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Abstract
This study developed and explored a novel composite endpoint to assess the overall 
impact that treatment can have on patients living with paroxysmal nocturnal hemo-
globinuria (PNH). Candidate composite endpoint variables were selected by a group 
of experts and included: lactate dehydrogenase levels as a measure of intravascular 
hemolysis; complete terminal complement inhibition; absence of major adverse vas-
cular events, including thrombosis; absence of any adverse events leading to death 
or discontinuation of study treatment; transfusion avoidance; and improvements in 
fatigue- related quality of life as determined by the Functional Assessment of Chronic 
Illness Therapy (FACIT)- Fatigue score. From these variables, a novel composite end-
point was constructed and explored using data collected in the ravulizumab PNH 
Study 301 (NCT02946463). Thresholds were defined and reported for each candi-
date variable. Five of the six candidate variables were included in the final composite 
endpoint; the FACIT- Fatigue score was excluded. Composite endpoint criterion was 
defined as patients meeting all five selected individual component thresholds. All pa-
tients in the ravulizumab arm achieved complete terminal complement inhibition and 
a reduction in lactate dehydrogenase levels; 51.2% and 41.3% of patients in the ravuli-
zumab arm and eculizumab arm, respectively, achieved all composite endpoint com-
ponent thresholds (treatment difference: 9.4%; 95% confidence interval: −3.0, 21.5). 
The composite endpoint provided a single and simultaneous measurement of overall 
benefit for patients receiving treatment for PNH. Use of the composite endpoint in 
future PNH research is recommended to determine clinical benefit, and its use in 
health technology assessments should be evaluated.
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1  |  INTRODUC TION

Paroxysmal nocturnal hemoglobinuria (PNH) is a rare, chronic, 
and potentially life- threatening hematologic disorder caused by 
uncontrolled activation of the terminal complement pathway, 
leading to intravascular hemolysis (IVH), thrombosis, and organ 
damage.1- 4

PNH occurs following a somatic gene mutation in the phosphati-
dylinositol glycan class A gene in bone marrow stem cells, resulting in 
the disruption of glycosyl phosphatidylinositol regulatory proteins, 
including CD55 and CD59, on the surface of blood cells.5 This ge-
netic mutation causes increased cellular sensitivity to terminal com-
plement activation, IVH, promotion of inflammatory mediators, and 
systemic free hemoglobin release.6 An analysis of the International 
PNH Registry showed that 23% of patients with PNH had been hos-
pitalized owing to disease- related complications.7 Thrombosis is the 
most common cause of mortality in patients with PNH,3 account-
ing for approximately 40%– 67% of deaths with known causes.8 
Approximately 35%– 43% of patients with PNH have multiple throm-
boembolic events.4,9 Terminal complement- mediated IVH, as mea-
sured by elevated lactate dehydrogenase (LDH) levels (≥1.5 × upper 
limit of normal [ULN]), is associated with an increased risk of throm-
boembolism and mortality.4,10,11 Therefore, LDH is considered an 
important clinical biomarker in patients with PNH. Patients with 
PNH experience symptoms such as severe fatigue, abdominal pain, 
headache, shortness of breath, dysphagia, and erectile dysfunction, 
all of which are associated with a high burden of disease and im-
paired quality of life (QoL).12

Eculizumab was the first treatment to be approved for patients 
with PNH; it is a humanized monoclonal antibody that blocks termi-
nal complement activation at complement component 5 (C5).6 Since 
its approval in 2007, eculizumab has become established as a global 
standard of care for the management of PNH. However, 11%– 27% 
of patients experience breakthrough intravascular hemolysis related 
to suboptimal C5 inhibition on approved dosages of eculizumab.13– 15 
In addition, the usual eculizumab dosing regimen of every 2 weeks 
(q2w) may be challenging for some patients. These factors may neg-
atively affect some patients’ QoL, and increase the overall treatment 
burden of eculizumab.16,17

Ravulizumab is a long- acting C5 inhibitor that provides imme-
diate, complete, and sustained C5 inhibition with an 8- week (q8w) 
dosing interval. It is approved for adult and pediatric patients with 
PNH who are naïve to complement inhibitors or who were previ-
ously treated with eculizumab,18 and is the current standard of care 
for PNH in countries where it is commercially available. In the two 
largest phase 3 studies of PNH, ravulizumab was noninferior to ecu-
lizumab, with a safety profile similar to eculizumab.19,20 A recent pa-
tient preference study has shown that the majority of patients prefer 
ravulizumab over eculizumab owing to reduced infusion frequency 
(q8w vs q2w), better ability to plan activities, improved overall 
health- related QoL, more convenient treatment, and effectiveness 
of the medication until the next infusion.17

Clinical studies have traditionally used single, separate end-
points that capture several outcomes to describe the benefits of 
PNH treatment.20 An alternative analytic approach for evaluating 
the benefits of PNH treatment is to combine multiple relevant clini-
cal PNH variables into a single composite endpoint. Composite end-
points are widely used as primary endpoints in clinical trials across 
multiple disease areas21,22; however, a composite endpoint for use in 
PNH research has not been previously developed.

