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not possible. Stereotactic body radiation therapy
(SBRT), defined as the treatment of an extracranial
lesion with a single or very few (5 or fewer) high-dose
fractions, is one such application of these technologies.
While this technique has been utilized for intracranial
lesions for many years, it has only recently been used
for extracranial disease. This review explores the emer-
gence of SBRT as a new treatment modality for lung
and abdominal tumors.

Intracranial Origins
In the late 1940s, Leksell1 developed a stereotactic
apparatus for human neurosurgery that consisted of a
type of halo, designed to screw into the table of the
patient’s skull. The stereotactic device could then be
attached to a table, thereby rigidly fixing the patient’s

Introduction
Improvements in radiological imaging and increasingly
sophisticated treatment planning and delivery systems
have revolutionized the field of radiation oncology.
Modern techniques permit radiation oncologists to
escalate radiation dose to tumors while simultaneously
minimizing dose to normal tissues in ways previously
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brain lesion in 3-dimensional space. It used a polar
coordinate system for localizing lesions. With this
advance, radiation oncologists could treat small, isolat-
ed brain tumors more precisely. By targeting the lesion
with tight margins and utilizing a large number of dif-
ferent angles for treatment, only a small number of
beams traversed any given portion of brain. The result
was that very high doses of radiation could be maxi-
mized to the target tumor while simultaneously mini-
mizing damage to normal brain tissue. The technique
was fairly refined by the early 1970s2 and has been
widely adopted since then.

Leksell’s Gamma Knife system employs 201 Cobalt-
60 sources (half-life: 5.26 years). The sources lie in a cir-
cular array within a shielded housing, with individual
apertures that open when the patient is in the treatment
position. The selection of the appropriate sources and
individual exposure times for each source are derived
using a computerized treatment planning system. The
system has undergone numerous refinements.3 A rela-
tive disadvantage is that the radioactive sources lie with-
in a dome with a relatively small opening, which is opti-
mal for treating brain lesions but not other areas in the
body. Furthermore, the sources must be replaced after
several years due to radioactive decay. Subsequently,
other manufacturers designed stereotactic radiotherapy
systems for use with standard radiation linear accelera-
tors. Typically, these involve some sort of specialized
immobilization system that attaches to the linear accel-
erator treatment couch, thereby increasing versatility.
Regardless of whether the treatment is delivered on a
Gamma Knife unit or a standard linear accelerator, the
end result is that the radiation is delivered to the desired
target with an accuracy of a few millimeters.

Extracranial Evolution
While it is possible to screw a rigid frame into position
against the skull, this type of immobilization solution
has limited applicability in extracranial body sites. Con-
sequently, a barrier to implementation of body stereo-
tactic radiotherapy has been the development of suit-
ably rigid immobilization systems with accurate patient
positioning and reproducibility. Over the past 10 to 15
years, researchers have developed a number of solu-
tions to these problems. As a result, radiation oncolo-
gists are now able to treat patients with extracranial dis-
ease with stereotactic techniques.

To do this, multiple technical issues must be
accounted for and require the close collaboration of a
multidisciplinary team that includes the radiation oncol-
ogist, medical physicist, radiation therapist, pulmonolo-
gist, gastroenterologist, and interventional radiologist.
First, the area to be treated must be able to be repro-
ducibly imaged on a daily basis. This may involve the
implantation of markers into the region of interest.
Termed fiducials, these markers are simple radio-

opaque spheres, coils, or seeds that are implanted in or
near the tumor percutaneously, bronchoscopically, or
endoscopically (Fig 1A-B). Second, the patient must
undergo a CT simulation so that these markers and their
relation to the tumor can be delineated. At simulation,
the patient must be immobilized such that the treat-
ment can be duplicated on a daily basis in a highly accu-
rate way. At our institute, we use the BodyFIX System
(Medical Intelligence, Munich, Germany). It incorpo-
rates a custom-made cradle that conforms to the patient
and is attached to the treatment table. Third, a plastic
cover sheet is then placed on the patient and taped
down onto three sides of the cradle. Vacuum suction is
applied to adhere the cover sheet tightly to the patient
and cradle. The currently available immobilization sys-
tems position the patient with minimal daily setup vari-
ability — typically 4 mm or less.4,5 Fourth, the CT data
must be transferred to the computer workstation so that
the best treatment plan for the individual patient can be

Fig 1A-B. — (A) One of several gold Visicoils implanted into a lung cancer
patient, seen on CT scan taken 6 weeks after treatment (arrow).  (B) Gold
Visicoils implanted into the liver, seen in a coronal reconstruction of a CT
scan.  Note the hypodense liver lesion (arrow).
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designed using software that displays in 3-D the tumor
and normal tissues. Fifth, the treatment plan must
account for the degree of motion with respiration.

