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Abstract
It is well established that the development of distant metastatic 
disease represents the dominant pattern of tumor recurrence/pro-
gression among patients with operable and locally advanced pan-
creatic cancer. However, the contribution of localized or locore-
gional tumor burden to pancreatic cancer–associated morbidity 
and mortality may be underappreciated, and therefore balancing 
competing considerations of systemic versus local disease control 
becomes important in therapeutic decision-making. The role of lo-
cal therapies, particularly radiation therapy, has remained some-
what controversial in this disease context. Several phase II and III 
trials have sought to address the relative importance and role of 
radiation in both the localized and locally advanced settings, in-
cluding the sequencing of this modality relative to systemic thera-
py and its optimal means of administration. However, differences 
and limitations in study design have produced mixed results, par-
ticularly in terms of the contribution of radiation to overall sur-
vival benefit. An emerging paradigm that makes conceptual sense 
and remains the subject of active investigation is to start with a 
defined period of systemic treatment, thus limiting radiation to 
the subset of patients who do not manifest with metastatic disease 
during initial therapy and are therefore most likely to benefit from 
local control. (JNCCN 2010;8:1022–1031)
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When considering the role of radiation therapy in oper-
able and locally advanced pancreatic cancer, it becomes 
necessary to examine the patterns of locoregional versus 
systemic failure in these disease settings. For example, 
data from single-institution series and from phase III 
trials of resected pancreatic cancer suggest that while 
distant metastatic disease tends to predominate as a pat-
tern of recurrence, locoregional relapse is also common, 
occurring in anywhere from 33 to 73% of patients.1–5 A 
recently reported rapid autopsy series from Johns Hop-
kins showed that 15% of patients with previously resect-
ed stage I/II disease had recurrent cancer limited to the 
pancreatic bed only, and 28% of patients with stage III 
(locally advanced) disease had no evidence of metastases 
at the time of death.6 In total, 30% of patients in this 
series were classified as dying of locally destructive rather 
than widespread metastatic disease.

These findings suggest that, although the natural his-
tory of pancreatic cancer tends to be characterized by the 
development of metastatic disease at an exceedingly high 
frequency, local tumor burden may also contribute signifi-
cantly to morbidity and mortality. Therefore, optimizing 
local disease control may be an essential component of 
treatment paradigms in both the localized and locally ad-
vanced pancreatic cancer settings. However, available data 
from phase II and III studies have failed to yield conclusive 
results regarding whether radiation produces improvements 
in patient outcomes and overall survival, partly because 
of differences and limitations in study designs. Additional 
questions, such as the sequencing of radiation relative to 
chemotherapy and the optimal means of delivering radia-
tion, remain and must be addressed with greater clarity. 

Potentially Resectable Disease
According to data from the SEER database, fewer than 
10% of patients with pancreatic cancer have localized, 
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potentially operable disease at initial disease presen-
tation.7 Long-term survival even in this group of pa-
tients remains relatively uncommon, with a 5-year 
survival rate of approximately 15 percent.7 Moreover, 
survival rates after pancreatic cancer resection do not 
seem to have substantially improved over the past 
several decades, despite evaluation of various che-
motherapy and radiation regimens in the adjuvant 
setting. Several studies have shown that superior 
outcomes may be achieved when pancreatic cancer 
surgeries are performed at high-volume hospitals by 
experienced surgeons8,9; however, even at these cen-
ters, the median survival is only around 18 months.10 
These sobering statistics reflect the high rates of both 
local and distant recurrence that occur in patients 
who undergo surgery with curative intent. Therefore, 
the development of newer and more effective adju-
vant strategies in this disease setting clearly includes 
a need to evaluate and refine approaches to achieve 
better local and systemic control. 

Early Adjuvant Studies
Early evidence to support the use of chemoradiation 
in patients after pancreatic cancer surgery was pro-
vided in a clinical trial conducted by the Gastroin-
testinal Tumor Study Group (GITSG) in the 1970s 
and early 1980s.11 In this study, resected patients 
were randomized to receive either no further treat-
ment or chemoradiation (4000 cGy delivered in two 
2-week courses spaced apart by 2 weeks, with con-
current bolus 5-fluorouracil [5-FU], 500 mg/m2, daily 
for 3 days at the start of each course) followed by 
bolus 5-FU chemotherapy for an additional 2 years. 
Although this study was closed early after accruing 
only 43 patients over 8 years, a statistically signifi-
cant improvement was seen in the treatment arm for 
both median survival (20 vs. 11 months; adjusted 
P = .03) and actuarial 2-year survival rate (43% vs. 
18%). Notably, nearly one quarter of patients (24%) 
randomized to the treatment arm never underwent 
therapy because of poor or prolonged postoperative 
recovery. 

A subsequent phase III trial performed by the 
EORTC randomized 218 patients who had under-
gone resection of a pancreatic head cancer or peri-
ampullary cancer to receive either no further treat-
ment or combined chemoradiation consisting of 
split-course radiation (similar to the GITSG study) 
with concurrent 5-FU given as a continuous infusion 
(25 mg/kg/d) for 5 days at the start of each radiation 

course.12 Distinct from the GITSG trial, however, 
was the absence of additional protocol-mandated 
maintenance chemotherapy after completion of 
chemoradiation. In the subgroup of the 114 patients 
with pancreatic head cancer, trends toward improved 
median survival (17.1 vs. 12.6 months; P = .099) and 
2- and 5-year survival rates (37% vs. 23% and 20% 
vs. 10%, respectively) were seen in patients enrolled 
on the treatment arm. However, these differences 
were not statistically significant (perhaps as a result 
of underpowering of the study), even after longer-
term follow-up13; hence, the investigators concluded 
that chemoradiation alone was not beneficial to pa-
tients in this setting.

