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Despite high-level endorsement, the number of adaptive Phase II/III trials in rare cancers needs to be improved, with better understanding of their value for clinical decisions in daily practice. This paper describes approaches to trial design in rare cancers, which has been supplemented by a search of ClinicalTrials.gov for adaptive trial designs in rare cancer. In addition, an online survey of 3,200 oncologists was conducted. Practicing physicians were questioned on the importance of different evidence levels, types of adaptive trial design, and categories of surrogate endpoints for clinical decision making. The results of the online survey revealed that evidence from Phase II/III trials with an adaptive design and relatively small sample size was considered high value in rare cancer by 97% of responders, similar to the randomized controlled trial rating (82%). Surrogate clinical endpoints were considered valuable alternatives to overall survival by 80% of oncologists. Preferred adaptive designs were futility analysis, interim analysis, adaptive sample size, and adaptive randomization. In conclusion, rare cancer oncologists rate evidence from adaptive clinical trials with as high a value and importance for clinical decision making processes as conventional randomized controlled trials. All stakeholders have a vested interest in advances in clinical trial designs to ensure efficient and timely development of innovative medicinal products to allow more patients faster access to the pivotal treatment.
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Introduction

Rare cancers have been variously defined as those with a prevalence of fewer than five cases out of a population of 10,000 (European definition) and cancers with fewer than 15 cases per 100,000 people per year (US National Cancer Institute definition) (1). In an effort to standardize the reporting and treatment of rare cancers and allow global comparisons a consortium from the European Union, Surveillance of Rare Cancer in Europe (RARECARE) put forward a revised definition of rare cancers as those with fewer than six cases per 100,000 people per year (2). A list provided by the RARECAREnet project, which is derived from the data of 94 population-based cancer registries from 24 European countries, indicates there are many hundreds of rare cancers that combined make a large contribution to overall cancer incidence (3). Rare cancers accounted for 24% of all cancers diagnosed in Europe during 2000-2007 affecting around 4.3 million people (4), albeit with disparities in both incidence and survival between different countries (5), and 20% of cancers diagnosed in the USA during 2009-2013 (6). Furthermore, while individually, each of the 198 currently identified rare cancers is considered ‘rare’, collectively they account for around 22% of all cancer cases diagnosed in Europe each year, higher than any single common cancer.

Specific challenges posed by rare cancers include late or incorrect diagnosis and lack of access to appropriate therapies and clinical expertise. The development of innovative medicinal products (InMPs) for rare cancers faces many challenges including difficulties in recruiting adequate numbers of patients from a very small and heterogeneous patient population, limited knowledge of disease natural history, and from a pharmaceutical company point of view: high financial investments, extensive development times, and significant risk of potential failure (7).

Many rare cancers affect less than one in 100,000 people, are life-threatening and progress rapidly making them difficult to study in conventional randomized controlled trials. This is intensified in pediatric populations in whom cancer is rare in general and rare pediatric cancers are even rarer (8). Alternative approaches to clinical trial design are therefore required that allow cost-effective, well-controlled, and relevant analyses to assess treatment effects in small, heterogeneous populations on a shorter time scale (9). Adaptive trials, with or without the use of surrogate endpoints, may represent a powerful alternative to conventional randomized controlled trials for InMP development in oncology and, in particular, when targeting rare cancer patients (9). However, despite initiatives by European and US regulatory agencies and recommendations by competent authorities and medical societies, an increase in the number of adaptive Phase II/III trials in rare cancers has not occurred (10). While a few studies have examined challenges in the field of rare cancers and made suggestions for how to conduct trials in rare diseases (11, 12), none have focused on the benefits of adaptive trials for practicing oncologists. This paper aims to examine the potential value of adaptive clinical trials and surrogate clinical endpoints for clinical decisions in rare cancer. The findings are complemented by original data from a survey of oncologists practicing in rare cancer to highlight the perceived value of these trials to the oncology community and encourage their wider implementation.



