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Borderline resectable or locally advanced disease

Rationale

Roughly 30–40% of patients with newly diagnosed 
pancreatic adenocarcinoma present with either locally 
advanced or borderline resectable disease (1). While 
borderline resectable tumors can be technically resected, the 
presence of vessel involvement confers both a higher risk of 
positive margins with upfront resection as well as a higher 
risk of distant relapse presumably due to micrometastatic 
disease (2-6). As such, neoadjuvant systemic therapy is 
recommended to help sterilize the tumor-vessel interface 
and address micrometastatic disease. Although the optimal 

duration of neoadjuvant systemic therapy has yet to be 
determined for patients with borderline disease, there is 
data to suggest that patients who receive greater than 4 
months of multi-agent chemotherapy experience improved 
outcomes (7). Following systemic therapy, radiation can 
be considered to further enhance the likelihood of margin 
negative resection and decrease local recurrence, which is 
supported by single-arm studies (8-14). This approach is 
currently being studied in the phase III setting (15). 

Patients with locally advanced disease have traditionally 
been considered unresectable. The advent of multi-agent 
chemotherapy and improved radiation techniques have 
given surgical teams more confidence in considering 
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exploration for patients with locally advanced disease (16). 
Recent institutional series from high-volume centers have 
reported much higher rates of margin negative resections 
in patients with locally advanced disease as compared to 
what has been historically reported in randomized trials, 
lending credence to the concept of “neoadjuvant” therapy 
for patients with locally advanced disease (17,18). Outside 
of this paradigm, the role of radiation therapy is highly 
controversial, but can be administered as consolidation 
therapy following completion of systemic therapy to prevent 
local progression and palliate pain (19). While the impact 
of radiation in this setting on systemic spread and overall 
survival is less clear, the potential importance of local 
control was highlighted by the finding that mortality from 
pancreatic cancer may be driven by complications related to 
the primary tumor in up to 30% of patients (20).

In both the borderline resectable and locally advanced 
setting, chemoradiation with standard fractionation over 5 
to 6 weeks has been the historical approach. More recently, 
hypofractionated stereotactic body radiation therapy (SBRT) 
and dose-escalated intensity modulated radiation therapy 
(IMRT) have gained favor. Herein, we describe technical 
considerations relevant for use of these radiation modalities.

Conventional chemoradiation

Patients undergoing conventional chemoradiation are 
simulated supine using a thin slice (≤3 mm) computed 
tomography protocol. Immobilization can consist of an 
Alpha Cradle (Smithers Medical Products Inc., North 
Canton, OH, USA) with wing-board (CIVCO Medical 
Solutions, Coralville, IA, USA) or equivalent device that 
allows reproducible immobilization of the patient with 
arms out of the radiation field. Patients should be asked 
to fast 3 to 5 hours prior to simulation, as well as prior to 
each fraction, to allow reproducible gastric positioning, 
as the stomach is a highly distensible organ which can 
impact pancreatic motion (21). Indeed, the pancreas has 
been shown to move significantly when the stomach is 
injected with 500 to 900 mL of liquid, with the pancreatic 
tail and SMA showing the greatest motion (22). For 
better visualization of GI luminal structures, oral contrast 
can be administered, but the same amount of volume of 
water should also be administered prior to each fraction 
to maintain reproducibility. Intravenous contrast should 
also be administered to aid in target delineation in the 
absence of contraindications. Special attention should be 
given to selection of the optimal contrast agent, contrast 

dosing, injection rate, and CT sim scanner settings (i.e., 
kVp and mAs) (23). Scan acquisition timing with respect to 
intravenous contrast injection should be optimized based on 
the clinical scenario, with late arterial, pancreatic, and portal 
venous phases occurring roughly 35, 45, and 70 seconds 
after injection (24).

