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sample size, an estimate of the reproducibility 
must already be available, which is challenging. 
The sample size estimate is only as good as 
the assumptions, so the biostatistician should 
appropriately estimate a “worst case” scenario 
that diminishes the assay performance. 
Figure 1 depicts the estimated power for 
a reproducibility experiment where the 
performance goal is that the lower 95% CI 
must exceed 85%, the true reproducibility is 
between 90% (hypothesized worst case) and 95% 
(hypothesized reproducibility), and the analysis is 
based on a binomial proportion. Notice that the 
increase in power is not continuous (monotone 
increasing) but more a pattern of slanted steps.

Example 5 – Adaptive designs for CDx and 
precision medicine applications
Some studies may benefit from an adaptive sample 
size design – that is, a design for which the sample 
size is not fixed at the start of the experiment, 
but instead varies based on the results obtained. 
Such study designs are intended to minimize 
both sample size and risk when conditions are 
appropriate. We have found that when samples are 
rare, or the cost of running the assay is very high, 
an adaptive sample size design can be beneficial.

To cite one example, we worked on an 

assay that allowed for eight samples per run. 
We used an adaptive sample size approach, 
where runs of eight samples were performed 
one at a time, and the results were analyzed by 
the biostatistician to determine 1) if the study 
could stop before more samples were run and 
definitively declare the study met or failed the 
acceptance criterion, or 2) if the conclusion 
was ambiguous and another run was necessary. 
Although this approach requires more time 
overall to complete the study, and possibly more 
working hours from the laboratory technicians 
and biostatisticians, the approach may be 
preferable when assays are expensive or samples 
are limiting and precious.

Critical Steps For Clinical Validation
While analytical validation is important to move 
to the clinical stage, clinical validity and clinical 
utility must be demonstrated independently 
to receive regulatory approval (e.g., FDA) and 
qualify for reimbursement for clinical use 
(CMS). In an ideal scenario, the assay is fully 
locked after development, put through CDx-level 
analytic validation, and then used in the drug’s 
registrational trial prospectively as part of the 
enrollment criteria. The trial assesses the clinical 
validity of the device by demonstrating its ability 

to identify the appropriate patient population 
and ensure clinical utility for the prospective use 
of the CDx and drug combination.

Unfortunately, in our experience, a fully locked 
CDx is rarely ready for registrational studies. 
Analytical validation studies can be lengthy, and 
pharmaceutical companies typically do not want 
to delay the drug trial to accommodate the assay. 
In such a situation, an initial clinical trial assay 
(CTA) is often used during the trial in place of the 
final CDx. The analytical validation requirements 
for a CTA are much less than a CDx and more 
likely to meet the timelines of the pharmaceutical 
company as well as reduce the initial investment. 
This situation means that the clinical trial samples 
must be later rerun with the CDx for the purpose 
of clinical validation, which can lead to multiple 
biases. A biostatistician can help to determine 
what proportion of samples should be rerun with 
the CDx, as well as if any stratification of sampling 
should occur.

In some cases, the CTA can be the same 
device as the CDx, only differing in the level of 
supporting validation and regulatory approval. 
In this case, the clinical bridge would be easier 
and the assay outcomes would be expected to 
agree 100%.

Example 6 – Addressing differences 
between CDx and CTA assays
Sometimes there are fundamental differences 
between the CDx and CTA, whether in the 
chemistry, equipment, or analysis pipeline. 
In such instances, the biostatistician must 
determine what biases are possible. One 
example we have seen is where the CDx is 
more analytically sensitive than the CTA, and 
the CDx can detect the analyte of interest at a 
lower amount than the CTA, creating a potential 
discrepancy between CDx and CTA results.

