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ABSTRACT
SLE is a complex autoimmune disease with considerable 
unmet need. Numerous clinical trials designed to 
investigate novel therapies are actively enrolling patients 
straining limited resources and creating inefficiencies 
that increase enrolment challenges. This has motivated 
investigators developing novel drugs and treatment 
strategies to consider innovative trial designs that aim 
to improve the efficiency of generating evidence; these 
strategies propose conducting fewer trials, involving 
smaller numbers of patients, while maintaining scientific 
rigour in safety and efficacy data collection and analysis. 
In this review we present the design of two innovative 
phase IIb studies investigating efavaleukin alfa and 
rozibafusp alfa for the treatment of SLE which use an 
adaptive study design. This design was selected as a 
case study, investigating efavaleukin alfa, in the Food and 
Drug Administration’s Complex Innovative Trial Design 
Pilot Program. The adaptive design approach includes 
prospectively planned modifications at predefined interim 
timepoints. Interim assessments of futility allow for a trial 
to end early when the investigational therapy is unlikely to 
provide meaningful treatment benefits to patients, which 
can release eligible patients to participate in other—
potentially more promising—trials, or seek alternative 
treatments. Response-adaptive randomisation allows 
randomisation ratios to change based on accumulating 
data, in favour of the more efficacious dose arm(s), 
while the study is ongoing. Throughout the trial the 
placebo arm allocation ratio is maintained constant. 
These design elements can improve the statistical power 
in the estimation of treatment effect and increase the 
amount of safety and efficacy data collected for the 
optimal dose(s). Furthermore, these trials can provide 
the required evidence to potentially serve as one of two 
confirmatory trials needed for regulatory approval. This 
can reduce the need for multiple phase III trials, the total 
patient requirements, person-exposure risk, and ultimately 
the time and cost of investigational drug development 
programmes.

INTRODUCTION
SLE is a complex, chronic, systemic autoim-
mune disease that can be disabling and life-
threatening.1–4 A few therapies have recently 
been approved for SLE despite a history of 

disappointing results from trials for many 
other agents.5–10 Responses to approved 
treatments are not ubiquitous for all patients 
with SLE, and the availability of new thera-
peutic options remains a substantial unmet 
need.11–13 To help address this need, there is 
a robust pipeline of innovative therapies for 
SLE currently in development.14–17 While this 
increases the likelihood of identifying more 
viable treatment options for patients, the 
parallel development programmes require 
formidable numbers of eligible patients with 

WHAT IS ALREADY KNOWN ON THIS TOPIC

	⇒ This paper reviews current challenges in SLE drug 
development that have arisen due to a robust pipe-
line of potential therapies creating resource limita-
tions, including a paucity of eligible patients, which 
have hindered drug development.

	⇒ Despite the well documented need for innovative 
clinical trial approaches in SLE, few demonstrative 
examples of adaptive design studies have been 
reported.

WHAT THIS STUDY ADDS

	⇒ An adaptive clinical trial design is introduced that 
was developed for two phase II studies investigating 
two potential SLE therapies sponsored by Amgen.

	⇒ This design was selected as a case study in the Food 
and Drug Administration’s Complex Innovative Trial 
Design Pilot Program and incorporates response-
adaptive randomisation (RAR), where the randomi-
sation ratio can adapt based on accumulating data 
to favour the more efficacious dose arm(s) while the 
trial is ongoing.

	⇒ In describing this design, a few of the statistical 
simulations that were performed to inform the RAR 
methodology are explained and illustrated.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Innovative approaches to trial design may relieve re-
source limitations through more efficient use of trial 
data, provide substantial evidence of efficacy of an 
investigational product, and yield ethical benefits for 
participating patients.
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SLE. Patient participation often lasts for many months or 
years, during which time they are ineligible for participa-
tion in other trials.18

Strict eligibility criteria in SLE trials result in limited 
numbers of trial-eligible patients. Competition for these 
patients leads to slow enrolment for all programmes.19 
Recruitment is often restricted to participants with disease 
activity that is sufficient to permit demonstration of treat-
ment efficacy, yet not severe enough to require excessive 
use of oral corticosteroids or other potent immunosup-
pressive therapies.20 In addition, disease activity must be 
sufficiently stable to minimise the need for medication 
adjustments, which can exacerbate the already prob-
lematic confounding of treatment effect estimates by 
background therapies.13 21 Entry criteria have evolved 
in an attempt to ensure safe participation of patients in 
a placebo-controlled randomised clinical trial. All this 
results in opposing factors at play in ensuring significant 
but stable disease in patients at trial entry. For example, 
use of adequate, but not excessive, background treat-
ments are necessary so that patients receiving placebo, or 
those who do not respond to the study medication, are 
neither endangered nor overtreated. Adding to these 
recruitment challenges is the requirement for a signif-
icant time commitment from participants in order to 
reach scientific conclusions about both safety and efficacy 
of new treatment options.19 22 23 Likewise slow recruit-
ment due to a pandemic, war or political unrest further 
underscores the need for smaller and more efficient trials 
that require fewer patients.24 25

In addition to competition for patients, the large 
number of concurrent clinical trials also creates intense 
competition for sites with SLE trial experience to partic-
ipate in these programmes. Measurement of disease 
activity, to evaluate eligibility for trial entry and response 
to therapy, is particularly complex in patients with SLE 
because of fluctuating disease activity over time and 
involvement of multiple organ systems.26 27 Experienced 
evaluators are needed to ensure accuracy in disease 
activity measurements. Inadequately trained sites, with 
insufficiently trained staff, can enrol patients that do not 
meet entry criteria. Therefore, enrolment does not align 
with the expected number of qualified patients or varies 
considerably between sites. Trial data are bound to be 
compromised when it becomes necessary to use trial sites 
where investigators’ training can be cursory, profoundly 
affecting the interpretability of the data. High demand 
can also overwhelm experienced sites to the extent that 
they cannot participate in all of the programmes that 
need them.13 22

Adaptive designs, Bayesian statistical models, and other 
novel trial design elements are efficient and resource-
sparing strategies that, when appropriately introduced, 
do not compromise trial integrity or validity of trial results 
and may help to address some of the serious challenges 
faced in drug development in SLE.28 29 Adaptive clin-
ical trial designs allow for prospectively planned modifi-
cations in one or more aspects of the design based on 

accumulating data and interim analyses.28–31 Leveraging 
data from early in the trial to adapt study conduct can 
lead to swift conclusions of futility (or success), enabling 
patients to participate in other trials, and researchers to 
modify the size of one or more dosing groups, or reduce 
or increase patients’ exposure to dosages based on 
emerging efficacy or tolerability data.