Multiple studies demonstrate significant pancreatic motion 
during the respiratory cycle, particularly in the superior-
inferior (SI) and anterior-posterior (AP) directions. Pancreatic 
motion in the SI direction has been measured at 0.5–2.4 cm, 
although instances of >4.0 cm have been reported, while 
excursion in the AP and left-right (LR) directions have been 
reported at 0.5–2.4 and 0.07–0.6 cm, respectively (25-32). 
Variation in motion between the head, body, and tail of the 
pancreas has been illustrated, as has variation in motion of 
the local vasculature (33-35). Clearly, respiratory motion is 
a major source of intrafractional variability for pancreatic 
tumors, highlighting the need for individualized margins 
and/or motion management strategies. Several motion 
management strategies exist, including respiratory gating, 
breath-hold [active breathing control (ABC)], respiratory 
tracking, or abdominal compression (discussed in more detail 
below). Given the number of fractions for conventional 
chemoradiation, a four-dimensional (4D)-CT is often used 
to determine a patient-specific internal tumor volume (ITV) 
rather than employing motion management strategies. 
Notably, 4D-CT may both underestimate and overestimate 
true respiratory motion, as compared to fluoroscopy, 
ultrasound, or cine-MRI, with dependency on technique and 
patient comfort (31,36).

Elective nodal irradiation (ENI) is controversial for 
conventional chemoradiation and has fallen out of favor. 
Generally, the primary tumor and clinically positive lymph 
nodes (>1 cm) should be contoured as the gross tumor 
volume, with assistance from both anatomical and functional 
imaging. Maximum and minimum excursions can be defined 
from the 4D-CT and fused with the primary CT to allow 
construction of an ITV, acknowledging the limitations of 
4D-CT (35). Use of a clinical tumor volume (CTV) to 
account for microscopic extent of disease is controversial, 
as are appropriate expansions when a CTV is constructed. 
Commonly, margins of 0.5–1.5 cm are used when creating 
a CTV. Planning tumor volume (PTV) margins are 
similarly variable and institution-specific and depend on 
immobilization, motion management, and method of image 
guidance. With respect to image guidance, cone beam CT 
(CBCT) can be used for bone and fiducial setup, although 
soft tissue structures, including tumor, are usually not easily 
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visible on CBCT. If an ITV has been constructed and daily 
image guidance with CBCT is utilized, PTV margins can 
be reduced to 5–7 mm, whereas margins up to 2 cm should 
be considered if such tools are not used.

Prescription dose is most commonly 50.4–54 Gy 
administered in 1.8–2.0 Gy fractions over 5.5–6 weeks, 
primarily limited by dose to the stomach and small bowel. 
Patients enrolled on the most recent LAP07 trial received 
54 Gy in 30 fractions (19). Critical organs at risk (OARs) 
that should be contoured include stomach, bowel, liver, 
kidneys, and spinal canal/cord. The original Emami 
estimate of TD5/5 and TD50/5 for whole organ irradiation 
to the stomach were 50 and 65 Gy, respectively, while these 
values for irradiation to a partial small bowel volume were 
50 and 60 Gy, respectively (37). More recently, the stomach 
and small bowel section of the Quantitative Analyses 
of Normal Tissue Effects in the Clinic (QUANTEC) 
acknowledged the paucity of high-quality clinical data on 
the subject, noting insufficient data to make firm dose-
constraint recommendations (38). The QUANTEC report 
also pointed out that the manner in which the bowel is 
contoured, either as individual loops or as a “bowel bag”, will 
influence the relevant constraints. Volumetric constraints 
were suggested for both methods of contouring, namely 
V45<195cc when a bowel bag is contoured and V15<120cc 
when individual loops of bowel are contoured. However, 
it should be noted that these volumetric recommendations 
were based on acute toxicity endpoints from single 
studies with limited number of patients who were 
undergoing either whole pelvic radiation for gynecologic 
malignancies or pre-operative radiation for rectal cancer, 
rendering their applicability to patients undergoing 
chemoradiation for pancreatic cancer questionable (39,40). 

A more recent study from MD Anderson specifically 
examined late duodenal toxicity in patients undergoing 
chemoradiation for unresectable pancreatic cancer and 
suggested that the duodenal V55<1cc was an important 
independent dosimetric predictor, with a maximum 
dose of 60 Gy also potentially driving toxicity (41).  
Ultimately, more toxicity data is required to better refine 
recommendations. In the meantime, the constraints listed 
in Table 1 are reasonable to follow.

Both three-dimensional conformal radiation therapy 
(3D-CRT) and IMRT are acceptable planning techniques, 
but IMRT is becoming the standard based on data showing 
more conformal target coverage, decreased dose to OARs, 
and decreased toxicity (42-44). IMRT may also allow 
dose escalation, as illustrated by a phase I/II trial in which 
dose escalation to 55 Gy in 25 fractions with concurrent 
gemcitabine was feasible (45). More recent exploration into 
much higher dose escalation is described in more detail 
below.

