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Abstract: The role of radiation therapy for pancreatic cancer is rapidly evolving in every stage of this

disease. In resectable disease, there is conflicting evidence for adjuvant therapy, but an ongoing randomized

cooperative group trial is attempting to define the role of adjuvant chemoradiation with modern systemic

therapies and radiation techniques with an emphasis on radiation quality assurance. In borderline resectable

pancreatic cancer (BRPC), there is an emerging body of literature demonstrating the success of neoadjuvant

stereotactic body radiation therapy (SBRT) and a randomized cooperative group trial is actively accruing. For

locally advanced pancreatic cancer (LAPC), the recent publication of the LAPO7 trial has called into question

the role of conventional chemoradiation, but there is a growing experience utilizing SBRT for this patient

group. Finally, in the era of immuno-oncology, there may be a new role for radiation therapy in combination

with systemic immune therapy to stimulate antigen release and abscopal responses, thus benefitting even

patients with metastatic pancreatic cancer.
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Introduction

Pancreatic cancer remains one of the most challenging
diseases in the field of oncology. Surgical resection is the
only potentially curative therapy, yet only about 15% of
patients have disease amenable to curative resection (1)
and even in this small subset of patients, the 5-year overall
survival (OS) is approximately 20% (2). Pancreatic cancer
is practically broken into the following staging categories:
resectable disease, borderline resectable disease, locally
advanced (unresectable) disease, and metastatic disease.
The role of radiation therapy in each of these disease states
is evolving and this review summarizes the established
evidence for radiation therapy in pancreatic cancer as well
as highlights recent studies that may point to future roles
for radiation in each stage of disease.
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Resectable pancreatic cancer

Unfortunately, it is the minority of patients that present
with resectable pancreatic cancer (1), and due to the
complex anatomy of the pancreas in relation to adjacent
organs and vasculature, even in upfront resectable patients
there is a very high rate of margin positive resections,
especially the retroperitoneal margin. Reported rates of
margin positivity vary considerably between studies, but
are reported to be between about 25% and 50% (2-5) and
one study that defined an R1 resection to include margins
negative by less than 1 mm, and used a standard pathologic
protocol for tissue processing, found an R1 resection
rate of 76% (6). These studies highlight the rationale for
consideration of neoadjuvant therapy even in the setting of
upfront resectable disease.
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Yet, the only randomized clinical trial comparing
neoadjuvant chemoradiation to immediate surgery
closed early due to poor accrual, nevertheless the results
were published (7). The study was designed to compare
neoadjuvant chemoradiation utilizing 3D conformal
techniques to 55.8 Gy to the primary tumor and 50.4 Gy
to the regional lymph nodes with concurrent gemcitabine
and cisplatin, to upfront surgery and adjuvant gemcitabine.
The study did not demonstrate a difference in OS but was
grossly underpowered (7).

Despite a lack of randomized data, there are notable
single arm studies of neoadjuvant therapy that are worth
highlighting. In a multi-institutional phase II study of
neoadjuvant chemoradiation to 36 Gy in 15 fractions
utilizing 3D conformal techniques with full dose concurrent
gemcitabine, 17 of 20 patients underwent surgical resection
with a 94% rate of RO resection and pNO in 65% of
patients (8). A phase II study of neoadjuvant chemoradiation
to 30 Gy in 10 fractions with concurrent gemcitabine
prior to surgery for resectable disease was performed
at MD Anderson Cancer Center (9). Radiotherapy
was delivered using 3D conformal techniques and the
pancreaticoduodenal, portahepatic, superior mesenteric,
and celiac lymph nodes, were electively included in the
treatment volume. A total of 86 patients enrolled on the
study, 73 ended up undergoing surgical resection, with
surgery aborted in 6 patients due to extrapancreatic disease
identified at the time of surgery, resulting in 64 patients
completing pancreaticoduodenectomy. There was an 11%
positive margin rate with median OS of 34 months and
S-year OS of 36%. Thirty-eight percent of patients had
pN1 disease (9). Investigators at Massachusetts General
Hospital conducted a phase I/1I study of neoadjuvant
short course proton beam radiation therapy to 25 Gy in
5 fractions with concurrent capecitabine (10). There were no
significant toxicities. Of 48 eligible patients, 37 underwent
pancreaticoduodenectomy with 16% positive margin
rate but 81% of patients had pN1 disease. And 16.2% of
resected patients experienced a locoregional failure (10).
Although the above studies are compelling, upfront surgical
resection remains standard of care for resectable patients,
nonetheless, novel studies are needed to improve outcomes
for this patient cohort.