While all CTA + subjects (those identified by 
CTA as more likely to respond to the drug) would 
be expected to be CDx +, some proportion of the 
CDx + subjects (those identified by CDx assay 
as more likely to respond to the drug) would 
be expected to be CTA – (i.e., those identified 
by CTA as less likely to respond to the drug). 
See Figure 2 for a visual representation of this 
concern. This potential discrepancy leads to 
spectrum bias when the CDx effectiveness is 
measured, since patients at the lower end of the 
CDx “spectrum” (red and labeled as CTA – and 
CDx + subjects) will not be enrolled and therefore 
response data is limited to the blue patients that 
are both CTA + and CDx +. In such situations, 
the biostatistician must evaluate the impact of the 
missing data (subjects that are CDx + and CTA 
-) since the clinical validation goal is to estimate 

Figure 2: Plot depicting differential analytical sensitivity of two assays, a CTA and a CDx, the latter of which has a 
lower cutoff and therefore better analytical sensitivity. 
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performance using the entire CDx + population. 
This may be represented to regulatory authorities 
as a sensitivity analysis or theoretical clinical 
effectiveness estimates.

Protocols For Commercializing An Assay
Once a diagnostic assay has received regulatory 
approval and begins commercialized use, the 
manufacturer has new requirements to ensure 
consistent and reliable production of highly 
sensitive molecular diagnostics. We describe in 
this section two important checks that help ensure 
quality for reagent and control sample release in 
kit manufacture and surveillance of in use kits.

Acceptance testing protocols
Before reagents and controls can be released 
for clinical use, the reagent production process, 
the quality of the products themselves, and the 
acceptance testing protocols must be assessed 
(excellent compendia are available on the 
topic of acceptance testing; for more detail, see 
Reference 1). A biostatistician collaborates with 
the production team to develop an acceptance 
testing protocol, which typically integrates a 
probabilistic method to assess the suitability 
of components of an assay.

A knowledgeable biostatistician can help 
ensure that the risks to the manufacturer and 
consumer are appropriately mitigated using 
the most efficient acceptance testing design. 
The biostatistician should work with the 

manufacturing team to discuss options for the 
outcome that is assessed such as qualitative or 
quantitative variables, as well as simple, multiple, 
or sequential sampling plans. This is combined 
with probabilistic risks at both the consumer and 
manufacturer level to derive a sampling plan. 
One common plan is the (n=59, a=0) single 
attributes-based plan, where 59 random samples 
are evaluated and if the number of defectives 
does not exceed 0, then the probability that the 
lot contains >5% defective units is less than 5%. 
This sampling plan also has a 95% chance of 
passing a lot with a true defective rate of 0.087%.

Reagents and controls
Process controls are commonly run with clinical 
samples to ensure that no contamination 
is present and that the assay is working 
appropriately. Making such controls that perform 
reliably can be difficult, and manufacturers 
typically check that controls perform properly 
before being released. By establishing acceptance 
testing to assess the reliability of a process control 
lot, the consumer is protected from receiving an 
unacceptable lot (and subsequent false results) 
while also protecting the manufacturer from 
accidentally failing a good lot.

Even though reagents and controls have been 
assessed for quality prior to release, surveillance 
of assay performance in the testing lab is also 
necessary. Surveillance of the controls across 
clinical sample runs can help determine if the 

overall process, which includes all components 
including materials, operators and equipment 
is in control contemporaneously. Surveilling 
controls allows for the quicker identification 
and correction of any problems that could lead 
to erroneous results. Statistical process control 
(SPC) is an exceptionally powerful approach to 
ensure that the testing process is “on target with 
minimal variability.”2

Concluding Remarks
The goal of this article was to provide insight 
into how biostatisticians can be used to develop, 
validate, and support commercialized molecular 
companion diagnostics across the life cycle of the 
production and release process. Biostatisticians 
play a central role in the identification of 
variables to monitor, how to collect and compile 
data, setting limits, and producing visual aids 
for the life cycle, including surveillance chart 
reviews and interpretations, ensuring that data 
is interpreted correctly and overseeing the SPC 
system. This holds true for all phases, from 
development to commercialization, and allows 
the biostatistician to appropriately design studies, 
propose sample sizes, and understand and 
communicate the risks involved at each step. PMQ
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