A simple statistical method to reduce the number of patient-specific quality
assurance measurements for MR-Linac adaptive fractions
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Confidence Interval Calculator for MR-Linac Pt-Sp QA Measurements
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We realized that measuring every fraction was an impractically high
workload (e.g. brain patients are treated with 30 fractions). Hence, we
now use a statistical tool—the confidence interval for the mean—to
justify measuring only the initial reference plan and the first adapted
fraction.

Table 1 shows confidence intervals for the five patients. Figure 3 shows a graph showing all gamma
pass rates for patient #2 as well as the confidence interval, and shows that the true mean lies within
the confidence interval.

Table 2: Gamma pass rates for the reference plan and first adapted fraction,
and the predicted range from the confidence calculator (lower and upper
values) and the true mean calculated from all fractions per patient. The true
mean is always within the predicted range from the confidence calculator.

With 99.9% confidence, the avg pass rate of all fractions
in the course will be

between 96.3 and 99.0

In Table 1, for all 5 patients only two QA measurements are needed to confirm that the confidence
interval is above the 95% threshold. Suppose the confidence interval ranged partially <95%; then
more measurements would be needed until the confidence interval is >95%.

If we were to measure all fractions, we are
89.9% confident avg of all measurements will pass
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METHOD

Figure 1: (Left) Patient-specific QA phantom on the MR-Linac couchtop before sending it into the
treatment/imaging bore; (Right) Typical dose map measured by the phantom compared with the TPS

Table 1: Thresholds of the average gamma pass rates required for
99.9% confidence that the putative average of all pass ratesin the
course will be >95%.

true mean (solid line at 97%) and the confidence interval (shaded region
96.3%-99.0%) overlaid on the graph.

A confidence interval is a range of values that we are reasonably sure
our true mean is in.

calculation on the phantom.

With MR-Linac patient-specific QA measurements, it is satisfactory if
the mean of all of the gamma pass rates in a course is >95%.

CONCLUSIONS

We have demonstrated a method to calculate the confidence interval of gamma pass
rates for an MR-Linac course, relying upon the first 2-5 measurements.
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To use this method, we needed a representative standard deviation
for brain patients.
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Our method provides a statistically sound framework to confidently eliminate the
majority of these measurements in clinical practice, which is a highly practical tool in
a busy clinic.

The confidence interval was used to predict from just a few
measurements if the average pass rate in the course will pass QA.
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