Nearly all thoracoabdominal structures move dur-
ing normal respiration. This poses a significant problem
for the radiation oncologist. The larger the respiratory
motion, the greater the amount of normal tissue that
receives irradiation during the stereotactic treatment.
Because of the high doses of radiation involved, normal
tissue toxicity is a concern. One of the simpler tech-
niques available to minimize diaphragmatic motion is
the use of abdominal compression. A few such systems
are commercially available. Typically, they involve use
of a plate on the abdomen, onto which downward
force is applied. This pressure reduces the amplitude of
tumor motion by shifting the mode of inspiration away
from reliance on diaphragmatic excursion and toward
intracostal space expansion. If necessary, oxygen is
supplied via nasal cannula for patient comfort.

Radiation oncologists account for the remaining
tumor motion during the treatment planning process.
The simplest way is to apply a standard margin around
the tumor seen on the CT scan. However, this
approach leads to increased radiation dose to normal
tissues. A more sophisticated means is to perform a
series of CT scans at different phases of the respiratory
cycle. Newer CT simulators include such a “4-D” fea-
ture. The radiation oncologist then contours the tumor
at different phases of the respiratory cycle. The resul-
tant volumes are fused together and designated as the
volume of interest for treatment. If the treatment cen-
ter does not have a 4-D CT scanner, the radiation oncol-
ogist can perform multiple CT scans, with the patient
breathholding at maximal inspiration and expiration.

If the tumor does not move significantly after all
the planning has been completed, then the treatment
can be delivered with normal respiration. If motion is
still an issue, then the patient can be instructed in
breathholding techniques. Another option that some
centers have been using is to “gate”the treatment to the
respiratory cycle so that the patient breathes normally

but the treatment beam automatically turns on/off at
the appropriate time during normal respiration.

Treatment planning for the stereotactic setting dif-
fers markedly from the conventional setting. In con-
ventional radiation treatment, small doses per fraction
are delivered over a period of many weeks. With stereo-
tactic treatment delivery, high doses are given over a
few days. This mandates that an extensive process be
followed to assure that the setup position is verified
before the beam is turned on.

On each treatment day, once the patient is immo-
bilized, CT or orthogonal x-ray images are taken to
assess tumor motion. Slight shifts are applied to the
treatment couch to place the tumor precisely within 3-
D space at the location indicated on the treatment plan-
ning CT scan. These images are overlaid onto each
other for verification. Various software packages are
available that can then determine necessary shifts in
the treatment couch position in order to place the
tumor in the requisite location in 3-D space,prior to ini-
tiation of treatment. The result is that before each high-
dose fraction of radiation, the position of the intended
treatment is verified.

Lung
Surgery remains the standard of care for treatment 
of early-stage, peripheral non–small cell lung cancers.
However, many patients are not candidates for resec-
tion due to poor baseline pulmonary function or other
comorbidities. Over the past decade, a large number of
institutions have gained experience in treating periph-
eral lung lesions with stereotactic radiotherapy.
Because of concerns about toxicity to structures with-
in the mediastinum, treatment of central lesions has not
been routinely performed. A variety of radiation frac-
tionation schema have been attempted in the treatment
of T1-2 N0 lung tumors. Some of the trials and their
reported results are listed in the Table.6-13

Most of these studies demonstrate a dose-response,
with improved local control at radiobiologically higher
doses.7 In the United States, some centers have advo-

Authors Sample Size Total Dose/# of Fractions (fx) Local Control  Follow-up (mos) ≥≥ Grade 3 Toxicity  

Uematsu et al6 50 50–60 Gy/5–10 fx 94% 60    0.0%  

Onishi et al7 251 18–75 Gy/1–22 fx 86% 38   5.4%  

Nagata et al8 45 48 Gy/4 fx 98% 30   0.0%  

Timmerman et al9 37 60–66 Gy/3 fx 95% 24   5.4%  

Baumann et al10 138 30–48 Gy/2–4 fx 88% 33   10.1%*  

Zimmermann et al11 68 37.5 Gy/3 fx 88% 36 3.0%  

McGarry et al12 47 54–72 Gy/3 fx 87% 15 – 

Xia et al13 43 50 Gy/10 fx 95% 36  2.3% 

*Some of the treated lesions were central in location, not peripheral, athough the report does not clarify whether a central tumor location led to
increased risk of treatment toxicity.