Approaches to Trial Design in Rare Cancers


Strategies to Accelerate InMP Development Timelines

In the heavily regulated pharmaceutical environment, it can take a decade or more between the first synthesis of a new active substance and the InMP reaching the market (13). Many may fail to demonstrate clinically relevant efficacy outcomes or are associated with serious adverse effects before ever reaching this stage. Analysis of new therapeutic agents approved by the US Food and Drug Administration (FDA) between 2009 and 2018 estimated that in oncology, the percentages of FDA approvals were 3.4% for therapeutic agents entering Phase I, 6.7% for those entering Phase II, and 35.5% for those entering Phase III (14). To avoid delays in patients gaining access to InMPs and to optimize the potential revenue for manufacturers (15), it is in the interest of both pharmaceutical companies and regulatory agencies to ensure pivotal trials are completed as rapidly as possible with minimal risk. Significant efforts have been made by the European Medicines Agency (EMA) and US FDA to accelerate the development, review, and approval of InMPs for serious and life-threatening conditions in the form of breakthrough therapy designation by the FDA (16), or priority medicine designation by the EMA (17). Broader implementation of adaptive clinical trials and surrogate outcomes are two further potential tools to speed up the InMP development process.



Adaptive Clinical Trials

Clinical trials with an adaptive design are defined by the FDA as those that allow for prospectively planned modifications to one or more aspects of the design based on accumulating data from subjects in the trial (18). During a clinical trial, information is amassed that was not available when the trial began and that reduces uncertainty regarding optimal treatment approaches, for example, optimal dose, duration of treatment, and target patient population. Adaptive clinical trials are designed to take advantage of this information by allowing review of data at a prespecified time point during the trial. These data may then be used to make predefined adaptations to key parameters without undermining the integrity and validity of the results; all planned adaptations are defined a priori during trial design and before the trial begins. Potential advantages offered by trials with an adaptive design are illustrated in Supplementary Table 1 (18, 19).

Adaptive design categories have been defined to help distinguish the methods available, but there is some degree of overlap and trials may also combine more than one adaptive design method (20). Common designs include those that allow for adaptively assigning doses (escalation/de-escalation, to assess dose-outcome relationships); early stopping of the trial for toxicity, efficacy, or futility; dropping or adding new treatment arms; using a seamless phase transition to permit continuation from one phase to another (e.g. Phase II to Phase III); response adaptive randomization techniques (e.g. play the winner, drop the loser) in which the chance of a newly-enrolled patient being assigned to a treatment arm varies over the course of the trial based on accumulating outcome data; sample size re-estimation; and biomarker-guided treatment allocation. Major adaptive design methods commonly employed in clinical trials are illustrated in Table 1 (18).


Table 1 | Major design methods and terminology commonly employed in adaptive clinical trials (18).



In the case of rare cancers, recruiting sufficient numbers of patients that can be analyzed with conventional statistical techniques and reject the null hypothesis can be difficult, if not impossible, to achieve (21). To address this, adaptive trials in rare cancers can be formulated using Bayesian methods. While these do not ensure smaller sample sizes, they allow prior information (e.g. from previous or historical trials, scientific research) to be combined with information accrued during a trial, as well as with the usual data available on completion of the trial, to provide probabilities that the clinical effect lies in a particular range (22, 23). This approach provides probabilities of treatment effects that apply directly to the next patient who is similar to those treated in any completed or ongoing trial (21). By supplementing the restricted information from the trial itself, the Bayesian approach has particular advantages in rare diseases. Randomized controlled trials using adaptive designs and Bayesian methodology feature highly in trials from the International Rare Cancers Initiative (IRCI), a partnership that aims to stimulate and facilitate the development of international clinical trials for patients with rare cancers (24).