The US Food and Drug Administration (FDA) and 
European Medicines Agency both agree that adaptive 
trial designs can be used to generate meaningful data on 
safety and efficacy for investigational treatments.28 30 32 The 
FDA has initiated efforts focused on advancing complex 
innovative designs (CIDs), including adaptive trials, to 
modernise drug development, improve efficiency and 
promote innovation.33 Moreover, a large group of clinical 
investigators and treatment developers convened by the 
Lupus Foundation of America proposed adaptive trials as 
a potential strategy to overcome existing barriers to SLE 
drug development.13 Despite these calls for innovative 
trial designs to remedy unmet needs in treatment devel-
opment in rheumatology, including SLE, few examples of 
adaptive clinical trials in SLE have been published.34–36

In this review we describe a phase IIb adaptive trial 
design selected as a case study in the FDA’s CID Pilot 
Program.37 Regulatory requirements and methodology 
adopted for evaluating the statistical rigour of this CID 
trial design as a registrational-quality study will also be 
presented.

ADAPTIVE DESIGN OF THE PHASE IIB TRIALS FOR ROZIBAFUSP 
ALFA AND EFAVALEUKIN ALFA IN SLE
An adaptive design is being used in two ongoing phase IIb 
double-blind, placebo-controlled, dose-ranging, multi-
centre studies at Amgen evaluating the safety and effi-
cacy of rozibafusp alfa (AMG 570) (NCT04058028) and 
efavaleukin alfa (AMG 592) (NCT04680637). Rozibafusp 
alfa is a novel bispecific antibody-peptide conjugate that 
simultaneously blocks inducible costimulator ligand and 
B cell activating factor activity38 and efavaleukin alfa is 
an interleukin (IL) 2 mutein fragment crystalisable (Fc) 
fusion protein that induces selective expansion of regula-
tory T cells.39

The primary objective of each of these phase IIb studies 
is to assess the efficacy of three dose levels of the investi-
gational product versus placebo (figure  1). The studies 
are also designed to support identification of the optimal 
dose for a subsequent phase III confirmatory trial. Each 
study plans to separately enrol 320 patients, 18–75 years 
of age, with active SLE despite standard of care (SOC) 
therapy (oral corticosteroids and other immunosuppres-
sants and/or immunomodulators). The primary endpoint 
in each study is the SLE Responder Index (SRI)−4 
response,40 a composite endpoint comprised of hybrid 
SLE Disease Activity Index improvement of 4 points or 
more from baseline, no worsening of 0.3 points or more 
on the Physician’s Global Assessment, and no new severe 
organ score on the British Isles Lupus Assessment Group 
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(BILAG) Index or more than one new BILAG moderate 
organ activity score. Traditional phase II dose-finding 
studies often evaluate treatment through 24 weeks; in 
the case of these phase IIb studies, the primary endpoint 
is evaluated at the regulatory required timepoint of 52 
weeks. This will allow the study to potentially serve as 
one of two required registrational studies, reducing the 
overall development programme from three indepen-
dent studies (one phase II and two phase III) to two. 
Interim analyses are iterative, beginning after the first 40 
patients are randomised and have had the opportunity to 
complete the week 24 assessment (figure 1). Subsequent 
interim analyses are planned after every additional 32 
patients are randomised and have had the opportunity 
to complete the week 24 assessment, until full enrolment 
is achieved or until futility is determined for all doses at 
an interim analysis. At each interim analysis, prior to the 
study being fully enrolled, available SRI-4 response data 
will be analysed to inform response-adaptive randomisa-
tion (RAR) and, beginning at the second interim analysis, 
futility.

At the last interim analysis, after all 320 enrolled 
patients have had the opportunity to complete week 24, 
the results based on available data may trigger early plan-
ning activities of the subsequent phase III studies. This 
final interim analysis has no impact on the conduct of 
the current phase IIb trials, but when there is convincing 
evidence of efficacy, there is opportunity to expedite 
planning and operational activities—reducing the time 
gap between phase II and phase III.

Response-adaptive randomisation
RAR is one of the adaptive features included in the phase 
IIb trials. With RAR, the initial treatment allocation ratio 
(1:1:1:1) can be modified after the study starts at prede-
fined timepoints. These timepoints are prospectively 
chosen to ensure adequate data collection to provide 
differentiating information between doses. In these phase 
IIb trials, RAR is first implemented after 40 subjects have 
been enrolled and have had the opportunity to complete 
24 weeks on study. It is subsequently implemented every 
additional 32 subjects until the study is fully enrolled. The 
randomisation ratio modifications are based on interim 
analyses of available clinical efficacy data to identify the 
most efficacious dose(s). RAR would then update the 
randomisation ratio to allocate subsequent active treat-
ment patients to the more efficacious dose(s) while main-
taining the placebo allocation constant at 25%. Antici-
pating that the placebo arm will have the lowest response 
rate, maintaining a 25% allocation ratio will preserve 
statistical power by preventing a reduction in the number 
of patients randomised to this arm.

