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ABSTRACT
Background: Paroxysmal nocturnal haemoglobinuria (PNH) is characterised by haemolytic anaemia, bone marrow failure and
thrombosis. The single-arm phase 3 APPOINT-PNH trial (NCT04820530) investigating iptacopan monotherapy in complement
inhibitor-naive patients demonstrated significant haemoglobin concentration improvements.
Methods: We used target trial emulation to retrospectively predict outcomes if APPOINT-PNH trial patients had received C5
inhibitors instead of iptacopan. Estimates were derived from the real-world APPEX cohort treated with routine C5 inhibitors. The
study used benchmarking and comparative effectiveness to evaluate the haematological response in APPOINT-PNH if patients
had received C5 inhibitors. Treatment effect was estimated using propensity scores tomodel the probability of trial inclusion based
on baseline covariates, followed by fitting an outcome model to the APPEX cohort.
Results: The analysis of 125 patients showed all estimated treatment effects (95% confidence interval) favoured iptacopan over
C5 inhibitors: differences in the proportion of patients achieving haemoglobin increase from baseline of ≥ 2 g/dL, 68.2% (40.9–
95.6); haemoglobin levels of ≥ 12 g/dL, 53.4% (31.4–75.3); transfusion independence, 38.8% (15.1–62.5); ratio of percent change from
baseline in lactate dehydrogenase levels, 0.51 (0.40–0.67); change from baseline in reticulocytes, −75.5 × 109/L (−106.9, −44.2).
Conclusions: Results indicate C5 inhibitor-naive patients with PNH may experience greater haematological response with
iptacopan than with C5 inhibitors.
Trial Registration: ClinicalTrials.gov identifier: NCT05842486

1 Introduction

Paroxysmal nocturnal haemoglobinuria (PNH) is a rare condition
characterised by haemolytic anaemia, bone marrow failure and

thrombosis [1–3]. The incidence of PNH is estimated at 0.1–
0.35 per 100,000 individuals and the 15-year prevalence is
reported as 1.6–3.8 per 100,000 individuals [4–6]. PNH is caused
by acquired somatic mutations in haematopoietic stem cells
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leading to the production of red blood cells (RBCs) deficient in
glycosylphosphatidylinositol-anchored proteins and subsequent
causing vulnerability to complement-mediated intravascular
haemolysis [7].

Approved treatments for PNH include C5 inhibitors such
as eculizumab and ravulizumab that target the underlying
intravascular haemolysis [7–9]. However, extravascular haemoly-
sis occurs as a pharmacological consequence of C5 inhibition that
leads to anaemia in a significant proportion of patients (50%–82%)
and transfusion dependence in some patients (8%–32%) [10–12].

Iptacopan, a first-in-class, oral factor B inhibitor, is a novel
treatment for PNH that can inhibit intravascular haemoly-
sis and prevent extravascular haemolysis, thereby prolonging
RBC survival [13]. The single-arm, multicentre, open-label,
phase 3 APPOINT-PNH trial (NCT04820530), which investigated
iptacopan monotherapy in complement inhibitor-naive adult
patients, demonstrated clinically significant improvements in
haemoglobin levels in the absence of RBC transfusions (RBCTs)
[13]. APPLY-PNH was a randomised, multicentre, open-label,
phase 3 trial (NCT04558918) that enrolled patients with PNH
and persistent anaemia despite being on a stable regimen of C5
inhibitors [13]. In the APPLY-PNH trial, switching to iptacopan
monotherapy showed superior efficacy over continued treatment
with C5 inhibitors [13]. However, data comparing the haema-
tological response to iptacopan with that to C5 inhibitors in
complement inhibitor-naive patients with PNH are not available.

Given that APPOINT-PNH was a single-arm trial and that a
randomised head-to-head trial of iptacopan versus C5 inhibitors
in complement inhibitor-naive patients has not been conducted
to date, target trial emulation and causal inference methods can
be used to leverage observational data on C5 inhibitors to fill
the knowledge gap [14–19]. This approach, known as target trial
emulation, enables the analysis of observational data in amanner
that attempts to emulate a randomised trial (referred to as a ‘target
trial’) [14, 15, 20–22]. The present study aimed to estimate the
treatment outcomes that would have been observed if patients
from the APPOINT-PNH trial had received C5 inhibitors instead
of iptacopan, using data from routine clinical practice.