With upfront surgery as the standard management of
resectable tumors, the potential role for radiation therapy
in the adjuvant setting remains an important question. The
existing data are conflicting and many of the studies used
outdated radiation techniques. In 1985, the Gastrointestinal
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Tumor Study Group (GITSG) reported a small trial of
49 patients that showed a statistically significant OS
benefit for patients receiving adjuvant chemoradiation with
5-FU versus patients that were treated with surgery alone
(11,12). A follow-up trial by the European Organization
for Research and Treatment of Cancer (EORTC) showed
a trend towards improvement in OS with postoperative
chemoradiation but this finding did not reach statistical
significance (2-year OS 26% in observation arm and
34% in adjuvant chemoradiation arm, P=0.099) (13). The
European Study Group for Pancreatic Cancer-1 (ESPAC-1)
trial subsequently showed an advantage to adjuvant
chemotherapy but worse outcomes for patients receiving
chemoradiation (14), however the flawed methodology in
this study has been highly criticized (15-17). To further
evaluate this question using more modern radiotherapy
techniques, a combined retrospective analysis from the Johns
Hopkins Hospital and Mayo Clinic of 1,092 patients treated
with adjuvant chemoradiation versus observation alone
utilizing matched pair analyses demonstrated a significant
improvement in survival for patients receiving adjuvant
chemoradiation (21.1 vs. 15.5 months, P<0.001) (18).
RTOG 0848 is an actively enrolling phase III trial
attempting to answer this question in the modern era with
current chemotherapy and advanced radiation techniques,
and incorporating high quality radiation quality assurance.

Borderline resectable pancreatic cancer (BRPC)

Pancreatic head tumors are classified as borderline
resectable by the National Comprehensive Cancer Network
(NCCN) criteria if there is solid tumor contact with the
common hepatic artery without extension to the celiac axis
or hepatic artery bifurcation allowing for safe and complete
resection and reconstruction, or solid tumor contact with
the superior mesenteric artery <180°. Regarding venous
involvement, borderline resectable tumors have solid tumor
contact with the superior mesenteric vein or portal vein
of >180°, or contact of <180° with contour irregularity of
the vein or thrombosis of the vein but with suitable vessel
proximal and distal to the site of involvement allowing for
safe and complete resection and vein reconstruction, or
solid tumor contact with the inferior vena cava. For body
and tail tumors, borderline resectable arterial involvement
is defined as solid tumor contact with the celiac artery of
<180° and solid tumor contact with the celiac artery of
>180° without involvement of the aorta and with an intact
and uninvolved gastroduodenal artery (19).
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Positive margins are associated with a significant
decrement in disease-free and OS (20-23). There is
a growing body of evidence to support neoadjuvant
radiation therapy for patients with BRPC with the goal of
downstaging tumors and allowing for a margin negative
resection. The MD Anderson Cancer Center has published
their single institution experience of 160 patients treated
with neoadjuvant radiation (24). Patients received either
50.4 Gy in 28 fractions or 30 Gy in 10 fractions. Sixty-six
patients ultimately went to surgery with 94% achieving a
negative margin and a median OS of 40 months for those
that went to surgery and 13 months for those that did
not (24). Recently, results of the prospective multi-
center single arm Alliance trial, A021101, were published.
Twenty-two patients received modified FOLFIRINOX
for four cycles followed by chemoradiation to 50.4 Gy in
28 fractions with concurrent capecitabine. Fifteen patients
underwent surgical resection with 14 achieving negative
margins. Five patients had less than 5% residual tumor
cells and 2 patients had a pathologic complete response
(pCR). Median OS was 21.7 months, but 64% of patients
experienced grade 3 or greater toxicity (25). Additionally,
although preoperative radiation did not appear to result in
improved toxicity or survival compared to postoperative
radiation in a retrospective analysis from the MD Anderson
Cancer Center, prolonged surgical recovery prevented
delivery of adjuvant therapy in 24% of patients (26). These
data suggest a benefit to neoadjuvant radiation in BRPC,
but there are disadvantages to long course chemoradiation,
including delaying delivery of full dose chemotherapy and
surgical resection, as well as the inconvenience for patients
of five and a half weeks of daily therapy.

