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Emergence of Stereotactic Body Radiation Therapy and Its
Impact on Current and Future Clinical Practice

Robert D. Timmerman, Joseph Herman, and L. Chinsoo Cho
A B S T R A C T

Stereotactic body radiation therapy (SBRT) is generally a tumor-ablative radiation modality using
essential technologies capable of accurately and precisely damaging the target with a high dose
while geometrically sparing innocent normal tissues. The intent, conduct, and tissue biology are all
dramatically distinct from conventionally fractionated radiotherapy such that new understanding is
required for its optimization. It is most practical, tolerable, and tumoricidal in its most potent form
treating tumors in the lung and liver. However, it is increasingly being used for tumors adjacent to
bowels and nervous tissue, albeit with somewhat less ablative potency. Its strengths include high
rates of tumor eradication via a noninvasive, convenient outpatient treatment. lts weakness
relates to the possibility of causing difficult-to-manage toxicity (eg, ulceration, stenosis, fibrosis,
and even necrosis) that may occur considerably later after treatment, particularly in the vicinity of
the body's many tubular structures (eg, organ hila, bowel). However, clinical trials in a variety of
organs and sites have shown SBRT to result in good outcomes in properly selected patients. Given
its short course, lack of need for recovery, and favorable overall toxicity profile, there is great hope
that SBRT will find a prominent place in the treatment of metastatic cancer as a consolidative
partner with systemic therapy. With considerable published experience, available required
technologies and training, and many patients in need of local therapy, SBRT has found a place in

the routine cancer-fighting arsenal.
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Stereotactic irradiation, first introduced in the con-
text of intracranial stereotactic radiosurgery, is now
an established treatment approach for a large variety
of cancer presentations throughout the body. Al-
though most extracranial tissues are considerably
more apt to repair or tolerate radiation damage
compared with CNS tissues, stereotactic radiation in
the body was delayed in implementation as a result
of difficulties in both physiologic motion and confi-
dence in targeting. With better solutions to these
problems,' treatments in the body have expanded as
an indication for achieving local control.

Initially the treatments were called extracranial
stereotactic radioablation® and later stereotactic
body radiation therapy (SBRT).” More recently, the
descriptive term stereotactic ablative radiotherapy®
has come into common use. Although SBRT consti-
tutes a potpourri of technologies and techniques,
including three-dimensional conformal, intensity
modulation, image guidance, motion control, and
stereotactic targeting, the hallmark of SBRT is deliv-
ery of a potent, ablative or nearly ablative dose in
oligofractions (ie, five or fewer fractions). Although
the technologies and techniques used are interesting

in their own right, their use in SBRT is primarily to
create a compact dose delivered accurately to the
intended target with steep gradients in all directions
(geometric avoidance).' Thus, unlike conventional
radiotherapy where differential radiation repair be-
tween tumor and normal tissue is exploited for a
therapeutic advantage, SBRT basically attempts to
hit the tumor while ideally altogether avoiding the
normal tissue. This is a dramatically different ap-
proach than conventional radiotherapy, where large
volumes of normal tissues are typically included,
even in the high-dose region, as shown in Figure 1.
Biologically, the current application of SBRT
has not yet reached a point of optimized refinement.
However, this simple approach of geometric avoid-
ance was first successful in the brain, one of the least
radiotolerant structures in the body, and is proving
to be even more successful in the body. Further-
more, the coupling of oligofractionation along with
sophisticated geometric avoidance is serving as a
model for hypofractionation in general. Less radical
forms of hypofractionation (eg, between six and 20
fractions) also performed with improved image
guidance, motion control, and compact dosimetry
can be used as an adjuvant (ie, prophylactic) therapy
and may eventually commandeer indications from
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Fig 1. Comparison of stereotactic body
radiation therapy (SBRT) plan in the left
panel versus historical postage stamp
anterior/posterior-directed field arrange-
ments shown in the right panel. The SBRT
plan uses advanced imaging and guidance
to reduce the necessary margin around
the tumor. In addition, it spares the high-dose
(60 Gy, yellow) and intermediate-dose (30 Gy,
green) volumes in exchange for a consider-
ably larger low-dose (10 Gy, orange) volume.

conventional fractionation for many common radiotherapy indica-
tions. Hence, there is a hypofractionationed revolution under way
within the field of radiotherapy, and SBRT is the poster child of its
possibilities for success.

Many review articles on the history of and clinical experience
with SBRT have been written.” In this article, we will discuss the
essence of the treatment, how it has been exploited, and how it may be
further exploited in the future.