The statistical model used to update the randomisation 
allocation probabilities, as well as the cadence by which 
the randomisation ratio will be modified, are prespecified 
in the protocol. RAR is implemented early to maximise 
the number of patients who benefit from an optimised 
randomisation scheme; it is also applied often to ensure 
that early changes continue to be appropriate throughout 
the course of the trial. An example, using simulated 
clinical trial data, illustrates how the observed efficacy 
response rates at each interim analysis inform updates 

Figure 1  Adaptive trial schema and innovative design elements of the phase IIb studies for rozibafusp alfa and efavaleukin 
alfa in SLE. Innovative elements: 1. Study implements response-adaptive randomisation; 2. Multiple interim analyses that 
evaluate for futility and one efficacy evaluation (primary); 3. Primary endpoint (SRI-4 response at week 52) and futility analyses 
are evaluated using a Bayesian hierarchical model comparing the three dose levels to placebo. SOC, standard of care; SRI, 
Systemic Lupus Erythematosus Responder Index.



Garces S, et al. Lupus Science & Medicine 2023;10:e000890. doi:10.1136/lupus-2022-0008904

Lupus Science & Medicine

to the randomisation ratios (figure 2). In this simulated 
trial, the high dose was assumed to be the most effica-
cious overall, and its early performance in the simulation 
reflected a linear dose response. Early interim analyses 
showed that the low dose had the lowest response rates, 
and the programme began randomising more patients 
to higher doses. As more data accrued, this conclusion 
was re-evaluated at subsequent interim analyses, and the 
high dose was consistently demonstrating the best efficacy 
and received the highest allocation ratio among the three 
active doses. Based on the results of the fifth interim anal-
ysis, almost all incoming subjects following this timepoint 
were allocated to the high dose or placebo, with minimal 
enrolment to the medium dose. The changes happen 
without the study team’s involvement or knowledge and 
can adapt, guided by data, according to a prespecified 
algorithm.

Increasing the number of patients randomised to the 
more efficacious treatment arm improves the power to 
detect a difference versus placebo by increasing the 
sample size assigned to that treatment arm in addition 
to increasing the available safety data for that dose. This 
results in a more robust data set to support the evaluation 
and the ultimate choice of dose advanced to the subse-
quent phase III trial.41 Unlike in trials with fixed, equal 
randomisation, RAR can increase the probability that a 
single patient may be randomised to an efficacious treat-
ment arm,41 42 therefore patient and physician perception 
of trial participation may be more favourable which may 
increase incentive to enrol.28 43

A key objective of dose-ranging studies is to charac-
terise the dose-response model across tested doses. It is 

recognised that RAR may identify a highly efficacious 
dose very early and result in allocating too few subjects 
to the other less effective dose groups, and creating chal-
lenges in fully characterising the dose-response curve. 
Therefore, in these two studies, the first RAR occurs after 
a sufficient run-in period, after the first 40 subjects have 
completed week 24, and would therefore ensure that a 
minimum number of subjects are randomised to each of 
the three tested doses.

Futility evaluations
Another important feature of the proposed phase IIb 
study design is the evaluation of futility at the planned 
interim analyses. Futility is assessed beginning with the 
second interim analysis, and at all subsequent interim 
analyses until full enrolment (figure  1). Assessing the 
primary endpoint at week 52 makes adaptations and early 
decision making challenging as it takes significant time 
to accumulate sufficient data to provide sufficient confi-
dence in the decision. To address this, data from earlier 
timepoints, specifically weeks 16, 20 and 24 which were 
often used to inform dose finding for lupus, are leveraged 
to predict the week 52 response for subjects who have yet 
to reach the end of study using a longitudinal model. 
This approach allows interim analyses to start earlier and 
increase the benefits of both RAR and early assessments of 
futility. Interim analyses start after 72 patients have been 
enrolled and have had the opportunity to complete week 
24, 6 months earlier than if complete data were required 
(week 52). If futility is met, further enrolment to the study 
may be stopped if there is sufficient evidence that the 
investigational product has low probability of achieving 

Figure 2  Response-adaptive randomisation probabilities by efficacy response rates at interim analyses using simulation 
of example clinical trial data. Response rates derived from each analysis of interim data are used to update the subsequent 
randomisation ratio. In this clinical trial data simulation, the greatest response rate was consistently observed for subjects 
receiving the highest dose (dose 3), which resulted in a gradual shift in the randomisation ratio in favour of dose 3 for new 
subjects randomised after each interim analysis.
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the efficacy target. Futility interim analyses increase the 
efficiency of a trial by supporting early decision making 
to terminate a futile trial. This can reduce the cost of 
failure and release patients and SLE-experienced sites for 
other development programmes that may show benefit,44 
as well as reduce potential safety risks to participating 
patients.41 44 45

Bayesian hierarchical modelling
An innovative feature of the phase IIb study design is a 
prespecified analysis to evaluate the primary endpoint, 
which is based on a binary outcome (responder vs non-
responder; figure  1). To support claims of efficacy and 
to serve as a registrational trial, substantial evidence is 
required from an adequate and well-controlled trial. 
When multiple statistical tests are evaluated simultane-
ously, statistical conclusions require control of multi-
plicity. Control of multiplicity may require an increase in 
overall sample size or prespecified assumptions regarding 
the dose-response relationship. For example, it is a 
common assumption that the dose-response relationship 
will be monotonically increasing, that is, the highest dose 
will have the greatest efficacy, followed by the middle and 
then the low dose. However, in SLE and other inflam-
matory diseases, a monotonic dose-response is often not 
observed (a phenomenon that has been documented 
for other therapeutics that modulate a complex immune 
system with many feedback loops and compensatory 
mechanisms).44–50 Instead of requiring a larger trial to 
accommodate the uncertainty as to the optimal dose, 
the innovative phase IIb design uses a Bayesian hierar-
chical model to compare each of the three dose levels 
to placebo.51 52 With this approach, the statistical model 
can borrow information across doses based on observed 
similarities between results (treatment effects) for various 
treatment groups. The more similar the response rates 
across treatment groups, the greater amount of borrowing 
will occur. Conversely, little or no borrowing would occur 
when the response rates are very different across doses. 
Thus, when all three doses have similar response rates, 
the treatment effect estimates for one dose will leverage 
information contained in the data for doses with similar 
effects, resulting in increased power and improved esti-
mation of the treatment effect by sharing information.