Multiple radiosensitizing agents have been evaluated 
concurrently with radiation, most commonly gemcitabine 
and 5-fluorouracil (5-FU). Retrospective data from 
MD Anderson suggested increased acute toxicity with 
gemcitabine as compared to 5-FU (46). More recently, 
the phase II SCALOP trial compared gemcitabine-based 
chemoradiation with capecitabine-based chemoradiation, 
and showed improved outcomes and decreased toxicity with 
the capecitabine-based regimen (47). Although the results 
of the SCALOP trial should be interpreted cautiously given 
issues related to inconsistent treatment administration, the 
excellent tolerability of capecitabine, along with its ease 
of administration, has made it the most commonly used 
concurrent agent.

SBRT

SBRT offers several advantages over conventional 
chemoradiation, including delivery over 3–5 days as 
compared to 5–6 weeks, preservation of local control 
with minimal interruption of chemotherapy and minimal 
delay until surgery, and decreased acute toxicity (48). 
The focused radiation field may also induce less fibrotic 
changes as compared to conventional chemoradiation, 
which is important when considering subsequent surgical 
exploration. Furthermore, SBRT may offer the opportunity 
for dose escalation, particularly along the tumor-vessel 
interface, which may increase the likelihood of margin 
negative resections and local control.

Table 1 Dose constraints for standard chemoradiation

Organ at risk Constraints

Liver Mean dose <25 Gy, V20<30

Kidney Mean <18 Gy, two-thirds each kidney <20 Gy

Stomach Dmax <55 Gy (can likely tolerate higher point 
doses)

Bowel V55<1cc, V45<15

Bowel loops: V45<195cc

Individual bowel: V15<120cc

Cord Dmax <45 Gy
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Optimal dose and fractionation for pancreatic SBRT has 
not been determined, nor have dose tolerances for relevant 
dose-limiting structures, namely, stomach, duodenum, and 
bowel. Initial studies with SBRT explored single-fraction 
treatment using a 25 Gy × 1 regimen. While this resulted 
in excellent local control with rates of freedom from 
local progression >90%, high rates of late grade 2–4 GI 
toxicity were seen (49-53). Analysis of potential dosimetric 
predictors of late grade 2 or higher duodenal toxicity for 
single-fraction treatment suggested V15>9cc, V20>3cc, and 
maximum dose >23 Gy as important thresholds associated 
with increased toxicity (54).

Given the high rate of toxicity seen with single fraction 
treatment, a multi-institutional trial was designed which 
employed a hypofractionated SBRT approach of 6.6 Gy × 5  
with the goal of preserving local control while reducing 
late toxicity to an acceptable rate. With the fractionated 
approach, normal tissue BED3 was decreased from 233.3 
Gy with the single fraction approach to 105.6 Gy with the 
five-fraction approach. Specific dose constraints were based 
on the single fraction experience, employing the V15 and 
V20 referenced above as well as V33<1cc. Acceptable rates 
of acute (2%) and late (2%) GI toxicity were seen, while 
global quality-of-life (QOL) was preserved and pain scores 
were improved (55). Despite a decrease in BED10 from 
87.5 to 54.8 Gy, freedom from local progression at 1 year 
was still 78%. Mahadevan et al. also reported reasonable 
outcomes and toxicity using a three-fraction regimen, in 
which the daily fractional dose was based on the proximity 
of the target to bowel, ranging from 8 Gy per fraction 
for those patients with significant contact between tumor 
and duodenum to 12 Gy per fraction for those patients 
with >3 mm of separation (56). In this study, a 30-Gy dose 
constraint was used for the stomach and bowel, which 
is derived from the liver SBRT experience and was also 
endorsed by in the QUANTEC report (38,57,58).