Stereotactic body radiation therapy (SBRT) which uses
higher doses per fraction over fewer fractions to deliver very
focal, ablative doses to the tumor itself has an emerging
role in the neoadjuvant treatment of patients with BRPC
(Table 1). The Moffitt Cancer Center published an initial
review of their experience with this technique as well as a
subsequent update. They first reported on 73 patients with
locally advanced pancreatic cancer (LAPC) or BRPC treated
in 5 fractions at 5-6 Gy per fraction to the GTV with a
simultaneous integrated boost (SIB) of 7-10 Gy per fraction
in the region of vessel abutment. Just over half of BRPC
patients went to surgery with an RO resection achieved in
96.9%. There was no acute grade 2 or greater toxicity and
only 5.3% of patients experience late grade 3 or greater
toxicity (27). In an updated analysis that included 110 BRPC
patients, 51% underwent resection with a 96% RO resection
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rate. Median OS was 19.2 months, and 34.2 months
in patients that underwent surgical resection. There was only
a 7% rate of grade 3 or greater toxicity (28). Rajagopalan
et al. published on their experience of 105 patients
treated with SBRT for LAPC or BRPC. Twelve patients
underwent surgical resection, and of these, seven presented
with BRPC and five presented with LAPC. Five of the
surgical patients received 24 Gy in a single fraction, six
patients received 36 Gy in 3 fractions, and one patient
received 30 Gy in 3 fractions, prior to surgery. An RO
resection was achieved in 92% of patients with a pCR or
<10% of viable tumor cells in 41.7% of patients. One-,
2-, and 3-year OS were 92%, 64%, and 51%, respectively.
There were no grade 3 or greater toxicities attributable
to SBRT (29). Recently, the group at Emory completed a
phase I dose escalation trial of SBRT in BRPC. Thirteen
patients were treated in 3 fraction SBRT regimens. All
dose levels included an SIB to the posterior margin. Dose
level 1 was 30 Gy with an SIB to 36 Gy, dose level 2
was 36 Gy with an SIB to 42 Gy, dose level 3 was 36 Gy
with an SIB to 43.5 Gy, and dose level 4 was 36 Gy
with an SIB to 45 Gy. Dose level 4 was reached without
grade 3 or greater toxicities. Five patients experienced
progressive disease before resection but the eight patients
that went to surgery all had RO resections. Four patients
were alive and three were disease-free at a median follow-
up of 18 months. Median OS was not reached in resected
patients (30). Importantly, the studies outlined above
highlight the benefits of SBRT for neoadjuvant radiation.
In addition to the convenient short course, SBRT appears
to be far better tolerated than neoadjuvant chemoradiation.
In Alliance A021101, 64% of patients experienced grade 3
or greater toxicity, whereas minimal grade 3 toxicity
was reported in the SBRT experiences outlined above.
To further explore the neoadjuvant SBRT paradigm, an
Alliance trial, Alliance A021501, is currently enrolling
patients and is comparing neoadjuvant chemotherapy to
neoadjuvant chemotherapy and SBRT prior to surgery for
BRPC patients.

The institutional studies described above show SBRT
is a well-tolerated and effective neoadjuvant modality for
BRPC. The ongoing Alliance trial will help to determine
if the single institution successes utilizing neoadjuvant
SBRT for BRPC can be replicated in a multi-institutional
cooperative group format.

LAPC (unresectable)

Locally advanced (unresectable) pancreatic cancer presents
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Table 1 Existing studies of stereotactic body radiation therapy (SBRT) for pancreatic cancer