2 Methods

2.1 Study Design

The retrospective noninterventional APPEX study
(NCT05842486) was used for benchmarking and estimating the
comparative effectiveness of iptacopan versus C5 inhibitors in
complement inhibitor-naive adult patients with PNH. Evaluation
of effectiveness was based on the use of a target trial framework
to emulate a two-arm study of iptacopan versus C5 inhibitors
(Table S1) [17, 20]. The study was reviewed and approved by
the hospital data access committee in Leeds. Secondary use
of data from the RIME registry (NCT04781790) in France was
approved by the Ethics Committee Ile de France IV. The study
was conducted in accordance with the Declaration of Helsinki.
All patients provided permission for their medical data to be
used for research purposes. Further details are available in the
Supporting Information.

2.2 Setting

Data were extracted from hospital databases in France (Hôpital
Saint-Louis, Paris) and the United Kingdom (St. James’s Univer-
sity Hospital, Leeds; Figure S1), with sample collection performed
between 1 January 2007 and 31 December 2022 (Supporting
Information). The extracted laboratory datawere collected during
routine outpatient visits.

2.3 Patients

The same eligibility criteria as those for the APPOINT-PNH trial
[13] were applied to the APPEX cohort (Supporting Information).

2.4 Endpoints

Effectiveness of the haematological response was defined accord-
ing to the following endpoints:

1. Proportion of patients initiating treatment with C5 inhibitors
who would have achieved an increase from baseline in
haemoglobin levels of ≥ 2 g/dL (between Days 100 and 200)
in the absence of RBCTs (occurring betweenDays 15 and 200)

2. Proportion of patients initiating treatment with C5 inhibitors
whowould have achieved a sustained haemoglobin level of≥

12 g/dL (between Days 100 and 200) in the absence of RBCTs
(between Days 15 and 200)

3. Proportion of patients initiating treatment with C5 inhibitors
who would have achieved transfusion avoidance (between
Days 15 and 200)

4. Percentage change from baseline in lactate dehydrogenase
(LDH) levels (between Days 15 and 200)

5. Change from baseline in absolute reticulocyte count
(between Days 1 and 200).

Additional analyses included the rate of breakthroughhaemolysis
during the initial 24-week treatment period starting from the
index date to up to Day 200 and mean haemoglobin levels over
time (sustained effect). See Supporting Information for details.

2.5 Statistical Analysis

Potential confounders and prognostic factors that were available
in the APPEX dataset and known to affect haematological
response were identified through a systematic literature review
and expert assessment. Missing data in the APPOINT-PNH trial
were modelled using multiple imputation [13]. In the APPEX
cohort, patients were followed up according to standard of
care rather than in the same schedule of assessment as that
for the APPOINT-PNH trial. Annualised rates in the APPEX
cohort within the first 200 days after the index date were
obtained from a negative binomial model. A detailed description
of the confounder assessment and statistical analysis, including
propensity score and sample size calculation and benchmarking,
comparative effectiveness and sensitivity analysis is available in
the Supporting Information.
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FIGURE 1 Love plot showing the balance in baseline covariates between the APPOINT-PNH cohort and the APPEX cohort before and after
weighting. The circles and triangles represent the unadjusted and adjusted variables used in the propensity score, respectively, and indicate differences
between the retrospective cohort of patients and patients in the APPOINT-PNH trial. The standardised mean differences for all variables were < 0.10,
indicating a good balance in the two patient populations after adjustment.
*Total number of units transfused in the prior 6 months.
MAVE, major adverse vascular event; PNH, paroxysmal nocturnal haemoglobinuria; RBC, red blood cell.

3 Results

3.1 Study Population

In total, 92 patients were enrolled in the APPEX study. The anal-
ysis sample included 85 patients after excluding five patients who
lacked data on baseline reticulocyte measurements, one patient
who failed screening and one patient who had no documented
data on the occurrence of transfusions (Figure S2). Overall, 125
patients were analysed in the retrospective study, which included
40 patients in the APPOINT-PNH cohort and 85 patients in the
APPEX cohort (France, n = 47; United Kingdom, n = 38). The
distribution of baseline characteristics before and after applying
propensity score weights obtained from the propensity score
model is shown in Figure 1 andTable S2. Afterweighting, baseline
covariates between the APPOINT-PNH and APPEX cohorts were
well balanced, with all standardised mean differences falling
within ±0.10.