Table. — Selected Reported Results in the Use of Stereotactic Radiotherapy for Treatment of Peripheral Lung Cancers
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cated the fractionation scheme implemented by Tim-
merman et al9 (20 Gy to 22 Gy × 3 fractions). Howev-
er, in Japan,where results from a variety of fractionation
schema have been reported, 12 Gy × 4 fractions or 10
Gy × 5 is typically utilized.7 It is not merely the pre-
scribed dose that differs in these various protocols;
other technical factors also vary, affecting the dose
actually delivered to the tumor. Some protocols did not
utilize heterogeneity corrections to calculate dose.
Some studies specified the dose to the tumor isocenter,
while others prescribed the dose to the tumor periph-
ery. Furthermore, tumor motion was variably account-
ed for. Despite these differences, these fractionation
schemas have led to uniformly high rates of local con-
trol, typically around 90% to 95%. Radiological evi-
dence of tumor regression is often evident after only 6
weeks (Fig 2A-B).

Classically, it has been thought that higher dose per
fraction of radiation translates into more damage to nor-
mal tissue. However, researchers have reported few

examples of toxicity greater than grade 2 that are attrib-
utable to the stereotactic treatment. Pneumonitis and
rib fracture are the most commonly reported significant
adverse events. However, even these events are rela-
tively rare (Table). It will be important to follow these
patients longer to ascertain whether these increased
radiation doses translate into additional adverse events
over time. Currently, the preponderance of data sug-
gests that this is a safe and highly effective form of treat-
ment for patients with few treatment alternatives.

Going forward, it will be necessary to acquire addi-
tional data via multi-institutional, randomized protocols.
To that end, some large trials are completed, underway,
or in the planning stages. Some goals are (1) to build
on the results of a large, national multi-institutional trial
of stereotactic radiotherapy utilizing the dosing
scheme of 20 Gy × 3 fractions (RTOG-0236, enrollment
now completed, clinical follow-up ongoing, analysis
planned in 2008), (2) to define the role of SBRT in
patients who are operable candidates (RTOG-0618,
underway in 2008), (3) to define the role of SBRT in
patients with central lesions in a phase I dose escala-
tion trial (RTOG-0633), and (4) to define the role of
SBRT in patients with metastases to the lung (planned
as a future RTOG protocol).

Liver
Liver-only metastasis continues to be a multidiscipli-
nary management dilemma. There are subsets of
patients who appear to have the potential to be cured
if, indeed, they have a finite small number of metas-
tases, a state that has been called oligometastases.14

Determining how to best achieve long-term survival for
this group of patients is becoming an expanding clini-
cal issue as more treatment choices become available.

Surgical resection has been the mainstay of treat-
ment for the last few decades. Colorectal cancer
patients have formed the largest group of patients with
hepatic metastatic disease. For selected colorectal
patients with resectable liver-only disease, 5-year sur-
vival rates have consistently been in the range of 30%.15

Fong et al16 reported on over 1,000 patients from
Memorial Sloan-Kettering Cancer Center with a 5-year
survival rate of 37% and a 10-year survival rate of 22%.
In the multivariate analysis, increased risk for recurrent
disease was seen for those patients with positive mar-
gins, extrahepatic disease, a node-positive primary, a 
disease-free interval from primary to metastases of less
than 12 months, more than one hepatic tumor, the
largest tumor >5 cm, and a carcinoembryonic antigen
(CEA) level above 200 ng/mL.

Some institutions have reported even further
improvements. Choti et al17 reported that the 5-year sur-
vival rate for those treated at Johns Hopkins Hospital
was 58% from 1993 to 1999 compared with 31% from
1984 to 1992. In their analysis of their single institu-

Fig 2A-B. — (A) Lung tumor, prior to stereotactic radiotherapy.  (B) Lung
tumor 6 weeks after stereotactic radiotherapy.  Note the small area of
residual linear scarring.
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tional data over 16 years, factors that were associated
with an improved survival were number of tumors (≤3),
negative margins,and a CEA of <100. Investigators at M.
D. Anderson Cancer Center18 recently reported that
their institutional survival rate following hepatic resec-
tion of a solitary metastasis from a colorectal primary
exceeds 70% at 5 years. Data from Duke University
Medical Center have shown that there can be long-term
survivors of breast cancer with hepatic-only disease as
well, with a reported 22% long-term survival rate.19

Although hepatic resection remains the gold stan-
dard because of its improved outcomes, the rise of
radiofrequency ablation, embolization, chemoemboliza-
tion, and radioembolization has been providing addi-
tional options. These alternatives have been used pri-
marily when the patient has unresectable disease,
when resection would leave an inadequate liver rem-
nant, or when the patient’s medical status contraindi-
cates surgery.

The optimal selection of treatment modality has
become even more important now that solid tumor
systemic therapies continue to improve and control
extrahepatic disease. With the retrospective data tout-
ing the superiority of surgical resection, the question
bearing more scrutiny is: What is the best nonsurgical
alternative?  This has led to a resurgence of interest in
external-beam radiation now that treatment techniques
have improved.

