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ABSTRACT

BACKGROUND: A standard neoadjuvant regimen has not been defined
for borderline resectable (BR) pancreatic cancer. This phase II trial was
designed to determine the safety of accelerated fraction radiotherapy
(AFRT) with capecitabine in patients with BR pancreatic cancer.

METHODS: The patients had newly diagnosed BR adenocarcinoma of
the pancreas and normal organ function. Intensity-modulated (n � 11)
or 3D conformal (n � 2) radiotherapy was given to a dose of 50 Gy in
2.5-Gy fractions with capecitabine 825 mg/m2 twice on radiation days.
The primary outcome was the frequency of severe treatment-related
adverse events (AEs). The study was stopped before planned interim
analysis because of 2 severe (grades 4 and 5) gastric ulcerations.

RESULTS: Thirteen patients were enrolled with a median age of 66 years.
All patients completed treatment. Seven (54%) experienced grade 3�

treatment-related AEs. Severe gastric ulceration occurred in 2 patients
despite receipt of �43 Gy to only 1% (2–3 cm3) of the stomach. Lym-
phopenia (n � 7) was the only other severe AE that occurred in �1
patient. In 7 of the 13 patients, disease had progressed outside the
pancreas at restaging. Five of the 13 underwent resection, and all had
�10% viable tumor. Median progression-free survival (PFS) was 2.4
months (95% CI 1.9–5.9), and median survival was 9.1 months (95% CI
5.9–not reached). Among those who underwent resection, median PFS
was 13.0 months (95% CI 4.4–not reached). Median survival was not
reached.

CONCLUSIONS: Given the limited efficacy signal and severe gastric
ulcerations, we do not recommend this regimen for pancreatic cancer.
We also do not recommend the use of high doses per fraction outside a
clinical trial.
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Surgical resection remains the only hope for

a cure of pancreatic cancer. Patients who

undergo a microscopically margin negative

(R0) resection followed by adjuvant chemo-

therapy or chemoradiotherapy have the best

prognosis, with a 5-year survival of approxi-

mately 20%.1–4 In contrast, patients with

locally advanced, unresectable (but not

metastatic) pancreatic cancer have a me-

dian survival of only 1 year.5

The emerging category of borderline re-

sectable (BR) pancreatic cancer applies to
patients who present with cancers that are
neither overtly unresectable nor clearly re-

sectable. This classification encompasses

patients with cancer that may be technically

amenable to surgical resection, but the in-

volvement of vascular structures portends an

excessively high risk of a microscopically in-

volved margin.6 Some groups also include

patients with indeterminate nodules on

baseline imaging.5 Together, these defini-

tions create a group of patients for whom

neoadjuvant therapy may increase the

chance of a curative R0 resection. Neoad-
juvant therapy also allows patients with ra-
diographically occult metastatic disease at
presentation adequate time to manifest

cancer progression and thereby avoid the

morbidity of surgery. Resectability rates in

recent series of BR pancreatic cancer

range between 40% and 60%.7–14 When
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the patients with progression on treatment
are selected, those with an initial diagnosis
of BR cancer who go on to have surgical
resection have survival similar to that of
patients in whom the cancer was deemed
resectable at diagnosis.5,9

Randomized trials have yet to define the
optimal neoadjuvant approach for patients with
BR pancreatic cancer. Investigators at the MD
Anderson Cancer Center (MDACC) have led
the way with neoadjuvant therapy for resectable
and BR cancers, using gemcitabine and
gemcitabine-based combinations with external
beam radiotherapy (RT) to 30 Gy over 2
weeks.15,16 Even with these aggressive reg-
imens, only 14% of resected tumors have a
major pathologic response, as defined by
�10% viable residual tumor, suggesting
substantial chemoradiotherapy resistance.

Given the importance of achieving local
control in patients who undergo resection,
approaches that optimize chemoradiotherapy
delivery have the potential to improve out-
comes in patients with BR pancreatic can-
cer. Accelerated fraction radiotherapy (AFRT)
provides a greater dose intensity per fraction
and decreases the total interval of dose de-
livery, theoretically improving local control
over standard fractionation.17 Our group has
reported excellent outcomes with neoadju-
vant AFRT in a retrospective series of pa-
tients with BR patients.8 We undertook this
phase II trial to evaluate the safety and
efficacy of an AFRT scheme as neoadju-
vant therapy for BR pancreatic cancer and
its suitability as a platform on which to test
novel systemic targeted agents.