Recent Clinical Trials Examining the Respective 
Roles of Adjuvant Chemotherapy and Radiation
More recently, several large phase III trials conduct-
ed in both Europe and the United States have sought 
to better define the roles and relative importance of 
chemotherapy and radiation as adjuvant therapy 
(Table 1). The ESPAC-1 trial,2 conducted by the 
European Study Group for Pancreatic Cancer, used 
a 2-by-2 factorial design in which patients were ran-
domly assigned after surgery to 1 of 4 options: chemo-
therapy (bolus 5-FU plus leucovorin times 6 cycles), 
chemoradiation (split-course radiation with concur-
rent bolus 5-FU administered identically to the ear-
lier GITSG trial), sequential therapy with chemora-
diation followed by chemotherapy, or neither. The 
4 arms were ultimately combined in 2 comparison 
groups for analysis: chemotherapy versus no chemo-
therapy, and chemoradiation versus no chemoradia-
tion. Patients who underwent chemotherapy had a 
significantly improved median survival compared 
with those who did not, with an absolute difference 
in median survival of almost 5 months. Somewhat 
surprising, however, was the finding that patients 
who underwent chemoradiation not only did not 
benefit from this modality but actually had a shorter 
survival time than those who did not. Accordingly, 
investigators of the ESPAC-1 trial concluded that 
although chemotherapy should be offered to patients 
after pancreatic cancer resection, the role of chemo-
radiation was much more questionable and could not 
be recommended for routine use. 

It should be pointed out that this study has been 
criticized on multiple fronts, including that fact that 
the lack of standardized trial methodology and sub-
optimal delivery and dosing of radiation may have 



Original Article

Ko and Crane

© JNCCN – Journal of the National Comprehensive Cancer Network | Volume 8 Number 9 | September 2010

1024

contributed to the high reported rates of local failure, 
and that a large number of patients did not receive 
the intended therapy.14 Nevertheless, these data fur-
ther challenged the necessity of chemoradiation for 
treating resected pancreatic cancer.

A separate study led by the Radiation Thera-
py Oncology Group (RTOG 9704) in the United 
States compared gemcitabine with infusional 5-FU 
in the postoperative setting, with patients in both 
arms undergoing chemoradiation (5040 cGy with 
concurrent continuous-infusion 5-FU) sandwiched 
between their first and second cycles of prescribed 

chemotherapy.3 Therefore, this study design neither 
corroborated nor refuted the question raised by ES-
PAC-1 regarding the impact (either favorable or det-
rimental) of chemoradiation in this setting. Specific 
to tumors located in the pancreatic head, patients in 
the gemcitabine group of RTOG 9704 had a nonsta-
tistically significant benefit in median survival that 
became more pronounced on multivariate analysis, 
with a 3-year survival difference of 31% versus 22% 
between the groups. This was the first phase III trial 
to use a chemoradiation regimen that is currently ac-
cepted as standard practice, in terms of both radia-

Table 1 Recent Phase III Trials Evaluating the Respective Roles of Chemotherapy and Radiation in 
 the Adjuvant Setting for Patients After Pancreatic Cancer Resection

Trial
Sample 
Size Treatment Arms Median Survival P Value Comments

ESPAC-12 75 Arm A: 5-FU/LV 
x 6 mo

Chemo (arms 
A+C): 20.1 mo  
vs. 
No chemo (arms 
B+D): 15.5 mo;   
P = .009

.009 Bolus 5-FU/LV administered daily 
for 5 consecutive days every 28 
days

5-FU/XRT: Two 2-week courses of 
XRT, spaced 2 weeks apart; bolus 
5-FU during first 3 days of each 
2-week course

54% node-positive, 18% positive 
resection margins

73 Arm B: 5-FU/
XRT (4000 cGy 
given as split-
course)

72 Arm C: 5-FU/
XRT followed 
by 5-FU/LV

ChemoXRT (arms 
B+C): 15.9 mo  
vs. 
No chemoXRT 
(arms A+D):  
17.9 mo

.05

69 Arm D: 
Observation

CONKO-00115,16 179 Gemcitabine x 
6 mo

22.8 mo .005 Gemcitabine standard infusion 3 
weeks on/1 week off

72% node-positive, 17% positive 
resection margins

175 Observation 20.2 mo

RTOG 97043 221 Gemcitabine x 1 
mo → 
5-FU/XRT  
(5040 cGy) → 
Gemcitabine x 
3 mo

20.5 mo .09 5-FU given as a continuous 
infusion (250 mg/m2/d) in arm B 
and concurrent with XRT in both 
arms

XRT given in 28 consecutive 
fractions

66% node-positive, 34% positive 
resection margins

Survival results specific to 
pancreatic head tumors only

230 5-FU x 1 mo → 
5-FU/XRT  
(5040 cGy) → 
5-FU x 3 mo

16.9 mo

ESPAC-317 537 Gemcitabine x 
6 mo

23.6 mo .39 Bolus 5-FU/FA administered daily 
for 5 consecutive days every 28 days

72% node-positive, 35% positive 
resection margins

551 5-FU/FA x 6 mo 23.0 mo

Abbreviations: 5-FU, 5-fluorouracil; Chemo, chemotherapy; ChemoXRT, chemoradiotherapy; CONKO, Charite Onkologie Clinical 
Studies in GI Cancer; ESPAC, European Study Group for Pancreatic Cancer; FA, folinic acid; LV, leucovorin; RTOG, Radiation 
Therapy Oncology Group; XRT, radiotherapy.
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tion dosing schedule and concurrent chemotherapy 
administration. 

