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Background

Despite advances in the treatment of pancreatic cancer, 
prognosis remains extremely poor with 5-year survival 
of only 8% (1). Pancreatic cancer is currently the fourth 
leading cause of cancer-related death in the United States 
and is predicted to surpass breast, prostate, and colorectal 
cancers to become the second most common cause of 
cancer mortality by 2030 (2,3). Patients with localized 
disease are considered resectable, borderline resectable, or 
locally advanced. While surgical resection offers the only 
potential for cure, only 15% of patients present with disease 
that is resectable upfront, and in these patients the 5-year 

survival is at best 20–25% (4,5). Patients with borderline 
resectable disease account for another 5–10% of cases, and 
neoadjuvant therapy is often utilized prior to proceeding 
with a pancreatectomy if there is no disease progression. 
Approximately 30–40% of patients have locally advanced 
unresectable pancreatic cancer (LAPC) in which tumor 
involvement of neighboring blood vessels prohibits surgery, 
and this class of tumor will be the focus of this review. 

The National Comprehensive Cancer Network (NCCN) 
guidelines define unresectable tumors as tumors of the 
pancreatic head or uncinate process meeting any of the 
following criteria: (I) solid tumor contact with the superior 
mesenteric artery (SMA) >180 degrees; (II) solid tumor 
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contact with the celiac artery (CA) >180 degrees; (III) 
solid tumor contact with the first jejunal branch of the 
SMA; (IV) tumor involvement or occlusion of the superior 
mesenteric vein (SMV) or portal vein (PV) with SMV/
PV reconstruction not feasible; (V) tumor contact with 
the most proximal draining jejunal branch into the SMV; 
or tumors of the pancreatic body or tail meeting one or 
more of the following criteria: (I) solid tumor contact with 
>180 degrees of the SMA or CA; (II) tumor contact with 
the CA and aorta; (III) unreconstructible SMV/PV due to 
tumor involvement or occlusion (6). Surgical resection of 
the primary tumor is rarely feasible in these patients, even 
after systemic therapy and/or radiation therapy. Effective 
treatment of LAPC is challenging, partly because of a high 
rate of distant metastatic progression, reaching 30–50% 
within 3 months of diagnosis (7,8). Thus, initial systemic 
therapy is important to address occult distant disease. 

However, local tumor control is also critical. An autopsy 
study evaluating patterns of failure demonstrated that 
30% of patients die with locally progressive disease (9). 
Local progression can be a significant cause of morbidity 
with resultant pain from celiac nerve plexus involvement, 
gastrointestinal bleeding from local vascular invasion, 
gastric outlet obstruction from mass effect of proximal 
tumors, and jaundice from obstruction of the distal biliary 
tree. Strategies to identify the subset of patients destined for 
local disease progression are emerging. Intact expression of 
the tumor suppressor SMAD4 has been shown to correlate 
with an increased likelihood of local disease progression, 
whereas loss of SMAD4 expression predicts for metastatic 
progression (9). Thus, while molecular profiling may 
increasingly guide treatment decisions in the future, current 
practice guidelines from the American Society of Clinical 
Oncology (ASCO) recommend initial combination systemic 
chemotherapy for 6 months and consideration of radiation 
therapy for those patients with local disease progression 
or stable disease but unacceptable toxicities after initial 
chemotherapy (10). 

The role of radiation in the treatment of LAPC 
continues to evolve. The publication of the LAP07 
trial called into question the benefit of radiation in the 
management of LAPC, as there was no survival benefit 
to chemoradiation compared to chemotherapy alone in 
patients without progression after 4 months of gemcitabine 
with or without erlotinib (11). Despite these results, 
advances both in systemic therapy regimens and radiation 
delivery likely impact the effect of radiation on outcomes. 
This review summarizes the available literature and novel 

prospects for the use of radiation therapy in the treatment 
of LAPC.

