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Abstract: Surgery represents the only potential curative treatment option for patients diagnosed with
pancreatic adenocarcinoma. Despite aggressive surgical management for patients deemed to be resectable, rates
of local recurrence and/or distant metastases remain high, resulting in poor long-term outcomes. In an effort
to reduce recurrence rates and improve survival for patients having undergone resection, adjuvant therapies
(ATs) including chemotherapy and chemoradiation therapy (CRT) have been explored. While adjuvant
chemotherapy has been shown to consistently improve outcomes, the data regarding adjuvant radiation therapy
(RT) is mixed. Although the ability of radiation to improve local control has been demonstrated, it has not
always led to improved survival outcomes for patients. Early trials are flawed in their utilization of sub-optimal
radiation techniques, limiting their generalizability. Recent and ongoing trials incorporate more optimized RT
approaches and seek to clarify its role in treatment strategies. At the same time novel radiation techniques such
as intensity modulated RT (IMRT) and stereotactic body RT (SBRT) are under active investigation. It is hoped

that these efforts will lead to improved disease-related outcomes while reducing toxicity rates.
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Introduction

Despite improvements in surgical management,
chemotherapy, and chemoradiation therapy (CRT)
approaches, pancreatic cancer (PC) continues to be
a formidable disease for oncologists. Localized PC is
categorized on a spectrum spanning from resectable
to locally advanced based primarily on the presence or
absence of vascular involvement. The determination of
resectability involves prospective assessment employing
imaging studies, predominantly CT scan, but also MRI and
endoscopic ultrasound. Resectable disease is defined by the
absence of distant metastases and lack of involvement of the
adjacent vasculature [i.e., celiac axis, hepatic artery, superior
mesenteric artery (SMA), superior mesenteric vein (SMV)
or portal vein (PV)] (1). Though a subjective category with
variability between surgeons and institutions, borderline
resectable disease allows for venous involvement (PV or

© Journal of Gastrointestinal Oncology. All rights reserved.

SMYV) that is deemed resectable and where reconstruction
is feasible, as well as lesions with limited SMA abutment
(<180°) (2,3).

Surgery represents the only potentially curative
treatment for patients with PC. Approximately 20% of
patients will present with resectable disease. Despite
the ability to remove all gross disease, outcomes for
this group of patients are limited by high rates of local
(50-90%) as well as distant (peritoneal: 20-35%; liver 20-90%)
recurrence (4-7). Local recurrence is a significant driver
of morbidity (i.e., pain, ulceration, bleeding, obstruction,
cholangitis). Furthermore, uncontrolled local disease is
often associated with distant failure as well as subsequent
mortality (8). Adjuvant therapies (ATs) including CRT
have been extensively investigated with hopes of reducing
rates of recurrence and improving long-term outcomes.
This review will first discuss the large randomized trials of
adjuvant chemotherapy and CRT and then focus on the
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Table 1 Trials of adjuvant therapy for resected pancreatic cancer
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Trial Arms No. patients Local recurrence Median survival (months) P value for survival
GITSG (9) RT/5-FU 21 NR 20

Obs 22 NR 11 0.03
EORTC (10) RT/5-FU 104 15% local only 25

Obs 103 15% local only 19 0.208
ESPAC-1 (11) 5-FU/LV 142 For all patients: 20

No chemo 147 62% (35% local only) 16 0.011

RT/5-FU/LV 145 14

No RT 144 17 0.05
CONKO-001 Gem 186 34% 23
(12,13) Obs 182 41% 20 0.01
RTOG (14) RT/5-FU + 5-FU 230 28% local only 17

RT/5-FU + Gem 221 23% local only 20 0.09
ESPAC-3 (15) 5-FU 551 NR 23

Gem 537 NR 24 0.39

GITSG, Gastrointestinal Study Group; EORTC, European Organisation for the Research and Treatment of Cancer; ESPAC,
European Study Group for Pancreatic Cancer; RTOG, Radiation Therapy Oncology Group; RT, radiation therapy; 5-FU,

5-fluorouracil; LV, leucovorin; Obs, observation; Gem, gemcitabine; NR, not reported.

contemporary role of adjuvant RT. Particular attention will
be paid to the emerging role of novel radiation techniques.