Simultaneous integrated boost (SIB) techniques have 
been used to further escalate the dose to portions of tumor 
away from the stomach and bowel, particularly at tumor-
vessel interfaces, which may help achieve subsequent margin 
negative resection. Using this technique, investigators at 
Moffitt were able to escalate dose to the tumor and tumor-
vessel interface from 25 and 35 Gy, respectively, to 30 and 
40 Gy, respectively, while maintaining late grade 3 or higher 
radiation-related toxicity to <10% (9,10). More recently, 
investigators at Emory conducted a phase I trial in which 
dose to the tumor and posterior margin was escalated to 36 
and 45 Gy, respectively, in three fractions with acceptable 

toxicity, although it should be noted that only tumors that 
were >3 mm away from stomach and bowel were included 
in this trial (59). Notably, the dose constraints used in 
these trials were different than the aforementioned studies, 
highlighting the fact that more robust data on optimal dose 
constraints for pancreas SBRT are needed. For example, it 
is likely that the five fraction constraints for stomach and 
bowel utilized in the multi-institutional trial referenced 
above can be liberalized, as is being done in the ongoing 
Alliance trial for borderline resectable patients, in which 
V35<1cc and V20<20cc are being used without limitation 
on the V15 (15). Use of proton or carbon ion therapy may 
allow further dose escalation but require further validation 
(60-63).

Many of the technical considerations referenced above 
with respect to the delivery of conventional chemoradiation 
also apply to SBRT but take on greater importance 
given the potential for injury with higher fractional dose. 
Given limited soft tissue resolution with fluoroscopy and 
cone beam CT, fiducial placement prior to simulation is 
critical to track tumor motion given high interfraction and 
intrafraction variability form respiratory motion and bowel 
gas patterns. Although both percutaneous and endoscopic 
placement are viable options, endoscopic administration 
under ultrasound guidance is preferred. Fiducials placed 
in this manner have been shown to generally remain 
stable throughout treatment (64). Several fiducial vendors 
exist, and more data is needed that compares the stability, 
visualization, and artifact between fiducial types. While 
biliary stents may appear to serve as a surrogate for 
pancreatic motion, stent migration and spontaneous loss 
are possible, and stent motion may be greater than gross 
tumor volume (GTV) motion, rendering stents less reliable 
surrogates for tumor tracking as compared to fiducials 
(28,64).

Simulation should proceed as noted above, but thin slice 
CT (≤2 mm) should be acquired for SBRT cases. While 
most pancreatic tumors will show significant excursions 
with respiration as motioned above, 4D-CT can be used at 
time of simulation to quantify respiratory motion. If tumors 
show greater than 3 mm of motion with respiration on 4D-
CT, motion management techniques should be employed. 
Motion management can include immobilization of the 
target, through breath-hold techniques or abdominal 
compression, or tumor monitoring, through tracking 
or gating. Regarding the former approach, abdominal 
compression limits diaphragmatic motion, but should be 
used with caution as it can occasionally compress stomach 
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or bowel into the pancreas, increasing dose to OARs. Both 
inspiration and expiration breath-hold techniques can 
be used, but expiration breath-hold may offer dosimetric 
benefits with respect to OAR dose (65). If breath-hold 
technique is utilized, multiple CT scans in breath-
hold can be acquired at time of simulation to assess the 
reproducibility of breath-hold and inform margins. For 
the rare patients with <3 mm of excursion on 4D-CT, the 
average CT, maximum/minimum intensity projections 
(MIPs), or fusion of the minimum and maximum excursion 
phases can be used to generate an ITV.

Variation across institutions exists with respect to target 
volume delineation. At our institution, the gross tumor 
volume is contoured on the treatment planning CT after 
review of available diagnostic anatomic and functional 
imaging (66). In the absence of motion management 
techniques, the GTV is expanded to create an ITV based 
on the 4D-CT. If motion management techniques are 
employed, the GTV is expanded directly to the PTV. PTV 
margins are institution-specific, but should be on the order 
of 3–5 mm. Stomach, duodenum, and bowel are contoured 
on all axial slices of the PTV contour as well as one 
centimeter below and above the PTV. These GI structures 
are subsequently expanded by 2 mm, and this expanded 
volume is subtracted from the PTV to create a “modified 
PTV”. Coverage goals are established for the GTV, ITV, 
PTV, and modified PTV based on proximity to OARs. 
Figure 1 shows an example of this contouring approach. 
Other OARs that should be contoured include the kidneys, 
liver, and spinal canal/cord. Additionally, fiducials and 

clips should be contoured with appropriate ITV and PTV 
margins.

Linac-based treatment can be administered using 
multiple coplanar isocentric beams, but non-coplanar non-
isocentric treatment can also be considered (51). Generally, 
high-energy photons are preferred as lower energy beams 
may result in more gastrointestinal toxicity. Isocentric 
treatment can be delivered using step and shoot IMRT 
or volumetric modulated arc therapy (VMAT), with the 
latter offering the benefit of decreased treatment time, an 
important variable to consider when employing motion 
management strategies such as breath-hold which may be 
taxing on the patient. Similarly, use of flattening filter free 
(FFF) beams may also decrease total treatment time (67).