The rationale and benefits of developing a composite endpoint 
for clinical research are manifold.23– 25 First, a composite endpoint 
can provide a single measurement for evaluating overall impact 
and encompassing key clinical benefits in a complex, multifaceted 

What is the new aspect of your work?

This study developed and explored a novel composite end-
point to assess the overall impact that treatment can have 
on patients living with paroxysmal nocturnal hemoglobi-
nuria (PNH).

What is the central finding of your work?

The composite endpoint provided a single and simultane-
ous measurement of overall therapeutic benefit for pa-
tients receiving treatment for PNH.

What is (or could be) the specific clinical relevance 
of your work?

Composite endpoints are increasingly used in chronic and 
complex diseases to demonstrate better control of disease 
and to assess the net benefit of a treatment when there 
is more than one endpoint to be considered; the use of 
this composite endpoint in future PNH research is recom-
mended to determine the clinical benefits of a treatment.

Significance statement

A composite endpoint involves the combined assessment 
of multiple measures of improvement in patients with a 
disease. A group of experts in treating patients with parox-
ysmal nocturnal hemoglobinuria (PNH) selected and tested 
a number of measures important in assessing the thera-
peutic benefit of treatments to patients with PNH. The 
measures selected included levels of key blood markers for 
treatment effectiveness (lactate dehydrogenase and ter-
minal complement inhibition) and the number of adverse 
events and blood transfusions avoided after treatment. 
When tested in a study where patients with PNH were 
treated with ravulizumab versus eculizumab, the compos-
ite endpoint provided a single and simultaneous measure-
ment of overall benefit.
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disease. Second, composite endpoints can create a more integrated 
assessment of treatment effects that cover relevant morbidities and 
are possibly less selective. In addition, a composite endpoint can 
consider all variables of major clinical relevance without the need to 
adjust for multiplicity.26 A composite endpoint may also generate an 
increase in power to detect a meaningful difference between treat-
ments, to help to inform treatment decisions and ultimately improve 
patient outcomes and health status. Furthermore, a composite end-
point can be utilized as a tool to compare outcomes across clinical 
trials, can offer a more practical approach for future PNH clinical 
trials, and can potentially improve the comparability of clinical trials.

The objective of this study was to explore and develop a com-
posite endpoint for PNH that could be used by physicians, and that 
has the possibility to further clinical development, health economic 
evaluation, and research.

2  |  METHODS

Components of a composite endpoint were chosen for their rel-
evance to PNH based on advice from a working group of hema-
tologists who are experts in the research and treatment of PNH, 
composite endpoint experts, and patients with extensive knowledge 
of PNH who are members of the PNH Global Alliance.27 The process 
for selecting composite endpoint components by the working group 
is presented in Figure 1.

Detailed analyses of all clinical parameters, including laboratory 
values and QoL parameters for PNH, were reviewed for inclusion in 
the overall composite endpoint. Several noncritical and overlapping 
variables were eliminated in the overall composite endpoint. For 
example, the number of transfusions, number of packed red blood 
cells (pRBCs), hemoglobin levels requiring transfusion, and fre-
quency of transfusions were captured under transfusion reductions 
or avoidance. Haptoglobin and reticulocyte count were excluded 
for the benefit of LDH level, which was considered to be more 

representative of the hemolytic state of PNH. Final clinical variables 
selected for the overall composite endpoint evaluation included: 
LDH levels as a measure of IVH; complete terminal complement inhi-
bition; absence of major adverse vascular events (MAVEs) including 
thrombosis; absence of any adverse events (AEs) leading to death 
or discontinuation of study treatment; transfusion avoidance; and 
reduction of fatigue as determined by the Functional Assessment 
of Chronic Illness Therapy (FACIT)- Fatigue score.28 Thresholds for 
binary assessment of the selected components were considered and 
defined by consensus of a multidisciplinary panel of experts based 
on existing literature and results from clinical trials (Table S1). It was 
determined that each component of the composite endpoint would 
act as a binary indicator, and each component indicator must hold 
true for patients to meet the overall composite endpoint indicator. 
Therefore, the composite endpoint can be interpreted as a special 
case of a binary composite endpoint.25