Adjuvant therapy (AT) for resected pancreatic
cancer (PC)

In an attempt to improve outcomes for this group of
patients, a number of studies have been conducted
exploring the efficacy of ATs (1able I). Many of the early
studies investigating AT for resected PC are limited in
their interpretation and generalizability by flaws in study
design and analyses. For example, many failed to include
pre-operative imaging into the initial determination of
resectability (9,10,12,14,16). Most did not include central
pathology review (9,12,14,16) or post-operative imaging for
re-staging prior to initiation of ATs (9,10,16). Nonetheless,
these trials inform current treatment strategies and have
guided ongoing and future investigations.

Historical trials of adjuvant therapy (AT)

The GITSG 9173 study established the role for adjuvant
CRT. This trial enrolled 43 of an intended 100 patients with
PC having undergone pancreaticoduodenectomy (PD) and
randomized to no further therapy or adjuvant, split course
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CRT with 5-fluorouracil (5-FU) (9). Treatment in the
CRT arm consisted of a course of radiation to 40 Gy with
a planned 2-week treatment break after the initial 20 Gy.
Bolus 5-FU was administered weekly during RT and for up
to two years thereafter. Though the trial was closed early
due to poor accrual, an OS benefit was found with a median
survival of 20 vs. 11 months and 2-year survival rates of 42%
vs. 15% (P=0.03). The GITSG trial established adjuvant
CRT as an acceptable adjuvant treatment for resected PC.

An attempt to replicate these results was conducted by
the European Organisation for Research and Treatment
of Cancer (EORTC). The trial enrolled 218 patients and
randomized similarly between observation and split course
CRT with 5-FU (10). Similar to the GITSG study, RT was
delivered in a split course to 40 Gy. The 5-FU was delivered
as a continuous infusion. Unlike in the GITSG study, there
was no significant survival benefit with AT. With long-
term follow-up, S-year survival rates were 25% (CRT)
vs. 22% (surgery alone) (17). A notable difference of the
EORTC study was inclusion of 104 peri-ampullary tumors.
A subset analysis was performed including only pancreatic
head tumors, demonstrating a trend towards improved
2-year overall survival with AT with a median 17 (CRT) vs.
13 months (surgery alone) (17).

The European Study Group for Pancreatic Cancer-1
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(ESPAC-1) study was a 2x2 study designed to investigate
both adjuvant chemotherapy and adjuvant CRT compared
to observation following resection. Patients were
randomized to observation, chemotherapy alone, CRT,
or CRT followed by maintenance chemotherapy (16).
Clinicians were encouraged to enroll in the 2x2 randomization
but given the option to select their patients’ randomization.
Chemoradiation was delivered in a split course fashion,
consistent with the GITSG and EORTC trials.
Chemotherapy consisted of bolus 5-FU and folinic acid
administered days 1-5 and repeated every 28 days for 6 cycles.
Of the 541 patients enrolled, 285 were randomized in the
2x2 design. Long-term results were reported with a median
47 months follow-up and when restricted to patients in the
2x2 randomization, CRT was found to result in a survival
detriment (median survival 14 vs. 17 months) whereas
a survival benefit was found for adjuvant chemotherapy
(median survival 20 vs. 16 months) (11). In this study,
recurrence rates were high regardless of treatment arm.
Similar to the aforementioned trials, median survival was
poor and the ESPAC-1 trial stands alone in showing a
survival detriment with CRT.

These early investigations of adjuvant CRT are limited
in their interpretation and generalizability by flaws in trial
design and conduct. These trials utilized split course, low
dose RT schedules with no RT quality assurance and bolus
5-FU. A dose of 40 Gy is likely inadequate to establish
disease control while split course radiation prolongs overall
treatment time, reducing potential biological effectiveness.
Post-operative complications precluding adjuvant treatment
occurred in nearly 20-30% of patients. In reality, the
GITSG study tested two interventions against the control
by incorporating both adjuvant CRT and additional adjuvant
chemotherapy. Furthermore, the study was hindered by poor
enrollment and significant protocol violations. The EORTC
trial included a heterogeneous population of peri-ampullary
and pancreatic tumors, potentially diluting the benefit of
CRT among PC patients. Results of the ESPAC-1 study
have been questioned, among many reasons, due to its 2x2
design and concerns for selection bias. The results of these
early trials, though flawed, guided treatment for patients with
resected PC and informed the future trials.

