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Abstract: Pancreatic cancer (PCA) is one of the most aggressive tumors with few effective treatment
modalities. It is the 4th and 7th leading cause of cancer death in the United States and China, respectively.
At the tme of diagnosis, only 20% of cases present with a resectable tumor, and about 40% with a locally
advanced tumor that is considered unresectable. Even resected patients still have a poor prognosis, with
an incidence of local recurrence ranging from 20% to 60%. It is also reported that up to 30% of PCA
patients die from locally obstructive disease with few or no distant metastases. These findings have
highlighted the importance of local radiation therapy in the treatment of PCA. As the role of conventional
chemoradiotherapy remains controversial, the dawn of the pancreas stereotactic body radiation therapy
(SBRT) era represents a potential paradigm shift in the management of PCA. SBRT delivers a higher
biological effective dose to the tumor with sharp dose escalation in a shorter treatment time course. Pancreas

SBRT is a novel therapeutic option to achieve local tumor control with minimal toxicity. Herein, we review

the advancement of SBRT for PCA patients with different stages of pancreatic adenocarcinoma.
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Introduction

Pancreatic cancer (PCA) is the fourth leading cause of
cancer-related deaths for both genders in the United States,
and it is estimated that 48,960 new PCA cases will be
diagnosed and 40,560 will die from the disease in the USA
in 2015 (1). In China, PCA is the seventh leading cause of
cancer death. According to the National Central Cancer
Registry (NCCR) of China, PCA accounted for 3% of all
cancer deaths in 2010, with the total number of deaths
at 57,735 (2). Overall, despite the advances in surgery,
radiotherapy, chemotherapy, immune and targeted therapy,
the prognosis of PCA remains to be poor, with a 5-year
overall survival (OS) rate of 7% for all stages combined (1).
Lack of symptoms at its onset allows PCA to progress to
a more advanced stage at the time of diagnosis, with only
20% of cases presenting with a resectable tumor, and about
40% with locally advanced, unresectable disease (3). Surgical
resection appears to be the only modality providing a
chance of cure (4); however, even resected patients have
a poor prognosis, with a 5-year survival of approximately
20% (4,5). The incidence of local recurrence has been
reported as 20% to 60% (6-8), and autopsy data reveals
even higher rates (9). For those with locally advanced,
unresectable disease, the main therapeutic option is a
combination of chemotherapy and radiotherapy, with
an aim to control the local disease and prevent pain and
obstruction, all of which negatively impact the patient’s
quality of life. In a report from Johns Hopkins Hospital
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by Iacobuzio-Donahue et a/., up to 30% of PCA patients
died from locally obstructive disease with few or no
distant metastases (9). Moreover, advances in systemic
chemotherapy and targeted therapy have improved patient
outcomes. As patients live longer, the role of local therapy
such as radiotherapy becomes even more important. These
findings have highlighted the importance of local radiation
therapy in the management of PCA.

The role of conventional radiation therapy in the
management of PCA

Chemoradiation (CRT) has played a key role in the
treatment paradigm for patients with unresectable PCA.
Previous clinical trials investigating treatment options for
patients with locally advanced pancreatic cancer (LAPC)
have demonstrated conflicting results regarding the role of
conventional CRT. When compared to chemotherapy alone,
an increase in OS with CRT was confirmed in three trials
conducted before the 1980s: the Gastrointestinal Tumor
Study Group (GITSG) 9283, the Eastern Cooperative
Oncology Group (ECOG) 4201, and the Groupe
Coopérateur Multidisciplinaire en Oncologie (GERCOR)
trials. However, a substantial increase in toxicity was also
seen in the CRT arms of the first two studies (10,11). In
contrast, patients undergoing CRT had decreased OS rates
in the Fédération Francophone de Cancérologie Digestive
and Société Francophone de Radiothérapie Oncologique
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Figure 1 (A) depicts the treatment plan of a patient receiving 33 Gy in 5 fractions to treat a tumor in the head of the pancreas. Note the

use of multiple high-dose beams and strict contouring of surrounding organs at risk (OARs). (B) displays the corresponding dose volume

histogram (DVH). This demonstrates that dose to the planning target volume (PTV, dark green) and gross tumor volume (GTV, red) is

maximized while minimizing dose to the OARs such as the duodenum (light blue), stomach (yellow), bowel (orange), liver (dark blue),

kidneys (brown), and spinal cord (light green).

(FFCD-SFRO) study (12).