Clinically observable tissue changes, both desirable and undesirable,
occur in two distinct time frames after radiation exposure, coined
early and late. Immediate effects of DNA damage in proliferating
tissues manifest early, affording tumor response and mucosal/marrow
injury after both conventional and hypofractionated radiation deliv-
ery. Slowly or nonproliferating tissues like blood vessels, nerves, and
connective tissue demonstrate injury clinically later, often months or
years after radiation exposure. It has long been recognized that hypo-
fractionated radiation delivery is considerably more likely to promote
late radiation injury, also called late effects, than conventionally frac-
tionated radiotherapy.

Late effects in normal tissues have generally been more dreaded
than early effects primarily because they have been more difficult to
manage. Late vascular injury can cause tissues to become less viable
with poor blood supply, poor wound healing, and less functional
capacity. Late connective tissue injury leads to fibrosis and contracture
often associated with pain and dysfunction. Such tissues may simply
undergo necrosis, resulting in catastrophic problems like fistula and
ulceration, which can be debilitating and even deadly. In the 1980s and
1990s, observations of these untoward late effects and the established
knowledge that, for the same given total dose, they are more likely to
occur after hypofractionation than conventional fractionation
prompted several notable leaders in radiation oncology to reject the
use of hypofractionation for cancer therapy except in patients with a
very limited life span who were unlikely to live long enough to expe-
rience the delayed onset.®®

However, before altogether rejecting hypofractionation as a cu-
rative cancer therapy, two important caveats should be considered.
First, there is no clinical concern if late effects, even severe ones, occur
within gross tumor targets. Indeed, such a circumstance might even be
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ideal, allowing tumor kill by both classic DNA damage as well as via
vascular injury.” Second, although no existing radiotherapy delivery
technology is capable of totally limiting potent dose to just the tumor
and not to the surrounding normal tissues, it must be acknowledged
that nearly all normal tissues have capacity to repair injury, even severe
injury, so long as the scope of injury is limited. The entire field of
surgery, which injures normal tissues by definition in its conduct, is
based on this observation. What surgeons have come to understand,
however, is that even severe normal tissue injury can ultimately heal if
limited and after providing the opportune circumstances for healing.
The condemning circumstances associated with late effects after
hypofractionation mentioned earlier were observed in an era when
technologic shortcomings resulted in large-volume radiation expo-
sure to full therapeutic dose. Although unintended, this large-volume
dose delivery was only tolerable by delivering numerous small daily
doses, allowing differential repair between tumor and normal tissue.
Radiation oncologists might have rationalized this practice by arguing
for an added value of covering both tumor infiltration by direct exten-
sion and possible involvement of immediately adjacent lymph nodes
(regional infiltration). Subsequently, the regional treatments became
even more extensive despite little clinical evidence of improvement in
outcome by such broad treatment.'® In the end, the technologically
limited dose distributions of the one- and two-dimensional eras led to
a pervasive locoregional treatment strategy coupled with champion-
ing of the less potent but practically essential protracted fractionation
radiotherapy schedules. Even when dramatic technologic advance-
ments capable of geometric avoidance occurred, such as the harness-
ing of charged particles (eg, protons), classically trained radiation
oncologists continued to use conventional (protracted) fractionation
and traditional (ie, locoregional) target-volume definitions.
Technology intensive, focally targeted, oligofractionated SBRT
has been used in clinical practice since the mid-1990s, and reports on
long-term outcome are available.'"'> High or intolerable rates of
severe late effects have infrequently been observed with prudent use.
Phase I studies exploring the boundaries of effective and tolerable
therapy (ie, escalating until severe toxicity is observed) have shown the
ability to deliver potent dose far in excess of most predictions. How-
ever, SBRT is clearly associated with toxicity.'® But the essence of the
therapy to deliver a biologically potent, tumoricidal, hypofractionated
dose to the target while using a variety of modern technologies and
techniques to achieve rapid falloff limiting dose to innocent, adjacent
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normal tissues is confirmed. In this context, normal tissue injury after
therapy absolutely occurs in all cases. However, as with surgery, the
injury is limited, allowing host factors to facilitate effective repair.

The technologies used for geometric avoidance in SBRT could be used
to deliver conventionally fractionated radiotherapy similar to what
has typically been done with proton beam therapy. Although a reason-
ably effective adjuvant therapy, apart from its utilization for selected
radiosensitive hematopoietic and germ cell malignancies, even high-
dose conventionally fractionated radiotherapy is associated with un-
impressive gross tumor control rates for the most common deadly
solid tumors. Instead, early adopters of SBRT chose ablative hypofrac-
tionation (eg, few fractions with dose > 8 Gy per fraction) with the
hopes of more dramatically impacting cancer outcome.