Chemoradiation compared to chemotherapy 
alone

Randomized trials comparing chemoradiation to systemic 
therapy alone have demonstrated conflicting results, 
leading to controversy regarding whether there is a benefit 
to employing radiation in the treatment of LAPC. Three 
early randomized studies compared chemotherapy to 
chemoradiation and maintenance chemotherapy, with 
differing results. A Gastrointestinal Tumor Study Group 
(GITSG) trial published in 1988 compared streptozocin, 
mitomycin, and 5-fluorouracil (SMF) chemotherapy with 
chemoradiation (54 Gy with concurrent 5-FU followed by 
SMF), and demonstrated an improvement in survival with 
chemoradiation (median survival of 10.5 vs. 8 months with 
systemic therapy, P<0.02) (12). In contrast, the Eastern 
Cooperative Oncology Group (ECOG) trial randomized 
patients to bolus 5-FU or radiation to 40 Gy with 
concurrent and maintenance 5-FU, showing equivalent 
survival in the chemotherapy alone and chemoradiation 
arms (8.2 vs. 8.3 months, respectively) (13). Finally, a 
Canadian study compared multi-drug chemotherapy (5-FU  
and methyl-CCNU) with chemoradiation to 46 Gy and also 
showed no difference in median survival between the two 
groups (7.3 vs. 7.8 months, respectively) (14). The lack of 
survival benefit seen with chemoradiation may in part be 
attributed to the mixed population of patients included in 
the ECOG study (unresectable disease as well as recurrent 
or residual disease after resection), and the lower radiation 
doses prescribed in both the ECOG and Canadian studies. 
But more importantly, outcomes from these studies are not 
applicable to current practice, as outdated chemotherapy 
regimens and radiation techniques were utilized. 

More contemporary studies conducted by the Federation 
Francophone de Cancerologie Digestive (FFCD) and 
the Societe Francophone de Radiotherapie Oncologique 
(SFRO), as well as the ECOG again showed conflicting 
results. The 2000-01 FFCD/SFRO trial randomized 119 
patients with locally advanced disease to gemcitabine 
alone, or an aggressive regimen of chemoradiation to 
60 Gy with concurrent continuous infusion 5-FU and 
cisplatin, followed by maintenance gemcitabine. Conformal 
radiation was employed, but fields were larger than 
current practice as regional nodes were electively included. 
Grades 3–4 treatment-related toxicities were increased 
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on the combined-modality arm leading to treatment 
breaks. Ultimately accrual was terminated early, with 
results showing inferiority of chemoradiation compared 
to gemcitabine alone (median survival 8.6 vs. 13 months, 
P=0.03) (15). Because the chemotherapy differed between 
the treatment arms and the chemoradiation regimen entailed 
dose escalation to 60 Gy with multi-agent chemotherapy, 
it is difficult to draw conclusions regarding the potential 
benefit of chemoradiation. The contemporaneous ECOG 
E4201 trial compared chemoradiation to 50.4 Gy with 
concurrent gemcitabine to gemcitabine alone. Accrual 
was slow and terminated early at 74 patients. A small but 
significantly improved overall survival was demonstrated 
with the addition of radiation therapy to gemcitabine 
(11.1 vs. 9.2 months, P=0.017). Additionally, the incidence 
of grade 3 or 4 toxicities were similar in the two arms, 
though grade 4 and 5 toxicities were increased with  
chemoradiation (16). The survival benefit with combined 
modality therapy, though modest, established a role for 
chemoradiation in the current management of LAPC.

The potential benefit of chemoradiation is supported 
by a recent Surveillance, Epidemiology, and End Results 
Program (SEER) analysis and meta-analysis. A total of 4,460 
patients with LAPC were identified in the SEER database 
from 2004–2011, of whom 59% received radiation. Survival 
was prolonged with the use of radiation (43% vs. 29% 
at one year, P<0.001), and the survival benefit persisted 
in multivariate analyses and propensity score-matched  
cohorts (17). Additionally, a meta-analysis of five randomized 
studies comparing chemoradiation to chemotherapy 
in patients with LAPC showed a trend, though non-
significant, to a survival advantage with chemoradiation 
in the treatment of LAPC (18). Taken together, these 
findings establish a role for chemoradiation in the treatment 
paradigm for LAPC. While results are conflicting when 
upfront chemoradiation is compared to chemotherapy 
alone, the addition of radiation is likely of benefit in select 
patients. 