This increases the statistical efficiency and can reduce 
the overall number of patients necessary to adequately 
power the trial and improve estimation of the treatment 
effect.

FDA’S CID PILOT PROGRAM
In August 2018, the FDA launched the CID Pilot Program 
to facilitate and advance the use of complex adaptive, 
Bayesian and other novel clinical trial designs to accel-
erate the development of therapies for unmet medical 
needs.33 This programme offers a unique opportunity 
for sponsors to obtain direct feedback from a large FDA 
multidisciplinary team on the study design, to align with 

the FDA on the registrational potential of the design, 
and to share knowledge on innovative tools to evaluate 
complex designs. Amgen submitted the efavaleukin alfa 
phase IIb study design for consideration by the FDA and 
was selected to participate in the CID programme. The 
efavaleukin alfa case study was subsequently published by 
the FDA on its CID website.33 37

The FDA has outlined four principles for clinical trials, 
including those with adaptive design, that must be satis-
fied to provide substantial evidence of efficacy of an inves-
tigational product.28 The following sections describe how 
these four principles were satisfied in the efavaleukin alfa 
phase IIb trial design.

Principle 1: ensure control of the chance of an erroneous 
conclusion
To reduce the chance for erroneous conclusions and 
support registration, it was important to first demonstrate 
that the adaptive design adequately controlled type I 
error below the nominal 5% level. Extensive simulations 
were conducted to assess the operating characteristics 
of this design under a multidimensional range of plau-
sible values for uncontrollable nuisance parameters—
for example, placebo response rate, enrolment speed, 
etc—under the scenario where none of the dose levels 
provided benefit over placebo alone. These simulations 
demonstrated that the proposed study design adequately 
controlled type I error across the plausible range of these 
parameters.

Lack of control of type II error can lead to a false 
conclusion of lack of efficacy, and possibly to termina-
tion of a clinical development programme for a product 
that could be beneficial to patients. To assess this oper-
ating characteristic, simulations were used to evaluate 
seven efficacy scenarios based on the absolute difference 
of treatment response rate to placebo at week 52. These 
included a traditional linear response across doses where 
one dose meets the target efficacy and the other two doses 
have moderate or low efficacy relative to placebo. For the 
purposes of illustration, this dose-response assumption 
was labelled as the ‘Good’ result. Other scenarios that 
were evaluated varied the assumptions regarding relative 
efficacy between the doses. For one of these scenarios, 
labelled ‘Nugget’, only one dose meets the target efficacy 
while the remaining two doses are assumed to have no 
effect relative to placebo. As the Bayesian hierarchical 
model used for evaluation of the primary endpoint does 
not assume a dose-response relationship, evaluation of 
these efficacy scenarios does not require specification 
of which assumption applies to the low, medium or high 
dose. This is particularly advantageous in SLE trials, 
because, as noted earlier, greater efficacy is often not seen 
at the highest dose.

Evaluation of the operating characteristics in a study 
design involves comparison of the probability of success 
between the proposed design and a traditional fixed 
design, defined as a design without interim analyses or 
RAR and with traditional statistical evaluation of the 
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primary endpoint. Comparisons between designs were 
made with respect to the following factors: the final 
sample size randomised to each treatment group (to eval-
uate the performance of RAR); the time to complete a 
trial; and the probability of selecting the correct dose. In 
the ‘Good’ scenario, with a linear dose-response, the final 
randomised sample size closely aligned with the assumed 
treatment effect, with a greater number of patients 
randomised to better-performing doses (figure 3A). For 
the ‘Nugget’ scenario, in which only one dose was effica-
cious, the greatest number of patients was assigned to this 
dose, with fewer patients randomised to the other doses. 
As expected, RAR effectively identified the doses showing 
early evidence of effect and adapted throughout the study 
to allocate patients to these doses. For both the ‘Good’ 
and ‘Nugget’ scenarios, the proposed adaptive design 
showed a higher probability of success (sufficient power) 
compared with a fixed design (figure 3B), which would 
translate into a larger trial for a study design without 
adaptive features (figure 3B).

There are potential errors that can result from this 
type of adaptive design that are difficult to assess through 
simulation. For example, characteristics of patients 
enrolled early in the enrolment period may differ mean-
ingfully from those enrolled later. In addition, differences 
in disease severity or changes in SOC medications over 

time may result in systematic imbalances across treatment 
arms.33 37 To assess these risks, patient characteristics 
and SOC medications can be evaluated throughout the 
study to identify potential drift, and resulting bias may be 
addressed with appropriate statistical methodology.

Principle 2: sufficiently reliable estimation of treatment 
effects
The estimated treatment effect from a clinical trial serves 
as the basis for evaluation of benefit-risk and product 
labelling. Therefore, it is important that study designs 
do not introduce statistical bias, that is, do not systemat-
ically overestimate or underestimate the benefits offered 
by a new therapy. The extensive statistical simulations 
conducted to support the evaluation of Amgen’s phase IIb 
design allow for assessment of bias by comparing the esti-
mated treatment effect from each simulated trial against 
the assumed true effect. It was shown that the Bayesian 
hierarchical model used in both the interim and primary 
analyses of the SLE trial design, which involves dynamic 
data borrowing across the active treatment arms, reliably 
estimates the treatment effect and meets the require-
ments to support assessment of efficacy.

Principle 3: complete prespecification of decision rules, timing 
of their evaluation and resulting planned adaptations
The adaptive features of the SLE trial design were prespec-
ified and detailed in the study protocol, statistical analysis 
plan, data monitoring committee charter and compre-
hensive study simulation report.