The composite endpoint was then applied to analyze the clini-
cal benefits of the two approved drugs for PNH evaluated in Study 
301. Study 301 (NCT02946463) was a phase 3, open- label, inter-
ventional study evaluating the effects of ravulizumab versus ecu-
lizumab in complement inhibitor- naïve patients with PNH,20 and is 
the largest study of complement inhibitor- naïve patients to date. 
The proportion of patients meeting the threshold for each compos-
ite endpoint component at 26 weeks was assessed using descriptive 
statistical analysis. The percentages and confidence intervals (CIs) 
for treatment- effect difference were calculated using the stratified 
Newcombe CI method. Stratification factors are observed stratifica-
tion groups of pRBCs/whole blood units transfused in the year be-
fore the first dose of study drug (0, 1– 14, or >14 units of pRBCs) and 
screening LDH levels (1.5 to <3 or ≥3 × ULN). For the components 
of complete terminal complement inhibition (serum free C5 <0.5 μg/
ml) and absence of any AEs leading to death or discontinuation of 
study treatment, the 95% CI was calculated using the exact method 
because the stratified Newcombe CI was noncalculable owing to a 
high event rate.

F I G U R E  1  Composite endpoint 
component selection process. aComplete 
terminal complement inhibition (serum 
free C5 levels <0.5 μg/ml). bLeading to 
death or discontinuation from study 
treatment, including meningococcal 
infections. Purple text indicates 
noncritical variables. Red text indicates 
overlapping variables. AE, adverse 
event; BTH, breakthrough hemolysis; 
C5, complement component 5; LDH, 
lactate dehydrogenase; MAVE, major 
adverse vascular event; PNH, paroxysmal 
nocturnal hemoglobinuria; QoL, quality of 
life; TE, thrombotic event

Variables
identified

Clinical variables
BTH
Complete complement 
inhibition
Haptoglobin
Hemoglobin
LDH
Reticulocytes

Consequences of 
hemolysis
Consequences (i.e. TE)
Mortality
Transfusions
Symptoms
Anemia
QoL

Variables eliminated
•  Noncritical
•  Overlapping 

Complete complement
inhibitiona

Absence of MAVEs
(including thrombosis) 

Absence of AEs causing
treatment discontinuationb

Transfusion avoidance

Relevant and
nonoverlapping
PNH variables

selected

LDH

Reduction in fatigue
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3  |  RESULTS

3.1  |  Patients

Thresholds for individual components in a PNH composite endpoint 
were applied to data from 246 complement inhibitor- naïve adult pa-
tients with PNH who were treated with ravulizumab (n = 125) or 
eculizumab (n = 121) during the 26- week primary evaluation period 
in Study 301.20

3.2  |  Defined thresholds and proportion of patients 
meeting the threshold for each component of the 
composite endpoint

3.2.1  |  LDH levels

The primary goal when a patient is started on a complement inhibi-
tor is to reduce LDH levels below 1.5 × ULN.29 During the primary 
evaluation period of Study 301, from week 4 to 26, the proportion 
of patients achieving median LDH values <1.5 × ULN was 92.8% and 
98.3%, in the ravulizumab and eculizumab arms, respectively.

The chosen threshold for LDH levels in the composite endpoint 
was for all LDH measurements to be <1.5 × ULN after 4 weeks from 
initiation of treatment. At baseline, most patients had LDH values 
≥3 × ULN in both the ravulizumab arm (85.6%) and eculizumab arm 
(86.8%) (Table 1). From weeks 4 to 26 of the treatment period, 12 
LDH assessments were scheduled per the study protocol: 68.0% of 
patients in the ravulizumab arm and 57.0% of patients in the eculi-
zumab arm had all LDH values <1.5 × ULN, a treatment- effect dif-
ference of 11.0% (95% CI: −1.2, 22.6). In addition, mean LDH values 
were similar between treatment groups throughout the 26- week 
treatment period (Figure 2).