Because ablative hypofractionation was not used historically as a
result of intolerance, dose-finding studies were in order. The most
formal and valid dose-finding studies, phase I dose-escalation studies,
were carried out by several groups early on. Others groups, less opti-
mally, selected treatment dose levels by expert consensus or mathe-
matical modeling. With multiple permutations of total dose,
fractionation, tumor size selection, tumor type, and so on, the latter
method would require a great deal of luck to actually determine the
optimal dose balancing efficacy and toxicity. In a phase I study, patient
selection, tumor type, stage, and other determinants of outcome are
controlled by the methodology of the study. The only variable, dose, is
controlled by the study itself and, importantly, not by the treating
physician who would otherwise allow bias to influence dose selection.
In the end, a variety of dose levels are tested and evaluated for out-
come. Importantly, the investigators are not committed to any of the
dose levels and can simply choose the best combination of efficacy and
toxicity without bias or emotion.

In this way, several phase I studies of SBRT were carried out
across the world, resulting in data-informed dose selection.'*® Most
studies enrolled between only 25 and 100 patients, allowing initial
assessment of both toxicity and early efficacy. Although limited in
number, considerable information was gleaned with careful follow-up
of each patient. In contrast, dose selection for conventional radiother-
apy delivery has been optimized over eras of treatment typically cov-
ering decades. Although both approaches have their merits, the phase
I testing approach is clearly a more efficient dose-finding technique
that defines effective treatment boundaries in a shorter period while
exposing fewer patients to either too low or too high dose levels.

Although much is yet to be learned about dose effects, there have
already been several surprises. For example, both melanoma and renal
cancer histologies have historically been deemed radioresistant based
on decades of understanding from conventional radiotherapy ex-
periences. Yet, with large dose per fraction, both of these histolo-
gies emerge as more sensitive, even compared with squamous or
adenocarcinoma histologies.?” In contrast, it is increasingly recog-
nized that colorectal cancer poses a more radioresistant challenge
to SBRT compared with other primary sites, with several reports
showing poor control at modest dose levels.?® Surprises have also
emerged with regard to normal tissue response. Liver tumors were
often considered off limits for conventional radiotherapy due to
radiation-induced liver disease, yet this complication has rarely
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been observed in the SBRT experience even at high-dose levels able
to eradicate liver tumors.* Some investigations that limited SBRT
dose escalation according to lessons learned from conventional
radiotherapy experience and perspective in the end lost the oppor-
tunity to achieve the high rates of tumor control observed in other
more traditional phase I study designs.”®

Treatment of liver and lung tumors, both primary and metastatic,
defined the majority of the initial clinical experience. These organs
have both been categorized as parallel-functioning organs, meaning
they constitute parenchymal tissues of which subdivisions are per-
forming a similar and independent function (in parallel).”' The right
lung is performing the same function as the left lung; hence, it may
constitute a reserve of function, allowing removal or destruction of
part of the organ without clinically manifest toxicity. This contrasts
with so-called serial-functioning tissues, or organs where function
depends on a cascade of events occurring along a pathway (eg, the
esophagus delivering a food bolus from the pharynx to the stomach).
Ifany position along the esophagus is removed or destroyed, the entire
function ceases, resulting in profound, clinically significant injury.
Because toxicity is usually less in parallel tissues, it made sense to
perform initial evaluations in liver and lung.

Among these early experiences, early-stage lung cancer in pa-
tients unable to tolerate the rigors of standard surgery became the
predominant clinical model for testing SBRT. These patients were
motivated to try new therapies because existing options were lacking,
with poor outcomes from conventional radiotherapy, heroic surger-
ies, and especially observation. Furthermore, patients with medically
inoperable lung cancer often had relatively small, solitary targets,
making for more reasonable dosimetry in normal lung. These patients
were not necessarily at immediate end oflife, allowing the opportunity
to measure both early and late toxicity as well as treatment efficacy.
Investigators in many countries saw this population as ideal and car-
ried out prospective trials.