Principle 4: maintenance of trial conduct and integrity
The adaptive design of the SLE trial ensures that the 
sponsor and study personnel (including patients and 
investigators) are blinded to treatment assignments and 
comparative interim analysis results. The trial uses an 
independent data monitoring committee to maintain 
patient safety and trial integrity, and which is tasked with 
external review of interim analysis data. In addition, an 
external independent statistical group, in support of the 
data monitoring committee, is responsible for conducting 
each interim statistical analysis, including evaluation 
of futility, and generating the updated randomisation 
probabilities. The data monitoring committee will have 
sole access to evolving efficacy data and will not disclose 
results of interim analyses to the sponsor unless study 
termination is recommended due to futility, according 
to the predefined stopping rules. In this scenario, a data 
access plan is used to document sponsor access to interim 
data and/or results, ensuring such access is limited to 
decisions relating to study termination.

CONCLUSIONS
Following discussion at two meetings granted through 
the CID programme, the FDA concluded that the phase 
IIb adaptive trial design demonstrated adequate trial 
operating characteristics and could potentially serve as 
one of two confirmatory trials in support of registration. 

Figure 3  (A) Average randomisation allocation to each 
treatment arm according to study design/result scenario; 
(B) Probability of success (power) of the proposed CID design 
and fixed study design according to simulated efficacy 
scenario. The adaptive design and the standard fixed design 
were evaluated assuming the same planned sample size 
(n=320). The ‘Good’ scenario was defined as linear dose-
response with one dose (highest) meeting target efficacy 
and the others with moderate or low efficacy; the ‘nugget’ 
scenario was defined as only one dose meeting target 
efficacy and the remaining doses not being different from 
placebo. The line at 80% designates the power goal for this 
phase IIb clinical trial. CID, complex innovative design.
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This was based on adoption of a week 52 endpoint, 
rather than a 24-week endpoint as in traditional early 
phase trials, as well as confirmation that the study design 
demonstrated adequate control of type I error across the 
plausible parameter space, reliable estimates of treatment 
effect, and procedures in place to maintain trial integrity. 
Meeting the FDA CID principles criteria and using study 
design features that promote efficiency may foster smaller 
trials that provide reliable data, thereby conserving overall 
clinical development resources. While increasing the effi-
ciency and feasibility of timely testing for an investiga-
tional drug and reducing patient-exposure risks, a disad-
vantage to this approach is the limitation of dosing group 
sizes where lower numbers of patients might respond, but 
where, in a potentially definable subset, optimal phar-
macokinetic/pharmacodynamic (PK/PD) and clinical 
efficacy may have been achieved. This possibility can be 
evaluated using comprehensive biomarker analysis to 
generate hypotheses for future testing without slowing 
down the development path for a treatment.

Despite the long-sought progress represented by 
several recently approved treatments for SLE, there 
is still substantial unmet need for new targeted thera-
peutic options for this complex, heterogeneous disease. 
The complexities inherent in SLE trials and the limited 
number of appropriate trial sites and eligible participants 
call for changes to traditional SLE trial design. The adap-
tive trial presented here, which is aligned with FDA CID 
programme requirements, was designed to be conducted 
with reduced use of resources and enhanced likelihood 
of detecting true positive treatment effects compared 
with traditional trials. It provides the additional ethical 
benefit of decreasing patient exposure to non-efficacious 
or harmful treatments and increasing the proportion of 
patients randomised to more generally efficacious doses 
in a clinical trial.

Acknowledgements  The authors thank Kate Smigiel, PhD, of Amgen Inc. and 
Kathryn Miles, PhD, of BioScience Communications, for medical writing support.

Contributors  SG, EK, MM, CEM contributed to the conception and design of the 
study. All authors (SG, EK, JTM, ADA, KK, MM, CEM) contributed to the analysis and 
interpretation of the data. All authors contributed to the writing and reviewing of the 
manuscript and have given final approval for the version to be published. SG is the 
guarantor for this publication.

Funding  Studies NCT04058028 and NCT04680637 were funded by Amgen Inc.

Competing interests  SG, EK, MM, CEM are employees and stockholders of 
Amgen. JTM is a consultant for AbbVie, Alexion, Amgen, AstraZeneca, Aurinia 
Pharmaceuticals, BMS, EMD Serono, Gilead, Genentech, GSK, Lilly, Merck, Pfizer, 
Provention Bio, RemeGen, Sanofi, UCB, and Zenas, is a speaker for AbbVie, Biogen, 
Sanofi, and RemeGen, and has received grants (to institution) from AstraZeneca, 
BMS, and GSK. ADA is an investigator and consultant for AbbVie, Amgen, 
AstraZeneca, Aurinia Pharmaceuticals, BMS, Celgene, Idorsia, Genentech, GSK, 
Janssen, Lilly, Mallinckrodt Pharmaceuticals, Pfizer, and UCB. KK is a consultant 
for AbbVie, AstraZeneca, Biogen, BMS, Cabaletta Bio, EMD Serono, Equillium, 
Genentech, Gilead, GSK, Kangpu Biopharmaceuticals, Kezar Life Sciences, Kyowa 
Kirin Co., and Merck, and has received research support from Acceleron Pharma, 
Alexion, Alpine Immune Sciences, Amgen, Horizon, Idorsia, Kyowa Kirin Co., Lupus 
Research Alliance and the Wolfe Family Program in Lupus, NIH, Novartis, Provention 
Bio, UCB, and Vera Therapeutics.
Patient consent for publication  Not applicable.
Ethics approval  Not applicable.