3.2 Benchmarking

The estimated treatment effectiveness in terms of haematological
response was greater with iptacopan than with C5 inhibitors for
all five endpoints investigated (Figure 2A–E). The unweighted
estimates were similar to the weighted estimates.

3.3 Comparative Effectiveness

Differences in the proportion of patients achieving a haemoglobin
level increase of ≥ 2 g/dL, haemoglobin levels of ≥ 12 g/dL
and transfusion independence were all in favour of iptacopan
compared with C5 inhibitors (Table 1). Both the ratio of percent-
age change from baseline in LDH levels and the difference in
change from baseline in reticulocyte count were also in favour
of iptacopan (Table 1).

3.4 Mean Haemoglobin Levels Over Time

Mean haemoglobin levels increased over time for patients in both
the APPEX cohort and the APPOINT-PNH cohort (Figure 3).
At Week 24, the mean (standard deviation) haemoglobin level
was 9.82 g/dL (1.74) in patients treated with C5 inhibitors versus
12.6 g/dL (standard error, 0.2) [13] in patients treated with
iptacopan in the APPOINT-PNH trial.

3.5 Breakthrough Haemolysis

Annualised rates of breakthrough haemolysis events in the
APPEX study were based on observed numbers up to Day 200.
In total, 15 events were observed for 10 patients (11.8%) within
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FIGURE 2 Treatment outcomes for effectivenesswith C5 inhibitors in theAPPEX study andAPPOINT-PNH trial cohorts (overall analytical cohort
[n = 125]). (A) Haemoglobin level increase of ≥ 2 g/dL from baseline in the absence of RBCTs, (B) Haemoglobin level of ≥ 12 g/dL in the absence of
RBCTs, (C) transfusion avoidance, (D) percentage change from baseline in LDH levels, (E) change from baseline in reticulocyte count.
CI, confidence interval; LDH, lactate dehydrogenase; PNH, paroxysmal nocturnal haemoglobinuria; RBCT, red blood cell transfusion.

this timeframe. Of the 10 patients experiencing breakthrough
haemolysis events, eight received transfusions in conjunction
with the detection of the event. Therefore, the estimated annu-
alised rates in the APPEX cohort were 0.30 (95% confidence
interval [CI]: 0.16–0.65) events/year within the first 200 days after

the index date. The corresponding rates based on observations
up to 52 weeks were 0.30 (95% CI: 0.16–0.50) events/year. No
breakthrough haemolysis events were observed during the 24-
week core treatment period for patients in the APPOINT-PNH
trial [13].
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TABLE 1 Comparative effectiveness osf iptacopan and C5 inhibitor treatment for haematological endpoints in APPEX and APPOINT-PNH.

Endpoint APPEX n/M
APPOINT-PNH

n/M

Estimated difference based
on a comparative
effectiveness model

comparing iptacopan to C5
inhibitor % (95% CI)

Proportion of patients with an increase
from baseline in haemoglobin level of ≥

2 g/dLa in the absence of RBCTsb

19/79 31/33 68.2 (40.9–95.6)c

Proportion of patients having
haemoglobin levels ≥ 12 g/dLa in the
absence of RBCTsb

9/79 19/33 53.4 (31.4–75.3)c

Proportion of patients with transfusion
avoidanceb

53/85 40/40 38.8 (15.1–62.5)c

Percent change from baseline in lactate
dehydrogenase levels (ratio)b

NA NA 0.51 (0.40–0.67)c

Change from baseline in reticulocyte
count (difference in change from
baseline, ×109/L)d

NA NA −75.5 (−106.9, −44.2)c

Abbreviations: CI, confidence interval; M, number of evaluable patients; n, number of responders; NA, not applicable; PNH, paroxysmal nocturnal
haemoglobinuria; RBCT, red blood cell transfusion.
aEndpoint for C5 inhibitor treatment included measurements between Days 100 and 200 (mean of all available measurements), which was equivalent to Weeks
18–24 in APPOINT-PNH.
bEndpoint for C5 inhibitor included measurements between Days 15 and 200, which was equivalent to Weeks 2–24 in APPOINT-PNH. Transfusion avoidance was
assessed between Days 14 and 168 in APPOINT-PNH.
cDerived using the orthogonalized score form of the efficient influence function and cross-fitting.
dEndpoint for the C5 inhibitor included measurements between Days 1 and 200.