Historically, external-beam radiation has been
explored for its palliative benefit in the context of
whole-liver radiation. In the 1980s, the RTOG conduct-
ed a trial randomizing patients to whole-liver radiation
alone or in combination with the radiosensitizer mis-
onidazole.20 The dose used was 21 Gy to the whole

liver in 7 fractions. Pain relief was reported in 80% of
the patients, with complete relief in 54%. The benefit
was noted a median of 1.7 weeks after initiation of
treatment and was associated with a median duration
of 13.0 weeks. There was no significant treatment-relat-
ed morbidity, and median survival was reported to be
4.2 months. Following the initial work with whole-liver
radiation alone, Mohiuddin et al21 demonstrated that a
boost dose of radiation in addition to whole-liver radia-
tion was associated with an improved median survival.
In this series of patients with metastatic colorectal can-
cer, the median survival associated with those patients
receiving whole-liver irradiation alone was 4 months
compared with 14 months in those patients who
received a boost to the site of liver disease.

In the 1990s, investigators from the University of
Michigan expanded this work with hepatic dose esca-
lation.22 Their trials showed the benefit of escalating
dose with conformal techniques while respecting the
tolerance of the liver (Fig 3). Data from their phase I/II
trial reported in 1995 showed an objective response in
50% of their patients and propelled them to further
explore the role of higher-dose delivery. They demon-
strated the importance of monitoring for radiation-
induced liver disease (RILD) as well as strategies to pre-
vent this complication.23,24 RILD is a clinical syndrome
characterized by anicteric hepatomegaly, ascites, and
elevated liver enzymes. The syndrome occurs typically
2 weeks to 4 months after completion of radiation
treatment to the liver. At the microscopic level, there is
evidence of venous congestion in the central portion
on each lobule with sparing of the larger veins. If RILD
occurs, the syndrome can progress in severe cases to
liver failure and death.

Based on the improvements seen with dose escala-
tion while respecting the tolerance of the liver, many
centers have been exploring the role of stereotactic
body radiation techniques. SBRT would allow higher
radiobiological doses, less irradiation of adjacent normal
tissues, and shorter overall treatment time. In 1994,
investigators from the Karolinska Hospital in Sweden
reported on a method for stereotactic high-dose radio-
therapy for abdominal tumors.25 They developed an
extracranial stereotactic frame and used abdominal
compression to reduce the movement of the diaphragm
to 5 mm to 10 mm. For 90% of their patient setups,
they found a reproducibility rate of 5 mm to 8 mm.
Blomgren et al26 were the first to subsequently publish
clinical data using this approach to treat liver malig-
nancies. They prescribed a dose to the planning target
volume of 7.7 Gy to 30 Gy for 1 to 4 fractions. The cen-
tral part of the tumor received about 50% higher dose
than that of the periphery of the planning target vol-
ume by a planned inhomogeneous dose distribution. At
a follow-up period of 1.5 to 38 months, the local rate of
no progressive disease was 80%.

Fig 3. — Dose distribution in a highly conformal radiation treatment plan.
The red and yellow shaded areas define the tumor to be treated.  The sur-
rounding red line represents the area receiving 100% of the prescribed
dose.  To achieve this conformality, a low dose of radiation is delivered to
surrounding normal tissues (blue lines).
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In 1997, German researchers began a trial explor-
ing stereotactic single-dose radiation therapy of liver
tumors. Herfarth et al27 reported the results of their
phase I/II trial that included 60 liver tumors in 37
patients. The dose was escalated from 14 to 26 Gy,
with the 80% isodose surrounding the planning target
volume. The median tumor size was 10 cm3. Results
showed that the treatment was well tolerated with no
major side effects. The overall actuarial local tumor
control rates were 75%, 71%, and 67% at 6, 12, and 18
months of follow-up, respectively. If the first treated
patients were grouped separately than the subse-
quent patients, the actuarial local control rate was
81% at 18 months. In the later-treated patients, strati-
fication by size was not associated with a difference
in local control rate of larger targets (≥15 cm3) vs
smaller targets (<15 cm3). Lieskovsky et al28 also
reported data with single fractions of 18 and 22 Gy. In
their phase I study, they have not yet reached the max-
imum tolerated dose at 22 Gy and are increasing the
dose to 30 Gy.

The data reported so far with longer follow-up are
encouraging. In a phase I study of SBRT for liver metas-
tases, Schefter et al29 showed the feasibility of deliver-
ing a dose of 60 Gy in 3 fractions to patients with one
to three liver metastases. Last year, the data were up-
dated from the continuation of that study as a phase II
trial.30 For the 28 discrete lesions treated with a median
gross tumor volume of 14 cm3, the 18-month actuarial
control estimate is 93%. There was no grade 4 toxicity.
The patients included in their study either declined
surgery or were considered to be technically or med-
ically inoperable.