Reference Stage No. of patients Methods Outcomes Toxicities
Chuong et al., BRPC, 73 Retrospective: median (l) 56.1% of BRPC pts completed 5.3% late grade >3
2013 LAPC dose 25 Gy in 5 fx to tumor  surgery with RO resection in 96.9%, and
with SIB of 35 Gy to vessel MS 19.3 months; (Il) 1 year LC 81% in
abutment non-surgical pts
Mellon etal., BRPC, 159 (BRPC: 110, Retrospective: median (1) 51% of BRPC pts completed surgery 7% any grade >3
2015 (updated LAPC LAPC: 49) dose 30 Gy in 5 fx to tumor  with RO resection in 96.0%, and MS
analysis of with SIB of 40 Gy to vessel ~ 34.2 months; (Il) 1 year LC 78% in non-
Chuong et al.) abutment surgical pts
Rajagopalan  BRPC, 105 (12 that Retrospective: 24 Gy in 1 fx () 92% RO resection rate; (Il) 41.7% pCR No grade >3
etal., 2013 LAPC completed (5 pts), 36 Gy in 6 fx (6 pts),  or <10% viable tumor; (lll)
surgery are 30 Gy in 3 fx (1 pt) 1 year OS 92%, 2 years OS 64%,
reviewed) 3 years OS 51%
Shaib et al., BRPC 13 Prospective (phase I): 5 fx, (I) 8/13 pts completed surgery with DL4 reached
2016 DL1: 30 Gy, SIB to 36.0 Gy; 100% RO resection rate; (ll) at median without grade >3
DL2: 36 Gy, SIB to 42.0 Gy;  follow-up of 18 months, MS not reached
DL3: 36 Gy, SIB to 43.5 Gy;  in resected pts
DL4: 36 Gy, SIB to 45.0 Gy
Koongetal.,, LAPC 15 Prospective (phase I): DL1: MS 11 months No grade >3
2004 15 Gy in 1 fx; DL2: 20 Gy in
1 fx; DL3: 25 Gy in 1 fx
Schellenberg LAPC 16 Prospective (phase Il): 25 Gy MS 11.4 months 7/15 pts surviving
et al., 2008 in 1 fx; CyberKnife >4 months had
late grade >2
Schellenberg LAPC 20 Prospective (phase Il): 25 Gy MS 11.8 months 20% late grade >2
etal., 2011 in 1 fx, conventional LINAC
Hoyeretal., LAPC 22 Prospective (phase Il): 45 Gy MS 5.7 months Acute deterioration
2005 in 3 fx in PS and 4/22
“severe” Gl toxicity
Polistina LAPC 23 Prospective (phase Il): 30 Gy (I) 82.6% local response; () MS No grade >2
etal., 2010 in 3 fx 10.6 months; (lll) 8% became resectable
Goyal et al., LAPC 20 Retrospective: 22-30 Gy in (I) Tumor volume decrease of 38% at 16% grade 3; no
2012 1-3 fx 6 months; (Il) FFLP 88% at 6 months, grade >4
65% at 12 months; (lll) OS 89% at
6 months, 56% at 12 months
Gurka et al., LAPC 11 (10 completed Prospective (pilot): 25 Gy in ~ MS 12.2 months No grade >3
2013 SBRT and 5 fx to 75-83% isodose line
follow-up)
Tozzi et al., LAPC 30 (21 LAPC, Retrospective: 45 Gy in 6 fx () FFLP 75% at 2 years in entire group, No grade >3
2013 9 local (reduced to 36 Gy in 5 ptsto  96% in group that received 45 Gy;
recurrence) meet OAR constraints) (1) MS 11 months
Mahadevan LAPC 47 Retrospective: induction (I) 39 pts without metastatic disease 9% grade 3
etal., 2011 gemcitabine and SBRT after induction gemcitabine; () MS

24-36 Gy in 3 fx

20 months; (Ill) LC 85%

Table 1 (continued)
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Table 1 (continued)
Reference Stage No. of patients Methods Outcomes Toxicities

Hermanetal. LAPC 49
2015 phase Il): induction

gemcitabine then SBRT
33 Gy in 5 fx, adjuvant

Prospective (multi-institution () FFLP 78% at 1 year; (Il) 8%

11% late grade >2
underwent RO, pNO resections; (Ill) MS
13.9 months

gemcitabine until progression

SIB, simultaneous integrated boost; fx, fraction; BRPC, borderline resectable pancreatic cancer; LAPC, locally advanced pancreatic
cancer; MS, median survival; LC, local control; DL, dose level; LINAC, linear accelerator; PS, performance status; FFLP, freedom from
local progression; OS, overall survival; pCR, pathologic complete response; pts, patients; OAR, organs at risk.