METHODS
This single-institution, prospective, phase II
trial was approved by the Institutional Review
Board at the University of Virginia and regis-
tered with clinicaltrials.gov (NCT01333332).
All patients gave written informed consent.
Eligible patients were 18 years of age or older
and had a histologically or cytologically con-
firmed diagnosis of BR adenocarcinoma of
the pancreas. Cancers were classified as BR
by our multidisciplinary hepatobiliary tumor
board, according to the MDACC classifica-
tion: category A, abutment of �180° of the
superior mesenteric artery and/or celiac axis,
abutment or encasement of a short segment
hepatic artery, and involvement of the portal
vein or superior mesenteric vein amenable to

vascular reconstruction; category B, concern
for extrapancreatic metastatic disease based
on either an indeterminate nodule on imag-
ing or pathologically confirmed nodal dis-
ease; or category C, borderline performance
status or medical comorbidities that raise
concern for the patient’s ability to tolerate
pancreatic resection.5

Those with prior therapy for pancreatic
cancer were excluded. Laboratory require-
ments included the following: absolute neu-
trophil count (ANC) �1.5 � 109 cells/L,
platelets �100,000 � 109 cells/L, AST/ALT
�5 times the upper limits of laboratory nor-
mal, creatinine clearance (as measured by
Cockcroft-Gault ) of �30 mL/min, and total
bilirubin �3 times the laboratory upper limits
of normal. Patients with total bilirubin 3–5
times the upper limit because of cancer-
associated obstruction were eligible after an
attempt to relieve biliary obstruction.

Treatment
Treatment consisted of AFRT with concomi-
tant capecitabine, which was started within
14 days of study enrollment. External beam
RT was given to a dose of 50 Gy in 20
fractions of 2.5 Gy per fraction delivered
Monday through Friday. The gross tumor vol-
ume (GTV) consisted of the manually con-
toured tumor volume, including draining
lymph nodes, to account for microscopic dis-
ease extension. The porta hepatis and para-
aortic nodes were not included. Manual con-
touring was performed with a computed
tomographic (CT) scan with either intrave-
nous contrast or co-registration with diagnos-
tic magnetic resonance imaging (MRI). The
planning tumor volume (PTV) consisted of
the GTV plus 0.5–1.5-cm radial and 1–2-cm
craniocaudal extensions. Treatment was de-
livered to 95% of the PTV with intensity-
modulated radiotherapy (IMRT) with daily soft
tissue CT image guidance on Trilogy (n �

6) or Tomotherapy (n � 5) machines. In 2
cases where insurance coverage precluded
the use of IMRT, 3-D conformal radiation
was permitted, with tight margins and daily
image guidance to the same volumes. The
dose was constrained to ensure that �20%
of the gastric volume received 45 Gy. In all
cases, a 4-D CT was used to evaluate the
need for gating; none met the motion crite-
ria for gating, deep-inspiration breath hold,
or active breathing control. Thus, all treat-
ments were administered with BodyFix and

vacuum cover sheet immobilization without
other motion management. Because of the
concurrent morning dose of capecitabine,
which must be taken within 30 minutes of a
meal, the degree of gastric distension was
not controlled by making patients NPO be-
fore daily radiation treatments. Concurrent
capecitabine was administered twice on ra-
diation days. The first 5 patients received
flat, asymmetric doses of capecitabine at
1000 mg in the morning and 2000 mg in
the evening, based on prior institutional
experience. Thereafter, a more conven-
tional dose of 825 mg/m2 twice daily was
used. Patients with a creatinine clearance
of 30–50 mL/min received a 25% reduc-
tion in capecitabine dose rounded to the
nearest 150-mg tablet size. All patients
were instructed to take a proton pump in-
hibitor, but data on adherence were not
collected.

Restaging with CT or MRI to determine
resectability was performed 2–4 weeks after
completion of treatment. The tumor was
deemed resectable if the disease had been
stable or improved. Surgery occurred 4–8
weeks after completion of treatment. Grading
of treatment response in resected tumors
was performed by a single expert pathologist
as follows: grade 1, �90% viable; grade IIa,
50–89% viable; grade IIb, 10–49% viable;
grade 3, �10% viable; and grade 4, no viable
tumor.18

Monitoring for adverse events (AEs) con-
tinued for 30 days after the last protocol
therapy (from the last day of radiation for
patients with inoperable tumors and from the
day of surgery for those with resected tu-
mors). The patients were followed up for re-
currence and survival via telephone or rou-
tine physicians’ visits every 6 months until the
time of death or for 5 years in the surviving
patients.

Toxicity was measured according to the
National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (CTCAE; ver-
sion 4.0). The response was measured ac-
cording to the Response Evaluation Criteria in
Solid Tumors (RECIST 1.1).