As noted above, appropriate image guidance is critical 
for tumor tracking and patient positioning. Cone beam CT 
can be used to first align to spine to allow for rotational 
corrections. Robotic couches that allow for automated 
rotational corrections may be helpful in this process. After 
spinal alignment, translational shifts can be subsequently 
made to align the fiducials. Alternately, direct shifts to the 
fiducial can be made after laser alignment, but one should 
still be mindful of the degree of rotational inaccuracy. 
Whether translational adjustments can make up for 
rotational offsets, as has been show for tumors of the liver, 
should be further explored (68).

More recently, investigators have reported their 
experience using MRI-guided linear accelerators to 
administer SBRT for pancreatic cancer (69-73). MRI-based 
image guidance offers far superior soft tissue delineation 
as compared to traditional cone beam CT. Additionally, 
MRI-guided linear accelerators can offer the opportunity 
for adaptive replanning if significant interfraction variation 
is seen in tumor or OAR positioning. Indeed, the early 
experience with use of MRI-guided linear accelerators 
for pancreatic cancer has confirmed that significant 
interfraction variation in GI anatomy exists, which a 
significant proportion of patients requiring adaptive 
replanning. In these patients, treatment with the initial 
beam orientation would have resulted in significantly 
increased dose to OARs and decreased tumor coverage, 
highlighting the potential for MRI-based linear accelerators 
with adaptive replanning to offer safer and more effective 
treatment. Longer follow-up will be required to determine 
if the improvements in dosimetry that are obtained with 
MRI-based adaptive replanning translate into improved 
clinical outcomes (74).

Figure 1 Axial slice planning CT showing contours of gross 
tumor volume (red), planning tumor volume (blue), and modified 
planning tumor volume (yellow), which is cut back from duodenum 
(light blue). Other structures include stomach (pink) and bowel 
(purple).
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Dose-escalation through fractionation

As noted above, SBRT allows precise delivery of high 
doses of radiation to small tumor volumes. SBRT is ideally 
suited for tumors in parallel organs such as the lung or the 
liver since ablation of small portions of these organs do 
not result in overall impairment in organ function. The 
pancreas, however, is surrounded by serially functioning 
OARs, namely the stomach and bowel, which limit delivery 
of truly ablative doses of radiation. Whereas deliver of 
BED10 values of >100 Gy are considered ablative across 
other tumor types, current SBRT dose prescriptions, for 
example 33 Gy in 5 fractions, deliver roughly half of this 
value. As such, while SBRT using current dose prescriptions 
may offer a convenient manner in which to deliver BED 
values similar to conventional chemoradiation, its impact 
on oncologic outcomes may be more limited. Indeed, while 
comparisons of SBRT to conventional chemoradiation have 
shown improvements in toxicity due to the focused nature 
of the SBRT field, significant improvements in oncologic 
endpoints have not been reported to date (48).

Investigators at MD Anderson have combined the 
principle of fractionation with the SBRT technique, 
inhomogeneous target coverage, and adaptive planning 
to deliver more ablative doses of radiation to pancreatic 
tumors (75,76). Fractionation allows repair of sublethal 
normal tissue damage in between treatments, increasing 
the total dose that can be administered. Fractionation also 
renders the treatment more resistant to daily variation in 
organ motion and tumor position. Even with fractionation, 
however, it is not possible to administer ablative doses 
to the entire tumor, as portions of pancreatic tumors 
are almost always abutting or in close proximity to GI 
luminal structures. A novel concept, therefore, is whether 
inhomogeneous treatment of part of the tumor with 
ablative doses using a SIB technique can improve oncologic 
outcomes. In this approach, the periphery of the tumor 
that abuts or is in close proximity to GI luminal structures 
receives a conventional dose, while the tumor center 
receives an ablative dose.