Chemoradiation as consolidation after 
chemotherapy

The high rate of early distant progression indicates that 
many patients diagnosed with locally advanced disease 
harbor micrometastatic disease. Thus, the importance 
of upfront multi-agent systemic therapy is now reflected 
in consensus guidelines (6,10). Retrospective and phase 
II studies support the selected use of chemoradiation in 

patients without early metastatic progression after several 
months of chemotherapy, suggesting that upfront systemic 
therapy not only addresses micrometastatic disease but also 
can be used to select patients that are more likely to derive 
benefit from local control with chemoradiation. 

A retrospective analysis of patients enrolled in phase II 
and III Groupe Coopérateur Multidisciplinaire en Oncologie 
(GERCOR) studies compared outcomes with chemoradiation 
to continued chemotherapy after a minimum of 3 months of 
5-FU or gemcitabine-based chemotherapy. Approximately 
30% of patients developed metastatic disease after initial 
chemotherapy. Among those patients without progression, 
chemoradiation to 55 Gy with concurrent continuous 
infusion 5-FU improved survival compared to continued 
chemotherapy (median survival of 15.0 vs. 11.7 months,  
P=0.0009) (7). Similar outcomes were demonstrated in a 
single institution retrospective study at MD Anderson Cancer 
Center (MDACC), in which 300 patients received upfront 
chemoradiation (30 Gy with concurrent 5-FU, capecitabine, 
or gemcitabine) or chemoradiation after a median of 
2.5 months of induction chemotherapy. Selected use of 
chemoradiation after initial chemotherapy was associated 
with improved survival (median of 11.9 months) compared 
to upfront chemoradiation (median survival 8.5 months,  
P<0.001) (19). Multiple phase II studies have shown 
similar promising survival outcomes, with median survival 
ranging from 12.6 to 19.2 months when chemoradiation is 
employed after several months of chemotherapy (20-23).  
In addition, a recent analysis of the National Cancer 
Database (NCDB) included over 8,500 patients diagnosed 
with LAPC from 2004–2014 and multivariate analysis 
showed improved survival with chemoradiation compared 
to chemotherapy (median survival of 13.5 vs. 10.6 months, 
respectively). Moreover, receipt of induction chemotherapy 
before chemoradiation was an independent predictor of 
improved survival (24). Thus, by excluding patients with 
early distant progression and addressing micrometastatic 
disease, induction chemotherapy may select patients 
with LAPC for optimal benefit from consolidative 
chemoradiation, and this treatment approach is supported 
by the current ASCO guidelines (10). 

The promising results of these retrospective and phase 
II studies led to the phase III randomized LAP07 trial. This 
study included nearly 450 patients that were randomized to 
receive 4 months of gemcitabine with or without erlotinib. 
Those patients without disease progression were then 
randomized to chemoradiation (54 Gy with capecitabine) or 
continued chemotherapy for 2 months. Despite the survival 



1030 Blakaj et al. Radiation for LAPC 

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2018;9(6):1027-1036jgo.amegroups.com

advantages seen with chemoradiation in the previous 
studies, chemoradiation did not prolong survival over 
continued chemotherapy in this trial (median survival of 
15.2 months with chemoradiation compared to 16.5 months 
with chemotherapy, P=0.83). However, chemoradiation 
was associated with improved local control (68% vs. 54%) 
and prolonged time to second line treatment (6.1 months 
compared to 3.7 months, P=0.02) (11). Because lifespan is 
limited for patients with locally advanced pancreatic cancer 
(LAPC), the extended treatment-free interval is meaningful 
and likely improves quality of life. Moreover, while survival 
outcomes with the addition of chemoradiation did not 
replicate the results seen in the prior early phase and 
retrospective studies, radiation continues to be evaluated in 
the context of improved systemic regimens.