Other groups have focused on integrating a more
protracted approach with 6 to 10 treatment fractions.
Investigators from the University of Rochester Medical
Center noted a median overall survival time of 14.5
months for their liver SBRT patients.31 They reported
data on 69 patients with 174 treated metastatic liver
lesions. The preferred treatment schedule in their study
was 50 Gy in 5 Gy fractions over 2 weeks. The actuari-
al in field control rate of the irradiated lesions was 76%
at 10 months and 57% at 20 months. The progression-
free survival rate was 46% at 6 months and 24% at 12
months. No patients developed grade 3 or higher toxi-
city. Princess Margaret Hospital data reported by Daw-
son et al32 also reflects a hypofractionated approach. In
their phase I/II trial, the investigators always delivered
the stereotactic treatment in 6 fractions but individual-
ized the prescription dose to maintain the same esti-
mated risk of RILD based on a normal tissue complica-
tion probability (NTCP) model. The median prescribed
dose was 36.6 Gy in 6 fractions. The Radiation Therapy
Oncology Group is currently conducting an ongoing
trial (RTOG-0438) to identify the maximally tolerated
dose, up to 50 Gy in 5 Gy per fraction.

External-beam radiation has shown promise not
only in the setting of metastatic lesions but also in pri-
mary hepatocellular carcinoma (HCC), a disease in
which options are otherwise limited. Few medically fit
patients present with early-stage disease. Those who do
(with either a single nodule <2 cm to 5 cm or up to 3
nodules <3 cm) are considered for resection, liver trans-
plantation, or percutaneous ablation.33 In the last few
decades, work has been done with conformal partial
liver techniques. Seong et al34 reported on patients
with unresectable disease with a mean tumor size of
9.0 cm and with liver cirrhosis present in 90% of cases.
The total dose received was adjusted by the volume of
normal liver receiving radiation with a mean dose of
48.2 Gy in daily 1.8 Gy fractions. The response rate was
67% with a 2-year survival rate of 20% after radiothera-
py and a 5% survival rate after 5 years. Dose was shown
to be the only significant prognostic factor in multi-
variate analysis. Mornex et al35 reported results from a
French phase II trial of patients with one nodule <5 cm
or up to two nodules <3 cm. They treated patients at
66 Gy at 2 Gy per fraction and found a complete
response in 80%, a partial response in 12%, and stable
disease in 8%.

Studies of SBRT for primary liver cancers are ongo-
ing.32,36 Choi et al37 reported their experience with 20
HCC patients treated with 50 Gy in 5 to 10 fractions
with a tumor size of 2 cm to 6.5 cm. The overall
response rate was 80%, with 20% complete responses.
The disease-free survival rate was 65% at 1 year and
32.5% at 2 years. Tse et al38 recently reported the
Princess Margaret Hospital experience using the 6 frac-
tion individualized dose approach described above to
treat HCC and intrahepatic cholangiocarcinoma (IHC).
Forty-one patients with unresectable Child-Pugh A HCC
or IHC were included in the report. Median tumor size
was 173 mL, and the median delivered dose was 36.0
Gy. No RILD or treatment-related grade 4/5 toxicity
was seen within 3 months after treatment. Median sur-
vival of HCC and IHC patients was 11.7 months and
15.0 months, respectively.

Other Abdominal Sites
Stereotactic techniques are being applied to multiple
other abdominal tumor sites. In pancreatic cancer,
there is particular interest in exploring SBRT as a strat-
egy of dose escalation. The majority (80% to 85%) of
patients with this disease are diagnosed when their pri-
mary tumor is not operable. Data from the 1980s Gas-
trointestinal Tumor Study Group trial showed the
importance of chemotherapy in conjunction with
external-beam radiation with improved median sur-
vivals in the 10-month range compared with 5.7
months in the radiation-alone arm.39 Further work with
intraoperative radiation therapy and brachytherapy
have shown improved outcomes with local control,but



April 2008, Vol. 15, No. 2110 Cancer Control

not in survival and at the expense of increased toxicity
from irradiation of adjacent organs.40,41 With the advent
of better systemic chemotherapy regimens and SBRT,
the issue for the future is determining the true benefit
of a dose-intense, short-duration local modality. By ac-
counting for respiratory motion and only targeting the
gross target volume for stereotactic treatment, will we
be able to demonstrate improved outcomes?