Under the MD Anderson approach, the number of 
fractions administered is based on the minimum distance 
of the tumor from the nearest GI luminal structure. If this 
distance is less than 1 cm, treatment is administered over 
25 fractions, whereas if this distance is greater than 1 cm, 
15 fractions are used. The GTV and areas of potential 
microscopic extension around the tumor, celiac axis, 
and superior mesenteric artery are treated to 45 Gy in  

25 fractions or 37.5 Gy in 15 fractions, using a 10 mm CTV 
expansion and a 5 mm PTV expansion. A SIB volume is 
subsequently created by expanding the GTV 0–5 mm to 
create an initial PTV, with the exact margin determined 
by proximity to bowel, and subsequently subtracting out 
a planning structure that is created by applying a 5 mm 
expansion on the 4D contour of proximal GI structures. 
This SIB volume is treated either to 75 Gy in 25 fractions 
or 67.5 Gy in 15 fractions. An additional SIB volume is 
occasionally created through a further 5–10 mm contraction 
of the initial boost volume and treated to 100 Gy in  
25 fractions or 75 Gy in 15 fractions.

Given the ablative doses used with this approach, careful 
attention to tumor and organ motion is critical through use 
of fiducials and reliable motion management techniques, 
as described above. The investigators at MD Anderson 
have also had access to CT on rails which allows greater 
soft tissue delineation and day-to-day assessment of OAR 
positioning, with consideration of adaptive replanning if 
significant variation in anatomy exists as compared to the 
simulation CT. In the future, MRI-based image guidance 
may further assist in this process. While longer follow-up 
with this approach is needed, early reports are encouraging 
and highlight the importance of radiation dose for local 
control, with a potential impact on overall survival, 
particularly in the era of better systemic control with multi-
agent chemotherapy (77).

Adjuvant chemoradiation

Rationale

Although benefit to adjuvant chemotherapy has been 
demonstrated, the role of adjuvant chemoradiation beyond 
adjuvant chemotherapy for resected pancreatic cancer is less 
clear. Multiple historical trials have examined this question 
with conflicting results, although their applicability to 
the modern management of pancreatic cancer patients is 
uncertain given the older radiation techniques that were 
used in these studies (78-84). The importance of radiation 
quality was demonstrated in RTOG 9704, in which patients 
who were treated with radiation that violated protocol 
guidelines experienced inferior overall survival (85). Perhaps 
more importantly, while distant failure predominates after 
resection for pancreatic cancer, multiple studies over time 
have consistently shown that local recurrence, either in 
isolation or concurrent with distant recurrence, significantly 
contributes to overall patterns of failure (86-89). In fact, in 
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the recently published ESPAC-4 trial, which randomized 
resected patients to either adjuvant gemcitabine and xeloda 
or adjuvant gemcitabine monotherapy, roughly 50% of 
patients in both arms experienced local recurrence, with over 
half of these local recurrences being isolated in nature (90).  
Moreover, roughly 60% of patients enrolled in ESPAC-4 
underwent R1 resections, which highlights the fact that 
R1 resection rates continue to be high in patients with 
localized pancreatic cancer. These findings support 
consideration of adjuvant chemoradiation after completing 
adjuvant chemotherapy, particularly in patients with 
risk factors for local recurrence, such as close or positive 
margins and/or positive lymph nodes, and who maintain 
a good performance status after completing adjuvant 
chemotherapy. Ultimately, the ongoing RTOG 0848 will 
help clarify the value of adjuvant chemoradiation beyond 
adjuvant chemotherapy alone (91).

Concurrent chemotherapy

Historically, adjuvant radiation has been most commonly 
administered with 5-FU, although other concurrent 
agents have been explored. Several studies explored 
the combination of 5-FU, cisplatin, and interferon 
alpha with promising results (92-94). Moreover, after 
gemcitabine was proven successful in the adjuvant 
setting, exploration of gemcitabine-based chemoradiation 
was also studied and shown to be feasible, also with 
promising results as compared to historical controls (95). 
Indeed, modern conformal radiation with IMRT has 
allowed intensification of concurrent chemotherapy and 
consideration of new concurrent agents. As an example, 
administration of erlotinib concurrently with capecitabine-
based chemoradiation was shown to be feasible, although 
erlotinib has now fallen out of favor given negative results 
in LAP-07 (96). More recently, there is been interest in 
incorporating immunotherapeutic agents into the adjuvant 
setting, including anti-CD40 agents, vaccines targeting 
tumor-specific Ras mutations, granulocyte-macrophage 
colony-stimulating factor (GM-CSF) vaccines, or agents 
targeting telomerase (97-99). Whether radiation can 
further enhance immunotherapeutic effects is unclear and 
under investigation (100). Currently, NCCN guidelines 
offer 5-FU (continuous infusion or oral capecitabine) and 
gemcitabine as options for concurrent chemotherapy with 
radiation, although the ease of capecitabine administration 
and its excellent tolerability make it the preferred choice.