With the aim to settle the controversy regarding the
role of standard CRT for LAPC patients, the phase III
GERCOR LAP 07 study sought to evaluate the role of CRT
following induction chemotherapy (13). After induction
chemotherapy with gemcitabine or gemcitabine/erlotinib,
LAPC patients were stratified to two additional months of
chemotherapy alone or CRT (54 Gy and capecitabine). The
investigators reported no significant improvement in OS
with the addition of CRT compared to gemcitabine-based
chemotherapy alone (13). The study has showed that LAPC
patients receiving chemotherapy alone had a slightly higher
median OS of 16.5 months compared to patients receiving
CRT (15.3 months) (13). However, there was a significant
improvement in first local progression in patients who
received CRT. It is important to note that the final data
analysis of this study has not yet been published.

Nevertheless, CRT currently remains an important
component of treatment in patients with unresectable
LAPC. Due to inadequate local control (LC) (~50-60%)
observed with standard CRT regimens involving three-
dimensional conformal radiation therapy (3D-CRT),
emphasis has been shifted towards improved radiation dose
escalation of the primary tumor with intensity-modulated
radiation therapy (IMRT) or stereotactic body radiation
therapy (SBRT). Ben-Josef ez a/. reported an impressive
median OS of 14.8 months when treating patients with
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full-dose gemcitabine and IMRT to 50-60 Gy (14). In this
study, they incorporated small expansions of the primary
tumor and motion management in order to minimize
treatment-related toxicity. Similarly, optimizing technologic
advancements in radiation dose delivery, image guidance,
and motion management, SBRT enables the precise
application of multiple high-dose radiation beams to treat
the tumor plus a small margin over 1-5 days (Figure I).

Evolution of SBRT in PCA

The Stanford group reported on the first study to
demonstrate the feasibility of a single-fraction SBRT
(25 Gy) regimen for LAPC (15). Excellent LC rates were
achieved; however, increased rates of late gastrointestinal
toxicity were also found in subsequent studies from the
same group and Hoyer ez 4/. (16,17). The reasons for higher
toxicity rates in these early SBRT studies might have been
attributed to the lack of fractionation, inadequate motion
management techniques, absence of image guidance using
fiducial markers, and lack of specific dose constraints for
organs at risk (OARs).

Following these initial reports, SBRT delivered in 3-5
fractions has been investigated thereafter (18-20). Several
retrospective studies have revealed similar LC rates and a
lower incidence of high-grade toxicity, as compared to those
of single-fraction SBRT. This has led to increasing interest
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Table 1 A summary of clinical studies of stereotactic body radiation therapy in pancreatic cancer

Patients SBRT dose Median .
Study (year) . 1-year LC Toxicity Chemotherapy
(n) & fraction OS (m)

Koong et al. 15 LA 15-25 Gy x1 100% 33% Grades 1 & 2 None
(15) 2004 0% = Grade 3
Koong et al. 16 LA 25 Gy x1 (boost) 94% 8.3 69% Grades 1 &2 5-FU with EBRT prior to SBRT
(16) 2005 12.5% > Grade 3
Schellenberg etal. 16 LA 25 Gy x1 100% 11.4 19% Acute 1 cycle induction GEM +
(21) 2008 47% Late post-SBRT GEM
Hoyer et al. 22 LA 15 Gy x3 57% 5.4 79% Grade 2
(17) 2005 4.5% Grade 4
Mahadevan et al. 36 LA 8-12 Gy x3 78% 14.3 33% Grades 1 &2 Post-SBRT GEM
(18) 2010 8% Grade 3
Mahadevan et al. 39 LA 8-12 Gy x3 85% 20 41% Grades 1 & 2 2 cycle induction GEM
(22) 2011 0% Acute Grade 3

9% Late Grade 3
Polistina et al. 23 LA 10 Gy x3 50% 10.6 20% Grade 1 6 week induction GEM
(20) 2010 0% Grade 2
Moningi et al. 74 LA 5-6.6 Gy x5 61% LPFS 184 3.4 % = Acute Grade 3  Pre-SBRT Chemo in 77 cases
(23) 2015 14 BR 5.7% = Late Grade 2
Gerka et al. 10 LA 5 Gy x5 40% 12.2 0% Grade 3 1 cycle pre-SBRT GEM +5
(24) 2013 cycle post-SBRT GEM
Herman et al. 49 LA 6.6 Gy x5 83% LPFS 13.9 2% > Acute Grade 2 GEM followed by SBRT
(25) 2015 11% = Late Grade 2

BR, borderline resectable; 5-FU, 5-flourouracil; GEM, gemcitibine; LA, locally advanced; LC, local control; LPFS, local progression
free survival; OS, overall survival; SBRT, stereotactic body radiotherapy.

in fractionated SBRT.

