set-
tled, otherwise reported AEs were similar to other
C5 inhibitors [ClinicalTrials.gov identifier:
NCT03157635].3¢

Zilucopan, a daily SC injection showed promising
results; however, the company have been taken
over and looks to not be pursing PNH as a disease
area of interest.3” Similarly, nomacopan, a daily
SC injection for PNH, presented at the 23rd
European congress of haematology in 2018,

showed a reduction in LDH and was well toler-
ated by eight patients, although it is no longer
being developed by the company for PNH.38

ALN-CC5 represents an alternative approach.
Developed by Alnylam Pharmaceuticals, it uti-
lises RNAIi technology to reduce the production
of C5 in the hepatocytes and has been trialled in
a small cohort of PNH patients [ClinicalTrials.
gov identifier: NCT02352493].3°

Biosimilars to eculizumab are also now either in
clinical trials such as ABP959 (Amgen)
[ClinicalTrials.gov identifier: NCT03818607] or
being utilised for patients, with a significant cost
saving to countries, increasing access to treat-
ments for PNH patients.

Proximal complement inhibition

Proximal complement inhibition has developed
rapidly over the last few years, with several comple-
ment protein targets being considered for or
already in clinical trials including C3, factor B, fac-
tor D or combination treatments (see Figure 1).

Combination treatments offer an interesting
perspective, proposed strategies include a com-
bination of C3 and C5 inhibition, Factor D and
C5 inhibition, or C5 inhibition using different
modalities.

The combination of a licenced C5 inhibitor (ecu-
lizumab or ravulizumab), with an ‘add on’ proxi-
mal complement inhibitor may offer improved
control for those patients with sub-optimal dis-
ease control on eculizumab, with several trials
currently registered with ClincialTrials.gov.

Proximal complement inhibitor with C3b

binding

Compstatin analogues target C3 by binding to
C3 and C3b (active target) preventing cleavage
of C3 to C3b, and binding to the activated C3—
C3b complex. This prevents downstream activa-
tion of the complement cascade and intravascular
haemolysis in PNH patients. Compstatin ana-
logues also inhibit the amplification loop of com-
plement activation. There are several different
compstatin analogues in development, the most
developed of these from a clinical trial perspective
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is Pegcetacoplan (Apellis pharmaceuticals), a
pegylated compstatin analogue which binds to C3.

Pegcetacoplan was trialed as monotherapy in
treatment naive PNH patients, in the phaselb
PADDOCK study [ClinicalTrials.gov identifier:
NCTO02588833]. Inclusion criteria including
LDH>2 times ULN, a Hb<10.5g/dl and
received at least one blood transfusion in the last
12 months. Pegcetacoplan was given SC as a daily
injection with 95% of patients achieving sustained
normalization of LDH levels, and an increase in
haemoglobin from a baseline median of 8.0 g/dl to
a median of 10.8 g/dl at day 29 of treatment. One
potential advantage of C3 inhibition is the reduc-
tion in extravascular haemolysis, as shown in this
trial by the increase in the proportion of PNH
erythrocytes from 32% at baseline to 80% at day
85, the reduction of absolute reticulocyte counts
and normalization of bilirubin levels.4?

Due to anticipated control of extravascular hae-
molysis, pegcetacoplan was also trialed in a
phaselb dose escalation study [ClinicalTrials.
gov identifier: NCT02264639] as an ‘add on’
therapy for those with a haemoglobin of <10 g/dl
or had received a blood transfusion within the
last 12 months whilst established on eculizumab.
Mean Hb increased from 8.78 X g/dl to 11.5 X g/
dl, with 2years of trial completed, this confirms
a combination treatment is also a considered
approach.4!

PNH disease control, both intravascular and
extravascular haemolysis as demonstrated in
these small phase Ib study led to a large phase III
multi-centre trial [ClinicalTrials.gov identifier:
NCT03500549] in PNH patients experiencing
a suboptimal haematological response to eculi-
zumab, defined as a Hb level <10.5 g/dl. In this
study, after a short period of concomitant treat-
ment (to reach pegcetacoplan steady state),
patients were randomised to continue either
eculizumab or pegcetacoplan monotherapy,
with crossover for those in the standard arm of
treatment. Preliminary 16-week data show
superiority to eculizumab in this selected patient
group, with a significant improvement in hae-
moglobin with an adjusted treatment difference
of 3.84 g/l for patients on pegcetacoplan; 85.4%
patients achieved transfusion avoidance and
FACIT fatigue scores improved. Four patients
experienced breakthrough haemolysis, compared

with nine patients on eculizumab; however, it
should be noted that three of the four patients
discontinued pegcetacoplan. Whilst these results
are impressive, follow up is short and longer term
data is awaited.4?