Surrogate Clinical Endpoints

In many cancers, the true outcome of interest and importance is overall survival, an outcome that is also highly endorsed by European Society for Clinical Oncology (ESMO) and American Society of Clinical Oncology (ASCO) frameworks for assessing the clinical value of cancer treatment options (25, 26). However, it can take a long time and a large patient population to assess whether a new InMP improves overall survival (27), neither of which may be an option in rare cancer trials. Surrogate markers are intermediate endpoints that serve as substitutes for direct measures of how patients feel, function, or survive in clinical trials. If an alternative endpoint is sufficiently highly correlated with overall survival, it can be used as a surrogate. For example, progression-free survival, which is the duration of time between starting medication therapy and the progression of the disease (e.g. an increase in the size or extent of the tumor), is often used as a surrogate endpoint for overall survival in oncology. Other known surrogate endpoints include pathological response rate or pathological complete response rate, event-free survival, disease-free survival, and objective response rate (ORR) (28). In a study of surrogate endpoints in metastatic breast cancer, the median overall survival was 21.6 months compared with a median duration of 7.1 months for progression-free survival (29). Far less time is therefore required to measure the effect of the new medication on the surrogate outcome, creating an opportunity to significantly reduce sample size, duration and cost of clinical trials.

The FDA has strict criteria for approving the use of a surrogate as the primary endpoint. The main criteria are that the surrogate outcome has a credible clinical relationship with the true outcome, and is highly predictive of the true outcome (30). In order to demonstrate validity, a high correlation between effects on the surrogate and the true outcome of interest is required. FDA guidance states that where a potential surrogate endpoint exists that is correlated with the primary endpoint, and the primary endpoint itself is difficult or slow to ascertain, an adaptive design can be based on the potential surrogate endpoint. For example, in a trial with a primary endpoint of overall survival in which median survival time is well over 2 years and tumor response (e.g. complete or partial response) is anticipated to predict clinical benefit, adaptive features such as sample size reassessment could be based on tumor response rather than mortality (18). The final evaluation of efficacy would still be based on the primary endpoint (overall survival in this example).




Literature Search of Adaptive Trials in Rare Cancer

To review the types of registered adaptive trials being used in clinical trial research in rare cancer, a search of the ClinicalTrials.gov database (31) was performed covering the period March 2000 to September 2020. The classification of adaptive trials in the literature is inconsistent making their retrieval difficult and potentially underestimating their use (32). Furthermore, in the clinical trial description, many rare cancers are described by their name only and not as rare. The use of the search term ‘rare cancer’ is therefore likely to significantly underestimate the true number of trials.

To capture as many ongoing and completed trials as possible, the authors supplemented search terms used in a previous review of adaptive clinical trials (10) to create the following list of descriptions commonly-used in adaptive trial designs: adaptive dose, adaptive endpoint, adaptive group sequential, adaptive randomization, adaptive sample size, adaptive seamless, adaptive switching, adaptive treatment group, biomarker adaptive, multi-arm multi-stage, pick the winner/drop the loser, basket trial, platform trial, and umbrella trial. Two authors (AK and MZ) confirmed whether the identified trials were adaptive in design and that the indication was in rare cancer.

A previous review of the medical literature has shown that trial design nomenclature is not standardized and the application of the adaptive methodology is often not reported explicitly as ‘adaptive design’ and has to be inferred from the trial description making it more difficult to capture relevant trials (33). This was also the case in the current study where none of the 72 trials identified in the ClinicalTrials.gov database using the search term ‘rare cancer’ incorporated ‘adaptive design’ anywhere in their description. An adaptive design was inferred in nine trials. A further eight rare cancer trials with an adaptive design were identified by searching all oncology trials and checking the cancer description to determine if it was rare. The list of trials identified, and the type of adaptive design used is shown in Supplementary Table 2. The majority of trials were Phase II or Phase III and used ORR as the primary endpoint. Enrolment sizes ranged from 21 to 770. From the limited clinical trial data available, there appeared to be no preferred type of adaptive trial format for the rare cancer trials.

By changing the search from ‘rare cancer’ to ‘oncology’, 106 trials using an adaptive design could be identified. The most frequently used adaptive trial methodologies were adaptive treatment group, adaptive dose, adaptive randomization, adaptive endpoint, and biomarker adaptive (Supplementary Table 3).



Clinical Value of Adaptive Trials in Rare Cancer


An Online Survey of Oncologists Practicing in Rare Cancer

Wider implementation of adaptive trials, particularly in rare cancers, requires a better understanding of their value for clinical decisions for patients by practicing oncologists. Some of the barriers to their use include unfamiliarity and confusion surrounding the different types of adaptive trial design and the statistical methods required, and fear of jeopardizing chances of regulatory approval. To overcome some of these barriers a set of CONSORT guidelines has been developed specifically for publishing adaptive trials (34).