Modern trials of adjuvant therapy (AT)

Given the lack of benefit of CRT seen in the EORTC
and ESPAC-1 studies, further investigation in Europe has
attempted to optimize adjuvant chemotherapy strategies.
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The German Charité Onkolgie (CONKO-001) trial (12)
investigated the efficacy of adjuvant gemcitabine whereas the
ESPAC-3 trial compared adjuvant 5-FU vs. gemcitabine (18).
In the United States, the Radiation Therapy Oncology
Group (RTOG) conducted a randomized trial comparing
adjuvant 5-FU-based CRT with either additional 5-FU or
gemcitabine (14).

The German CONKO-001 trial enrolled 354 patients
post-PD with RO (83%) or R1 resection and randomized
to observation or gemcitabine (12). Gemcitabine was
administered in three weekly infusions for a total of six cycles.
With a median follow-up among survivors of 4.5 years,
gemcitabine resulted in a near doubling of disease-free
survival (DFS), with median intervals of 13 vs. 7 months
for observation. Grade 3-4 toxicities were primarily
hematologic. With longer follow-up adjuvant gemecitabine
resulted in reduced risk of death (HR 0.76, P=0.01) (13).

The ESPAC-3 trial similarly enrolled 1088 patients having
undergone PD with R0 (65%) or R1 resection and randomized
to observation, adjuvant fluorouracil (bolus x6 cycles)
or gemcitabine (x6 cycles) (15). Following the publication
of ESPAC-1, the observation arm was closed and the trial
became a comparison of 5-FU and gemcitabine. With a
median follow-up of 34 months, there was no difference
in survival seen between adjuvant gemcitabine or 5-FU
with median survivals of 24 and 23 months, respectively.
Rates of grade 3-4 toxicities were higher with 5-FU
(primarily diarrhea, stomatitis) compared to gemcitabine
(hematologic).

After improved results of gemcitabine in patients with
metastatic disease (19), the RTOG conducted a randomized
trial (97-04) investigating whether gemcitabine compared
with continuous infusion 5-FU, administered before and
after standard 5-FU based CRT (50.4 Gy), could improve
outcomes in the adjuvant setting (14). The study enrolled
patients having undergone PD with RO or R1 resections.
Chemotherapy was administered for three weeks prior
and 12 weeks following chemoradiation and all RT plans
underwent prospective quality assurance. With a median
follow-up of 4.7 years among surviving patients, the
addition of gemcitabine led to a trend in improved survival
(mean 17 vs. 20 months, P=0.09), although at the expense
of higher grade 4 hematologic toxicity. Results among the
86% of patients with pancreatic head tumors suggested a
benefit for gemcitabine (14), though with longer follow-up
there was no statistically significant difference (20). Patients
with a post-operative CA 19-9 level <90 experienced a
significantly longer median survival compared to >90,
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at 23 vs. 10.4 months respectively (21). This finding was
confirmed on multivariate analysis (HR 3.34, P<0.0001).
One hypothesis is that this group of patients with higher
CA-19-9 levels may harbor micrometastatic disease, which
may have implications for selection of appropriate adjuvant
treatments. A secondary analysis assessed outcomes for
patient treated with per-protocol RT (n=216) as compared
to those with protocol violations (n=200) (22). It was found
that patients treatment with per-radiotherapy protocol
had significantly improved overall survival. Moreover, on
multivariate analysis, per-protocol treatment was more
closely linked with survival than was the randomized
treatment assignment.

What are the summative conclusions of the randomized
trials of AT reported to date? Based on the results of the
CONKO-1 and the ESPAC trials, adjuvant chemotherapy
has been shown to consistently improve outcomes.
Gemcitabine appears superior to 5-FU in terms of toxicity.
The results of these trials are less clear on the role of
adjuvant CRT. The GITSG, EORTC, and ESPAC-1 trials
resulted in differing conclusions, though this may be at least
partially explained by the many deficiencies of these studies
as previously discussed. The more recent RTOG study
is the only trial to incorporate “modern” RT and quality
assurance of RT plans, yet the trial was not designed to test
the efficacy of CRT.