The application of SBRT provides other advantages.
Because SBRT can be completed within a week, the delay
to surgery and/or a full-dose chemotherapy course is
minimized. Furthermore, a shorter therapeutic course is
more convenient for patients. Moreover, the biologically
effective dose (BED) delivered with SBRT appears to be
higher than conventional fractionation schedules, which
may result in improved long-term maintenance of local
control.

SBRT in LAPC

Table 1 provides an overview of studies that have explored
the role of SBRT in the management of LAPC. The initial
clinical report on SBRT in the treatment of LAPC was
from the Stanford group using CyberKnife. Patients with
LAPC were treated to doses of 25 Gy in a single fraction
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without chemotherapy. Koong et 4/. reported that the 1-year
LC rate was 100%, and the median OS was 11 months.
Although none of patients suffered from grade 3 toxicity,
33% of patients experienced grade 1-2 toxicity (15). Koong
et al. subsequently conducted a phase II study incorporating
a SBRT boost of 25 Gy to the pancreatic tumor after a
S-week course of 5-fluorouracil concurrent with external
beam radiation therapy. The 1-year LC rate was 94%, 69%
of patients experienced grade 1-2 toxicity, 12.5% of patients
suffered from grade 3 toxicity, and the median OS was
8.3 months (16). When combining SBRT with standard
CRT, toxicities were higher. Most grade 1 toxicities
involved mild nausea, whereas more patients encountered
grade 2 and 3 toxicities. Two patients developed duodenal
ulcers 4-6 months after therapy. To further explore the
effect and toxicity of chemotherapy combined with SBRT,
Schellenberg et al. conducted a phase II study incorporating
one cycle of induction gemcitabine followed by single-
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fraction SBRT to 25 Gy and maintenance gemcitabine. The
l-year LC rate was 100%, 19% of patients experienced
acute toxicity, 47% of patients suffered from late toxicity,
and the median OS was 11.4 months (21). These studies
demonstrated excellent LC rates but also showed increased
late gastrointestinal toxicity. Lack of fractionation
likely contributed to higher toxicity rates. Investigators
subsequently shifted to delivering SBRT in 3-5 fractions.

Hypo-fractionated SBRT regimens were adopted as
a means to further decrease toxicity while maintaining
effective LC. First investigated in a phase II study by
Hoyer et al., a regimen of SBRT to a dose of 45 Gy in
three fractions was delivered to 22 LAPC patients. The
LC rate was 57%, 79% of patients suffered from grade 2
toxicity, 4.5% of patients suffered from grade 4 toxicity,
and the median OS was 5.4 months (17). Of note, the
poor outcomes are likely to have resulted from the lack of
accurate positioning and lack of dose constraints to OARs.
Mahadevan ez al. performed a similar study involving 36
LAPC patients who received three fractions of SBRT to 24
to 36 Gy followed by gemcitabine. At a median follow-up
of 24 months (range, 12-33 months), the LC rate was 78%
with median OS of 14.3 months. The authors also reported
low rates of toxicities, with only 25% of patients suffering
from grade 2 toxicity and 8% of patients suffering from
grade 3 toxicity. Late toxicity occurred in two patients in
the form of gastrointestinal bleeding (18). The same group
subsequently employed an identical SBRT fractionation
scheme following three cycles of induction gemcitabine.
The LC rate at 1-year was 85% in 39 LAPC patients with a
higher median OS of 20 months, and the rate of late grade
3 toxicities such as bowel obstruction and gastrointestinal
bleeding was reported to be 9% (22). An Italian study also
evaluated a 3-fraction regimen of 10 Gy SBRT following
6 weeks of pre-SBRT gemcitabine in 23 patients with
LAPC (20). The overall LC rate was 82.6% (14 partial
response, 2 complete response, 3 stable disease). Median
OS was 10.6 months, which is lower than other similar
reports mentioned above. A much lower rate of toxicity was
also reported, with no grade 2 or greater acute toxicity in this
group of patients (20). However, the definition of LC can
vary tremendously between each study, thereby increasing
the difficulty of comparison among these reports.

Recently, in a retrospective series at Johns Hopkins
Hospital, 74 LAPC patients received SBRT to 25-33 Gy in
5 fractions following gemcitabine or FOLFIRINOX-based
chemotherapy. The median OS from the date of diagnosis
was 18.4 months and 15 (20%) patients underwent
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successful surgical resection following SBRT (23). Gurka
et al. from the Georgetown group evaluated 10 LAPC
patients treated with a multi-fraction SBRT regimen.
Patients received one cycle of gemcitabine before SBRT.
During week 4 of cycle 1, patients received 25 Gy in 5
fractions, followed by gemcitabine chemotherapy to a
maximum of another five cycles (24). The 1-year LC rate
was 40% with a median OS of 12.2 months, and no patients
suffered from grade 3 acute toxicity (24).