The results so far are mixed. Investigators from
Aarhus University Hospital in Denmark explored
stereotactic radiotherapy for patients with locally
advanced, unresectable pancreatic cancer. In 2005,
Hoyer et al42 reported the results of a phase II study of
22 patients who received a central dose of 15 Gy × 3
within 5 to 10 days. Only 2 patients (9%) were report-
ed to have had a partial response; the remaining
patients had either no change or disease progression.
Median survival time was 5.7 months,and only 5% were
alive at 1 year. Toxicity was significant, with 4 patients
developing severe mucositis or ulceration of the stom-
ach or duodenum, and 1 developing a nonfatal ulcer
perforation of the stomach. Their group concluded that
the treatment was associated with a poor outcome
with unacceptable toxicity and was not recommended
for advanced pancreatic cancer.

Data from Stanford University,however,have shown
promise. Koong et al43 reported the results of their
phase I study of stereotactic radiosurgery in patients
with locally advanced pancreatic cancer. All patients on
the trial had 3 to 5 gold fiducials implanted into the
tumor and then were treated with doses that were esca-
lated from 15 to 25 Gy. Patients were selected if their
tumor was <7.5 cm and had an Eastern Cooperative
Oncology Group (ECOG) performance status of ≤2.
Radiosurgery was done with the Cyberknife system
(Accuray, Sunnyvale, California) in a single fraction to
the gross pancreatic tumor only, excluding elective
regional nodes. The investigators limited the dose to the
small bowel since that was believed to be the most
radiosensitive structure; the treatment plan was thus
designed such that the 50% isodose line covered only
the duodenal wall closest to the tumor. There was no
significant gastrointestinal acute toxicity observed in
the first 3 months. In the group treated to 25 Gy, the
median overall survival was 8 months. All of these
patients had local control of their tumors until death or
last follow-up. The investigators concluded that a dose
of 25 Gy would be recommended to achieve local con-
trol without significant toxicity.

A year later Koong et al44 reported on 19 patients
enrolled on a phase II trial that combined the 25 Gy
radiosurgical boost with 45 Gy delivered in conven-
tional fractionation with IMRT along with systemic 5-
fluorouracil. In this study, patients were treated first
with IMRT to the tumor and regional nodes concur-
rently with chemotherapy, which was delivered either

in the form of protracted venous infusion or as
capecitabine. The 25 Gy radiosurgical boost was deliv-
ered within 1 month of completion as a boost to the
gross tumor volume. The phase II trial was associated
with more acute gastrointestinal toxicity than the
phase I trial,with patients developing gastroparesis and
duodenal ulcers. The local control rate was 94%, but
systemic metastases progressed rapidly. Median overall
survival was 33 weeks, with the site of first progression
in all cases being distant.

The Karolinska Institute in Sweden45 has been pilot-
ing the use of SBRT in the setting of primary and
metastatic renal cell carcinoma. In a prospective phase
II trial reported last year, 30 patients with inoperable
renal cell carcinoma or metastatic disease received 2 to
4 fractions of SBRT with an overall survival of 32
months, a high degree of local control, and low toxicity.

Conclusions
High conformality with less normal tissue injury has
been associated with improved control rates in the
brain, so future research in extracranial sites holds sub-
stantial promise. By controlling the volume of normal
tissues that receive high radiation dose with better tar-
geting and real-time tracking systems, the path toward
improved outcomes is becoming clearer. Can we cure
a solitary primary or metastatic lung/liver tumor with
SBRT?  Can we combine better systemic chemotherapy
with better radiation and cure pancreatic tumors?  By
transcending the conventional, we have now moved
farther down that elusive road.

Disclosures
No significant relationship exists between the authors and the com-
panies/organizations whose products or services may be refer-
enced in this article.

The editor of Cancer Control, John Horton, MB, ChB, FACP, has
nothing to disclose.

References
1. Leksell L. The stereotaxic method and radiosurgery of the brain.

Acta Chir Scand. 1951;102:316-319.
2. Leksell L. Stereotaxis and Radiosurgery. Springfield, IL: Charles C.

Thomas; 1971.
3. Kondziolka D, Maitz AH, Niranjan A, et al. An evaluation of the Model

C gamma knife with automatic patient positioning. Neurosurgery. 2002;50:
429-431; discussion 431-432.

4. Herfarth KK, Debus J, Lohr F, et al. Extracranial stereotactic radia-
tion therapy: set-up accuracy of patients treated for liver metastases. Int J
Radiat Oncol Biol Phys. 2000;46:329-335.

5. Wulf J, Hädinger U, Oppitz U, et al. Stereotactic radiotherapy of
extracranial targets: CT-simulation and accuracy of treatment in the stereo-
tactic body frame. Radiother Oncol. 2000;57:225-236.

6. Uematsu M, Shioda A, Suda A, et al. Computed tomography-guided
frameless stereotactic radiotherapy for stage I non-small cell lung cancer: a
5-year experience. Int J Radiat Oncol Biol Phys. 2001;51:666-670.