Two other large phase III trials from Europe also 
evaluated the role of gemcitabine in the adjuvant 
setting for pancreatic cancer. Notably, these studies 
were intended to exclusively address chemotherapy-
specific questions, and thus neither of them includ-
ed radiation as a protocol-mandated component of 
treatment. The first of these studies, CONKO-001, 
conducted by Charite Onkologie in Germany and 
Austria, compared adjuvant gemcitabine adminis-
tered for 6 cycles with observation alone in 354 pa-
tients with completely resected pancreatic cancer.15 
Patients receiving gemcitabine had a near doubling 
of median disease-free survival (13.4 versus 6.9 
months; P ≤ .001), which translated into significant 
improvements in median, 1-year, and 3-year survival 
rates.16 In the second study (ESPAC-3), the investi-
gators performed a direct comparison of gemcitabine 
versus 5-FU/folinic acid times 6 months in the ad-
juvant setting, similar to the RTOG trial but using 
bolus rather than infusional 5-FU, and without the 
confounding aspect of radiation.17 This study was 
originally designed to include a third arm, obser-
vation alone; however, as data emerged from other 
adjuvant trials regarding the benefits of adjuvant 
chemotherapy for pancreatic cancer, this arm was 
dropped. Still, ESPAC-3 represents the largest trial 
of its kind in pancreatic cancer, with a total of 1088 
patients randomized between the treatment arms. 
No differences in either disease-free or overall sur-
vival were observed between patients receiving gem-
citabine and those receiving 5-FU, with the only 
major distinction between the treatment arms being 
their respective toxicity profiles (more thrombocy-
topenia was observed in patients in the gemcitabine 
arm, whereas more grade 3/4 stomatitis and diarrhea 
was seen in the 5-FU arm). 

Further prospective randomized studies, in 
which patients are assigned postoperatively either 
to undergo radiation or not, are required to sort out 
the relative importance of this modality in the adju-
vant setting. One study conducted along these lines, 
designed by a European Intergroup (EORTC/FFCD/
GERCOR 40013-22012/9203), was a multicenter 
phase II trial in which 90 patients were randomized 
after surgery to receive either gemcitabine alone for 
4 months or gemcitabine for 2 months followed by 
concurrent gemcitabine/radiation.18 With a median 

follow-up of 27 months, no differences in overall 
or disease-free survival were observed between the 
arms (median survival, 24 months for both arms), 
although the rate of local recurrence was lower in 
the chemoradiation arm (11% vs. 24%; P = .16). A 
larger phase III study that recently opened (RTOG 
0848) will also be addressing this radiation/no radia-
tion question. This trial, with an intended accrual 
of 950 patients, involves 2 separate randomizations. 
First, patients are randomized postoperatively to re-
ceive gemcitabine with or without erlotinib for 5 
cycles. Patients confirmed to have no evidence of 
recurrence at the end of this period then undergo a 
second randomization, in which they receive either 
one final cycle of chemotherapy and then stop, or 
one cycle of chemotherapy followed by radiation 
with either capecitabine or infusional 5-FU. The 
primary end point of this study is overall survival.

Alternative Strategies
Although the previously mentioned studies all fo-
cused on the delivery of chemotherapy or radiation 
after patients had already undergone pancreatic can-
cer resection, a neoadjuvant approach to this disease 
offers several theoretical advantages, including no 
postoperative complications or delays; a positive 
selection for patients with favorable tumor biol-
ogy (i.e., those who do not experience disease pro-
gression or develop metastases during neoadjuvant 
therapy); a potential increase in the likelihood of 
a successful R0 resection; and, from the standpoint 
of novel targeted agent development, the ability to 
evaluate on-target treatment effects in tumor tissue. 

In the largest reported series of neoadjuvant ther-
apy conducted at a single institution, gemcitabine-
based chemotherapy (either alone or with cisplatin) 
plus an abbreviated course of chemoradiation (30 Gy 
in 10 fractions with concurrent weekly gemcitabine) 
was administered preoperatively to patients with re-
sectable disease, with a resultant delay in surgery of 
12 to 17 weeks. Of 176 patients, approximately 65% 
eventually underwent a successful operation; of these, 
median survival was greater than 30 months, reflect-
ing the favorable selection of patients using this type 
of preoperative strategy.19,20 Although promising, this 
approach should still be considered experimental for 
patients with clearly resectable disease at baseline. 

A similar strategy was used at the same institu-
tion in patients with borderline resectable pancre-
atic cancer, with treatment consisting of 4 months 



Original Article

Ko and Crane

© JNCCN – Journal of the National Comprehensive Cancer Network | Volume 8 Number 9 | September 2010

1026

of gemcitabine-based chemotherapy followed by 
radiation (50.4 Gy in 28 fractions) with concur-
rent gemcitabine. General agreement exists that 
radiation plays an important role in this subset of 
patients, in whom initial cytoreduction to achieve 
an R0 resection is the ultimate goal. In this series, 
98% of patients with initial arterial involvement un-
derwent successful resection with negative surgical 
margins.21 Moreover, median survival in this group 
was 40 months, suggesting an even greater surgical 
selection for patients with truly localized disease and 
an adequate performance status after prolonged sys-
temic and radiation therapy.

Undoubtedly, novel therapeutic agents and new 
treatment paradigms will be required to make a sig-
nificant impact in this disease setting. For example, 
the addition of an allogeneic pancreatic tumor cell 
vaccine to standard chemoradiation,22,23 and more 
aggressive combination chemoradiation platforms,24 
each have shown provocative efficacy in phase II tri-
als but require further validation in larger phase III 
studies before being considered appropriate options. 

In the future, appropriate treatment selection 
may also be guided based on both pharmacogenetic 
analysis of the patient (looking for single-nucleotide 
polymorphisms in germline DNA) along with pre-
dictive biomarkers in resected tumor samples. An 
example of this latter possibility is shown through 
an analysis performed on tumor specimens available 
from the RTOG 9704 trial, in which the nucleoside 
transporter hENT1 proved to be a valuable biomark-
er of sensitivity to adjuvant gemcitabine but not 
5-FU therapy.25

In summary, the ability to molecularly interro-
gate both host and tumor may allow for greater suc-
cess in refining the best therapeutic options for pa-
tients in the adjuvant setting, including determining 
not only the correct selection of drugs but also who 
is most likely to benefit from radiation.