Available data does suggest lower rates of local recurrence
with the incorporation of optimal CRT. In RTOG 97-04,
the local recurrence rate was only 26% despite substantial
proportions of patients with T3/T4 disease (75%),
involved lymph nodes (66%) and positive margins (34%).
The EORTC and ESPAC-1 trials, with suboptimal CRT
techniques and omission of RT in some ESPAC-1 patients,
resulted in substantially higher local recurrence rates
(36-62%) despite including predominantly patients with
T1/T2 disease (EORTC), negative margins (EORTC and
ESPAC-1) and low CA 19-9 levels (CONKO-001). Similarly,
local recurrence rates in the (CONKO-001) (34-41%)
and ESPAC-3 (63%) trials compare unfavorably to the
RTOG and other trials incorporating adjuvant CRT. The
ability of adjuvant CRT to reduce local recurrence rates
was demonstrated by a smaller randomized phase II study
conducted in patients undergoing RO resection (23). In this
study 90 patients were randomized between four cycles of
gemcitabine or two cycles of gemcitabine followed by CRT
with concurrent gemcitabine. While there was no difference
in DFS or OS, there was a reduction in local recurrence
as first progression with chemoradiation (11% vs. 24%).
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As more efficacious systemic therapies are developed,
the ability to safely achieve local control may become
increasingly important.

The ongoing RTOG 08-48 is a phase III trial
randomizing patients post-PD to five cycles of gemcitabine
or gemcitabine and the tyrosine kinase inhibitor, erlotinib.
The rationale of erlotinib was based on efficacy data in
the locally advanced or metastatic setting, though this arm
has now been closed (24,25). Patients are then re-imaged
to evaluate for progression, and if no progression, are
randomized to one additional cycle of chemotherapy or
one additional cycle of chemotherapy (six cycles total)
followed by 5-FU-based CRT. The study utilizes modern
radiation techniques to a dose of 50.4 Gy and incorporates
centralized, prospective quality assurance of RT plans. In
Europe, the ESPAC-4 trial seeks to investigate the efficacy
of adding capecitabine to standard gemcitabine in the
adjuvant setting. The results of these trials will potentially
provide valuable information regarding the optimal adjuvant
treatment strategy as well as further assess the role of CRT.

Given the conflicting results of randomized trials, several
groups have published their institutional results of treatment
with adjuvant CRT. A prospective series from Johns
Hopkins reports outcomes of 616 patients undergoing PD
for pancreas cancer, of which 271 received adjuvant 5-FU
based CRT (26). Pathologic tumor characteristics between
those who did and did not receive CRT were similar in
regards to involved nodes (82% wvs. 79%, NS) and positive
margins (48% vs. 42%, NS). With a median follow-up
of 18 months, patients receiving AT showed statistically
and meaningfully improved median survival time (21 vs.
14 months) as well as 5-year overall survival (20% vs. 15%).
This benefit persisted after adjusting for covariates and an
analysis of treatment effect showed the benefit to exist for
both positive and negative margins. A second series from
the Mayo Clinic reported on 466 patients with T1-3N0-1
PC undergoing curative, margin negative resection, 274
of who received adjuvant CRT (27). Despite more patients
with T3 tumors, involved nodes, and high-grade disease,
survival was superior for patients receiving CRT (median
25 vs. 19 months; 2-year OS 50% vs. 39%). Analyses of
the effect of CRT by tumor characteristics confirmed a
survival benefit for patients with involved lymph nodes and
high-grade tumors, but not for patient with uninvolved
nodes. A follow-up matched pair analysis, combining data
from both institutions (496 patients), confirmed a survival
benefit for adjuvant chemoradiation with a relative risk of

0.59 (0.48-0.72) (28).
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Novel radiation therapy (RT) techniques

In the decades since the inception of the GITSG study,
significant advances in radiation technology have allowed
for more conformal delivery of dose to target volumes.
Intensity modulated RT (IMRT) and stereotactic body RT
(SBRT) are two such techniques. Unlike 3-dimensional
conformal RT, IMRT incorporates a planning technique,
called inverse planning, whereby both target volumes and
organs at risk are delineated by the radiation oncologist.
A treatment plan is then generated through an optimization
process that uses volumetric and dosimetric constraints
(i.e., radiation prescription) for both target volumes and
organs at risk, as inputs. IMRT breaks up a typical radiation
treatment field into smaller “beamlets”. It is implemented
either as dynamic IMRT (collimating leaves move in and out
of the radiation beam path during treatment) or as “step and
shoot” IMRT (leaves change field shape while the machine
is off). The cumulative effect is that the prescription dose
conforms around delineated target volumes, significantly
reducing doses to adjacent normal tissues.