3.2.2  |  Complete terminal complement inhibition

It is key for a composite endpoint to include a measure of treatment 
effectiveness. Given that uncontrolled terminal activation is the main 
driver of PNH, and the measurement of C5 was appropriate in this trial 
study used to test the composite endpoint, the threshold of serum free 
C5 measurements <0.5 μg/ml was chosen to define complete termi-
nal complement inhibition on this occasion. For evaluation of comple-
ment blockade of non- C5 inhibitors another biomarker other than free 
C5 levels could be considered, although terminal blockade would need 
to be evaluated due to its link to PNH disease pathology. At baseline, 
no patient in either treatment arm had serum free C5 levels <0.5 μg/ml 
(Table 1). At 26 weeks, every patient in the ravulizumab arm (100.0%) 
and most patients in the eculizumab arm (87.6%) had all serum free 
C5 levels <0.5 μg/ml from after the first infusion through week 26, 
corresponding to a treatment- effect difference of 12.4% (95% CI: 7.1, 
19.6). This shows that ravulizumab provides immediate, complete, and 
sustained terminal complement inhibition (Figure S1).30

3.2.3  |  Absence of MAVEs including thrombosis

The chosen threshold to define this variable was patients who did 
not have any MAVEs including thrombosis. At baseline, some pa-
tients had a history of MAVE (any experience of a MAVE before initi-
ating treatment) in both the ravulizumab arm (13.6%) and eculizumab 
arm (20.7%) (Table 1). At 26 weeks, almost all patients reached the 
threshold and demonstrated absence of MAVEs from the first infu-
sion through week 26 in both the ravulizumab arm (98.4%) and ecu-
lizumab arm (99.2%), a treatment- effect difference of −0.8% (95% 
CI: −6.1, 5.7).

3.2.4  |  Absence of any AEs leading to death or 
discontinuation of study treatment

The chosen threshold to define this variable was patients who did 
not have any AEs leading to death or discontinuation from the study 
treatment. All patients in the ravulizumab arm (100.0%) and almost 
all patients in the eculizumab arm (99.2%) met this threshold and 
demonstrated an absence of any AEs leading to death or discon-
tinuation of study treatment, corresponding to a treatment- effect 
difference of 0.8% (95% CI: −2.3, 4.6) (Table 1). Meningococcal in-
fections were evaluated, and no patients reported meningococcal 
infection during the 26- week treatment period.

3.2.5  |  Transfusion avoidance

Transfusion avoidance has been selected as an endpoint in clini-
cal trials as this is a clinically meaningful endpoint for patients with 
PNH.20 The chosen threshold for transfusion avoidance in the com-
posite endpoint was for patients to remain transfusion free and not 
meet protocol- specified transfusion guidelines (hemoglobin value of 
≤9 g/dl with signs or symptoms of sufficient severity to warrant a 
transfusion, or a hemoglobin value of ≤7 g/dl regardless of clinical 
signs or symptoms) throughout the 26- week study treatment pe-
riod. In the year before study entry, a majority of patients required a 
transfusion of at least one unit of pRBC in both the ravulizumab arm 
(81.6%) and the eculizumab arm (82.7%) (Table 1). Throughout the 
26- week treatment period, a majority of patients in both groups met 
the composite endpoint threshold by remaining transfusion free and 
not requiring any transfusions of pRBC units, 73.6% in the ravuli-
zumab arm and 66.1% in the eculizumab arm.

3.2.6  |  Reduction in fatigue as determined by 
FACIT- Fatigue score

The chosen threshold to define this variable was an increase of 
FACIT- Fatigue score by ≥3 points from baseline,31 although this 
threshold was derived from prior studies not related to PNH. More 
than half the patients in both the ravulizumab arm (61.6%) and 
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TA B L E  1  Baseline and 26- week data for components of the composite endpoint

Ravulizumab (n = 125) Eculizumab (n = 121)

LDH levelsa

Baseline

LDH ratio, n (%)

1.5 to <3 × ULN 18 (14.4) 16 (13.2)

≥3 × ULN 107 (85.6) 105 (86.8)

Baseline to 26 weeks

Patients who had all LDH values from day 28 to 183 
<1.5 × ULN, n (%; 95% CI)

85 (68.0; 59.8, 76.2) 69 (57.0; 48.2, 65.9)

Treatment- effect difference, % (95% CI) 11.0 (−1.2, 22.6)

Complete terminal complement inhibition (serum free C5 levels <0.5 μg/ml)

Baseline

Patients with serum free C5 levels <0.5 μg/ml, n (%) 0 (0) 0 (0)

Serum free C5 levels, mean μg/ml (SD) 104.1 (27.9) 144.4 (33.2)

Baseline to 26 weeks

Patients who had all serum free C5 levels <0.5 μg/ml after 
first infusion/dose through week 26, n (%; 95% CI)b

125 (100.0; 97.1, 100.0) 106 (87.6; 80.4, 92.9)

Treatment- effect difference, % (95% CI)b 12.4 (7.1, 19.6)

