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Take home messages: 

 

 An increasing number of marketing authorizations are based on single-arm trials, 

which increases the demand for better post-authorization monitoring strategies.  

 In a general population of 5 million, the predicted number of relapsed-refractory large 

B-cell lymphoma patients treated with chimeric antigen receptor T cell therapy was 

66. 

 Assuming a 10% true absolute decrease in 1-year OS among real-world patients 

compared to trial participants, 10.5 years of data accrual are needed to achieve 80% 

power for detecting a significant decrease. 

 Power calculations can provide insights into when real-world data sources can 

realistically detect significant deviations from the safety and efficacy established in 

trials. 

 For therapeutics administered infrequently, such as chimeric antigen receptor T cell 

therapy, combining data from multiple countries with similar health care systems can 

accelerate the confirmation of efficacy and safety. 

 

 

Word count excluding abstract, tables, figures and references: 2083 

 

Parts of the content of this report were presented by poster at the 2019 International 

Conference on Pharmacoepidemiology & Therapeutic Risk Management (Philadelphia, 

USA). 
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Abstract 

 

Purpose: Personalized therapies are leading to an increasing number of marketing 

authorizations based on single-arm trials, which increases the demand for better post-

authorization monitoring strategies. The aim of the present study was to estimate the power 

over time as data accrue in population-based registries for detecting deviations from the 

expected efficacy/safety of chimeric antigen receptor T cell (CAR-T) therapy approved for 

relapsed/refractory large B-cell lymphoma (RR-LBCL).  

 

Methods:  The number of real-world RR-LBCL patients was projected over time in a general 

population of 5, 15, and 25 million citizens using lymphoma registry data. For each scenario, 

we computed the power over time for detecting significant deviations in efficacy (1-year 

overall survival [1yOS]) when comparing to historical controls (SCHOLAR-1 study; 1yOS, 

28%) and RR-LBCL patients treated with CAR-T cell therapy in a single-arm trial (ZUMA-1; 

1yOS, 59%) as well as deviations in selected adverse events (grade ≥3 aphasia) from the 

ZUMA-1 trial. We assumed a 10% absolute deviation in 1yOS (efficacy) and a relative 

increase of 50% in grade ≥3 aphasia (safety). 

 

Results: Assuming a general population of 5, 15, and 25 million, the accrual time needed to 

achieve 80% power for detecting a significant increase over the 1yOS reported in SCHOLAR-

1 was 9, 4, and 3 years, respectively, while 80% power for detecting a significant decrease in 

1yOS compared to ZUMA-1 required 10.5, 4.5, and 3 years of data accrual, respectively. 

However, corresponding estimates for aphasia were >20, 8, and 5 years, respectively.  

 

Conclusions: Projections of the statistical power for detecting important deviations in 

efficacy/safety from that reported in pivotal clinical trials(s) provide critical information about 

the expected performance of post-authorization monitoring programs.  
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Introduction 

 

As novel cancer therapies are increasingly targeting small subsets of patients who fail to 

respond to broadly used first line therapies, marketing authorizations are frequently granted 

based on single-arm trials.
1
 In the absence of randomized controlled trials, new approaches for 

evidence generation are important.
2–4

 Alternative post-marketing evidence generation may be 

particularly relevant for treatments of serious diseases such as cancers when the treatment 

effect in the single-arm trial is substantially better than expected from historical data. In these 

situations, randomized trials become unethical and with little incentive for patients to 

participate. Without randomized data, the post-authorization monitoring plan becomes critical 

to confirm the risk/benefit balance of novel therapies approved based on single-arm trials. 

Potential discrepancies in the risk/benefit outcomes between the trial and real-world subjects 

should be monitored. Differences should be explored as they could suggest limitations 

concerning external validity of the registrational trial, which may originate from patient 

selection or important variations in clinical practice.  

The approval of the chimeric antigen receptor T (CAR-T) cell therapy, axicabtagene 

ciloleucel (axi-cel), for relapsed/refractory large B-cell lymphoma (RR-LBCL) was based on 

ZUMA-1, a single-arm trial.
5 

Enrolling 108 RR-LBCL patients for whom effective standard 

therapies were not available and reporting a 1-year overall survival (OS) of 59% paved the 

way for accelerated approval without regulatory requirement of a confirmatory phase 3 trial, 

although the marketing authorization holder is obligated to conduct a non-interventional post-

authorization safety study.
6
 To ensure that the results of this novel cellular therapy can be 

generalized to patients treated in the real-world setting, post-authorization monitoring 

programs can be used to detect early deviations in efficacy and safety from the ZUMA-1 

results as well as confirm the expected outcome improvement over historical patients. 