Locally Advanced Disease

Chemotherapy Alone Versus Chemoradiation 
in Locally Advanced Pancreatic Cancer: An 
Important Controversy? 
Several recent randomized clinical trials evaluating 
gemcitabine-based chemotherapy in advanced pan-
creatic cancer have included patients with locally 
advanced disease without planned radiotherapy. 

Median survival durations of between 9.1 and 9.9 
months have been achieved in these subsets of pa-
tients (Table 2),26–28 although many of these patients 
also underwent radiotherapy. In comparison, very 
similar but slightly longer median survivals (11.3 
and 11.9 months) were achieved in the last 3 phase 
II RTOG trials evaluating fractionated chemoradia-
tion as an initial treatment strategy.29–31 The contri-
bution of further systemic chemotherapy in these tri-
als was not well documented.

Two recent phase III trials comparing initial che-
motherapy to initial chemoradiation have reported 
conflicting results. The Fédération Francophone de 
Cancérologie Digestive and Société Française de Ra-
diothérapie Oncologique (FFCD-SFRO) compared 
gemcitabine alone to an experimental chemoradia-
tion regimen followed by gemcitabine.32 The me-The me-
dian overall survival in the gemcitabine-alone arm 
was unusually high (14.3 months) and is not con-
sistent with reported median survivals of the locally 
advanced subsets treated with gemcitabine-based 
chemotherapy alone in contemporaneous random-
ized trials (9.1–9.9 months; Table 2). Conversely, an 
unusually poor survival duration (8.4 months) was 
observed among the patients treated with chemo-
radiation followed by gemcitabine. One explana-
tion is that the high rate of acute toxicity observed 
in the chemoradiation arm led to poor compliance 
with the regimen and declining performance status, 
and probably contributed to poor outcomes. The 
chemoradiation regimen in this trial was experimen-
tal, consisting of cisplatin (which is not considered 
standard in this setting) combined with an unusually 
high dose of infusional 5-FU (300 mg/m2/d); more-
over, the dose of radiation (60 Gy) to large volumes 
exceeded the tolerance of the duodenum. The hy-
pothesis was that intensification of chemoradiation 
would improve outcomes, which it clearly did not. 
The important lessons from the FFCD-SFRO study 
are that chemoradiation regimens must be well tol-
erated, and phase II multi-institutional studies must 
be conducted before phase III trials are undertaken.

The only other recent trial comparing induction 
chemotherapy with chemoradiation ECOG 4201. 
This trial compared gemcitabine-based chemoradia-
tion (gemcitabine given at 600 mg/m2 weekly with 
radiation to regional nodal volumes to a dose of 50.4 
Gy in 28 fractions) followed by weekly gemcitabine 
(1000 mg/m2 weekly, 3 of 4 weeks), with standard 
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treatment consisting of gemcitabine alone. Al-
though it closed prematurely after accruing only 74 
of a planned 316 patients, a statistically significant 
median survival benefit was seen in the arm that un-
derwent chemoradiation compared with chemother-
apy alone (11.0 vs. 9.2 months; P = .034; 2-sided, 
stratified log rank). This benefit came at the cost of 
increased gastrointestinal toxicity (grade 3–4, 38% 
vs. 14%; P = .03) and fatigue (32% vs. 6%).27 Thus, 
the addition of chemoradiation before standard 
chemotherapy resulted in a modest prolongation of 
median survival at the cost of a modest increase in 
toxicity that remained manageable. The results from 
this trial are consistent with the results from contem-
poraneous cooperative group studies (Table 2).

Does Sequencing of Chemotherapy and 
Chemoradiation Matter? 
The selection of patients who are most appropriate 
for chemoradiation may be best accomplished with 
an initial strategy of gemcitabine-based chemothera-
py for 2 to 6 months, followed by consolidation with 
chemoradiation in patients who do not have rapidly 
progressive distant disease. Tolerability and response 
based on serial radiographic imaging and CA 19-9 
measurement can be used to optimize the duration 
of systemic therapy. Chemoradiation directed to the 
gross tumor can only then be used as consolidation. 
Recent studies using this strategy of initial systemic 
chemotherapy followed by chemoradiation have 
reported median survival durations of 14.4 to 18.8 
months33–36 (Table 2).

In summary, patients with locally advanced pan-
creatic cancer probably benefit modestly in different 
ways from both systemic therapy and chemoradiation. 
These approaches are complementary, and rational 
integration of both modalities should be considered 
in the care of all patients with locally advanced dis-
ease to maximize survival duration. Even when both 
modalities are used, however, distant and local tumor 
progression are frequent limitations of treatment. 

For example, in one phase II trial at MD An-
derson Cancer Center of 69 patients with stage III 
(locally advanced) disease, median survival was 
18.8 months using a strategy of 2 cycles of chemo-
therapy followed by chemoradiation. This better-
than-expected survival duration was long enough 
to reveal the limitations of local therapy: actuarial 
local tumor control was 90% up to 16 months, but 
eventually fell to less than 50% at 2 years.33 This 

time course to local tumor progression is similar to 
that in most solid tumors treated definitively with 
chemoradiation. As median survival durations 
continue to improve in patients treated for locally 
advanced pancreatic cancer, local persistence and 
progression of disease will probably be shown to be 
a common limitation to long-term survival. 

Radiation Technique

What Should the Target be? 
Patients treated with postoperative radiation thera-
py are typically treated with 50.4 Gy, given in 1.8-Gy 
fractions. Initial fields include the tumor bed, porta 
hepatis, superior mesenteric vessels, and the celiac 
axis. Field reductions off of the porta hepatis are of-
ten made after 45 Gy. Similar fields are used if the pa-
tient has a borderline resectable or resectable tumor 
unless concurrent gemcitabine is used. If concurrent 
gemcitabine is given, or if the patient has a locally 
advanced unresectable tumor, only the gross tumor 
should be treated. 