Absence of MAVEs, including thrombosis

Baseline

History of MAVE, n (%) 17 (13.6) 25 (20.7)

Baseline to 26 weeks

Absence of MAVE; proportion of patients who had no 
MAVE event (including thrombosis) after first infusion/
dose through week 26, n (%; 95% CI)

123c (98.4; 96.2, 100.0) 120d (99.2; 97.6, 100.0)

Treatment- effect difference, % (95% CI) −0.8 (−6.1, 5.7)

Absence of AEs leading to death or discontinuation from study treatment

Baseline to 26 weekse

Absence of any AEs leading to death or discontinuation 
from study treatment, n (%; 95% CI)b

125 (100.0; 97.1, 100.0) 120f (99.2; 95.5, 100.0)

Treatment- effect difference, % (95% CI)b 0.8 (−2.3, 4.6)

Transfusion avoidance

Baseline pRBC units transfused in the year before study entry, randomization strata, n (%)

0 units 23 (18.4) 21 (17.4)

1– 14 units 79 (63.2) 78 (64.5)

>14 units 23 (18.4) 22 (18.2)

Baseline to 26 weeks

Patients who received pRBC transfusions, n (%) 32 (25.6) 40 (33.1)

Patients who remained transfusion free, n (%; 95% CI)g 92 (73.6; 65.9, 81.3) 80 (66.1; 57.7, 74.6)

Treatment- effect difference, % (95% CI)g 6.8 (−4.7, 18.1)

Abbreviations: AE, adverse event; C5, complement component 5; CI, confidence interval; LDH, lactate dehydrogenase; MAVE, major adverse 
vascular event; pRBC, packed red blood cell; SD, standard deviation; ULN, upper limit of normal.
aThe ULN for LDH is 246 U/L.
b95% CI was calculated using exact method because stratified Newcombe CI is noncalculable owing to high event rate.
cLower- leg deep vein thrombosis occurred in two patients. One of the two patients was receiving concomitant oral contraceptive medication. The 
other patient had a history of right lower- leg pain and leg edema and was taking oral anticoagulants prior to the study, which were discontinued after 
starting the study drug.
dMesenteric venous thrombosis with concurrent neutropenic colitis occurred in one patient with a history of aplastic anemia.
eMeningococcal infections were included in the data set; however, no patients had meningococcal infections during the 26- week treatment period.
fOne patient developed symptoms of lung cancer during the 26- week treatment period and died owing to lung cancer (unrelated to treatment) during 
the extension phase of the study.
gCalculated using stratified Newcombe CI method. The stratification factors were observed stratification groups of pRBC/whole blood units 
transfused in the 1 year prior to first dose of study drug and screening LDH levels.
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eculizumab arm (59.7%) met the threshold for reduction in fatigue 
as determined by FACIT- Fatigue score improvement. The FACIT- 
Fatigue scale was used to measure and to quantify changes from 
baseline in fatigue- related QoL in patients with PNH who were 
treated with ravulizumab or eculizumab. Patients in both the ra-
vulizumab and eculizumab treatment arms demonstrated improve-
ments in FACIT- Fatigue scores over the 26- week treatment period 

(Figure 3). Authors also evaluated other thresholds of FACIT- 
Fatigue (increase of ≥5, increase of ≥10 and overall score ≥44) and 
concluded not to select FACIT- Fatigue as a component of the com-
posite endpoint owing to the difficulty in defining a normal score 
for this patient group. Thus, it was not possible to create a binary 
response criterion equivalent to the other criteria as more research 
is needed.

F I G U R E  2  Mean LDH values over 26 weeks. BL is defined as the average of all available assessments prior to first study drug 
dose. Dotted horizontal lines indicate upper normal value. Error bars represent 95% confidence intervals. BL, baseline; LDH, lactate 
dehydrogenase
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3.2.7  |  Composite endpoint

The overall composite endpoint was defined as patients meeting all 
five of the selected individual component thresholds. In total, 51.2% 
of patients in the ravulizumab arm and 41.3% of patients in the ecu-
lizumab arm met the composite endpoint. The adjusted treatment 
difference between the two study arms for the overall composite 
endpoint was 9.4% (95% CI: −3.0, 21.5). Outcomes for the overall 
PNH composite endpoint and its individual components are shown 
in Figure 4.

Most patient demographics and baseline characteristics were 
similar for patients meeting and not meeting the composite end-
point threshold (Table 2). Despite these similarities, there were 
some numerical differences. First, the proportion of patients with 
high baseline LDH values (>3 × ULN) and the proportion of patients 
who received more transfusions (>14 units of pRBC) are numeri-
cally higher in individuals who did not meet the composite endpoint. 
Other trends observed were that the age of patients at both PNH 
diagnosis and first infusion who met the composite endpoint criteria 
was numerically lower than that of individuals who did not meet the 
criteria, and that total PNH RBCs at baseline was larger in patients 
who met the composite endpoint criteria than in those who did not 
(Table 2).