This study aimed to demonstrate the statistical power over time for detecting significant 

deviations in selected efficacy and safety outcomes in real-world patients treated with axi-cel 

compared to historical controls and patients treated in the pivotal ZUMA-1 trial. In this 

example, the calculations are based on data accrual in the Nordic population-based registries.
7
 

 

Methods 

 

The ability to detect important deviations from findings in single-arm trials can be quantified 

by statistical power, i.e., the probability of being able to identify a true deviation. Power 

calculations are directly impacted by the expected number of patients available for analysis 

and the effect size of the expected deviation. The estimated annual rate of RR-LBCL patients 

treated with CAR-T cell therapy derived from incidences and treatment outcomes from 

registry and trial data was 3.3/1,000,000 person-years (Figure S1).
8–11

 The annual number of 

patients receiving CAR-T cell therapy was estimated by multiplying the annual rate and the 

size of the general population for which we considered three scenarios: 1) 5 million 

(approximate size of Denmark), 2) 15 million (approximate combined size of Denmark and 

Sweden), and 3) 25 million (approximate combined size of Denmark, Sweden, Norway, and 

Finland). 
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First, the power to detect significant improvements in efficacy compared to historical controls 

was determined using the international SCHOLAR-1 study of 636 RR-LBCL patients.
12

 The 

SCHOLAR-1 study was designed to provide a relevant efficacy benchmark for ZUMA-1 and 

so included patients from two observational cohorts and two phase 3 trials, who were treated 

for RR-LBCL with therapies available at the time (prior to the approval of axi-cel). The 

SCHOLAR-1 study reported a 1-year OS of 28%. The power to detect a significant 

improvement in efficacy (1-year OS) compared to the SCHOLAR-1 results was computed 

assuming a true 15%, 10%, and 5% absolute increase in 1-year OS among real-world patients 

receiving axi-cel.  

Secondly, we computed the power to detect a significantly lower efficacy than reported in the 

ZUMA-1 trial (1-year OS, 59%), assuming a true 15%, 10%, and 5% absolute decrease in 1-

year OS.
5
  

Lastly, the power to detect deviations from the ZUMA-1 trial in terms of safety, here 

exemplified by the incidence of grade ≥3 aphasia (ZUMA-1 incidence, 7%), was computed 

under the assumption of a 50% and 25% relative increase in the incidence of grade ≥3 

aphasia. 

The type I error rate was set to 5%. The one-sided one-sample formula for statistical power in 

the context of binary outcomes described by Fleiss et al. was used for computing the power 

under the three general population scenarios (see Supplementary for details).
13

 The power was 

estimated in half-year intervals starting from January 1
st
 2021 based on the predicted number 

of patients accrued in each interval in health databases with 100% population coverage.  

 

Results 

 

With a general population size of 5, 15, and 25 million, the predicted numbers of accrued RR-

LBCL patients who received CAR-T cell therapy were 66, 198, and 330 by January 2025, 

respectively, and 148, 446, and 743 by January 2030, respectively.  

Assuming a true absolute improvement of 10% in 1-year OS and a general population of 5 

million, the time to reach 80% power to detect a significant deviation from the SCHOLAR-1 

results was 9.0 years (Figure 1). By increasing the general population to 15 or 25 million, the 

time was reduced to 4.0 and 3.0 years, respectively. When the true absolute improvement was 

5%, the corresponding estimates with a general population of 5, 15, and 25 million were >20, 

11.5, and 7.5 years, respectively. Assuming a true absolute improvement of 15%, the 

corresponding estimates were 5.0, 2.5, and 2.0 years. 

Assuming a true absolute decrease in 1-year OS of 10% compared to ZUMA-1, the time to 

achieve 80% power was 10.5, 4.5, and 3.0 years for a general population of 5, 15, and 25 

million, respectively. Corresponding estimates when assuming a true absolute decrease of 5% 

were >20, 13.5, and 8.5 years. Assuming a true absolute decrease of 15%, the time needed to 

achieve 80% power was 5.5, 2.5, and 2.0 years for a general population of 5, 15, and 25 

million, respectively.  

When assuming a 50% relative increase in grade ≥3 aphasia (i.e., an absolute increase from 

7% to 10.5%), the time to reach a power of 80% for detecting a significant deviation in safety 

was >20 years in a general population of 5 million which was reduced to 8.0 and 5.0 years for 

a general population of 15 and 25 million, respectively (Figure 2). Under the assumption of a 

A
cc

ep
te

d 
A

rti
cl

e

This article is protected by copyright. All rights reserved.



true 25% (i.e., an absolute increase from 7% to 8.75%) increase in grade ≥3 aphasia, the time 

to achieve 80% power was 17.5 years for a general population of 25 million. 