a unique challenge. Despite the high propensity for patients
with pancreatic cancer to develop distant metastatic disease,
local disease remains not only a significant cause of patient
morbidity, but in an autopsy series about 30% of patients
died of locally destructive disease (31). However, recent
data from the LAPO7 trial did not demonstrate a survival
advantage with the addition of chemoradiation over
chemotherapy alone for these LAPC patients (32). Prior
to publication of the results of LAP07, chemoradiation
for LAPC was already controversial, with multiple
conflicting studies and concerns regarding methodology
and antiquated chemotherapy and radiation techniques
(33-38). Two retrospective studies then showed a benefit
to induction chemotherapy followed by chemoradiation
(39,40), similar to the design of LAP07. LAP07 was an
international phase III trial with a two-step randomization,
with the first randomization between induction gemcitabine
and induction gemcitabine and erlotinib. The second
randomization was to continued chemotherapy alone or
chemoradiation. The study showed no difference in OS or
progression-free survival (PFS) for patients that received
chemotherapy alone or chemoradiation. However, there
were differences in pattern of failure and chemotherapy-free
interval, with 32% local progression in the chemoradiation
arm and 46% in the chemotherapy alone arm, and
6.1 months until initiation of second line chemotherapy
in the chemoradiation arm versus 3.7 months in the
chemotherapy alone arm (32). These data do leave open
the possibility that local therapy still has a role in LAPC,
and there is a growing body of evidence supporting altered
fractionation to improve the therapeutic ratio.

Ben-Josef et al. conducted a phase 1/II study of dose
escalated intensity modulated radiation therapy (IMRT)
with gemcitabine in patients with unresectable pancreatic
cancer (41). Fifty patients were enrolled with 2-year
freedom from local progression and OS of 59% and 30%,
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respectively. The authors suggested a dose of 55 Gy in
25 fractions which was associated with a probability of
dose limiting toxicity of 0.24 (41). Krishnan ez 4/. recently
published their experience utilizing dose escalated
hypofractionated radiation in this setting (42). Upon review
of 200 patients with LAPC, 47 patients had tumors >1 cm
from luminal organs and received dose escalated IMRT
to a biologically equivalent dose (BED) >70 Gy. The
most common regimens were 63-70 Gy in 28 fractions
(25 patients) and 67.5 Gy in 15 fractions (7 patients).
Improved OS was seen with these regimens compared
with patients receiving fractionation schedules with BED
<70 Gy, and interestingly the degree of GTV coverage did
not appear to affect outcome, advocating for integrated
boost at least to a partial GTV as tolerated. There were no
differences in toxicity between the groups receiving BED
<70 or >70 Gy (42).

The use of SBRT in the setting of LAPC has been
investigated in several prospective studies (7zble I). In 2004,
Koong et al. at Stanford University first published a single
fraction phase I dose escalation trial of 15, 20, and 25 Gy, in
15 patients (43). Median OS for all patients was 11 months
and there were no grade 3 or greater toxicities (43). A phase
II study of 25 Gy in a single fraction utilizing CyberKnife
resulted in significant late toxicities. Seven of 15 patients
surviving greater than 4 months experienced late grade 2 or
greater late GI toxicity (5 grade 2 ulcers, 1 grade 3 duodenal
stenosis, 1 grade 4 duodenal perforation), and median OS
was 11.4 months (44). Using the same approach of 25 Gy in
a single fraction delivered on a standard linear accelerator
at Stanford had a similar median OS of 11.8 months and a
20% rate of late grade 2 or greater GI toxicity (45).

Simultaneously in Denmark, investigators were
evaluating the use of a multifraction regimen. They treated
22 patients to 45 Gy in 3 fractions, but large volumes were
treated and toxicities were unacceptable with a median OS

Chin Clin Oncol 2017;6(3):28
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Figure 1 Example of pancreas stereotactic body radiation therapy (SBRT) plan for a patient with borderline resectable pancreatic cancer

(BRPC). Representative axial (A) and coronal (B) images are shown. Prescription dose: 3,300 cGy in 5 fractions. Isodose lines: green
(3,300 cGy, 100%), yellow (2,970 cGy, 90%), cyan (2,310 cGy, 70%), brown (1,650 cGy, 50%).