Results from across the world in medically inoperable lung can-
cer were both remarkably similar and unexpectedly positive. Collec-
tively, primary tumor control rates with SBRT were in the 80% to
more than 90% range,'”*>* nearly double historical control rates
with conventional radiotherapy.*~” Yet rates of severe toxicity were
fairly low (15% to 20%), even in frail patients.>* Indeed, this popula-
tion of poor performers with multiple medical problems has typically
been purposefully excluded from cancer therapy trials for fear of poor
tolerance. Yet they both tolerated the therapy and survived consider-
ably longer than expected.

Randomized trials comparing SBRT with conventional radio-
therapy in medically inoperable populations with early lung cancer
have been proposed and are enrolling patients. Even if these trials
show no survival advantage, the convenience and good tolerance of
SBRT will make a strong case for widespread acceptance. For operable
patients, however, the case for SBRT is more difficult. Importantly,
operable patients already have a good and proven treatment option
with lobectomy. Patient in this group are aware of this distinction and
continue to appreciate the role of standard surgery, making a less
attractive case for SBRT. Randomized trials in the operable population
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Fig 2. Dose-volume histogram of a pros-
tate stereotactic body radiation therapy
(SBRT) plan illustrating 50 Gy delivered on
protocol over five treatments. The patient
was immobilized in a custom-designed
setup including a rectal balloon to limit the
collateral dose. Note the intensity-modulated
radiation therapy—facilitated sparing of specifi-
cally the rectal wall (at the expense of the
rectal lumen) to avoid circumferential damage
to rectal mucosa clonagens.

have all suffered from poor accrual, primarily because patients strug-
gle to accept a random assignment to an invasive but clearly estab-
lished therapy versus a noninvasive but unproven therapy. In
instances where it is too difficult for a patient to process the possibility
of a random assignment to one of two such disparate alternatives, the
technique of so-called prerandomization may be used, where a pa-
tient’s treatment assignment is presented to him or her after the
random assignment is performed, so that the patient only has to
consider trial participation with a known expected therapy. The best
known application of the prerandomization method in a major US
cooperative group study is likely the National Surgical Adjuvant Breast
and Bowel Project B-06 trial comparing mastectomy versus lumpec-
tomy and radiotherapy.’® This type of trial design is under consider-
ation for a possible surgery versus SBRT trial for operable early
lung cancer.

Phase II trials using SBRT in patients with lung and liver metas-
tases have also shown considerable promise.”***>**$-*%3%4> Random-
ized trials in this population will likely be even more difficult given the
broad variability of the clinical presentations and relatively infrequent
use of local therapies in patients with metastatic cancer.

At the time of this writing, published clinical results on SBRT exist for
the following indications: early-stage lung cancer in medically inoper-
able patients or those refusing surgery, lung metastases from a large
variety of primary cancers, primary liver cancer in medically inopera-
ble patients, liver metastases (as with lung metastases), pancreas
cancer, adrenal metastases, primary kidney cancer in medically inop-
erable patients, organ-confined prostate cancer, selected intrathoracic
and intra-abdominal lymph node metastases, recurrent and primary
head and neck cancers, spinal tumors, and vertebral bone metastases.

Of special interest is the current use of SBRT in prostate cancer
given how commonly this cancer is diagnosed. Unlike the deadly-at-
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any-stage clinical models like primary lung cancer, the gamut of sur-
vival is broad with prostate cancer. Indeed, the lower risk forms are
most common, where patients enjoy high cure rates with a variety of
well-tolerated existing therapies. In this context, especially for low-risk
patients, the introduction of high-potency SBRT could constitute a
threat to good outcome in a disease where improvements in both
disease-free survival and tolerance are unlikely. Yet existing treatments
are far from perfect. For example, conventionally fractionated high-
dose intensity-modulated radiation therapy is both expensive for pay-
ers and inconvenient for patients. Numerous reports with limited
follow-up show that 5-fraction SBRT for low-risk prostate cancer
positively addresses both complaints. Using dose regimens that are less
potent than those used for tumors in other sites, prostate SBRT re-
sults in excellent clinical outcomes compared with other standard
treatments***° in a convenient and cost-effective manner.***

Attempts to improve on the outcomes achieved for intermediate-
and high-risk prostate cancer via SBRT dose escalation will face chal-
lenges from normal tissue tolerance. Maximally aggressive SBRT is
ablative and can render the targeted tissues incapable of sustaining cell
division and incapable of further function, the definition of radioab-
lation. In the classic treatment of organ-confined prostate cancer, the
target is made up of the entire gland (ie, mostly normal tissue), includ-
ing notable serial functioning tissues like the urethra and the anterior
wall of the rectum, as depicted in Figure 2. Furthermore, although
imaging to identify gross nests of prostate cancer is increasingly avail-
able, the entire gland remains at risk for multifocal microscopic tumor
involvement. In all likelihood, optimizing outcomes for intermediate-
and high-risk prostate cancer will require exploration of higher doses
for finding the ideal therapeutic ratio,* perhaps approaching toxicity
limits for the adjacent rectum or intervening urethra.