4  |  DISCUSSION

Composite endpoints are increasingly used in chronic and complex 
diseases to demonstrate better control of disease and to assess the 
net benefit of a treatment when there is more than one endpoint to 
be considered.24,32 From the clinical perspective, all the measures 
that form the composite endpoint are considered very important 
and provide a holistic goal encompassing efficacy and safety ver-
sus having a single primary endpoint (or co- endpoints), which may 

potentially overly emphasize only one parameter. PNH is a disease 
with a complex pathogenetic process that can lead to continuing 
health issues (e.g., MAVEs, chronic anemia, and transfusion depend-
ence); therefore, a composite endpoint could provide a better as-
sessment of clinical benefit as an overall, multifaceted measure of 
treatment effect versus single endpoints, which have traditionally 
been used in clinical trials. Nevertheless, composite endpoints come 
with interpretation challenges that must be adequately addressed.33

This study presents a composite endpoint for PNH as a novel 
and exploratory tool to provide a single measurement encompassing 
the sought for clinical benefits of complement inhibitor therapies 
for PNH. Components and thresholds for the composite endpoint 
were chosen for their relevance to PNH by PNH clinicians and pa-
tients with a diagnosis of PNH. The components chosen to define 
the composite endpoint incorporate a wide assessment of the PNH 
pathogenic process and have been recently validated as goals of 
complement inhibition (LDH levels as a measure of IVH, complete 
terminal complement inhibition, absence of MAVEs including throm-
bosis, PNH treatment safety variables [absence of any AEs leading to 
death or discontinuation of study treatment], and transfusion avoid-
ance).29 The composite endpoint was then evaluated by applying it 
to patient level data from a recent clinical trial. Overall, a majority 
of patients met the chosen threshold for each component of the 
composite endpoint, and more than half of patients met the overall 
composite endpoint in the ravulizumab arm.

Meeting the composite endpoint criteria is important for consid-
ering the overall benefit of therapeutic interventions, which seems 
appropriate as novel treatments offer differing benefits and should 
be measured accordingly. Not meeting the composite endpoint does 
not mean treatment failure or nonresponse; symptomatology is dif-
ferent for every patient and thus the management of PNH may vary 
accordingly. For example, management of patients with PNH who 
concomitantly experience bone marrow failure may differ to the 
management of patients with PNH alone, and it may not be possible 

F I G U R E  4  Evaluation of a PNH composite endpoint with ravulizumab and eculizumab at 26 weeks. aLDH values from day 28 to 183 
≤1.5 × ULN. bComplete terminal complement inhibition (serum free C5 levels <0.5 μg/ml). cAEs leading to death or discontinuation from 
study treatment, including meningococcal infections. AE, adverse event; C5, complement component 5; LDH, lactate dehydrogenase; MAVE, 
major adverse vascular event; PNH, paroxysmal nocturnal hemoglobinuria; ULN, upper limit of normal
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for them to meet complete transfusion avoidance even if PNH is 
well treated and controlled. Reasons for requiring transfusions other 
than bone marrow failure may also occur and would be evaluated 
by this parameter. In order for the composite endpoint to be met, 
all LDH levels over time to be below 1.5 × ULN, complete terminal 

inhibition over time (all serum free C5 levels <0.5 μg/ml in our ex-
ample) and complete avoidance of transfusions are required. This re-
flects an intensive suppression of disease activity and is more likely 
to result in increased clinical benefit than single endpoints. From a 
comparison of baseline demographics and characteristics, it appears 

TA B L E  2  Demographics and baseline characteristics by patients meeting and not meeting the composite endpoint threshold

Met the composite endpoint
Did not meet the composite 
endpoint

Ravulizumab 
(n = 64)

Eculizumab 
(n = 50)

Ravulizumab 
(n = 61)

Eculizumab 
(n = 71)

Sex, n (%)

Male 35 (54.7) 31 (62.0) 30 (49.2) 38 (53.5)

Female 29 (45.3) 19 (38.0) 31 (50.8) 33 (46.5)

Race, n (%)

Asian 37 (57.8) 28 (56.0) 35 (57.4) 29 (40.8)

White 20 (31.3) 17 (34.0) 23 (37.7) 34 (47.9)