of 5.7 months (46). More recently, Polistina ez al. treated
23 patients to 30 Gy in 3 fractions with an 82.6% local
response rate and median OS of 10.6 months (47). Eight
percent of patients became resectable and there were no
grade 2 or greater toxicities (47). Goyal et al. published
a study of 20 patients treated with SBRT to 22-30 Gy in
1-3 fractions with a mean tumor volume reduction of 38%
6 months after SBRT and freedom from local progression
of 88% at 6 months and 65% at 12 months (48). OS was
89% at 6 months and 56% at 12 months. 16% of patients
experienced grade 3 toxicities and there were no grade 4 or 5
toxicities (48). The Georgetown group published their series
of 11 patients (10 completed SBRT and follow-up) treated
to 25 Gy in 5 fractions to the 75-83% isodose line (49).
Median OS was 12.2 months and there were no grade 3
or higher toxicities (49). Tozzi et al. published a series of
30 patients (21 with LAPC and 9 with local recurrence
after surgery) treated to 36-45 Gy in 6 fractions (45 Gy was
the planned dose but it was reduced to 36 Gy in 5 patients
due to an inability to meet organ at risk constraints) (50).
Freedom from local progression was 75% at 2 years in the
entire group and 96% in the group that received 45 Gy.
Median OS was 11 months and there were no grade 3 or
greater toxicities (50). Mahadevan ez al. treated patients with
induction gemcitabine followed by SBRT if they did not
develop distant metastases (51). Of 47 patients treated with
induction gemcitabine, 39 were without metastatic disease
after 2 cycles and completed SBRT. Patients received 24 to
36 Gy in 3 fractions between cycles 3 and 4 of gemcitabine
with median OS of 20 months, 85% local control, and 9%
grade 3 toxicities (51).

Finally, Herman et a/. conducted a multi-institution phase
IT trial demonstrating that this approach is feasible and
practical outside of the single institution experiences (52).
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Patients received gemcitabine (1,000 mg/m®) for 3 doses
and then SBRT to 33 Gy in 5 fractions after a 1 week break.
Gemcitabine was continued until disease progression or
toxicity. Median OS was 13.9 months and freedom from
local progression at one year was 78%. Importantly, 8%
of patients ultimately underwent margin negative, node
negative resections. The rate of late grade 2 or higher
toxicity was 11% (this included 3 grade 5 toxicities: C.
difficile infection, sepsis, and GI bleed associated with
direct tumor extension, and 2 grade 4 toxicities: fistula
and ulcer) (52). Figure I shows a typical SBRT treatment
plan to deliver 33 Gy to a locally advanced pancreas tumor
and demonstrates the proximity of the normal tissues,
particularly the duodenum, to the high dose region.
Additional protocols are ongoing to establish if higher doses
in fractionated SBRT regimens can be delivered safely, and
integrate aims to better elucidate the mechanisms of SBRT-
mediated tumor destruction and normal tissue injury.

As further dose escalation is carefully pursued, through
SBRT or longer course hypofractionation, and we
incorporate these techniques with more aggressive systemic
therapy, further improvements in survival for patients with
LAPC may be achieved.

Emerging technologies

Protons have a favorable depth-dose distribution compared
to photons and were first utilized clinically decades ago (53),
with a significant increase in the number of active proton
therapy programs over the last several years (54). For
pancreatic cancer there are several dosimetric studies
suggesting potential for reduction in dose to organs at risk
with proton therapy compared to photon therapy (55-60).
Further, there are a handful of published clinical experiences
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utilizing proton beam radiotherapy for pancreatic cancer.
As described above in the section “resectable pancreatic
cancer”, investigators at Massachusetts General Hospital
conducted a phase I/II study of neoadjuvant short course
proton beam radiation therapy to 25 Gy in 5 fractions with
concurrent capecitabine, and treatment was well tolerated.
Researchers at the University of Florida published their
experience of 22 patients with resectable (n=5), borderline
resectable (n=5), and unresectable (n=12) pancreatic cancer
treated with proton beam radiotherapy to 50.4-59.4 cobalt
gray equivalent (CGE) with concurrent capecitabine, also
reporting a favorable toxicity profile (61). One theoretical
advantage of proton therapy in this setting is increased
normal tissue sparing potentially allowing further dose
escalation and possibly increased efficacy. However, a
Japanese study treated patients with LAPC with proton
beam radiation to 67.5 Gy (RBE) in 25 fractions with
concurrent gemcitabine and approximately half of
patients were found to have gastric and duodenal ulcers
on endoscopic examination (62,63). Therefore, although
proton beam radiotherapy remains a promising technology
for improving outcomes for pancreatic cancer patients,
additional investigation is needed.