Another special case of SBRT utilization is in treating pancreatic
cancer. The prognosis of pancreatic cancer, regardless of stage, is
extremely poor, with few patients surviving past 5 years. Although
primary and nodal tumor progression can result in pain and
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Pre SBRT

Post SBRT (30 months)

Fig 3. Pre— and post-stereotactic body
radiation therapy (SBRT) imaging of an
unresectable pancreatic head cancer
showing a favorable treatment response.

obstruction, the poor survival is mostly because of a high rate of
metastases that occur early in the course of the disease. Justifiably,
efforts aimed at improving outcomes focus generally on improving
systemic therapies. For patients with locally advanced, unresectable
pancreatic cancer, the typical patient survives approximately 12
months from diagnosis,”>*' during which conventional radiotherapy
(concurrent with chemotherapy) takes up approximately 10% of their
remaining time. Conventional radiotherapy fields have historically
been fairly large because of uncertainties in tumor location and posi-
tion within the respiratory cycle. Improved tumor imaging and
motion control associated with SBRT inherently addresses some of
these problems. More importantly, an entire course of SBRT can be
administered in less than 1 to 2 weeks. Using SBRT as the local
therapy may facilitate integration of more aggressive systemic che-
motherapies such as folic acid, fluorouracil, irinotecan, and oxalip-
latin (FOLFIRINOX).>* As a clinical example, a multi-institutional
consortium (The Johns Hopkins Hospital, Stanford University Hos-
pital, and Memorial Sloan Kettering Cancer Center) performed a
prospective trial enrolling 49 patients with unresectable pancreatic
cancer and Karnofsky performance score more than 70. Patients re-
ceived 33 Gy in five 6.6-Gy fractions of SBRT between cycles of gem-
citabine chemotherapy. Median survival was 13.9 months, and 1- and
2-year overall survival rates were 61% and 18%, respectively. Rates of
acute and late grade = 2 gastritis, fistula, enteritis, or ulcer toxicities
were 2% and 11%, respectively. Importantly, in this clinical example,
both acute and late toxicity were low, whereas global quality-of-life
scores did not change appreciably with treatment (Herman et al,
submitted for publication). Similar investigations at single institutions
using three to five fractions of 5 to 12 Gy of radiation have been
recently reported with good local tumor control (Fig 3) and similar
survival and toxicity profiles.”>>* Future studies will evaluate further
dose escalation of SBRT and integration with more aggressive chem-
otherapy in patients with localized pancreatic cancer.>®

Unfortunately, cancer is common. Although obvious, it should be
noted that truly important cancer therapies are used commonly at the
point where patients actually receive care. Extraordinarily complex
treatments, those that require tremendous skill or expertise, or those
with tremendously high start-up costs may be valuable to those
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treated, but lose importance if few patients with the condition have the
opportunity to receive the treatments. SBRT has credibility because it
has been initiated and accepted by the general radiation oncology
community, both academic and private practice. Indeed, the use of
SBRT in the community is becoming widespread because of availabil-
ity of technologies, knowledge- and practice-based training, and ac-
ceptance of clinical results.””>

To date, SBRT has been used primarily in patients unable to
tolerate standard surgeries, particularly in lung and liver. More re-
cently, it has been used in secretory or glandular tissues like prostate
and breast cancer.”® For bread-and-butter radiotherapy indications
like prostate and breast cancer to become SBRT mainstream indica-
tions, long-term reports must show that severe late effects are uncom-
mon in the context of a mostly adjuvant treatment (Fig 4). If clinical
results are maintained or improved, it is likely that the mix of patients
will become increasingly healthy (ie, operable). This will happen
slowly, probably over decades, unless a randomized study is per-
formed and provides the dramatic testimony of high-level evidence
suggesting SBRT can compete with surgery. After all, transitions in
standard treatments move dramatically faster after the collection, pre-
sentation, and acceptance of high-level evidence.

The true frontier for SBRT, however, is unlikely to be in treating
primary cancers. Metastatic cancer is currently and appropriately
treated with systemic therapies like chemotherapy or targeted agents.
A large majority of patients so treated, even if the initial response was
favorable, will experience progression most commonly in sites of
existing tumor burden at the start of systemic treatment rather than
new sites of progression.®” This would imply a rationale for adding
local therapies along with the systemic treatment in patients with
metastatic disease. At a minimum, controlling original sites of tumor
burden could delay progression. More optimistically, controlling
original sites in conjunction with an effective systemic therapy could
even prolong overall survival.