American Indian or Alaska Native 1 (1.6) 1 (2.0) 0 (0.0) 0 (0.0)

Black or African American 1 (1.6) 0 (0.0) 1 (1.6) 4 (5.6)

Other 3 (4.7) 1 (2.0) 1 (1.6) 3 (4.2)

Not reported 2 (3.1) 3 (6.0) 1 (1.6) 1 (1.4)

Age at PNH diagnosis (years)

Mean (SD) 36.5 (14.5) 36.0 (15.1) 39.3 (15.3) 42.0 (17.3)

Age at first infusion (years)

Mean (SD) 44.4 (15.1) 42.7 (15.3) 45.3 (15.4) 48.7 (16.5)

Baseline weight (kg)

Mean (SD) 67.9 (14.8) 67.3 (13.1) 68.5 (16.5) 70.5 (16.0)

LDH stratification groups at randomization, n (%)

1.5– <3 × ULN 11 (17.2) 10 (20.0) 7 (11.5) 6 (8.5)

>3 × ULN 53 (82.8) 40 (80.0) 54 (88.5) 65 (91.5)

pRBC stratification groups at randomization, n (%)

0 units 14 (21.9) 17 (34.0) 9 (14.8) 4 (5.6)

1– 14 units 42 (65.6) 29 (58.0) 37 (60.7) 49 (69.0)

>14 units 8 (12.5) 4 (8.0) 15 (24.6) 18 (25.4)

Total PNH RBC clone size (%)

Mean (SD) 43.0 (24.2) 45.7 (23.9) 33.6 (22.5) 33.9 (21.5)

Total PNH granulocyte clone size (%)

Mean (SD) 86.7 (17.4) 82.5 (22.8) 81.7 (24.0) 87.3 (15.6)

Total PNH monocyte clone size (%)

Mean (SD) 88.7 (15.4) 86.6 (18.2) 84.9 (20.5) 91.0 (12.4)

Patients with any PNH conditions prior to informed consent, n (%) 63 (98.4) 49 (98.0) 58 (95.1) 71 (100.0)

Anemia 53 (82.8) 41 (82.0) 50 (82.0) 64 (90.1)

Hematuria or hemoglobinuria 39 (60.9) 28 (56.0) 42 (68.9) 47 (66.2)

Aplastic anemia 23 (35.9) 12 (24.0) 18 (29.5) 26 (36.6)

Renal failure 9 (14.1) 2 (4.0) 10 (16.4) 9 (12.7)

Pregnancy complication 1 (1.6) 3 (6.0) 2 (3.3) 1 (1.4)

Myelodysplastic syndrome 2 (3.1) 0 (0.0) 5 (8.2) 6 (8.5)

Other 12 (18.8) 5 (10.0) 15 (24.6) 8 (11.3)

Abbreviations: LDH, lactate dehydrogenase; PNH, paroxysmal nocturnal hemoglobinuria; pRBC, packed red blood cell; RBC, red blood cell; SD, 
standard deviation; ULN, upper limit of normal.
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that patients with high disease burden at baseline were less likely to 
meet the composite endpoint criteria than those with low disease 
burden.

In accordance with previous research in other therapeutic areas, 
development of a composite endpoint as a primary endpoint for 
PNH can provide insight into meaningful PNH research endpoints 
for stakeholders such as clinicians, patients, investigators, and 
policy- makers.24 Composite endpoints have previously been devel-
oped for use in several therapeutic areas including diabetes, heart 
failure, multiple sclerosis, rheumatoid arthritis, chronic obstructive 
pulmonary disease, oncology, orthopedics, and allogeneic hemato-
poietic cell transplantation.34– 41

This novel, exploratory composite endpoint offers a more com-
prehensive evaluation of PNH treatment effect than any individ-
ual endpoint in the clinical trial, which can potentially allow for 
improved assessment of clinical benefit of PNH treatments.24 The 
composite endpoint for PNH enables evidence generation of suffi-
cient validity and generalizability for translation into practice and 
policy to improve health outcomes in patients with PNH.24 Clinical 
trials of rare diseases such as PNH are restricted in capacity to de-
tect treatment effect owing to the limited number of studies with 
small sample sizes that are performed.42 There are also challenges 
associated with the use of composite endpoints such as planning 
and interpreting clinical trials, accounting for competing risks as a 
source of bias, and follow- up beyond the first event. If these chal-
lenges are not addressed, composite endpoints can bear risks for 
bias and misinterpretation. A well- defined composite endpoint 
guided by arguments of clinical relevance can importantly contrib-
ute to more efficient clinical trials.33