To further explore the understanding and acceptance of adaptive trials among clinicians practicing in rare cancer an on-line survey was initiated in March 2020. Three thousand oncologists were contacted to participate using a mainstream survey platform. Respondents were sent an e-mail explaining the purpose of the survey and a link to the actual survey platform. Participants were questioned on the importance of different evidence levels, types of adaptive trial design, and categories of surrogate endpoints for clinical decisions in rare cancers (Figure 1, Supplementary Figures 1A, B). Attributes were rated on a five-point scale from 1 not important/strongly disagree to 5 very important/strongly agree. Due to stringent regulations related to data privacy protection in the European Union, no personally identifiable data was requested or captured in the survey, and there was no tracking of individual participant completion. Only fully completed responses were included in the analysis. The results of the survey were accepted as a poster presentation at ESMO 2020 (35).




Figure 1 | Results from an online survey showing the level of importance attributed by rare cancer oncologists to selected Phase II/III adaptive trial designs for clinical decisions in rare cancer. Survey question: Please select the level of importance for each attribute of the following adaptive trial designs when evaluating clinical evidence for an innovative medicinal product in rare cancer (N=231).



A total of 231 surveys were returned complete. Most respondents were from North America and Europe (42% and 38%, respectively) with small representations from Asia and Australia (14% and 6%, respectively). The majority of the responders were oncologists specializing/practicing in medical or clinical oncology and rare cancer (74%).

For clinical decisions in rare cancer, evidence from Phase II/III trials with an adaptive design (even with relatively small sample size) was rated highly, even more so than evidence from conventional randomized controlled trials (97% and 82% of responders, respectively). Among the different types of adaptive design, futility analyses, and/or interim analyses, adaptive sample size adjustment and adaptive randomization were perceived as more important than seamless design or adaptive patient population (Figure 1).

Surrogate endpoints, such as time-to-first-subsequent treatment (TFST), time-to-second progression (PFS2), or time-to-second-subsequent treatment (TSST), along with progression-free survival, were considered valuable alternatives to overall survival by the majority of oncologists (Supplementary Figures 1A, B).




Discussion

Regulatory agencies worldwide have instituted procedures for fast-track approval of InMPs for rare disorders and serious diseases, but it is recognized that innovative clinical trial designs are required to explore the potential of new agents in rare cancers. These should include the use of adaptive designs when well-powered randomized controlled trials are not feasible due to the low incidence of the inquired cancer. In many cases, this will require Bayesian approaches. The latter require sufficient information on the disease to power the statistics, highlighting the importance of clinical databases and tissue banks to provide data on rare cancers. Novel Bayesian adaptive designs continue to be explored such as Bayesian Optimal Interval (BOIN), the keyboard, the TIme-To-Event BOIN (TITE-BOIN), the BOIN combination, and the Bayesian Optimal Phase 2 (BOP2) designs (36). These have been designed to increase study efficiency, allow more flexible trial conduct, and treat a greater number of trial patients with more effective treatments. Simpler to implement than traditional Bayesian designs, they may also facilitate the use of adaptive designs in rare cancers. The rate of uptake of adaptive designs in clinical research has, however, remained well behind that of the new methods introduced in the statistical literature.

A retrospective analysis of the FDA internal database for the period December 1987 to May 2011 identified 45 oncology products approved for 68 rare cancer indications, and which were supported by 99 trials (37). One-third of the trials were randomized and 67% were single-arm, although no information was provided on whether any of the trials used adaptive designs. In agreement with our findings from the ClinicalTrials.gov website, ORR was relied on as the primary efficacy endpoint in 69% of approvals, correlating with the prevalence of single-arm trials.