FIGURE 3 Mean haemoglobin levels over time in the APPOINT-PNH cohort versus the APPEX cohort. Data are shown as the mean ± SE values
of the haemoglobin level at each visiting time.
BL, baseline; n, number of patients with available data; PNH, paroxysmal nocturnal haemoglobinuria; SE, standard error.
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3.6 Sensitivity Analyses

Using the alternative assessment windows, the predicted propor-
tions were similar to those reported in the primary analysis for
achieving a haemoglobin level increase of ≥ 2 g/dL from baseline
in the absence of RBCTs (Table S3). However, for achieving a
fixed haemoglobin level of ≥ 12 g/dL in the absence of RBCTs,
the observed proportions were lower in both windows than in the
primary analysis.

4 Discussion

This is the first study to have compared treatment outcomes
in complement inhibitor-naive patients treated with iptacopan
versus C5 inhibitors, demonstrating iptacopan to be a more
favourable treatment. These results were obtained to address
the lack of data from C5 inhibitor treatments on haemato-
logical response and enable comparison with the single-arm,
phase 3 APPOINT-PNH trial that investigated oral iptacopan
monotherapy in complement inhibitor-naive patients with PNH
[13]. These results also complement data from the phase 3APPLY-
PNH trial, in which C5 inhibitor-treated patients with persistent
anaemiawere randomised to iptacopanmonotherapy or continue
treatment with C5 inhibitors [13].

Advanced machine learning algorithms were used, concurrently
using propensity scoreweights and an outcomemodel to estimate
the treatment effect of C5 inhibitor therapy in the APPOINT-
PNH trial cohort. The results showed that treatment with C5
inhibitors could lead to improvements in haemoglobin levels
and transfusion avoidance in most patients; however, these
improvements were not as large as those observed for iptaco-
pan in the APPOINT-PNH trial. In the APPOINT-PNH trial,
which enrolled C5 inhibitor treatment-naive patients, iptaco-
pan treatment led to improvements in haemoglobin levels and
transfusion avoidance in a larger proportion of patients. The
endpoints reflecting improvement in anaemia are change from
baseline in haemoglobin level of ≥ 2 g/dL, reaching a level of
≥ 12 g/dL (both in the absence of transfusions), transfusion
avoidance and change from baseline in reticulocyte count. The
lower bound of the 95% CIs of the primary (82.5) and secondary
(47.5 for a haemoglobin level of ≥ 12 g/dL; 92.5 for transfusion
avoidance) endpoints in the APPOINT-PNH trial was larger than
the upper bound of the 95% CIs of these endpoints in the APPEX
study (42.0 for a haemoglobin level of ≥ 2 g/dL; 21.1 for a
haemoglobin level of ≥ 12 g/dL; 73.3 for transfusion avoidance).
According to the World Health Organization, anaemia is defined
as a haemoglobin concentration cutoff ranging from < 12 to
<13 g/dL [23].

Mean haemoglobin levels increased over time for patients in
both the APPEX and APPOINT-PNH cohorts, indicating a
sustained treatment effect with both C5 inhibitors and iptacopan.
However, the increase in haemoglobin levels occurred at an
earlier timepoint in the APPOINT-PNH cohort than in the
APPEX cohort. At Week 24, the mean haemoglobin level was
lower in patients treated with C5 inhibitors (9.82 g/dL) than
in those treated with iptacopan in the APPOINT-PNH trial
(12.6 g/dL) [13]. The lower haemoglobin levels and the slower
haemoglobin rise seen in the APPEX cohort reflect the presence

of extravascular haemolysis associated with C5 inhibitor use,
which is not seen with iptacopan use.