Fatigue is a common complaint reported by patients with 
PNH, and it can have substantial debilitating effects on patients' 
QoL.43 The FACIT- Fatigue scale measures reduction in fatigue se-
verity and related functional impairments in patients with chronic 
illness, and has been validated to assess fatigue levels in patients 
with PNH43; however, no specific QoL tool has been developed to 
assess the effectiveness of PNH treatment. Although reduction in 
fatigue as determined by the FACIT- Fatigue score is an important 
outcome and should be assessed as a secondary endpoint in PNH 
clinical trials, it is not recommended to include it in a composite end-
point for several reasons. First, there were uncertainties concerning 
threshold criteria for reduction in fatigue in PNH; there is no gener-
ally accepted level for minimal clinically important difference (MCID) 
in FACIT- Fatigue scores for this patient population, as well as for 
comparable healthy control populations.44,45 In addition, it was not 
possible to determine the possible weight of a FACIT- Fatigue score 
versus the other elements of the composite endpoint. Furthermore, 
there are conceptual differences between a composite endpoint 
measuring biological markers and clinical events, and a composite 
endpoint measuring symptoms and QoL. Although it is methodolog-
ically preferable not to integrate FACIT- Fatigue score into this com-
posite endpoint, it is strongly recommended to assess reduction of 
fatigue as a patient- reported outcome measure in addition to the 
composite endpoint in PNH research.

This study has several notable strengths. A group comprised 
of PNH and composite endpoint experts and patients with PNH 
developed the composite endpoint together. Overlapping and non-
critical variables were eliminated from the composite endpoint, 
making it a robust tool to evaluate treatment benefit in PNH. A 
combination of the use of stringent criteria (e.g., LDH <1.5 × ULN) 
and carefully selected PNH endpoints enabled assessment of both 
complement inhibition (i.e., LDH and serum free C5 levels) and end-
points of clinical benefit to patients (e.g., absence of MAVEs/SAEs 
and transfusion avoidance). Furthermore, this study was based on 
a large, well- controlled, randomized comparison of two treatments 
in a homogeneous and representative patient group. Finally, results 
were reported for each individual component on the composite 
endpoint.

Despite the strengths of this study, several limitations must 
be considered. The definition of a composite endpoint compared 
with an isolated endpoint also bears several risks and limitations,33 
which we tried to address as well as possible. As we defined the 
components of the composite endpoints by argument of clinical 
relevance, this importantly contributes to overcoming such chal-
lenges. The design and analysis of the composite endpoint were 
exploratory in nature and evaluated utilizing data from one trial, 
and therefore the results should be interpreted with caution. The 
analysis of the composite endpoint was also post hoc in nature. In 
Study 301, discontinuations due to MAVEs and AEs (including me-
ningococcal infections) were evaluated for a 26- week treatment 
period, which may be too short to evaluate them.20 Furthermore, it 
is challenging to compare lifetime history of MAVEs with a reduc-
tion in MAVEs over a relatively short primary evaluation period of 
6 months; however, the findings of this study are supported by re-
cent data showing that MAVEs were reduced after 1 year of treat-
ment with ravulizumab.46 Terminal complement inhibition is the 
goal in PNH treatment owing to the role of complement- mediated 
intravascular hemolysis in morbidity and mortality.2,4,47 In this 
example, serum free C5 was used as a measure of complete ter-
minal complement inhibition; therefore, this composite endpoint 
may need some adaptation when evaluating other new PNH treat-
ments for their ability to inhibit terminal complement activation, as 
per their own pharmacokinetic/pharmacodynamic standards.48,49 
Additionally, patients with PNH commonly have a history of bone 
marrow failure; therefore, results seen for PNH treatment may be 
affected by transfusions received for the treatment of bone mar-
row failure.

5  |  CONCLUSIONS

A composite endpoint for PNH was designed and applied to pa-
tient data from Study 301, which allowed for an integrated and 
simultaneous assessment of the key clinical benefits of the two 
approved drugs for PNH (ravulizumab and eculizumab) evaluated 
in the study. Additionally, the composite endpoint provides a ho-
listic goal offering a single measurement of therapeutic benefit. 
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Despite the fact that improvements in fatigue- related QoL as 
determined by FACIT- Fatigue score was not included in the com-
posite endpoint, it is strongly recommended to assess fatigue 
severity and related functional limitations in addition to the com-
posite endpoint in PNH research; however, further research is still 
needed in this area as it evolves. This composite endpoint is rec-
ommended for use in future PNH research to explore clinical ben-
efit. Furthermore, its use in health technology assessments should 
be evaluated.
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