Provenance and peer review  Not commissioned; externally peer reviewed.
Data availability statement  Data are available upon reasonable request. Qualified 
researchers may request data from Amgen studies. Complete details are available 
at the following: https://wwwext.amgen.com/science/clinical-trials/clinical-data-​
transparency-practices/

Open access  This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Sandra Garces http://orcid.org/0000-0002-6601-5155
Anca D Askanase http://orcid.org/0000-0003-4597-5023

REFERENCES
	 1	 Lerang K, Gilboe I-M, Steinar Thelle D, et al. Mortality and years of 

potential life loss in systemic lupus erythematosus: a population-
based cohort study. Lupus 2014;23:1546–52. 

	 2	 Lisnevskaia L, Murphy G, Isenberg D. Systemic lupus erythematosus. 
Lancet 2014;384:1878–88. 

	 3	 Olesinska M, Saletra A. Quality of life in systemic lupus 
erythematosus and its measurement. Reumatologia 2018;56:45–54. 

	 4	 Dörner T, Furie R. Novel paradigms in systemic lupus erythematosus. 
Lancet 2019;393:2344–58. 

	 5	 Wallace DJ. The evolution of drug discovery in systemic lupus 
erythematosus. Nat Rev Rheumatol 2015;11:616–20. 

	 6	 Furie R, Petri M, Zamani O, et al. A phase III, randomized, placebo-
controlled study of belimumab, a monoclonal antibody that 
inhibits B lymphocyte stimulator, in patients with systemic lupus 
erythematosus. Arthritis Rheum 2011;63:3918–30. 

	 7	 Morand EF, Furie R, Tanaka Y, et al. Trial of anifrolumab in active 
systemic lupus erythematosus. N Engl J Med 2020;382:211–21. 

	 8	 Wallace DJ. Improved strategies for designing lupus trials with 
targeted therapies: learning from 65 years of experience. Lupus 
2016;25:1141–9. 

	 9	 Touma Z, Gladman DD. Current and future therapies for SLE: 
obstacles and recommendations for the development of novel 
treatments. Lupus Sci Med 2017;4:e000239. 

	10	 Merrill JT. Problems remain in lupus clinical trial design. 2020. 
Available: https://www.healio.com/news/rheumatology/20200912/​
problems-remain-in-lupus-clinical-trial-design [Accessed 5 Dec 
2022].

	11	 Medina-Quiñones CV, Ramos-Merino L, Ruiz-Sada P, et al. Analysis 
of complete remission in systemic lupus erythematosus patients over 
a 32-year period. Arthritis Care Res (Hoboken) 2016;68:981–7. 

	12	 Magro R. Biological therapies and their clinical impact in the 
treatment of systemic lupus erythematosus. Ther Adv Musculoskelet 
Dis 2019;11:1759720X19874309. 

	13	 Merrill JT, Manzi S, Aranow C, et al. Lupus community panel 
proposals for optimising clinical trials: 2018. Lupus Sci Med 
2018;5:e000258. 

	14	 Bakshi J, Segura BT, Wincup C, et al. Unmet needs in the 
pathogenesis and treatment of systemic lupus erythematosus. Clin 
Rev Allergy Immunol 2018;55:352–67. 

	15	 Klavdianou K, Lazarini A, Fanouriakis A. Targeted biologic therapy 
for systemic lupus erythematosus: emerging pathways and drug 
pipeline. BioDrugs 2020;34:133–47. 

	16	 Allen ME, Rus V, Szeto GL. Leveraging heterogeneity in systemic 
lupus erythematosus for new therapies. Trends Mol Med 
2021;27:152–71. 

	17	 Liossis SN, Staveri C. What’s new in the treatment of systemic lupus 
erythematosus. Front Med 2021;8:655100. 

	18	 FDA guidance for industry systemic lupus erythematosus — 
developing medical products for treatment_2010. 2010. Available: 
https://www.fda.gov/media/71150/download [Accessed 5 Dec 2022].

	19	 Dyball S, Collinson S, Sutton E, et al. Lupus clinical trial eligibility 
in a real-world setting: results from the British Isles Lupus 
Assessment Group-Biologics Register (BILAG-BR). Lupus Sci Med 
2021;8:e000513. 

	20	 Dall’Era M, Bruce IN, Gordon C, et al. Current challenges in 
the development of new treatments for lupus. Ann Rheum Dis 
2019;78:729–35. 

	21	 Kalunian KC, Kim M, Xie X, et al. Impact of standard of care 
treatments and disease variables on outcomes in systemic lupus 

https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices/
https://wwwext.amgen.com/science/clinical-trials/clinical-data-transparency-practices/
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-6601-5155
http://orcid.org/0000-0003-4597-5023
http://dx.doi.org/10.1177/0961203314551083
http://dx.doi.org/10.1016/S0140-6736(14)60128-8
http://dx.doi.org/10.5114/reum.2018.74750
http://dx.doi.org/10.1016/S0140-6736(19)30546-X
http://dx.doi.org/10.1038/nrrheum.2015.86
http://dx.doi.org/10.1002/art.30613
http://dx.doi.org/10.1056/NEJMoa1912196
http://dx.doi.org/10.1177/0961203316652490
http://dx.doi.org/10.1136/lupus-2017-000239
https://www.healio.com/news/rheumatology/20200912/problems-remain-in-lupus-clinical-trial-design
https://www.healio.com/news/rheumatology/20200912/problems-remain-in-lupus-clinical-trial-design
http://dx.doi.org/10.1002/acr.22774
http://dx.doi.org/10.1177/1759720X19874309
http://dx.doi.org/10.1177/1759720X19874309
http://dx.doi.org/10.1136/lupus-2018-000258
http://dx.doi.org/10.1007/s12016-017-8640-5
http://dx.doi.org/10.1007/s12016-017-8640-5
http://dx.doi.org/10.1007/s40259-020-00405-2
http://dx.doi.org/10.1016/j.molmed.2020.09.009
http://dx.doi.org/10.3389/fmed.2021.655100
https://www.fda.gov/media/71150/download
http://dx.doi.org/10.1136/lupus-2021-000513
http://dx.doi.org/10.1136/annrheumdis-2018-214530


Garces S, et al. Lupus Science & Medicine 2023;10:e000890. doi:10.1136/lupus-2022-0008908

Lupus Science & Medicine

erythematosus trials: analysis from the Lupus Foundation of America 
Collective Data Analysis Initiative. Eur J Rheumatol 2016;3:13–9. 