Another technological advancement in radiotherapy that
has the potential to impact pancreatic cancer management
are magnetic resonance image guided radiotherapy (MR-
IGRT) systems. Onboard MRI improves soft tissue anatomy
visualization (64), which in the treatment of pancreatic
cancer, has the potential to improve delineation of both the
treatment target and nearby organs at risk. The proximity
of sensitive gastrointestinal organs to the treatment target
in pancreatic cancer can be limiting in escalating radiation
dose. Interestingly, a recent publication exploring online-
adaptive radiation therapy with MR-IGRT for abdominal
and thoracic tumors demonstrated that online-adaptive
MRI-guided SBRT is feasible and may allow PTV dose
escalation and improved organ at risk sparing (65).

Immunotherapy and radiotherapy

Immunotherapy is a rapidly evolving area of cancer
medicine with immune checkpoint inhibitors receiving FDA
approval in multiple malignancies, including melanoma,
lung cancer, bladder cancer, kidney cancer, lymphoma,
and Merkel cell carcinoma. However, pancreatic cancer is
less immunogenic than many of the histologies that have
responded well to immune checkpoint inhibition (66), and
studies of single agent immune checkpoint inhibitors have
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not shown activity against pancreatic cancer (67,68). Royal
et al. published a phase II study of single agent ipilimumab,
an anti-CTLA-4 antibody, for patients with locally advanced
or metastatic pancreatic cancer. Twenty-seven patients
were enrolled (20 with metastatic disease and 7 with locally
advanced disease) and of these 27 patients, none experienced
an objective response, although one patient did exhibit
a delayed response after initial progressive disease (68).
Brahmer ez /. conducted a multicenter phase I study of
an anti-PD-L1 antibody against multiple advanced cancer
histologies that included 14 patients with pancreatic cancer,
and although responses were observed in patients with
melanoma, renal cell cancer, non-small cell lung cancer,
and ovarian cancer, no patients with pancreatic cancer
were found to have an objective response to anti-PD-L1
therapy (67). Despite these early setbacks for immunotherapy
in the management of pancreatic cancer, there is a growing
interest in the utilization of immune checkpoint inhibition in
combination with other therapies, including chemotherapy,
vaccine therapies, and radiotherapy, as a mechanism to
enhance the efficacy of systemic immunotherapeutics in
non-immunogenic tumors. Numerous preclinical studies
have shown that radiation induces the release of tumor
antigens potentiating anti-tumor immunity (69-74), and in
pancreatic cancer, specifically, radiation has also been shown
to upregulate PD-L1 expression and synergize with ant-
PD-L1 therapy in preclinical models (75).

Interestingly, there have also been case reports in the
literature of radiation synergizing with immunotherapy in
the form of the abscopal effect (response in tumors away
from the irradiated site) (76,77), and early clinical trials
exploring this concept have demonstrated promising results
(78,79), Further, there are numerous ongoing clinical trials
testing radiation therapy combined with immunotherapy for
pancreatic cancer patients with resectable to metastatic disease
(80,81). Incorporating radiation with immunotherapy has
the potential to greatly influence how we manage pancreatic
cancer patients in the future.

Finally, as our understanding of the role of the immune
system in cancer control increases, it is also important
that we aim to minimize the negative effect our therapies
may have on a patient’s immune system. Specifically in
the context of radiation therapy, one other potential
advantage to smaller treatment fields utilized in pancreas
SBRT, is that one would project this treatment to be less
immunosuppressive than conventional radiation fields. In
fact, Wild er al. compared the rates of radiation-induced
lymphopenia (RIL) in LAPC patients receiving SBRT
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versus conventional chemoradiation (CRT), and found
that SBRT was associated with significantly less severe
RIL than CRT (82). Importantly, higher post-treatment
total lymphocyte count was also associated with improved

survival.

Conclusions

Pancreatic cancer is a devastating disease with historically
poor outcomes, but there is extensive active research
aimed to improve outcomes for pancreatic cancer patients.
In all stages of disease, the role of radiation is evolving.
Neoadjuvant SBRT appears to be a promising strategy
to improve surgical outcomes and patient survival.
Locally advanced unresectable disease presents a uniquely
challenging situation, and approaches to safely administer
dose-escalated SBRT for these patients may ultimately
improve outcomes as well. Finally, immunotherapy in
combination with radiation is an area of active research
that may also impact the management of pancreatic cancer
patients in future years.
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