While high-quality randomized controlled clinical trials remain the gold standard when evaluating the potential of a novel intervention, adaptive trials and surrogate endpoints may offer a solution for some rare cancer trials, and our survey of practicing oncologists showed that data from adaptive designs in rare cancers are regarded just as highly. Adaptive designs offer many important advantages including an earlier selection of the most promising patient characteristics or therapeutic options. Interim analysis allows the trial to be stopped early, for example, for futility, which, in turn, can help limit patient exposure to ineffective treatments. In multi-arm trials, an efficacy signal specific for one rare cancer but not others allow the latter cohorts to be stopped without any need for a protocol amendment.

In the era of personalized medicine, adaptive designs may also prove beneficial in more common cancers with specific markers that allow them to be classed as orphan subsets. For example, 4% to 7% of patients with non–small cell lung cancer (NSCLC) have overexpression of anaplastic lymphoma kinase (ALK). Crizotinib, a first-in-class multitargeted tyrosine kinase inhibitor, was specifically developed for patients with ALK-positive tumors and was granted orphan status on this basis. Several other life-threatening tumors are characterized by ALK genetic alterations and one of the adaptive design trials identified in the ClinicalTrials.gov website was a multi-center multi-arm trial with the ALK inhibitor ceritinib.

It has been hypothesized that the physiological basis for rare tumors being rare is that they are driven by a single deviant mechanism, such as a single gene anomaly (38). For this reason, such cancers should also be more treatable compared with cancer caused by numerous distinct molecular defects. Therefore, rare cancers represent an opportunity for understanding responses in other more common cancers, some of which have rare subsets identified by the expression of specific biomarkers.

InMPs are increasingly subject to scrutiny over their cost and value, particularly in markets such as oncology where the increasing prevalence of cancer is coupled with high costs of drug development. In this arena, the use of adaptive trials can offer increased value to a range of stakeholders. For the pharmaceutical company they can reduce development resources in that trials are completed with reduced timelines and at lower cost, potentially shortening the time to reach the market. Adaptive trials can also be used for a variety of development opportunities from dose finding to expanding indications and offer the opportunity for a seamless switch to a Phase III confirmatory trial if early results are favorable. Such improved value for pharmaceutical companies may subsequently encourage greater involvement in research in rare cancers and other diseases. For physicians and researchers, participation offers access to a valuable data set in terms of outcomes, imaging and biomarkers and opportunities for continuous learning. For patients and advocates, adaptive trials and surrogate endpoints increase the likelihood that patients receive the most beneficial treatment for their cancer subtype at an earlier point in their disease. Strategies to individualize treatment, for example by the identification of biomarkers to better predict treatment response, also offer value-based treatment, which is increasingly demanded by payers when making prescribing decisions.

During the writing of this paper, two important unmet needs related to the registration and reporting of adaptive clinical trials in rare cancers were identified. First, it became apparent that there is a need to harmonize procedures and definitions when reporting adaptive trials in rare cancer, both in clinical trial registers and in the medical literature. At present, this information must be inferred from the limited descriptions provided in the trials database. Whether this is due to inadequate data input by the trial coordinator and/or because registration sites do not have adequate flexibility to describe some adaptive trial features remains to be determined. The term ‘adaptive clinical trial’ is an all-encompassing label that covers a wide range of designs that vary greatly in complexity, and this is only likely to increase as new innovative adaptive designs are developed. To avoid ambiguity and improve reporting, consensus is required on adaptive design terminology and procedures so that they can be consistently used. This has been documented for certain adaptive trial designs, e.g. adaptive platform trials (39), but more widespread consensus definitions are required in this area to speed adoption of adaptive trials and to promote best practice for their use. The fact that adaptive trials are difficult to find may lead to the perception that they are not being performed. A second unmet need relates to the registration and reporting of trials in rare cancer. Only a few of the rare cancer trials identified were reported as such on clinical trial registries, instead requiring searches by specific rare cancer type. The simple addition of ‘rare cancer’ to the registry trial description or scientific publication would greatly assist future researchers in this field. To some extent this may reflect confusion over the definition of ‘rare,’ which differs between rare cancers and rare diseases, the former being based on incidence and the latter being based on prevalence. Consensus on these issues will be of value to investigators planning future research in rare cancers and other diseases and may also prove of practical use to medical societies and manufacturers to support broader implementation of adaptive designs in the development of innovative medicinal products.
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