Technical delivery of adjuvant radiation

CT simulation should proceed in a similar fashion as 
described above for conventional chemoradiation for locally 
advanced or borderline resectable disease. Patients are 
simulated supine using a thin slice (≤3 mm) CT protocol 
in alpha cradle/wingboard or similar immobilization 
device with arms out of the field. IV contrast should be 
administered unless contraindication. Oral contrast can 
be used to visualize GI luminal structures, with the same 
amount of water given to patients prior to treatment. 
Patients should be asked to fast 3 to 5 hours prior to 
simulation, as well as each fraction, to allow reproducible 
gastric positioning. Motion management considerations 
are as noted above and most commonly addressed by using 
a 4D-CT with fusion of the maximum and minimum 
excursion phases.

Prior to initiating contouring, it is imperative to review 
pre-operative and post-operative diagnostic imaging as well 
as operative and pathology documentation. In the absence 
of gross recurrent disease, there is no GTV contour. A 
consensus contouring atlas from the RTOG is available 
for CTV delineation, which is consistent with the RTOG 
0848 protocol (101). An upper abdominal normal organ 
consensus contouring atlas is also available (102). The CTV 
includes the celiac, sma, porta hepatis, and para-aortic 
lymph node chains, as well as the tumor bed, and relevant 
anastomoses. Usually, the Pancreaticojejunostomy (PJ) is 
the only anastomosis that needs to be included in the field, 
but in the instance of close or positive bile duct margins, 
the hepatico-jejunostomy (HJ) will also need to be included. 
The PJ can be identified by following the pancreatic 
remnant, while the HJ can be identified by following air in 
the intrahepatic biliary tree down to the hilum. A summary 
of the steps to create the CTV, along with relevant 
expansions, is included in Table 2. For patients with body 
or tail lesions who have undergone a distal pancreatectomy 
or splenectomy, the data for adjuvant radiation is sparse, 
although some evidence supporting adjuvant radiation 
in patients with risk factors for recurrence, most notably 
lymph node positive disease (103). For these patients, the 
splenic/hilar nodes should be included in the CTV and the 
porta hepatis nodes can likely be withheld.

Generally, a dose of 50.4 Gy is administered in  
28 fractions, although a further boost, either as a cone-
down or SIB, to 54 Gy or higher can be considered for close 
or positive margins, assuming that dose constraints can be 
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maintained. As noted above, IMRT has been shown to decrease 
dose to OARS and result in decreased acute toxicity (42).  
Some investigators have also explored the use of SBRT in 
the adjuvant setting, which may be particularly useful for 
patients with close or positive margins, although more data 
is needed (100,104). Patients with a positive uncinate margin 
may particularly good candidates for adjuvant SBRT in the 
future, since the PJ and HJ would have to be targeted for 
positive pancreatic neck and bile duct margins respectively 
and may not be able to tolerate hypofractionated treatment 
as compared to the superior mesenteric vasculature. Recent 
data suggesting that the highest risk of local recurrence 
following pancreaticoduodenectomy is in close proximity 
to the celiac and SMA may allow further refinement and 
narrowing of adjuvant radiation fields, which may lend itself 
to more hypofractionated approaches in the future (89). 

Conclusions

While the role of radiation for pancreatic cancer has 
historically been controversial, much of this controversy is 
based on older studies that employed antiquated radiation 
techniques and that are therefore less applicable to the 
question of the utility of modern radiation. Advances in 
motion management, image guidance, and treatment 
planning, as described above, have refined the delivery 
of radiation, lending optimism about the future role of 
radiation across all stages of non-metastatic pancreatic 

cancer, including adjuvant treatment for resected disease, 
neoadjuvant treatment for borderline resectable and more 
recently a fraction of locally advanced disease, and definitive 
therapy for unresectable disease. An understanding 
of the technical challenges that face radiation therapy 
for pancreatic cancer, along with current and potential 
solutions, is critical for the optimal integration of radiation 
into the multi-disciplinary management of patients with 
pancreatic cancer.
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