	22	 Rodríguez-Pintó I, Espinosa G, Cervera R. The problems and pitfalls 
in systemic lupus erythematosus drug discovery. Expert Opin Drug 
Discov 2016;11:525–7. 

	23	 Chang M, Balser J. Adaptive design – recent advancement in clinical 
trials. J Bioanal Biostat;2016;1:14. 

	24	 Conduct of clinical trials of medical products during the COVID-19 
public health emergency. 2022. Available: https://www.fda.gov/​
media/136238/download [Accessed 5 Dec 2022].

	25	 Rubin R. Clinical trials disrupted during war in Ukraine. JAMA 
2022;327:1535-6. 

	26	 Bruce IN, Gordon C, Merrill JT, et al. Clinical trials in lupus: what have 
we learned so far? Rheumatology (Oxford) 2010;49:1025–7. 

	27	 Mikdashi J, Nived O. Measuring disease activity in adults with 
systemic lupus erythematosus: the challenges of administrative 
burden and responsiveness to patient concerns in clinical research. 
Arthritis Res Ther 2015;17:183. 

	28	 FDA guidance document: adaptive design clinical trials for drugs and 
biologics guidance for industry, 2019. 2019. Available: https://www.​
fda.gov/regulatory-information/search-fda-guidance-documents/​
adaptive-design-clinical-trials-drugs-and-biologics-guidance-​
industry [Accessed 5 Dec 2022].

	29	 Pallmann P, Bedding AW, Choodari-Oskooei B, et al. Adaptive 
designs in clinical trials: why use them, and how to run and report 
them. BMC Med 2018;16:29. 

	30	 Bothwell LE, Kesselheim AS. The real-world ethics of adaptive-
design clinical trials. Hastings Cent Rep 2017;47:27–37. 

	31	 Mahlich J, Bartol A, Dheban S. Can adaptive clinical trials help to 
solve the productivity crisis of the pharmaceutical industry? - a 
scenario analysis. Health Econ Rev 2021;11:4. 

	32	 European Medicines Agency. Adaptive pathways. Available: https://
www.ema.europa.eu/en/human-regulatory/research-development/​
adaptive-pathways [Accessed 5 Dec 2022].

	33	 Complex innovative trial designs pilot program. 2022. Available: 
https://www.fda.gov/drugs/development-resources/complex-​
innovative-trial-designs-pilot-program [Accessed 5 Dec 2022].

	34	 Grayling MJ, Bigirumurame T, Cherlin S, et al. Innovative trial 
approaches in immune-mediated inflammatory diseases: Current use 
and future potential. BMC Rheumatol 2021;5:21. 

	35	 Winthrop KL, Isaacs JD, Mease PJ, et al. Unmet need in 
rheumatology: reports from the Advances in Targeted Therapies 
Meeting, 2022 [published online ahead of print]. Ann Rheum Dis 
2023;82:594–8. 

	36	 Pickles T, Alten R, Boers M, et al. Adaptive trial designs in 
rheumatology: report from the OMERACT Special Interest Group. J 
Rheumatol 2019;46:1406–8. 

	37	 Complex Innovative Trial Design Meeting Program. Lupus Case 
Study. 2022. Available: https://www.fda.gov/drugs/development-​
resources/complex-innovative-trial-design-meeting-program#case%​
20studies [Accessed 5 Dec 2022].

	38	 Zhou L, Wang H, Jiang T, et al. Design of an adaptive, phase 
2, placebo-controlled, dose-ranging study to assess the 

efficacy and safety of AMG 570 in subjects with active SLE and 
inadequate response to standard of care therapy. Lupus Sci Med 
2020;7(Suppl 1):A1–131. 

	39	 Tchao N, Sarkar N, Hu X, et al. EFAVALEUKIN alfa, a novel IL-2 
mutein, selectively expands regulatory T cells in patients with SLE: 
final results of a phase 1b multiple ascending dose study. Ann 
Rheum Dis 2022;81(Suppl 1):1343. 

	40	 Luijten KMAC, Tekstra J, Bijlsma JWJ, et al. The Systemic Lupus 
Erythematosus Responder Index (SRI): A new SLE disease activity 
assessment. Autoimmun Rev 2012;11:326–9. 

	41	 Lin J, Lin L-A, Sankoh S. A general overview of adaptive 
randomization design for clinical trials. J Biom Biostat;2016;7:2. 

	42	 Ursino M, Stallard N. Bayesian approaches for confirmatory trials in 
rare diseases: opportunities and challenges. Int J Environ Res Public 
Health 2021;18:1022. 

	43	 The Adaptive Platform Trials Coalition. Adaptive platform trials 
coalition: definition, design, conduct and reporting considerations. 
Nat Rev Drug Discov 2019;18:797–807. 

	44	 Elman SA, Ware JH, Gottlieb AB, et al. Adaptive clinical trial design: 
an overview and potential applications in dermatology. J Invest 
Dermatol 2016;136:1325–9. 

	45	 Lew RA, Liang MH, Doros G. Statistical considerations for stopping 
systemic lupus erythematosus clinical trials earlier. Arthritis Res Ther 
2015;17:345. 

	46	 Wallace DJ, Popa S, Spindler AJ, et al. Improvement of disease 
activity and reduction of severe flares following subcutaneous 
administration of an IL-6 monoclonal antibody (mAb) in subjects with 
active generalized systemic lupus erythematosus (SLE). Abstract 
presented at the 2014 ACR/ARHP annual meeting; 14–19 November 
2014. Boston, MA, USA.