In patients with unresectable tumors, no evi-
dence shows that treatment of the para-aortic or 
porta hepatis lymph nodes leads to improved tumor 
control or survival. Treatment of the porta hepatis 
increases the dose to the duodenum and stomach, 
leading to increased rates of grade 3 gastrointestinal 
toxicity and fatigue. 

In patients with poor performance status, the in-
creased irradiated volumes can contribute to fatigue 
and a decline in performance status. In fact, the best 
results have been seen from treatment of the gross 
tumor only, which is better tolerated.31,33,35,37 Dual-
phase, contrast-enhanced, thin-slice CT imaging is 
recommended to identify the tumor.38 A multiple-
field technique with CT planning is recommended 
for 2-cm tumors to block margins used in the radial 
directions, and a 3-cm block margin should be used 
in the cranial and caudal directions to account for 
respiratory motion. 

The standard dose of radiation is 50.4 Gy giv-
en in 28 fractions. In a recent RTOG phase II trial 
(RTOG 0411), major deviations from this technique 
were associated with increased grade 3 gastrointes-
tinal toxicity; all were from inappropriately large 
treated volumes, possibly related to inadequate diag-
nostic imaging.31 
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Stereotactic Body Radiation Therapy For 
Pancreatic Cancer? 
Stereotactic body radiotherapy (SBRT) is capable of 
precisely delivering high doses of radiation to small 
tumor volumes. The CyberKnife is an innovative 
approach that incorporates real-time tracking of 
implanted fiducials to account for organ motion in 
real-time treatment delivery. Because tissue-ablative 

doses of radiation are delivered with SBRT, avoid-
ance of sensitive normal tissues is critical in the ap-
plication of this technology. For primary or meta-
static tumors of the lung or liver, this approach is 
particularly appealing because these tumors move 
with respiration and the ablation of a small volume 
of surrounding normal liver or lung tissue to the tu-
mor usually does not result in a significant clinical 

Table 2 Selected Results of Treatment of Patients with Locally Advanced Pancreatic Cancer

Reference
Radiation Dose  
(Gy) Chemotherapy Agent

No. of 
Patients

Median 
Survival (mo)

Pre-CT–Era Studies

Moertel et al., 196944 35–40 5-FU 32 10.4

GITSG, 198145,46 60/40 5-FU 111 11.4

ECOG, 198547 40 5-FU 47 8.3

GITSG, 198848 54 5-FU and SMF 22 9.7

Modern Phase III Studies: Chemotherapy Alone (Locally Advanced Subset)

CALGB 80303, 200749 – Gemcitabine +/– bevacizumab 93 9.9

ECOG 6201, 200628 – Gemcitabine +/– oxaliplatin 100 9.1

ECOG 4201, 200827 – Gemcitabine 35 9.2

Modern Phase III Studies: Chemoradiation

FFCD-SSRO, 200832 60 5-FU and cisplatin 59 8.6

ECOG 4201, 200827 50.4 Gemcitabine 34 11.0

Modern Phase II Studies: Chemoradiation

RTOG 981229 50.4 Paclitaxel 122 11.3

RTOG PA-002030 50.4 Paclitaxel/ gemcitabine 154 11.7

RTOG PA-041131 50.4 Capecitabine + bevacizumab 94 11.9

Modern Single Institutional Studies: Referral Centers/Chemoradiation

MDACC, 200635 50.4/28 fx Capecitabine + bevacizumab 47  14.4*

UCSF, 200736,† 50.4/28 fx Capecitabine 17 17.0

MSKCC, 200850 50.4/28 fx Erlotinib + gemcitabine 20 18.7‡

UM, 200937 50–60/25 fx Gemcitabine 27 23.1

MDACC, 201033,† 50.4/28 fx Capecitabine + cetuximab 69 18.8

Stereotactic Body Radiation 

Aarhus University, Denmark, 
200543

45Gy/3 fx – 22 5.6

Stanford University, 200842,§ 25Gy/1 fx – 56 6.7

All data are quoted are calculated from the date of enrollment or start of protocol therapy. 
Abbreviations: 5-FU, 5-fluorouracil; FFCD-SSRO, Fédération Francophone de Cancérologie Digestive and Société Française de 
Radiothérapie Oncologique; fx, fraction; GITSG, Gastrointestinal Study Group; MDACC, University of Texas MD Anderson Cancer 
Center; MSKCC, Memorial Sloan-Kettering Cancer Center; RTOG, Radiation Therapy Oncology Group; SMF, streptozotocin, 
mitomycin, 5-FU; UCSF, University of California at San Francisco; UM, University of Michigan. 
*Most (65%) patients received prior chemotherapy. Median survival was 11.6 months from the start of chemoradiation. 
†Chemotherapy followed by chemoradiation in all patients. 
‡Staging included laparoscopy 
§Locally advanced patients
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consequence. However, if a radiosensitive structure, 
such as the duodenum, small bowel, or stomach, is 
near the target, real-time motion tracking may mini-
mize the volume of mucosa that receives a high dose, 
but large volumes receive intermediate doses that are 
many times higher than those received from a stan-
dard daily dose of 2 Gy. In particular for the gastroin-
testinal tract, the dose and volume safety constraints 
have not been defined.