Radiation in the era of FOLFIRINOX and 
gemcitabine/nab-paclitaxel

Significant advances in systemic therapy have improved 
outcomes for patients with advanced pancreatic cancer and 
likely impact the role of radiation as well. The phase III 
PRODIGE4/ACCORD11 study compared FOLFIRINOX 
(5-FU, leucovorin, oxaliplatin, and irinotecan) with 
gemcitabine in patients with metastatic pancreatic cancer 
and found that FOLFIRINOX nearly doubled median 
overall survival compared to gemcitabine (11.1 vs.  
6.8 months, P<0.0001) (25). Additionally, the Metastatic 
Pancreatic Adenocarcinoma Clinical Trial (MPACT 
trial) demonstrated superiority of gemcitabine and 
nab-paclitaxel compared to gemcitabine alone in the 
metastatic setting, with median overall survival of 8.5 vs.  
6.7 months, respectively (26). Yet, the gemcitabine and nab-
paclitaxel regimen has not been compared prospectively 
with FOLFIRINOX. However improved progression free 
survival and tolerability of gemcitabine and nab-paclitaxel 
compared to FOLFIRINOX was demonstrated in a small 
single-institution retrospective series from Japan (27).

Given the efficacy demonstrated in metastatic pancreatic 
cancer, FOLFIRINOX and gemcitabine/nab-paclitaxel 
are now used in the treatment of LAPC. The phase 
II LAPACT study evaluated the efficacy and safety of 
gemcitabine/nab-paclitaxel for LAPC. Patients received 6 
cycles of gemcitabine/nab-paclitaxel followed by continued 
chemotherapy, chemoradiation, or surgery if feasible. 
Results were promising with a median time to treatment 
failure of 8.6 months and median progression-free survival 
of 10.2 months (28). Similarly, multiple retrospective and 

early phase prospective studies have examined both the 
efficacy and tolerability of FOLFIRINOX as first-line 
therapy in LAPC, demonstrating rates of progression free 
survival and overall survival that compare favorably to 
historical studies (29-40). A multicenter study from France 
reported outcomes for the largest cohort of patients with 
LAPC treated with FOLFIRINOX. After a median of  
5 cycles of chemotherapy, 75% of patients went on to 
receive consolidative therapy with either radiation (70%) 
and/or surgery (36%). Median progression survival was  
13 months and median overall survival was 22 months (33). 
Improved response rates with modern systemic regimens 
may increase the number of patients deemed appropriate for 
resection despite an initial presentation of locally advanced 
disease (31,32,37). A small retrospective study of patients 
with LAPC treated with FOLFIRINOX followed by 
chemoradiation at Massachusetts General Hospital reported 
R0 resections achieved in 5 of 22 patients (32). Finally, a 
recent meta-analysis of mostly retrospective cohort studies 
evaluated outcomes with first-line FOLFIRINOX for 
LAPC. Median progression free survival was 15 months, 
and median overall survival was 24.2 months, which is 
significantly prolonged compared to historical controls 
including patients in the LAP07 trial, where the median 
survival in patients who received induction chemotherapy 
and chemoradiation was 15.2 months (11,41). Of the 13 
studies and approximately 700 patients included, only a 
fraction of these studies reported on the use of radiation. 
In the 8 studies that reported details of radiation therapy, 
57% of patients received either conventional radiation, 
chemoradiation, or stereotactic body radiation therapy 
(SBRT). The proportion of patients receiving radiation 
did not correlate with survival, however survival outcomes 
of the subset of patients who received radiation were not 
reported (41). 