 

 

Discussion 

 

Several years of patient accrual in public health care databases are typically required to obtain 

meaningful sample sizes for analysis of drug effectiveness and safety. To accelerate patient 

accrual, international collaborations involving countries with similar data infrastructure are 

needed. The Nordic countries share many similarities in terms of infrastructure such as fully 

publicly funded health care systems and a tradition for national health care registries with 

high coverage and quality.
7
 This makes Nordic data collaborations appealing for monitoring 

efficacy and safety of novel therapies in routine clinical practice. In this study, we considered 

the novel CAR-T cell therapy as this represents a paradigm shift in the treatment of RR-LBCL 

and is the first therapy based on genetically modified T-cells to become available for routine 

use.
14

 CAR-T cell therapies have shown impressively high efficacy in patients with very 

dismal outcomes on traditional therapies, but the price of CAR-T cell therapy, including 

supportive care and setup needed to provide the treatments safely, could exceed 500,000USD 

per treatment.
15

 Additionally, the complex production of these genetically modified T-cells 

could result in some variability in the quality of the product, potentially affecting 

effectiveness and safety.
16

 Therefore, early planning of treatment monitoring (preferably 

before market introduction of the new treatments) is critical to ensure that effectiveness and 

safety meet the expectations and provide reasonable value to the society. Efficacy and safety 

could also be confirmed in subsequent clinical trials, possibly also investigating the efficacy 

in earlier treatment lines, which may reduce the relevance of real-world data once the trial 

data are mature. However, even in cases where subsequent clinical trials are initiated, real-

world data remain important since knowledge on significant efficacy/safety deviations would 

be important for regulatory approval strategies for novel drugs in the future.  

In a recent study of 275 patients treated with axi-cel in a standard of care setting, efficacy and 

safety were comparable to that reported in ZUMA-1, suggesting feasibility of axi-cel outside 

clinical trials.
17

 However, cellular therapies involving genetic modifications like CAR-T cell 

therapy require a setup where signals of serious late effects years after therapy are captured 

effectively.  

Importantly, with a general population of 5 million, many years of data accrual are needed to 

achieve 80% power to detect significant deviations from the SCHOLAR-1 and ZUMA-1 trials 

in terms of efficacy and safety. For all considered scenarios and endpoints, the time to reach 

80% power was reduced by ≥2.5 years by increasing the general population size from 5 to 15 

million, but the reduction was limited when increasing the general population from 15 to 25 

million in cases with a true absolute deviation of ≥10%,  and therefore the added complexity 

of managing additional data should be considered. In our calculations, the time needed to 

detect deviations in terms of safety was generally longer compared to detecting deviations in 

terms of efficacy, even when assuming a 50% increase. Hence, for early detection of 

deviations from ZUMA-1 in terms of safety (grade ≥3 aphasia), extensive collaboration on 

data collection is warranted. 
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The small size of the ZUMA-1 trial will limit the precision of any comparison between trial 

patients and those treated in clinical practice in the post-marketing setting. Moreover, in our 

calculations we assumed that patients treated in routine clinical practice share the same 

characteristics as patients enrolled in ZUMA-1/SCHOLAR-1. As frail and elderly patients 

typically are underrepresented in clinical trials, this will likely not be the case. The real-world 

population should be characterized and compared to the trial population, and statistical 

techniques, such as inverse probability of treatment weighting, matching, and standardization, 

may be needed to adjust for imbalances. However, this may not only be an issue of 

adjustment. Some real-world patients receiving CAR-T cell therapy may differ considerably 

from those in the trial population, e.g., due to comorbidities associated with a high risk of 

adverse outcomes, and the use of CAR-T cell therapy in these patients may not be warranted 

based on the ZUMA-1 trial. Another limitation is the assumption of a single statistical test at 

one point in time when sequential monitoring may be a more relevant approach. However, 

sequential monitoring increases the likelihood of false positives and therefore requires the use 

of techniques, such as spending functions, to adjust the false positive rate.
18

 

In this study, we only considered the power to detect a significant deviation in efficacy and 

safety outcomes of accrued real-world data from the pivotal trial results. For regulatory 

decisions, the absolute incidence of an adverse event in itself may in some cases be important 

even though a significant difference between real-world patients and trial participants has not 

been observed, especially in the case of rare and serious events. Finally, when there are more 

than one drug marketed for the same indication, comparisons between these drugs may be 

more relevant than using a pivotal trial as reference. 

 

 

In conclusion, when post-authorization monitoring programs use external controls from a 

clinical trial, projections of the expected statistical power provide a time frame for monitoring 

drug efficacy and safety, thereby facilitating pharmacovigilance planning.
19

 For therapeutics 

administered infrequently, such as CAR-T cell therapy, combining health care databases from 

multiple countries facilitates rapid monitoring of efficacy and safety. 
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Figures  

 
Figure 1: The estimated statistical power over time for detecting important deviations from 

the SCHOLAR-1 study and ZUMA-1 trial in terms of efficacy based on the projected number 

of relapsed/refractory large B-cell lymphoma patients in general populations of 5, 10, and 15 

million citizens. The power was calculated for 1-year OS (SCHOLAR-1, 28%; ZUMA-1, 

59%) under the assumption of a true absolute deviation of 15%, 10%, and 5%. The horizontal 

line indicates a statistical power of 80%. 

 

Figure 2: The estimated statistical power over time for detecting important deviations from 

the the ZUMA-1 trial in terms of safety based on the projected number of relapsed-refractory 

large B-cell lymphoma patients in general populations of 5, 10, and 15 million citizens. The 

power was calculated for therapy-related grade ≥3 aphasia (ZUMA-1 proportion: 7%) 

assuming a true deviation of 50% and 25%. The horizontal line indicates a statistical power of 

80%. 
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