The feasibility of SBRT as a pancreatic cancer 
treatment was evaluated in a phase I dose escala-
tion trial at Stanford University in patients with 
locally advanced disease, consisting of a single 
fraction of radiation therapy. The recommended 
dose was 25 Gy.39 Subsequent studies by this same 
group examined different strategies for incorpo-
rating SBRT into treatment strategies, including 
45 Gy of intensity-modulated radiation therapy 
with concurrent 5-FU followed by a 25-Gy SBRT 
boost,40 and gemcitabine given before and after a 
single 25-Gy fraction of SBRT.41 In this latter ex-
perience, late gastrointestinal toxicity was signifi-
cant, including duodenal ulceration, stricture, and 
perforation. The updated pooled Stanford experi-
ence reported an actuarial 25% risk of late gastro-
intestinal toxicity (mostly ulceration of the gastro-
intestinal tract) and a median survival of only 6.7 
months.42 Their experience is similar to what was 
reported in a phase I trial from Denmark using 3 
fractions of 15 Gy. Investigators also reported un-
acceptable gastrointestinal toxicity, deterioration 
in performance status, and questionable palliative 
effect.43 Given the lack of any convincing prospec-
tive evidence for improved outcome, significant 
mucosal toxicity that could compromise survival, 
and no clear validated dose constraints for the gas-
trointestinal tract, SBRT has no role outside the 
setting of a clinical trial in patients with pancre-
atic cancer or at any other site around or near the 
gastrointestinal tract.

Conclusions
Randomized trial data in both the adjuvant and lo-
cally advanced disease settings have not provided 
clear evidence that chemoradiation improves surviv-
al outcomes. However, the high local tumor recur-
rence/persistence rate reported in all trials suggests 
that local control may be an important component 

in therapeutic management, even if the benefit is 
probably modest. The keys to the successful integra-
tion of radiotherapy in the care of patients with lo-
calized pancreatic cancer are sequencing, selection, 
and smaller treatment volumes. The recent rapid 
autopsy series from Johns Hopkins suggests that loss 
of the tumor suppressor gene DPC4 correlates sig-
nificantly with patterns of failure (locally destructive 
vs. metastatic),6 and may be useful in the future in 
determining which patients may derive the greatest 
benefit from local tumor control.

A strategy of initial chemotherapy followed by 
consolidation with a well-tolerated chemoradiation 
regimen can be considered an acceptable approach 
in patients after resection and in those with locally 
advanced disease. Consolidative chemoradiation 
should only be considered in these settings after 6 
months of initial chemotherapy in patients who 
have no evidence of tumor dissemination. Although 
many novel chemoradiation regimens have been 
investigated in clinical trials, none is clearly more 
efficacious than radiation with concurrent use of a 
fluoropyrimidine (5-FU or capecitabine), and they 
are typically more toxic. The use of concurrent gem-
citabine with radiotherapy in this disease is also a 
reasonable option, because it is a proven systemic 
agent in pancreas cancer and has radiosensitizing 
properties, although it is potentially more toxic to 
the gastrointestinal mucosa. In the future, advances 
in systemic therapies used both concurrently and 
sequentially with radiation must occur if significant 
improvements in median survival are to be realized 
for this patient population.

References
 1. Hattangadi JA, Hong TS, Yeap BY, et al. Results and patterns of 

failure in patients treated with adjuvant combined chemoradiation 
therapy for resected pancreatic adenocarcinoma. Cancer 
2009;115:3640–650. 

 2. Neoptolemos JP, Stocken DD, Friess H, et al. A randomized trial of 
chemoradiotherapy and chemotherapy after resection of pancreatic 
cancer. N Engl J Med 2004;350:1200–1210. 

 3. Regine WF, Winter KA, Abrams RA, et al. Fluorouracil vs 
gemcitabine chemotherapy before and after fluorouracil-based 
chemoradiation following resection of pancreatic adenocarcinoma: 
a randomized controlled trial. JAMA 2008;299:1019–1026. 

 4. Sperti C, Pasquali C, Piccoli A, et al. Recurrence after resection for 
ductal adenocarcinoma of the pancreas. World J Surg 1997;21:195–
200. 

 5. Van den Broeck A, Sergeant G, Ectors N, et al. Patterns of recurrence 
after curative resection of pancreatic ductal adenocarcinoma. Eur J 



Original Article

Ko and Crane

© JNCCN – Journal of the National Comprehensive Cancer Network | Volume 8 Number 9 | September 2010

1030

Surg Oncol 2009;35:600–604. 
 6. Iacobuzio-Donahue CA, Fu B, Yachida S, et al. DPC4 gene status 

of the primary carcinoma correlates with patterns of failure in 
patients with pancreatic cancer. J Clin Oncol 2009;27:1806–1813. 

 7. Jemal A, Siegel R, Ward E, et al. Cancer statistics, 2009. CA 
Cancer J Clin 2009;59:225–249.

 8. Birkmeyer JD, Siewers AE, Finlayson EV, et al. Hospital volume 
and surgical mortality in the United States. N Engl J Med 
2002;346:1128–1137. 

 9. Eppsteiner RW, Csikesz NG, McPhee JT, et al. Surgeon volume 
impacts hospital mortality for pancreatic resection. Ann Surg 
2009;249:635–640.

 10. Herman JM, Swartz MJ, Hsu CC, et al. Analysis of 
fluorouracil-based adjuvant chemotherapy and radiation after 
pancreaticoduodenectomy for ductal adenocarcinoma of the 
pancreas: results of a large, prospectively collected database at the 
Johns Hopkins Hospital. J Clin Oncol 2008;26:3503–3510. 

 11. Kalser MH, Ellenberg SS. Pancreatic cancer. Adjuvant combined 
radiation and chemotherapy following curative resection. Arch 
Surg 1985;120:899–903. 

 12. Klinkenbijl JH, Jeekel J, Sahmoud T, et al. Adjuvant radiotherapy 
and 5-fluorouracil after curative resection of cancer of the 
pancreas and periampullary region: phase III trial of the EORTC 
gastrointestinal tract cancer cooperative group. Ann Surg 
1999;230:776–782. 

 13. Smeenk HG, van Eijck CH, Hop WC, et al. Long-term survival 
and metastatic pattern of pancreatic and periampullary cancer 
after adjuvant chemoradiation or observation: long-term results of 
EORTC trial 40891. Ann Surg 2007;246:734–740. 