The ongoing open-label, multicentre roll-over extension pro-
gramme is evaluating the long-term safety, tolerability and
efficacy of iptacopan in patients with PNH over a 60-month
period (NCT04747613) [24]. A post-hoc analysis of phase 3 trial
data showed that patients treated with iptacopan experienced
significant improvements in fatigue, health-related quality of life
and disease-related symptoms [25]. In addition, a retrospective
observational study of 1138 patients with PNH showed that lower
haemoglobin concentrations were linked to higher hospitalisa-
tion rates, longer hospital stays and increased transfusion needs,
with anaemia further exacerbating these risks [26]. LDH is a
marker of intravascular haemolysis, and the results from this
study indicate that iptacopan treatment in the APPOINT-PNH
trial cohort led to a larger decrease in LDH levels than their
predicted potential outcomes had they received C5 inhibitors.
There is potentially an underestimation of the percent decrease
from C5 inhibitor treatment because of the uncertainty in data
collection in the real-world context, where measurements are not
performed at regularly scheduled intervals, and because of the
larger number of breakthrough haemolysis events in the retrieved
databases. Several transfusion events in the APPEX cohort were
triggered by breakthrough haemolysis events. However, despite
the transfusions, the APPEX cohort did not achieve increased
haemoglobin levels compared with those of the APPOINT-
PNH cohort. In rare diseases such as PNH, when a clinical
trial is uncontrolled, observational trials can provide benchmark
information about endpoint achievement of standard-of-care
treatments. The value of benchmark analysis, however, depends
on the appropriateness of the methods, where the use of propen-
sity score methods and causal comparisons is strengthened by
clinical trial emulation methods in the design [27]. The use of
a target trial framework in APPEX ensured that key aspects
related to population, treatment and follow-up were similar. This
minimised selection bias and confounding by design, ensuring
that the treatment of events interfering with the interpretation
of the estimates was handled similarly for both iptacopan and C5
inhibitors. Although this target trial emulation provides valuable
insights into the comparison of iptacopan with C5 inhibitors,
it does not diminish the importance of robust head-to-head
comparative trials.

Our study has limitations. In a clinical trial, measurements are
scheduled by protocol and do not depend on disease events;
in a non-clinical trial setting, measurements can be either
routine or motivated by clinical worsening. Thus, in the APPEX
study database, the timeframe and frequency of assessments
were irregular. To mitigate this limitation and include as many
observations as possible, the endpoint assessment timeframe was
extended from Days 126–168 post-index date to Days 100–200
after the index date, which was equivalent to Weeks 18–24 in
the APPOINT-PNH trial. In addition, the endpoint results were
determined by calculating the mean of all available values within
the assessment window, instead of the strict use of scheduled
visits in the APPOINT-PNH trial. This could have resulted in
an overestimated proportion of responders when using clinical
practice records, compared with that possibly observed if assess-
ments had been regularly scheduled. Therefore, the adjusted
estimate may not be optimal for a comparison of treatments
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in APPEX to other treatments. Another possible limitation was
the impact of assay variability, which was considered negligible
because haematology measurements are standardised and were
performed at reference hospitals. Other sources of uncertainty
involved determination of baseline values for the APPEX cohort
measurements, with the criteria differing from those used in the
clinical trial. Missing baseline information from APPOINT-PNH
was incorporated using multiple imputation, and patients with
missing baseline information from APPEX were excluded from
the analysis. Rubin’s rule was applied to combine the results from
each imputed APPOINT-PNH dataset. There were differences
in the definition of breakthrough haemolysis events for APPEX
compared with APPOINT-PNH (elevated LDH ≥ 2 × upper limit
of normal in the APPEX study vs. LDH > 1.5 × upper limit of
normal in the APPOINT-PNH trial), whichmay have affected the
reported rates of breakthrough haemolysis events. In addition,
the C5 inhibitor crovalimab was not included in the study as it
was not approved for PNH at the time the study was conducted.
Finally, the cohorts differed in their regional representation. The
APPOINT-PNH trial included 68% of patients from Asia [13],
whereas all participants included in theAPPEX study cohortwere
residents of European countries. Clinical trial data for treatment
with C5 inhibitors indicated no clinically relevant differences in
efficacy or safety between the Asian and European populations
[28, 29]. Hence, these differences were considered as being of
little relevance for the evaluation. Of note, target trials emulated
using observational data are pragmatic because placebo controls
and blinded outcomes are not possible in routine clinical practice;
thus, observational data cannot emulate a placebo-controlled trial
[17, 20, 22].

We considered the main sources of bias in our analyses, which
were due to systematic differences in the data collection of
outcomes, and we have described approaches to minimise those
with any impact. In addition, the inclusion of age and sex in
the final adjustment mitigated the potential for unmeasured con-
founding that may have been derived from covariates that were
not considered for collection in the study protocol or covariates
that were not available with sufficient completeness in all data
sources and were, therefore, missing from the propensity score.

In conclusion, our results indicate that adult patients with PNH
who have not received C5 inhibitor therapy may experience
greater and sustained improvements in haematological response
with iptacopan treatment than with C5 inhibitor treatment.
Taken together, the results suggest that iptacopan monotherapy
could potentially become a practice-changing, convenient outpa-
tient treatment and a preferred therapeutic option for patients
with haemolytic PNH.
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