A multi-institutional prospective phase II study
involving Johns Hopkins Hospital, Memorial Sloan
Kettering Cancer Center, and Stanford University was
recently completed (25). In that study, pancreatic fiducial
markers were placed, motion management techniques
engaged, and strict dose constraints required. Moreover,
all therapeutic plans were centrally reviewed before
treatment. A total of 49 LAPC patients received SBRT to
a dose of 33 Gy in five fractions followed by gemcitabine.
The 1-year freedom from local progression (FFLP) rate
was 78%, and the median OS was 13.9 months (25). Only
2% of patients experienced grade 2 or more acute toxicity,
and 11% of patients suffered from grade 2 or more late
toxicity (25).

The use of fractionated SBRT regimens in patients
with LAPC has resulted in promising LC rates that
are higher than conventional external beam radiation
therapy regimens, with acceptable rates of acute and late
gastrointestinal toxicity.

SBRT in BRPC

The literature concerning the application of SBRT in the
BRPC is limited. Chuong et a/. at Moffitt Cancer Center
recently reported on 30 BRPC patients who received
neoadjuvant SBRT and concurrent gemcitabine/taxotere/
xeloda (GTX) chemotherapy. Twenty-one (70%) patients
underwent resection after this regimen. The margin-
negative (RO) resection rate was 95% and the node-negative
resection rate was 76%. One patient had a near pathologic
complete response and two had a partial response. Median
OS was 20 months and 1-year progression-free survival
(PFS) was 61%. No high-grade (>2) acute toxicity or late
grade toxicity was reported (26). Therefore, SBRT in
combination with GTX in the neoadjuvant setting was
well tolerated with a high conversion rate from borderline
resectable to resectable candidates and an increased rate of
margin-negative resection (26).

Chuong et al. subsequently performed another
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retrospective study of 57 BRPC patients who received
induction chemotherapy and SBRT. Median doses of
35 Gy were delivered to the region of vessel involvement
and 25 Gy to the remainder of the tumor (19). Thirty-
two patients (56.1%) underwent surgery, with 96.9%
(31/32) undergoing an RO resection. Three (9.3%) patients
achieved a pathologic complete response and 2 (6.3%)
had a near pathologic complete response. Median OS was
16.4 months. No grade 3 or greater acute toxicity was
reported whereas 5.3% of patients experienced grade 3 or
greater late toxicity (19). Another group from Pittsburgh
reported on pathologic response following SBRT for
both LAPC (n=5) and BRPC (n=7) patients. Eleven of
the 12 (92%) patients received gemcitabine-based or
FOLFIRINOX-based chemotherapy before receiving
either 24 Gy SBRT in one fraction (n=5) or 36 Gy SBRT in
3 fractions (n=7) (27). Three of the 12 (25%) patdients had
a pathologic complete response while another two cases
(16.7%) demonstrated a near pathologic complete response
(<10% viable tumor cells) following tumor resection. Of
all resected patients, 92% of the cohort achieved a RO
resection. Rates of OS at 1-, 2-, and 3-year were 92%, 64%,
and 51%, respectively (27).

Although the current evidence about SBRT in BRPC
is scarce, it appears that BRPC patients may benefit from
neoadjuvant SBRT with impressive pathologic response and
RO resection rates. Future research should focus on seeking
optimal dose and fractionation regimens in the BRPC
setting.

Advances of SBRT as adjuvant therapy in PCA

The postoperative local recurrence rates in patients with
resectable PCA are high, with a range of 20% to 60%
(6-8). Therefore, adjuvant therapy is needed with the aim
to decrease the risk of local recurrence. The incorporation
of SBRT and chemotherapy, which has shown significant
potential in the therapy of LAPC, is currently being
investigated in the adjuvant setting. Rwigema ez 4/. reported
on 12 patients following a margin-positive resection. The
FFLP rate at 1 year was 70.7% and 1-year OS was 81.8%.
A median OS of 20.6 months was achieved (28). Rwigema ez 4.
subsequently conducted a study that 24 resected patients
who had close or positive margins received adjuvant SBRT.
FFLP at 1 year was 66% and 1-year OS was 80.4%, with
a median OS of 26.7 months. No patients suffered from
acute grade 3 or greater toxicity (29). Results of this study
highlight that adjuvant SBRT in patients with close or
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positive margins benefited from the treatment. Additional
investigation is needed due to the small sample size of
the above studies. Future prospective multi-institutional
clinical trial is warranted to fully assess the role of SBRT as
adjuvant therapy.