The prolonged survival reported with the use of 
FOLFIRINOX and gemcitabine/nab-paclitaxel in LAPC 
suggests improved control of micrometastatic disease and 
distant progression, and it follows that the addition of local 
therapy with radiation is more likely to favorably impact 
outcomes in this setting.

Advances in radiation techniques

Intensity modulated radiation therapy (IMRT)

Technological advances in radiation delivery, which allow 
for reduced treatment-related toxicities and escalation of 
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dose delivered, will also impact the efficacy of radiation in 
the management of LAPC. In comparison to 3D conformal 
radiation, in which multiple beams are shaped to match the 
tumor target, IMRT better conforms the dose delivered 
to the treatment volume by modulating the intensity of 
the radiation beam over its aperture, reducing toxicities 
of treatment and allowing for dose escalation by limiting 
dose to neighboring normal tissue. The advantage of 
using IMRT in the treatment of pancreatic cancer was 
demonstrated in a retrospective study of over 200 patients 
receiving chemoradiation for LAPC. This study showed 
decreased grade 2 or higher gastrointestinal (GI) toxicity 
with IMRT compared to 3D conformal techniques (34% vs. 
16%, respectively). Interestingly, the median radiation dose 
was significantly higher in the IMRT treatment plans (56 
vs. 50.4 Gy), thus suggesting that IMRT, by reducing GI 
toxicity, may allow for dose escalation to the tumor (42). 

An analysis of the NCDB evaluating patterns of care 
for LAPC demonstrated an overall decline in the use 
of radiation, but an increase in usage of IMRT from 
27–72% among those patients receiving radiation from 
2003 through 2011. Interestingly, survival was improved 
compared to chemotherapy alone when chemoradiation was 
delivered with IMRT, but not 3D conformal radiation (43). 
These results suggest that the use of IMRT improves the 
therapeutic index of radiation therapy, and radiation may 
improve outcomes in LAPC when advanced techniques are 
utilized.

SBRT

SBRT delivers ablative doses of radiation to the tumor 
volume with minimal margin and is increasingly being 
used in the treatment of pancreatic cancer. An example 

of a SBRT plan compared to an IMRT plan and a 3D 
conformal radiation plan for LAPC is shown in Figure 1, 
demonstrating the more conformal dose distribution with 
IMRT and SBRT, and reduced treatment margins with 
SBRT. Multiple phase I–II or retrospective single institution 
studies have evaluated the use of SBRT for LAPC. Early 
studies from Stanford University explored single fraction 
treatment alone, as a boost after conventionally fractionated 
radiation, or in combination with sequential gemcitabine. 
While high rates of local control were reported at  
1 year (94–100%), significant grade 2 or higher late GI 
toxicities (20–44%) were observed, including duodenal 
ulcers, and less commonly stenosis or perforation  
(44-47). Subsequent studies utilized a multi-fraction 
approach [24–36 Gy in 3 fractions (48-50), 25–30 Gy 
in 5 fractions with a simultaneous integrated boost of  
35–40 Gy to areas of vessel abutment (37,51), or 36–45 Gy 
in 6 fractions (52,53)] and maintained effective local control 
(75–90% at 1 year) with reduced GI toxicities. These 
studies include a prospective multi-institutional phase II 
study, which evaluated gemcitabine followed by fractionated 
SBRT (54). Patients received up to 3 weeks of gemcitabine 
(1,000 mg/m2) followed one week later by SBRT to 33 Gy 
in 5 fractions delivered over 1 to 2 weeks, and gemcitabine 
until disease progression or toxicity. The primary endpoint 
was late grade 2 or higher GI toxicities compared to 
historical controls. When compared to prior studies 
using single-fraction SBRT, GI toxicities were reduced 
to 2% grade 2 or higher acute toxicity, and 11% grade 2 
or higher late toxicity. The median overall survival was  
13.9 months. Local control at 1 year was 78%, which 
compares favorably to historical controls treated with 
conventionally fractionated radiation, such as the LAP07 
trial in which local control with chemoradiation was 68% 

Figure 1 Representative axial images of a 3D conformal radiation plan to 50.4 Gy in 28 fractions (A), an intensity modulated radiation 
therapy (IMRT) plan to 50.4 Gy in 28 fractions (B), and a stereotactic body radiation therapy (SBRT) plan to 33 Gy in 5 fractions (C) for 
patients with locally advanced pancreatic cancer. The 50% isodose cloud is shown for each plan.