 14. Wolff RA, Varadhachary GR, Evans DB. Adjuvant therapy 
for adenocarcinoma of the pancreas: analysis of reported trials 
and recommendations for future progress. Ann Surg Oncol 
2008;15:2773–2786. 

 15. Oettle H, Post S, Neuhaus P, et al. Adjuvant chemotherapy with 
gemcitabine vs observation in patients undergoing curative-intent 
resection of pancreatic cancer: a randomized controlled trial. 
JAMA 2007;297:267–277. 

 16. Neuhaus P, Riess H, Post S, et al. CONKO-001: final results of 
the randomized, prospective, multicenter phase III trial of adjuvant 
chemotherapy with gemcitabine versus observation in patients with 
resected pancreatic cancer [abstract]. J Clin Oncol 2008;26(Suppl 
1):Abstract LBA 4504. 

 17. Neoptolemos J, Büchler M, Stocken DD, et al. ESPAC-3(v2): a 
multicenter, international, open-label, randomized, controlled 
phase III trial of adjuvant 5-fluorouracil/folinic acid (5-FU/FA) 
versus gemcitabine (GEM) in patients with resected pancreatic 
ductal adenocarcinoma [abstract]. J Clin Oncol 2009;27(Suppl 
1):Abstract LBA 4505.

 18. Laethem JLV, Mornex F, Azria D, et al. Adjuvant gemcitabine alone 
versus gemcitabine-based chemoradiation after curative resection 
for pancreatic cancer: updated results of a randomized EORTC/
FFCD/GERCOR phase II study (40013-22012/9203) [abstract]. J 
Clin Oncol 2009;27(Suppl1):Abstract 4527.

 19. Evans DB, Varadhachary GR, Crane CH, et al. Preoperative 
gemcitabine-based chemoradiation for patients with resectable 
adenocarcinoma of the pancreatic head. J Clin Oncol 
2008;26:3496–3502.

 20. Varadhachary GR, Wolff RA, Crane CH, et al. Preoperative 
gemcitabine and cisplatin followed by gemcitabine-based 
chemoradiation for resectable adenocarcinoma of the pancreatic 
head. J Clin Oncol 2008;26:3487–3495.

 21. Katz MH, Pisters PW, Evans DB, et al. Borderline resectable 
pancreatic cancer: the importance of this emerging stage of disease. 
J Am Coll Surg 2008;206:833–846.

 22. Jaffee EM, Hruban RH, Biedrzycki B, et al. Novel allogeneic 
granulocyte-macrophage colony-stimulating factor-secreting tumor 
vaccine for pancreatic cancer: a phase I trial of safety and immune 
activation. J Clin Oncol 2001;19:145–156.

 23. Laheru D, Yeo C, Biedrzycki B, et al. A safety and efficacy 
trial of lethally irradiated allogeneic pancreatic tumor cells 
transfected with the GM-CSF gene in combination with adjuvant 
chemoradiotherapy for the treatment of adenocarcinoma of the 
pancreas [abstract]. J Clin Oncol 2007;25(Suppl 1):Abstract 3010

 24. Picozzi VJ, Abrams RA, Traverso LW, et al. ACOSOG Z05031: 
report on a multicenter, phase II trial for adjuvant therapy of 
resected pancreatic cancer using cisplatin, 5- FU, and alpha-
interferon [asbtract]. J Clin Oncol 2008;26(Suppl 1): Abtract 
A-4505.

 25. Farrell JJ, Elsaleh H, Garcia M, et al. Human equilibrative 
nucleoside transporter 1 levels predict response to gemcitabine in 
patients with pancreatic cancer. Gastroenterology 2009;136:187–
195. 

 26. Kindler H, Friberg G, Stadler W, et al. Bevacizumab (B) plus 
gemcitabine (G) in patient (pts) with advanced pancreatic cancer 
(PC): updated results of a multi-center phase II trial [abstract]. J 
Clin Oncol 2004;22(Suppl 1):Abstract 4009.

 27. Loehrer P, Powell M, Cardenes H, et al. A randomized phase 
III study of gemcitabine in combination with radiation therapy 
versus gemcitabine alone in patients with localized, unresectable 
pancreatic cancer: E4201 [abstract]. J Clin Oncol 2008;26(Suppl 
1):Abstract 4506.

 28. Poplin E, Levy D, Berlin J, et al. Phase III trial of gemcitabine 
(30-minute infusion) versus gemcitabine (fixed-dose-rate 
infusion[FDR]) versus gemcitabine + oxaliplatin(GEMOX) in 
patients with advanced pancreatic cancer (E6201) [abstract]. J Clin 
Oncol 2006;24(Suppl 1):Abstract LBA4004.

 29. Rich T, Harris J, Abrams R, et al. Phase II study of external 
irradiation and weekly paclitaxel for nonmetastatic, unresectable 
pancreatic cancer: RTOG-98-12. Am J Clin Oncol 2004;27:51–56.

 30. Rich T, Myerson R, Harris J, et al. A randomized phase II 
trial of weekly gemcitabine (G), paclitaxel (P), and external 
irradiation followed by the farnesyl transferase inhibitor R115777 
(NSC#702818) for locally advanced pancreatic cancer (RTOG 
0020) [abstract]. Presented at the 2006 Gastrointestinal Cancers 
Symposium; January 26–28, 2006; San Francisco, California. 
Abstract A-121.

 31. Crane CH, Winter K, Regine WF, et al. Phase II Study of 
bevacizumab with concurrent capecitabine and radiation followed 
by maintenance gemcitabine and bevacizumab for locally advanced 
pancreatic cancer: Radiation Therapy Oncology Group RTOG 
0411. J Clin Oncol 2009;27:4096–4102.