Re-irradiation with SBRT after previous
conventional CRT

Wild er al. performed a retrospective study from Stanford
and Johns Hopkins Hospital on re-irradiation with SBRT
for isolated local recurrence or progression of PCA after
previous conventionally fractionated CRT. Eighteen locally
recurrent or progressive diseases were treated with SBRT to
a dose of 20-27 Gy (median, 25 Gy) in 5 fractions (30). Rates
of FFLP at 6 and 12 months after SBRT were 78% (14/18)
and 62% (5/8), respectively, with a median OS of 8.8 months
from SBRT. Effective symptom palliation was achieved in
57% of patients. Five patients (28%) experienced grade 2
acute toxicity; none experienced grade 3 or greater acute
toxicity. One patient (6%) experienced grade 3 late toxicity
in the form of small bowel obstruction (30). Lominska
et al. reported their experience of SBRT for salvage or
boost treatment after conventional doses of external
beam radiation therapy (31). Twenty-eight patients were
evaluated, 11 of which were treated with a SBRT boost
while the remaining 17 patients underwent salvage SBRT.
A dose of 20 to 30 Gy was delivered in 3 to 5 fractions.
The rate of FFLP was 86% (12/14), and median OS was
5.9 months (1-27 months) from the date of SBRT
treatment. Eleven patients (39%) had 9 months or greater
OS. OS at one year was 18%. Patients tolerated the
treatment well; only 1 patient had acute grade 2 nausea and
vomiting, and two late grade 3 gastrointestinal complications
were reported (31).

Although limited treatment options exist for isolated
local recurrent PCA after CRT, re-irradiation with SBRT
appears to be a safe and reasonable option in well selected
cases.

Summary and future directions

While surgical resection appears to be the modality
providing an optimal chance of cure, only about 20% of
PCA patients present with resectable disease, and 40%
present with unresectable, locally advanced disease (3).
Even in patients with resectable PCA, the local recurrence
rates are high with a range of 20-60% (6-8), and the
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recurrent lesions are often unresectable. Traditionally,
a combination of chemotherapy and radiotherapy are
the optimal therapeutic options, with an aim to control
the local disease and prevent pain and obstruction
which affect the patient’s quality of life. As the role of
conventional CRT remains controversial, the dawn of
the pancreas SBRT era represents a potential paradigm
shift in management of PCA. The advantages of SBRT
include the delivery of a higher biological effective dose,
the benefit of dose escalation, and a shorter treatment time
course. Pancreas SBRT is a therapeutic option to achieve
local tumor control; however, whether this translates into
improvement in survival remains uncertain. Pancreas SBRT
was initially investigated for LAPC and BRPC populations,
and has shown promising outcomes in local control for
PCA patients as compared to conventional CRT. The
acute toxicities have been reported to be mild, with most
of them being grade 1 and 2 gastrointestinal side effects,
while rates of grade 3 or greater toxicity are less common.
The incidence of late complications is also acceptable.
Now, SBRT has been expanded to the neoadjuvant setting
for resectable disease, adjuvant setting, and recurrent/
palliative setting. Exciting data is now accruing such
that neoadjuvant SBRT may facilitate margin-negative
resection and improve the likelihood of surgical resection
among PCA patients who were initially presumed to have
unresectable tumors (27,32).

As distant metastases continues to be the most common
sites of failure for PCA, there is also a clear need for more
effective systemic therapy in these aggressive tumor.
The FOLFRINOX regimen has been reported to have
superior outcome as compared to gemcitabine for patients
with metastatic disease (33-35), thus, investigation of a
combination FOLFRINOX or a modified FOLFRINOX
followed by SBRT is warranted. Another agent that shows
potential is gemcitabine combined with nab-paclitaxel,
and exploration of its use in the setting of SBRT in non-
metastatic PCA is necessary (36,37).

Patients may also benefit from individualized therapy by
screening out suitable cases for SBRT. It was reported that
the genetic status can be used to predict the failure pattern
among PCA patients. Those with intact tumor suppressor
gene DPC4 had a higher proportion of locally advanced
carcinomas with no documented metastatic disease (9). It
will be helpful if a local therapy such as SBRT could be
reserved for the subset of patients with higher risk of locally
destructive disease.

Although there are still many unanswered questions
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such as dose prescription, fractionation optimization,
tumor motion control, dosimetric constraints, and optimal
sequence of chemotherapy, it is still hopeful that pancreas
SBRT will prove to be an effective emerging technique in
the multi-modality treatment of PCA.
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