Stereotactic body RT [also known as stereotactic
ablative radiotherapy (SABR) and high-dose image guided
radiotherapy (HIGRT)] can employ many of the same
strategies and couples a high degree of anatomic targeting
accuracy and reproducibility with high doses of ionizing
radiation. This maximizes the cell-killing effect on the
target while minimizing injury to adjacent normal tissues.
Both SBRT and IMRT incorporate rigorous image
guidance, accounting for day-to-day variations in location
of the target volumes and adjacent normal tissues. The
proposed benefits of a shortened course of RT are two-fold.
First, radiobiological principles suggest that large fractional
doses of radiation increase the biologically effective dose.
Second, by shortening the overall treatment time, patients
can more quickly proceed to systemic therapies.

A fundamental principle of these conformal radiation
techniques is accurate delineation of target volumes. This
requires an intimate knowledge of normal anatomy and
patterns of lymphatic drainage. Appropriate delineation of
target volumes must also thoroughly consider preoperative
tumor features (determined by preoperative imaging) as
well as account for surgical and pathologic features. In an
effort to standardize this process, the RTOG has developed
contouring guidelines which have been incorporated into
the protocol of RTOG 0848 (29). The recommended
contours are based on a combination of preoperative tumor
location, surgical anastomoses, and nodal regions based on

© Journal of Gastrointestinal Oncology. All rights reserved.

Boyle et al. Adjuvant therapy for pancreatic cancer

vasculature. A combined effort from Johns Hopkins and
the University of Maryland investigators draws from their
patterns of failure analysis of 202 patients with resected
disease to generate target volumes (30). It was found that
a target volume that would encompass 80% of recurrences
could be generated by expanding a combined contour of the
proximal CA and SMA by 2.0 cm right lateral, 1.0 cm left
lateral, 1.0 cm anterior, 1.0 cm posterior, 1.0 cm superior,
and 2.0 cm inferior. A volume encompassing 90% of
recurrences could be generated by expanding an additional
1.0 cm right lateral, 1.0 cm left lateral, and 0.5 cm anterior.
An example of IMRT is shown in Figure 1.

Clinical experiences utilizing IMRT

In the context of PC, IMRT has been employed in the
locally advanced (31-35) and adjuvant settings (32,35,36)
(Table 2). Given the small patient numbers in these series,
they should be considered primarily as feasibility studies
and for their toxicity assessments.

The University of Chicago published initial experience
of IMRT with concurrent 5-FU in a mixed population of
patients with resected disease (n=8), unresectable disease
(n=13), and unresected recurrence (n=3) (32). In their study,
radiation volumes included the tumor bed (45-50.4 Gy)
or gross disease (50.4-59.4 Gy) and regional lymphatics
(41.4-50.4 Gy). In six patients, dosimetric analysis of the
IMRT and a 3-dimensional conformal plan was performed.
They found statistical reductions in dose to the kidneys, small
bowel, and liver. Treatment was relatively well tolerated and
with a median follow-up of 14 months, a total of six acute and
one late grade 3 or 4 non-hematologic toxicities occurred.
With the caveat of small patient numbers, none of the eight
patients who were resected experienced a local recurrence
with a median follow-up of 17 months.

Investigators at the University of Michigan conducted a
phase I/II prospective study of dose escalated (up to 60 Gy)
IMRT with concurrent gemcitabine (34). In their series of
50 patients, radiation was delivered to gross disease only
with customized margins allowing for target respiratory
motion. Concurrent gemcitabine was delivered at full dose
(1,000 mg/m’) to maximize local and distant control. Of
note, prior studies had found full dose gemcitabine with
concurrent RT to be unacceptably toxic (37). The current
study hypothesized that the use of IMRT would improve
the safety of this approach by reducing the dose to normal
tissues. A total of 11 dose limiting toxicities occurred (52.5-
57.5 Gy) including anorexia, nausea, vomiting or dehydration
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Figure 1 Representative images of an IMRT plan in a patient with PC being treated with adjuvant RT. The shaded red volume represents

the target and the bold yellow line depicts the prescription isodose line. Images are (A) axial; (B) coronal; and (C) saggital. IMRT, intensity

modulated radiation therapy; PC, pancreatic cancer.

