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Stereotactic body radiation therapy (SBRT), also known as
stereotactic ablative radiation therapy, is rapidly becoming an
accepted practice for the radiation therapy of certain tumors (1),
including some lung cancers, liver metastases, brain metastases,
recurrent brain tumors, spinal metastases, and kidney and
pancreatic tumors. Typically SBRT involves the delivery of 1 or
a few large dose fractions of 8-30 Gy per fraction (1). This is
a major paradigm shift from the practice of radiation therapy that
has developed over the past 90 years when, with relatively large
amounts of normal tissues receiving doses close to the prescribed
tumor dose, the goal was to maximize tumor response for an
acceptable level of normal tissue injury. It is uncontested that
fractionation of the radiation dose is superior to single doses in
achieving such differential sparing of normal tissue compared
with tumor. That fractionation is effective in this situation has
been demonstrated in numerous animal models and is concordant
with clinical practice over many decades. Stereotactic body radi-
ation therapy can essentially ignore this classic fractionation
paradigm because of technological advances in image guidance
and treatment delivery techniques that enable the delivery of large
doses to tumors with reduced margins with high gradients outside
of the target, thereby minimizing doses to relatively large volumes
of surrounding normal tissue. For many tumor sites, such as with
tumors in the periphery of the lung, this has reduced the concern
about unacceptable normal tissue injury and allowed considerable
dose escalation.

Concurrently with these clinical developments, laboratory
studies have suggested that at high dose fractions (>8-10 Gy)
there may be additional biological processes resulting in enhanced
tumor cell killing. For example, this has been suggested by studies
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from the laboratories of Fuks and Kolesnick, who have reported
that high radiation doses produce sphingomyelinase-dependent
rapid vascular collapse that markedly enhances the antitumor
effect of radiation (2, 3). Second, it has been shown that radiation
enhances the antigenicity of tumors (4), although it is not yet clear
whether this is greater for large single doses compared with
standard fractionation (5). Third, it has been suggested that high
doses of radiation such as are delivered by SBRT induce vascular
damage over several days that leads secondarily to tumor cell
death (6). Any of these factors, colloquially termed a ‘“new
biology” (7), could make SBRT more effective than would be
predicted from clinical experience with fractionated irradiation.
The question addressed here is whether any or all of these
processes need to be invoked to explain the remarkable success of
SBRT. In particular, for most successful SBRT fractionation
schemes the calculated biological effective doses (BEDs) deliv-
ered to the tumor are extremely high. So the question becomes
this: is the impressive efficacy of SBRT the result of a “new
biology” or the result of the high BEDs delivered to the tumor?

A recent publication by Mehta et al (8), who reviewed the
available clinical tumor control probability (TCP) data for SBRT
and 3-dimensional conformal radiation therapy (3D-CRT) for
stage I non-small cell lung cancer (NSCLC), sheds light on the
“new biology” versus high BED question. The authors did not
address this question, however; rather, they used the clinical data
to determine the relationship between TCP and BED and to
evaluate the impact of different models on calculated BED values,
assuming a tumor radiosensitivity of o/ = 8.6 Gy and no cellular
proliferation. Figure 1 (left) is a replot of the Mehta et al (8) data
of TCP against BED for NSCLC, with different symbols for
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Tumor control probability (TCP) as a function of biological effective dose (BED) for stage I non-small cell lung cancer. Left:

Crude local control rates (>2 years) redrawn from a pooled analysis reported by Mehta et al (8), with different symbols distinguishing
3-dimensional conformal radiation therapy (3D-CRT) and stereotactic body radiation therapy (SBRT) regimens. Right: Weighted mean
TCP probabilities calculated from the same data to compensate for the different numbers of patients in each study. Solid lines are TCP

predictions for a linear-quadratic-based fit to the available data.

regimens using 3D-CRT and SBRT with either 1 fraction or 3-8
fractions. The reader is reminded that BED is a linear-quadratic
model-based estimate of equivalent biological dose that corrects
for dose fractionation (9). What can immediately be seen from
Figure 1 (left) is that there is a monotonic relationship between
TCP and BED for SBRT—a conclusion also recently reached by
Ohri et al (10). In other words, the higher the BED, the higher the
TCP. More importantly, the data for 3D-CRT also fall on this curve
relating TCP to BED for SBRT regimes. We obtain the same
conclusion if we bin the studies into BED intervals of 25 Gy (eg,
75-100 Gy, 100-125 Gy, etc) and produce weighted mean TCP
probabilities (with SDs) to compensate for the different numbers
of patients in each study (Fig. 1, right). In other words, there is no
indication from these data that SBRT and 3D-CRT produce
different TCP probabilities when adjusted for BED. It is also clear
from Figure 1 that, once fractionation has been taken into account
through the use of BED, there is no difference in tumor control for
single-fraction SBRT compared with multifractioned SBRT. Thus
the higher TCPs for SBRT can be fully explained by the much
higher tumor BEDs delivered. For NSCLC, then, it follows that
there is no need to invoke a “new biology” to explain the high
tumor control rates.

This conclusion does not necessarily rule out the existence of
a “new biology” at high doses. It does, however, suggest that such
new biological processes are unlikely to be contributing signifi-
cantly to the remarkable success of SBRT, over and above the
same primary biological mechanisms that dominate at conven-
tional doses per fraction. The old paradigm, that successful radi-
ation therapy involves putting as much dose into the tumor while
depositing as little dose as possible to surrounding normal tissue,
seems to remain unchanged. Stereotactic body radiation therapy of
NSCLC has taken this to its logical extreme, with dose distribu-
tions that are so good that normal tissue sequelae play a much
smaller role in determining the maximum tumor dose that can be
delivered.

It is important to note that this analysis was specifically of
SBRT for early-stage NSCLC, and whether these conclusions
apply to other sites has yet to be determined. It is possible that the
vascular, stromal, or immunologic effects discussed here could
affect SBRT TCP for other tumors; indeed, provocative data on
the stimulation of antitumor immunity for melanoma treated with
SBRT, thereby leading to a systemic abscopal effect, has recently

been reported (11, 12). Nonetheless, we suggest that the sort of
dosimetric analysis described here for NSCLC could similarly
resolve the question of “new biology” versus dose for other sites.
Hopefully the present analysis will stimulate such comparisons.
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