Factor D inhibitors

Factor D are the lowest levels of the complement
proteins in the blood. A serine protease, it cata-
lyzes cleavage of factor B leading to the formation
of C3 convertase. Factor D controls this rate lim-
iting step in the alternative pathway activation,
and thus is an attractive target for complement
inhibition and disease control in complement
mediated disorders. Utilising an ‘upstream’ target
in the complement cascade, the theory of inhibit-
ing not only intravascular haemolysis but also
reducing extravascular haemolysis caused by C3
opsonisation on red blood cells. There is also the
significant additional benefit that the currently
proposed factor D inhibitors are oral, providing
patients with independence. It should however be
remembered as discussed above; the risk of infec-
tions is likely to be higher with more proximal
complement inhibition.43

Several companies are developing oral factor
D molecules. Danicopan (ACH-4471) — an
Achillion/Alexion pharmaceuticals product — has
been trialed initially as first in human study as a
single and multiple dose ascending study in
healthy volunteers, for safety and PK data as the
product ACH-5228.4* Proof of concept in 12
PNH patients suboptimally controlled on eculi-
zumab, was presented in December 2019, with
combined treatment with Danicopan and eculi-
zumab.*> Mean improvements in Hb of 2.6 g/l led
to follow-on trials running in parallel, with both
treatment naive PNH patients, and those subop-
timally controlled on eculizumab and ravuli-
zumab as an ‘ad on’ therapy to see whether this
improves outcome [ClinicalTrials.gov identifier:
NCT04170023].

Also developing an oral factor D inhibitor are
Biocryst, with BCX9930. Combining a phaseI/
II study design, with healthy volunteers in partI
and II, with PNH patients both treatment
naive, and those on complement inhibitors.
The trial is open in South Africa with imminent
opening in Europe [ClinicalTrials.gov identi-
fier: NCT04330534].46
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Factor B inhibition

LLNP023 is another orally available drug, binding
to factor B, developed by Novartis pharmaceuti-
cals. Factor B drives the amplification loop of the
alternative pathway, binding to C3B. Cleavage by
factor D results in formation of C3bBb contain-
ing the catalytic substrate Bb. Thus targeting fac-
tor B removes the substrate for this amplification
loop. The inhibitors are highly selective, targeting
factor B alone. In vitro, there was also no evidence
of C3 deposition on red blood cells, supporting
the theory of reducing the risk of extravascular
haemolysis.4”

LNP023 is currently under investigation in a
phaselIl trial in treatment naive PNH patients
[ClinicalTrials.gov identifier: NCT03439839].

Other complement targets

In addition to the development of proximal com-
plement inhibition, there is the development of
‘downstream’ complement inhibition, with early
development of C6 inhibitors, with studies in
vitro, and in mouse and monkey models.*8

Summary

As we move into an era of drug development for
PNH, targeting the complement pathway
‘upstream’ from C5, with the potential benefits of
inhibiting extravascular haemolysis, ‘downstream’
of C5 and the option of oral, SC or longer acting
IV therapies mean treatment options and quality
of life for patients are likely to be improved. It
must be remembered that these new drugs whilst
offering benefit, also increase the risk of infection
to wider organisms other than Neisseria as more of
the complement pathway is inhibited. The diffi-
culty arises in conducting large multi-centre trials
in a rare disease, with many different interested
pharmaceutical companies and therapies. PNH
patients have also benefitted from the recognition
that complement inhibition as a target, is translat-
able across other disease fields, thus providing a
wider ‘market’ for the pharmaceutical industry
driving further drug development.

There remains a disparity throughout the world,
in terms of access to treatments for PNH. Expense
of treatment is usually a prohibiting factor, not
only in developing countries but also in some
developed countries. With the development of

biosimilars and an increasingly competitive mar-
ket for therapeutic targets and different methods
of medication administration, there is hope for
future reductions in cost pricing of drugs, but also
of increased patient access schemes to support
those in countries without access to these lifesav-
ing treatments.

Patient compliance with self-administered treat-
ments may be a concern. As a consequence of the
short half-life of some of the newer treatments
and the immediate loss of complement inhibition
will render patients at risk of ‘rebound’ PNH with
significant haemolysis and thrombotic events.

There also remains a wider concern about the risk
of breakthrough haemolysis. If patients lose their
complement inhibition control, there will be a
high proportion of PNH red blood cells present
thus risk of brisk and frank haemolysis if doses are
missed or patients have overwhelming infection
resulting in activation of the complement cas-
cade. A ‘rescue’ strategy could be proposed in
countries where C5 inhibition is available as a
temporary management of these episodes.

Conclusion

PNH, an ultra-orphan life threatening disease, is
now treatable. For years, the only licenced drug
was eculizumab; however, as this fast-moving
field now evolves, different targets and drug trials
are available. Whilst ravulizumab is currently the
only second licenced product available, in the US
and Europe, there are other medications active in
clinical trials. The benefit for patients, from treat-
ment every 2weeks to every 8 weeks is likely to be
improved further with the development of SC,
oral or a combination treatment, thus providing
patients with more autonomy and independence.
The issue of drug price is also addressed, one
hopes, with a more competitive market. We can
only aspire to enable worldwide, patients with
PNH to receive the care and treatment availabil-
ity that is afforded those in countries such as the
US, Europe and UK.
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