Table 2 Select series of IMRT in pancreatic cancer

. Targets and dose Acute 3+ Late 3+
Author Setting . Chemotherapy . o . Notes
patients (total dose/# fractions) toxicity (%) toxicity (%)

Passoni LAPC 25 Cap Gross disease: 44.25 Gy/ 15; involved 4 13 Simultaneous

etal. (31) vessels: 48-58/15 integrated boost,
prospective phase |

Combs LAPC 57 Gem Gross disease: 54 Gy/ 25; - - Simultaneous

etal. (33) elective nodes: 54 Gy/ 25 integrated boost:
31 underwent
surgery, 11/31 with
IORT (10-15 Gy)

Ben Josef LAPC 50 Gem Gross disease: 50-60 Gy/ 25 24 - Prospective study

et al. (34)

Yovino Resected 71 Cap/Gem Gross disease: 50.4-59.4 Gy/28-33; 8 7 Crude local control:

et al. (36) elective nodes: 45 Gy/ 25 80%

Abelson  LAPC/ 47 5-FU Gross disease: 54 Gy/ 30; elective 9 9 1 year local control:

etal. (35) resected nodes: 50.4/28 92%

IMRT, intensity modulated radiation therapy; No., number; LAPC, locally advanced pancreatic cancer; Cap, capecitabine; Gem,
gemcitabine; IORT, intraoperative radiation therapy; 5-FU, 5-fluorouracil.

(n=7), duodenal bleed (n=3), and duodenal perforation (n=1).
Two deaths were considered to be potentially due to therapy
(peritonitis and duodenal perforation). The authors concluded
that 55 Gy was a safe dose. Importantly, it was found that
freedom from local progression (a secondary endpoint) was
improved with dose escalation.

A combined series of 71 patients from the Johns Hopkins
Medical Institutions and the University of Maryland is
the largest to assess outcomes for IMRT employed in the
setting of resected disease (36). Targets included elective
coverage of the regional nodes (45 Gy) with a boost target
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encompassing the tumor bed (50.4-59.4 Gy). With a median
follow-up of 2 years, 14 (20%) of patients experienced a
local recurrence. Importantly, 9/14 local recurrences were
without a distant component. Treatment was well tolerated
with 8% grade 3 acute toxicity (no grade 4) and 7% late
toxicity (small bowel obstruction or fistula).

Early clinical experience of SBRT and ongoing
clinical trials

There is a paucity of available data detailing the efficacy and
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safety of adjuvant SBRT for PC. One of the few published
reports comes from the University of Pittsburgh. In this
series, 24 patients were treated with post-operative radiation
with single fraction SBRT (20-24 Gy). With a median of
12.5 months of follow-up, grade 1-2 toxicity was 12.5%. No
grade 3 or higher toxicities were reported and 19/24 patients
were able to proceed to systemic gemcitabine-based
chemotherapy. Freedom from local progression was
66%. Among 16 patients with positive resection margins,
10 (62.5%) were free of local progression (38).

There are at least two ongoing prospective studies of
adjuvant SBRT. Building upon their early experience, the
University of Pittsburgh is enrolling patients with resected
disease and close or positive margins (NCT01357525).
Radiation doses of 36 Gy in 12 Gy fractions are planned.
The primary endpoint is local progression-free survival with
a secondary analysis of quality of life. Investigators at Johns
Hopkins are expanding on their experience using SBRT in
a randomized phase II trial that investigates the safety and
efficacy of an immune-modulating vaccine in conjunction
with FOLFIRINOX (oxaliplatin, irinotecan, 5-FU,
leucovorin). All patients will be treated with SBRT fraction
sizes of 6.6 Gy for 5 days followed by FOLFIRINOX. The
experimental arm will include the vaccine (NCT01595321).
Results of these trials will provide important information

regarding the safety of SBRT in the adjuvant setting.

Conclusions

Adjuvant chemotherapy has consistently led to
improvements in outcomes for patients with PC following
resection and should be incorporated into adjuvant
treatment strategies. The role of adjuvant RT remains
controversial. Early trials were flawed in their utilization
of what is now recognized as sub-optimal RT leading
to mixed results. Ongoing trials of adjuvant RT, such as
RTOG 08-48, incorporate evidence-based delineation
of target volumes and rigorous quality assurance. Results
of this study will serve to clarify the role of adjuvant
radiotherapy in resected PC patients. The incorporation of
modern radiation techniques such as IMRT and SBRT hold
the promise of maximizing dose to target volumes while
minimizing dose to normal tissues, thus broadening the
therapeutic window and improving disease outcomes.
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