A B C
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(11,54). In addition, quality of life data collected from 
patients enrolled on this study demonstrated no change 
in overall quality of life at one and four-month follow-up 
intervals after SBRT, suggesting that treatment was well 
tolerated (55).

Evidence to date supports the continued evaluation of 
SBRT in the management of LAPC. A pooled analysis 
of 19 studies and over 1,000 patients with LAPC treated 
with SBRT reported promising outcomes, with acceptable 
rates of toxicity, locoregional control at one year of 72.3%, 
and median overall survival of 17 months (56). While 
prospective studies to date have not compared SBRT to 
conventionally fractionated radiation, independent analyses 
of the NCDB showed improved survival with SBRT 
compared to conventionally fractionated radiation (57,58).

The advantages of SBRT include the fact that the 
biologic effect of larger radiation dose per fraction may 
provide a therapeutic benefit with improved local control 
compared to conventionally dosed radiation. Also, 
the shorter treatment course can be better integrated 
with systemic therapy, which can result in less time off 
effective multi-agent chemotherapy. Thus, SBRT may 
improve outcomes in the context of modern systemic 
therapy regimens, and a phase III study is underway to 
evaluate FOLFIRINOX with or without SBRT for LAPC 
(ClinicalTrials.gov identifier NCT01926197). 

Dose escalation with IMRT and hypofractionation

The ability to deliver definitive radiation doses to 
pancreatic tumors is limited by the radiation tolerance of 
the neighboring small bowel and stomach. While SBRT is 
one approach to deliver a higher biological effective dose 
(BED), hypofractionated radiation is another approach 
in which the total radiation course is shortened, and daily 
fractions are larger compared to conventionally fractionated 
radiation, but unlike SBRT, daily fractions over the course 
of weeks are maintained to take advantage of normal tissue 
repair between fractions. SBRT techniques are necessary to 
achieve dose escalation with hypofractionation, including 
methods to account for the respiratory motion of tumors 
with 4-dimensional planning CT scans, respiratory gating 
to treat only in certain phases of the respiratory cycle, 
abdominal compression to minimize respiratory motion 
during treatment, as well as placement of fiducials in tumors 
to guide daily treatment alignment (59). 

A series of 200 patients with LAPC treated at MDACC 
included 47 patients with tumors at least 1cm away from 

bowel. In these patients, IMRT was used to escalate dose 
to the tumor with a hypofractionated regimen (most 
commonly 63–70 Gy in 28 fractions or 67.5 Gy in 15 
fractions). Regions of bowel abutting the tumor were 
underdosed if necessary to meet normal tissue constraints. 
Overall survival was improved when a BED greater than 
70 Gy was delivered. Interestingly the degree of tumor 
coverage did not correlate with outcomes, suggesting that 
escalation of dose to even a portion of the gross tumor 
volume is of benefit (60).