7. Onishi H, Shirato H, Nagata Y, et al. Hypofractionated stereotactic
radiotherapy (HypoFXSRT) for stage I non-small cell lung cancer: updated
results of 257 patients in a Japanese multi-institutional study. J Thorac Oncol.
2007;2(7 suppl 3):S94-S100.

8. Nagata Y, Takayama K, Matsuo Y, et al. Clinical outcomes of a phase
I/II study of 48 Gy of stereotactic body radiotherapy in 4 fractions for prima-
ry lung cancer using a stereotactic body frame. Int J Radiat Oncol Biol Phys.
2005;63:1427-1431. Epub 2005 Sep 19.



April 2008, Vol. 15, No. 2 Cancer Control  111

9. Timmerman R, McGarry R, Yiannoutsos C, et al. Excessive toxicity
when treating central tumors in a phase II study of stereotactic body radia-
tion therapy for medically inoperable early-stage lung cancer. J Clin Oncol.
2006;24:4833-4839.

10. Baumann P, Nyman J, Lax I, et al. Factors important for efficacy of
stereotactic body radiotherapy of medically inoperable stage I lung cancer.
a retrospective analysis of patients treated in the Nordic countries. Acta
Oncol. 2006;45:787-795.

11. Zimmermann FB, Geinitz H, Schill S, et al. Stereotactic hypofrac-
tionated radiation therapy for stage I non-small cell lung cancer. Lung Can-
cer. 2005;48:107-114. Epub 2004 Dec 19.

12. McGarry RC, Papiez L, Williams M, et al. Stereotactic body radiation
therapy of early-stage non-small-cell lung carincoma: phase I study. Int J
Radiat Oncol Biol Phys. 2005;63:1010-1015. Epub 2005 Aug 22.

13. Xia T, Li H, Sun Q, et al. Promising clinical outcome of stereotactic
body radiation therapy for patients with inoperable stage I/II non-small-cell
lung cancer. Int J Radiat Oncol Biol Phys. 2006;66:117-125.

14. Hellman S, Weichselbaum RR. Oligometastases. J Clin Oncol. 1995;
13:8-10.

15. Fong Y, Cohen AM, Fortner JG, et al. Liver resection for colorectal
metastases. J Clin Oncol. 1997;15:938-946.

16. Fong Y, Fortner J, Sun RL, et al. Clinical score for predicting recur-
rence after hepatic resection for metastatic colorectal cancer: analysis of
1001 consecutive cases. Ann Surg. 1999;230:309-321.

17. Choti MA, Sitzmann JV, Tiburi MF, et al. Trends in long-term survival
following liver resection for hepatic colorectal metastasis. Ann Surg. 2002;
235:759-766.

18. Aloia TA, Vauthey JN, Loyer EM, et al. Solitary colorectal liver metas-
tasis: resection determines outcome. Arch Surg. 2006;141:460-467.

19. Selzner M, Morse MA, Vredenburgh JJ, et al. Liver metastases from
breast cancer: long term survival after curative resection. Surgery. 2000;127:
383-389.

20. Leibel SA, Pajak TF, Massullo V, et al. A comparison of misonidazole
sensitized radiation therapy to radiation therapy alone for the palliation of
hepatic metastases: results of a Radiation Therapy Oncology Group ran-
domized prospective trial. Int J Radiat Oncol Biol Phys. 1987;13:1057-1064.

21. Mohiuddin M, Chen E, Ahmad N. Combined liver radiation and
chemotherapy for palliation of hepatic metastases from colorectal cancer. J
Clin Oncol. 1996;14:722-728.

22. Robertson JM, Lawrence TS, Walker S, et al. The treatment of col-
orectal liver metastasis with conformal radiation therapy and regional
chemotherapy. Int J Radiat Oncol Biol Phys. 1995;32:445-450.

23. Jackson A, Ten Haken RK, Robertson JM, et al. Analysis of clinical
complication data for radiation hepatitis using a parallel architecture model.
Int J Radiat Oncol Biol Phys. 1995;31:883-891.

24. Dawson LA, Normolle D, Balter JM et al. Analysis of radiation-
induced liver disease using the Lyman NTCP model. Int J Radiat Oncol Biol
Phys. 2002;53:810-821.

25. Lax I, Blomgren H, Näslund I, et al. Stereotactic radiotherapy of
malignancies in the abdomen. methodological aspects. Acta Oncol. 1994;33:
677-683.

26. Blomgren H, Lax I, Näslund I, et al. Stereotactic high dose fraction
radiation therapy of extracranial tumors using an accelerator. clinical expe-
rience of the first thirty-one patients. Acta Oncol. 1995;34:861-870.

27. Herfarth KK, Debus J, Lohr F, et al. Stereotactic single-dose radia-
tion therapy of liver tumors: results of a phase I/II trial. J Clin Oncol. 2001;
19:164-170.