	47	 Wallace DJ, Kalunian K, Petri MA, et al. Efficacy and safety of 
epratuzumab in patients with moderate/severe active systemic lupus 
erythematosus: results from EMBLEM, a phase IIb, randomised, 
double-blind, placebo-controlled, multicentre study. Ann Rheum Dis 
2014;73:183–90. 

	48	 Furie RA, Bruce IN, Dörner T, et al. Phase 2, randomized, placebo-
controlled trial of dapirolizumab pegol in patients with moderate-to-
severe active systemic lupus erythematosus. Rheumatology (Oxford) 
2021;60:5397–407. 

	49	 Mahieu MA, Strand V, Simon LS, et al. A critical review of clinical 
trials in systemic lupus erythematosus. Lupus 2016;25:1122–40. 

	50	 Moulton VR, Suarez-Fueyo A, Meidan E, et al. Pathogenesis of 
human systemic lupus erythematosus: A cellular perspective. Trends 
Mol Med 2017;23:615–35. 

	51	 FDA impact story: using innovative statistical approaches to 
provide the most reliable treatment outcomes information to 
patients and clinicians. 2019. Available: https://www.fda.gov/drugs/​
regulatory-science-action/impact-story-using-innovative-statistical-​
approaches-provide-most-reliable-treatment-outcomes [Accessed 5 
Dec 2022].

	52	 Berry SM, Broglio KR, Groshen S, et al. Bayesian hierarchical 
modeling of patient subpopulations: efficient designs of phase II 
oncology clinical trials. Clin Trials 2013;10:720–34. 

http://dx.doi.org/10.5152/eurjrheum.2015.0048
http://dx.doi.org/10.1080/17460441.2016.1181056
http://dx.doi.org/10.1080/17460441.2016.1181056
http://dx.doi.org/10.13188/2641-8681.1000003
https://www.fda.gov/media/136238/download
https://www.fda.gov/media/136238/download
http://dx.doi.org/10.1001/jama.2022.5571
http://dx.doi.org/10.1093/rheumatology/kep462
http://dx.doi.org/10.1186/s13075-015-0702-6
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/adaptive-design-clinical-trials-drugs-and-biologics-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/adaptive-design-clinical-trials-drugs-and-biologics-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/adaptive-design-clinical-trials-drugs-and-biologics-guidance-industry
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/adaptive-design-clinical-trials-drugs-and-biologics-guidance-industry
http://dx.doi.org/10.1186/s12916-018-1017-7
http://dx.doi.org/10.1002/hast.783
http://dx.doi.org/10.1186/s13561-021-00302-6
https://www.ema.europa.eu/en/human-regulatory/research-development/adaptive-pathways
https://www.ema.europa.eu/en/human-regulatory/research-development/adaptive-pathways
https://www.ema.europa.eu/en/human-regulatory/research-development/adaptive-pathways
https://www.fda.gov/drugs/development-resources/complex-innovative-trial-designs-pilot-program
https://www.fda.gov/drugs/development-resources/complex-innovative-trial-designs-pilot-program
http://dx.doi.org/10.1186/s41927-021-00192-5
http://dx.doi.org/10.1136/ard-2022-223528
http://dx.doi.org/10.3899/jrheum.181054
http://dx.doi.org/10.3899/jrheum.181054
https://www.fda.gov/drugs/development-resources/complex-innovative-trial-design-meeting-program#case%20studies
https://www.fda.gov/drugs/development-resources/complex-innovative-trial-design-meeting-program#case%20studies
https://www.fda.gov/drugs/development-resources/complex-innovative-trial-design-meeting-program#case%20studies
http://dx.doi.org/10.1136/lupus-2020-eurolupus.176
http://dx.doi.org/10.1136/annrheumdis-2022-eular.2244
http://dx.doi.org/10.1136/annrheumdis-2022-eular.2244
http://dx.doi.org/10.1016/j.autrev.2011.06.011
http://dx.doi.org/10.4172/2155-6180.1000294
http://dx.doi.org/10.3390/ijerph18031022
http://dx.doi.org/10.3390/ijerph18031022
http://dx.doi.org/10.1038/s41573-019-0034-3
http://dx.doi.org/10.1016/j.jid.2016.02.807
http://dx.doi.org/10.1016/j.jid.2016.02.807
http://dx.doi.org/10.1186/s13075-015-0874-0
http://dx.doi.org/10.1136/annrheumdis-2012-202760
http://dx.doi.org/10.1093/rheumatology/keab381
http://dx.doi.org/10.1177/0961203316652492
http://dx.doi.org/10.1016/j.molmed.2017.05.006
http://dx.doi.org/10.1016/j.molmed.2017.05.006
https://www.fda.gov/drugs/regulatory-science-action/impact-story-using-innovative-statistical-approaches-provide-most-reliable-treatment-outcomes
https://www.fda.gov/drugs/regulatory-science-action/impact-story-using-innovative-statistical-approaches-provide-most-reliable-treatment-outcomes
https://www.fda.gov/drugs/regulatory-science-action/impact-story-using-innovative-statistical-approaches-provide-most-reliable-treatment-outcomes
http://dx.doi.org/10.1177/1740774513497539

	Improving resource utilisation in SLE drug development through innovative trial design
	ABSTRACT
	Introduction﻿﻿
	Adaptive design of the phase IIb trials for rozibafusp alfa and efavaleukin alfa in SLE
	Response-adaptive randomisation
	Futility evaluations
	Bayesian hierarchical modelling

	FDA’s CID Pilot Program
	Principle 1: ensure control of the chance of an erroneous conclusion
	Principle 2: sufficiently reliable estimation of treatment effects
	Principle 3: complete prespecification of decision rules, timing of their evaluation and resulting planned adaptations
	Principle 4: maintenance of trial conduct and integrity

	Conclusions
	References