Increasing the prescribed dose of radiation may improve 
the rate of resectability in patients with locally advanced 
disease. A phase I/II trial of 50 patients with unresectable 
pancreatic cancer evaluated the efficacy and tolerability of 
dose-escalated IMRT using a breath hold technique with 
concurrent gemcitabine. Radiation dose was escalated 
from a standard dose of 50 Gy in 25 fractions to 60 Gy in 
25 fractions, with a final recommended dose of 55 Gy at 
which the probability of a dose limiting toxicity was 0.24. 
Median survival was 14.8 months, and a large fraction of 
patients converted to resectable disease with R0 resections 
achieved in 20% of patients at a median of 7.5 months 
from initiation of treatment (61). Dose-painting techniques 
in which regions of blood vessel involvement receive a 
higher dose than the remainder of the tumor have also 
been evaluated. In a recent study, the tumor volume and 
regional nodes received a standard dose of 50.4 Gy in 28 
fractions of 1.8 Gy while the region around involved vessels 
was simultaneously boosted to 58.8 Gy in 2.1 Gy fractions. 
With this neoadjuvant chemoradiation regimen, 37% of 
initially unresectable patients were converted to surgically 
resectable. Acute grade 3 or greater nausea, fatigue, and 
diarrhea rates were 12%, 10%, and 6%, respectively. Late 
grade 3 or greater duodenal toxicity was 5% (62). Thus, 
dose escalation is feasible and tolerable if correctly executed 
and may improve tumor control and resectability for 
patients with LAPC. 

Technological advances continue to improve the ability 
to deliver ablative doses of radiation to the tumor volume 
while protecting neighboring normal tissues. One such 
innovation is the use of a radiopaque hydrogel to space the 
head of the pancreas from the duodenum. A study in human 
cadavers demonstrated the feasibility of injecting the spacer 
between the duodenum and pancreas under EUS guidance, 
creating on average one centimeter of space. SBRT plans 
were then modeled on the pre- and post-hydrogel scans 
demonstrating a significant reduction in dose delivered 
to the duodenum in the presence of the spacer (63). If 
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feasible in patients, this spacer has the potential to improve 
outcomes in LAPC by allowing for safe dose escalation.

Immune response to radiation

While immunotherapy has revolutionized the treatment 
of many tumor types, responses in patients with advanced 
pancreatic cancer have been disappointing (64,65), likely 
in part due to the immunosuppressive pancreatic tumor 
microenvironment. Pancreatic tumors are characterized 
by a dense desmoplastic stroma and infiltration of 
predominantly immunosuppressive leukocytes including 
tumor-associated macrophages and regulatory T cells with 
rare effector T-cells, which together promote evasion of 
the immune system (66,67). Radiotherapy has been shown 
to have immunomodulatory effects, which may influence 
the response to immunotherapy if used in conjunction. 
Radiation triggers the release of tumor antigens, recruits 
effector T cells through induction of chemokines, and 
increases expression of co-stimulatory molecules and death 
receptors on tumor cells, which enhances anti-tumor 
immunity. Radiation can also stimulate immunosuppressive 
leukocytes and induce expression of programmed death-
ligand 1 (PD-L1) (68-70). Potential synergy between 
radiation and immune checkpoint inhibitors to promote 
anti-tumor immunity is an area of active research (70). In 
pancreatic cancer, radiation has been shown to upregulate 
PD-L1 expression. Moreover, in mouse models of 
pancreatic cancer, PD-L1 blockade had no effect on tumor 
growth whereas radiation slowed tumor growth as expected. 
Interestingly the combination of radiation and anti-PD-L1 
had a synergistic effect to inhibit tumor growth, and this 
response was dependent on infiltration of CD8+ T cells and 
was restricted to only larger fractions of radiation but not 
lower doses (71). Thus, the use of radiation in combination 
with immune checkpoint inhibitors may improve outcomes 
for patients with advanced pancreatic cancer both through 
local tumor responses as well as possible abscopal responses, 
and numerous clinical trials are ongoing to evaluate this 
theory. 

Conclusions

Pancreatic cancer remains one of the leading causes of 
cancer-related mortality, and many patients present with 
locally advanced unresectable disease. The role of radiation 
in the management of these patients has historically been 

controversial, as existing randomized data has shown 
conflicting results. However, with advances in systemic 
therapy improving control of micrometastatic disease, 
advances in radiation delivery allowing for dose escalation, 
as well as possible synergy between radiation and immune 
therapy, there is great potential for radiation to improve 
future outcomes in LAPC.
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