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COMMENTS
Dose Escalation, Not “New
Biology,” Can Account for the
Fig. 1. Tumor control probability (TCP) versus biologi-
cally effective dose (BED) using the linear quadratic (LQ)
model. Data are from Mehta et al (3). The fitted line was
obtained using a logistic regression model. The vertical
lines indicate the 95% confidence intervals for each cohort.
Three-dimensional conformal radiation therapy (3D-CRT;
>10 fractions), stereotactic body radiation therapy (SBRT;
3-8 fractions), and SBRT (1 fraction) are shown in green,
blue and red, respectively.
Efficacy of Stereotactic Body Radiation
Therapy With Non-Small Cell Lung Cancer

In Regard to Brown et al

To the Editor: With the increasing use of radiosurgery and
stereotactic body radiation therapy (SBRT) in radiation
oncology, there has been a growing need to understand the
radiobiology contributing to the remarkably high tumor
control rates seen with the large fraction sizes used. We
therefore read with great interest the recent editorial by
Brown et al regarding whether “New Biology” was needed
to understand SBRT dose response in lung cancer (1), and
their more recent paper revisiting the analysis with the
same conclusions (2). The authors presented a fitted tumor
control probability (TCP) curve based on a wide range of
local control rates from published series, including con-
ventional fractionation (3-dimensional conformal radiation
therapy [3DCRT]; >10 fractions), hypofractionation
(SBRT; 3-8 fractions), and single-dose radiation (SBRT; 1
fraction), according to their linear quadratic (LQ)-based
biologically effective doses (BEDs) (1, 3). The stated
conclusion was that “there is no indication from these data
that SBRT and 3DCRT produce different TCP probabilities
when adjusted for BED” and “it follows there is no need to
invoke a new biology” (1). We disagree, however, that the
data presented can support this conclusion.

For their analysis, the authors coalesced the included
series into average data points, but ignored the actual sta-
tistical spread of the data (based on sample size). Figure 1
shows the data presented by Brown et al, but with the
addition of 95% confidence interval bars associated with
each published data point. Using a simple c2 test, we can
ask if the spread of the original reports is consistent with
the hypothesis that all the data are drawn from a single LQ
model in BED, assumed to be the best fit model for all of
the data together. If not, there is no evidence that all of the
data are consistently drawn from the same distribution.
With this type of analysis, the null hypothesis is that the
distribution of studies follows a fitted curve, and the hy-
pothesis is typically rejected when its probability falls
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below .05. In fact, using each report as its own bin in a c2

analysis yields a c2 value of 66.9 with 44 degrees-of-
freedom and an associated probability of observing varia-
tions at least this large, if the data really were drawn from
the best fit LQ curve, of only 1.4% (PZ.014). For this
reason, we reject the curve fit as a good representation for
all of the data, and therefore disagree with the authors’
claim that “there is no indication from these data that SBRT
and 3DCRT produce different TCP probabilities when
adjusted for [LQ derived] BED.”

We followed up this initial statistical analysis with a re-
view of the original dataset. The details are given in the
Supplemental Materials, including a discussion of the sour-
ces of heterogeneity of the dataset. Even when the data are
filtered to improve homogeneity, according to our own
judgments, we reach a similar conclusion: The data across
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fractionation regimens are not consistent with the hypothesis
that they are drawn from the same BED-based function.

To further clarify SBRT tumor response, higher quality
data, that is, data gathered in a more consistent and compre-
hensive fashion, will need to be collected and analyzed.
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In Reply to Rao et al
To the Editor: In our editorial and review (1, 2), we used the
data previously published by Mehta et al (3), and as we
have found recently, we acknowledge the flaws present in
the original data set. However, we believe that the c2

goodness of fit analysis presented by Rao et al (4), which is
the essence of their critique of our analysis, is not the
optimal method to assess the validity (or lack of it) of the
linear quadratic (LQ) model, or any other model, with re-
gard to clinical tumor control probability (TCP) data for
several reasons. First, the assumptions of c2 (normally
distributed residuals) are strongly violated when TCP is
near 100%. Second, the c2-derived absolute goodness of fit
depends on how many data sets one chooses to analyze: the
test will tend to reject any model with increasing proba-
bility simply as the number of data points increases (5).
Finally, all biological models one might consider, including
the LQ, are nonlinear, where the c2 approach has limita-
tions (6).

However, more important than these technical issues, we
would not expect theLQor any othermodel that has a tractable
number of parameters to take into account all sources of het-
erogeneity in tumor dose response (eg, tumor type, stage, size,
treatment technique), so, we should not expect thesemodels to
fully reproduce the spread in clinical results from different
data sets. Thus, we argue that the more pertinent question is
how well (or poorly) is any given model supported by the
clinical data compared with alternative radiobiological
models. Answering this question involves assessing relative
(rather than absolute) goodness of fit for any given model
compared with alternative models, and in the near future we
will publish a new analysis of the stereotactic clinical data
showing that an LQ model that takes into account tumor het-
erogeneity gives as good a fit asmore complex radiobiological
models but without the need for extra model parameters.

Finally, the “refined” data set presented by the authors
still supports our main conclusion that the efficacy of ste-
reotactic body radiation therapy (SBRT) for early-stage
non-small cell lung cancer is the result of the delivery of
high biologically effective doses. The clinical evidence
clearly shows that there is no special efficacy resulting from
high-dose or high-fraction radiation therapy. Indeed, the
refined data set suggests that single-fraction SBRT may be
less effective than fractionated radiation therapy, which is
consistent with model predictions (7) that the effectiveness
of SBRT may be limited by tumor hypoxia.
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