 32. Chauffert B, Mornex F, Bonnetain F, et al. Phase III trial comparing 
intensive induction chemoradiotherapy (60 Gy, infusional 5-FU 
and intermittent cisplatin) followed by maintenance gemcitabine 
with gemcitabine alone for locally advanced unresectable 
pancreatic cancer. Definitive results of the 2000-01 FFCD/SFRO 
study. Ann Oncol 2008;19:1592–1599.

 33. Crane C, Varadhachary G, Javle M, et al. Multi-institutional phase 
II trial of induction cetuximab, gemcitabine, and oxaliplatin, 
followed by radiotherapy with concurrent capecitabine, and 
cetuximab, for locally advanced pancreatic adenocarcinoma 
(LAPC) [abstract]. Presented at the 2010 Gastrointestinal Cancers 



Original Article

Radiation Therapy in Pancreatic Cancer

© JNCCN – Journal of the National Comprehensive Cancer Network | Volume 8 Number 9 | September 2010

1031

Symposium; January 22–24, 2010; Orlando, Florida. Abstract 132. 
 34. Huguet F, Andre T, Hammel P, et al. Impact of chemoradiotherapy 

after disease control with chemotherapy in locally advanced 
pancreatic adenocarcinoma in GERCOR phase II and III studies. J 
Clin Oncol 2007;25:326–331.

 35. Crane CH, Ellis LM, Abbruzzese JL, et al. Phase I trial evaluating 
the safety of bevacizumab with concurrent radiotherapy and 
capecitabine in locally advanced pancreatic cancer. J Clin Oncol 
2006;24:1145–1151.

 36. Ko AH, Quivey JM, Venook AP, et al. A phase II study of fixed-dose 
rate gemcitabine plus low-dose cisplatin followed by consolidative 
chemoradiation for locally advanced pancreatic cancer. Int J Radiat 
Oncol Biol Phys 2007;68:809–816.

 37. Ben-Josef E, Griffith K, Francis IR, et al. Phase I radiation dose-
escalation trial of intensity-modulated radiotherapy (IMRT) with 
concurrent fixed dose-rate gemcitabine (FDR-G) for unresectable 
pancreatic cancer [abstract]. J Clin Oncol 2009;27(Suppl 
1):Abstract 4602.

 38. Tamm EP, Loyer EM, Faria S, et al. Staging of pancreatic cancer with 
multidetector CT in the setting of preoperative chemoradiation 
therapy. Abdom Imaging 2006;31:568–574.

 39. Koong AC, Le QT, Ho A, et al. Phase I study of stereotactic 
radiosurgery in patients with locally advanced pancreatic cancer. 
Int J Radiat Oncol Biol Phys 2004;58:1017–1021.

 40. Koong AC, Christofferson E, Le QT, et al. Phase II study to assess 
the efficacy of conventionally fractionated radiotherapy followed by 
a stereotactic radiosurgery boost in patients with locally advanced 
pancreatic cancer. Int J Radiat Oncol Biol Phys 2005;63:320–323.

 41. Schellenberg D, Goodman K, Lee F, et al. Gemcitabine 
chemotherapy and single-fraction stereotactic body radiotherapy 
for locally advanced pancreatic cancer. Int J Radiat Oncol Biol 
Phys 2008;72:678–686.

 42. Chang DT, Schellenberg D, Shen J, et al. Stereotactic radiotherapy 
for unresectable adenocarcinoma of the pancreas. Cancer 
2009;115:665–672.

 43. Hoyer M, Roed H, Sengelov L, et al. Phase-II study on stereotactic 
radiotherapy of locally advanced pancreatic carcinoma. Radiother 
Oncol 2005;76:48–53.

 44. Moertel CG, Childs DS Jr, Reitemeier RJ, et al. Combined 
5-fluorouracil and supervoltage radiation therapy of locally 
unresectable gastrointestinal cancer. Lancet 1969;2:865–867.

 45. A multi-institutional comparative trial of radiation therapy alone 
and in combination with 5-fluorouracil for locally unresectable 
pancreatic carcinoma. The Gastrointestinal Tumor Study Group. 
Ann Surg 1979;189:205–208.

 46. Moertel CG, Frytak S, Hahn RG, et al. Therapy of locally 
unresectable pancreatic carcinoma: a randomized comparison 
of high dose (6000 rads) radiation alone, moderate dose 
radiation (4000 rads + 5-fluorouracil), and high dose radiation + 
5-fluorouracil: the Gastrointestinal Tumor Study Group. Cancer 
1981;48:1705–1710.

 47. Klaassen DJ, MacIntyre JM, Catton GE, et al. Treatment of locally 
unresectable cancer of the stomach and pancreas: a randomized 
comparison of 5-fluorouracil alone with radiation plus concurrent 
and maintenance 5-fluorouracil-an Eastern Cooperative Oncology 
Group study. J Clin Oncol 1985;3:373–378.

 48. Treatment of locally unresectable carcinoma of the pancreas: 
comparison of combined-modality therapy (chemotherapy plus 
radiotherapy) to chemotherapy alone. Gastrointestinal Tumor 
Study Group. J Natl Cancer Inst 1988;80:751–755.

 49. Kindler HL, Niedzwiecki D, Hollis DR, et al. A double-blind, 
placebo-controlled, randomized phase III trial of gemcitabine 
(G) plus bevacizumab (B) versus gemcitabine plus placebo (P) in 
patients (pts) with advanced pancreatic cancer (PC): a preliminary 
analysis of Cancer and Leukemia Group B (CALGB) 80303 
[abstract]. J Clin Oncol 2007;26(Suppl 1):Abstract A108. 

 50. Duffy A, Kortmansky J, Schwartz GK, et al. A phase I study of 
erlotinib in combination with gemcitabine and radiation in locally 
advanced, non-operable pancreatic adenocarcinoma. Ann Oncol 
2008;19:86–91.