Surgeons have lamented over what they consider an underutili-
zation of their craft in treating patients with metastatic disease.®' They
point to circumstances where they even apparently cure patients inde-
pendent of systemic therapy so long as all gross tumor burden is
resected.®® Ideal local treatments used in treating metastatic cancer
would have the following characteristics: minimal invasiveness or
noninvasiveness; efficient completion, including treatment and re-
covery, in days to avoid delays in systemic treatment; capacity to
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Fig 4. Three-dimensional, axial, sagittal,
and coronal views of dosimetry for stereo-
tactic body radiation therapy (SBRT) for
adjuvant therapy of breast cancer after
lumpectomy in a patient treated on proto-
col. The tumor bed delineated by the
heavy blue line constitutes normal breast
tissue (possibly admixed with residual
cancer cells). In this setting, radioablation
is not advisable for this target because the
higher therapeutic dose includes consid-
erable late reacting normal tissue. How-
ever, the mechanics of SBRT still allow
reduction of low and intermediate doses
to adjacent breast, lung, and heart, facili-
tating hypofractionation.

facilitate a more prolonged use of the current line of systemic therapy
by reducing isolated failure (saving other lines of potentially effective
drugs for later); avoidance of overlapping toxicity with systemic ther-
apy; and high rate of tumor control (comparable to surgery).®> Al-
though several local therapies could compete as optimal contenders
based on these criteria, SBRT has documented early strength fitting
the bill.

Local treatment of metastatic disease with SBRT would effec-
tively be a new indication for radiotherapy, resulting in potentially
dramatic growth in the average radiotherapy practice. Interestingly,
the rationale becomes even stronger with the discovery of more effec-
tive systemic therapies. In previous eras when systemic therapies sel-
dom even controlled microscopic disease long term, local treatment
for bulky sites of disease was often futile. Many recall patients with
presumed oligometastatic disease who underwent metastasectomy
and difficult recoveries only to quickly develop new sites of metas-
tases, making the endeavor seem pointless. Better systemic thera-
pies will still likely struggle to control areas of larger tumor burden
at presentation, providing an even stronger rationale for minimally
invasive and effective local therapies. This topic is discussed further
elsewhere in this issue.

It remains to be seen whether there will be expanded utilization of
particle therapy in the context of SBRT treatments for oligometastases
and other indications. To date, the majority of experiences using
proton and carbon ion therapy have been used according to the
protracted fractionation paradigm. However, these tools are capable
of significant geometric sparing and would potentially be ideal for
delivering SBRT.

Finally, the future likely holds a considerable opportunity to
significantly decrease the intensity of SBRT doses without compro-
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mising tumor control. Tumor control, especially for deadly cancers,
demands a potent assault. However, the current form of therapy is not
yet optimized from a biologic perspective. Research in hypofraction-
ation will be forthcoming now that hypofractionation is back in the
clinic. It is well known that radiation effects both in normal tissues and
tumors follow a sigmoid dose response beginning with a threshold
activation dose. Research will eventually exploit variable threshold
effects, develop drugs that synergistically sensitize SBRT, and, impor-
tantly, identify specific, personalized assessments of a patient’s indi-
vidual tumor vulnerability. Collectively, these improvements in the
realm of biology and pharmacology will afford appropriate dose re-
duction of SBRT, making it safer for patients and less intimidating for
treating physicians.

In conclusion, stereotactic irradiation in the body has risen as
acommon treatment option in a surprisingly short time. Published
results from well-conducted clinical experiments have strength-
ened the case for a broad scope of indications, particularly in
eradicating gross primary disease. SBRT is complementary to sur-
gery given its ability to be used in inoperable patients. SBRT strug-
gles with toxicity next to the body’s tubes and wires, the so-called
serially functioning tissues. As such, surgery, which is not limited
in this realm, is complementary to SBRT. Given its oligofraction-
ation, SBRT integrates nearly seamlessly with systemic therapies. It
follows that the largest future expansion of SBRT might be in the
realm of treating the numerous patients with metastatic disease
hoping to improve progression-free or overall survival by eliminat-
ing or consolidating gross disease. In any event, the widespread
acceptance and application of SBRT indicate it is already an impor-
tant cancer therapy.
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