28. Lieskovsky YC, Koong A., Fisher G, et al. Phase I Dose Escalation
Study of Cyberknife Stereotactic Radiosurgery for Liver Malignancies. In:
Proceedings from the 47th Annual American Society for Therapeutic Radi-
ology and Oncology Meeting; October 16-20, 2005; Denver, CO. Abstract
2089.

29. Schefter TE, Kavanagh BD, Timmerman RD, et al. A phase I trial of
stereotactic body radiation therapy (SBRT) for liver metastases. Int J Radi-
at Oncol Biol Phys. 2005;62:1371-1378.

30. Kavanagh BD, Schefter TE, Cardenes HR, et al. Interim analysis of a
prospective phase I/II trial of SBRT for liver metastases. Acta Oncol. 2006;
45:848-855.

31. Katz AW, Carey-Sampson M, Muhs AG, et al. Hypofractionated
stereotactic body radiation therapy (SBRT) for limited hepatic metastases.
Int J Radiat Oncol Biol Phys. 2007;67:793-798. Epub 2006 Dec 29.

32. Dawson LA, Eccles C, Craig T. Individualized image guided iso-
NTCP based liver cancer SBRT. Acta Oncol. 2006;45:856-864.

33. Schefter TE, Cardenes HR, Kavanagh BD. Normal tissue dose con-
straints in stereotactic body radiation therapy for liver tumors. In: Kavanagh
BD, Timmerman RD, eds. Stereotactic Body Radiation Therapy. Baltimore,
MD: Lippincott, Williams, and Wilkins; 2005:115-127.

34. Seong J, Park HC, Han KH et al. Clinical results and prognostic fac-
tors in radiotherapy for unresectable hepatocellular carcinoma: a retrospec-
tive study of 158 patients. Int J Radiat Oncol Biol Phys. 2003;55:329-336.

35. Mornex F, Girard N, Beziat C, et al. Feasibility and efficacy of high-
dose three-dimensional-conformal radiotherapy in cirrhotic patients with
small-size hepatocellular carcinoma non-eligible for curative therapies:

mature results of the French Phase II RTF-1 Trial. Int J Radiat Oncol Biol
Phys. 2006;66:1152-1158.

36. Méndez Romero A, Wunderink W, Hussain SM, et al. Stereotactic
body radiation therapy for primary and metastatic liver tumors: a single insti-
tution phase I/II study. Acta Oncol. 2006; 45:831-837.

37. Choi BO, Jang HS, Kang KM et al. Fractionated stereotactic radio-
therapy in patients with primary hepatocellular carcinoma. Jpn J Clin Oncol.
2006;36:154-158.

38. Tse RV, Hawkins M, Lockwood G, et al. Phase I study of individualized
stereotactic body radiotherapy for hepatocellular carcinoma and intrahepatic
cholangiocarcinoma. J Clin Oncol. 2008;26(4):657-664. Epub 2008 Jan 2.

39. Moertel CG, Frytak S, Hahn RG, et al. Therapy of locally unre-
sectable pancreatic carcinoma: a randomized comparison of high dose
(6000 rads) radiation alone, moderate dose radiation (4000 rads + 5-fluo-
rouracil), and high dose radiation + 5-fluorouracil. The Gastrointestinal
Tumor Study Group. Cancer. 1981;48:1705-1710.

40. Roldan GE, Gunderson LL, Nagorney DM et al. External beam ver-
sus intraoperative and external beam irradiation for locally advanced pan-
creatic cancer. Cancer. 1988;61:1110-1116.

41. Raben A, Mychalczak B, Brennan MF, et al. Feasibility study of the
treatment of primary unresectable carcinoma of the pancreas with 103Pd
brachytherapy. Int J Radiat Biol Onc Phys. 1996;35:351-356.

42. Hoyer M, Roed H, Sengelov L, et al. Phase-II study on stereotactic
raditotherapy of locally advanced pancreatic carcinoma. Radiother Oncol.
2005;76:48-53.

43. Koong AC, Le QT, Ho A, et al. Phase I study of stereotactic radio-
surgery in patients with locally advanced pancreatic cancer. Int J Radiat
Oncol Biol Phys. 2004;58:1017-1021.

44. Koong AC, Christofferson E, Le QT, et al. Phase II study to assess
the efficacy of conventionally fractionated radiotherapy followed by a stereo-
tactic radiosurgery boost in patients with locally advanced pancreatic can-
cer. Int J Radiat Oncol Biol Phys. 2005;63:320-323.

45. Svedman C, Sandström P, Pisa P, et al. A prospective phase II trial
of using extracranial stereotactic radiotherapy in primary and metastatic
renal cell carcinoma. Acta Oncol. 2006;45:870-875.