Statistical Considerations
The primary objective was to determine the
safety of AFRT to 50 Gy with concomitant
capecitabine in patients with BR pancreatic
cancer. Safety was measured by the rate of
unacceptable treatment-related grade 3�
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AEs. The following AEs were considered un-
acceptable: any grade 3–5 nonhematologic
toxicity requiring dose reduction in capecit-
abine and/or delay in radiation, grade 4 neu-
tropenia or grade 3–5 neutropenia with fever

or infection, and grade 4 thrombocytopenia
or grade 3 thrombocytopenia with major
bleeding. A target sample size of 40 patients
was chosen with an interim analysis planned
at 20 patients, to assess safety. Specifically,

we planned to test for AE rates of 50% (un-
acceptable) vs. 30% (deemed safe).

The study was stopped before the planned
interim analysis because of 2 severe (1 grade
4 and 1 grade 5) gastric ulcerations. Al-
though gastric ulceration is a known compli-
cation of RT, the efficacy signal at the time of
the second event was not promising, and the
decision was made by the investigative team
to close the study to further accrual.

AE rates, pathologic response, and resec-
tion rates are presented descriptively. The
Kaplan-Meier method was used to calculate
progression free and overall survivals from the
time of first radiation dose until progression or
death. Patients lost to follow-up were censored
at the date of their last contact with study per-
sonnel.

RESULTS
Thirteen patients were consented and en-
rolled between September 2010 and Febru-
ary 2012 (Figure 1). The median age of the
cohort was 66 (range, 54–82) years (Table 1).
The majority (85%) of patients were white,
and there was a predominance of women
(8/13). Two patients were classified as hav-
ing BR cancer on the basis of indetermi-
nate nodules that were possible signs of
extrapancreatic disease; the remainder had
vascular involvement.

Adverse Events
Only 1 patient required a delay in radiation
therapy because of sepsis from cholangitis.
The same patient also had multiple other
dose delays because of nonadherence to ra-
diation appointments. No patient required
capecitabine dose reduction. All patients
completed the protocol.

Treated

n=13

n=13

Restaged

n=12

n=5

Resected

n=5

Treated

n=13

n=13

Restaged

n=12

n=5

Resected

n=5

Figure 1. Consort diagram of patient outcomes.

Table 1. Patient characteristics

Median age (range), y 66 (51–82)

Sex, n (%)

Male 5 (38)

Female 8 (62)

Race, n (%)

Caucasian 11 (85)

African American 2 (15)

Borderline resectable category (%)

A: vascular involvement 11 (85)

B: indeterminate metastatic 2 (15)

Accelerated Fraction RT in Borderline Resectable Pancreatic Cancer
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Table 2. Treatment-related AEs

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total affected n (%)
Worst grade per patient: severe events, n

Lymphopenia 2 2 5 2 0 11 (85)

Anemia 2 0 1 0 0 3 (23)

Increased INR 0 1 1 0 0 2 (15)

Acute coronary syndrome 0 0 1 0 0 1 (8)

Gastric hemorrhage 0 0 0 0 1 1 (8)

Gastric ulcer 0 0 1 0 0 1 (8)

Hyponatremia 0 0 1 0 0 1 (8)

Worst grade per patient: mild and moderate events, n

Nausea or vomiting 6 1 0 0 0 7 (54)

Fatigue 4 2 0 0 0 6 (46)

Thrombocytopenia 4 1 0 0 0 5 (38)

Anorexia 2 0 0 0 0 2 (15)

Chills 2 0 0 0 0 2 (15)

Leukopenia 1 1 0 0 0 2 (15)

Oral mucositis 1 1 0 0 0 2 (15)

Diarrhea 0 1 0 0 0 1 (8)

Dry skin 1 0 0 0 0 1 (8)

Hand-foot syndrome 0 1 0 0 0 1 (8)

Hypoalbuminemia 1 0 0 0 0 1 (8)

Hypocalcemia 1 0 0 0 0 1 (8)

Hypomagnesemia 1 0 0 0 0 1 (8)

Skin ulceration 1 0 0 0 0 1 (8)

Transaminase elevation 1 0 0 0 0 1 (8)

All events considered to be at least possibly related to treatment are shown.

Table 3. Gastric radiation doses

Technique Min dose (Gy) Mean dose (Gy) Max dose (Gy) Receiving >43 Gy (%) Volume receiving >43 Gy (cm3)

3D 0.42 7.28 47.08 21 24

IMRT 2.23 26.73 52.23 2 5

IMRT 1.68 22.83 54.24 15 41

3D 1.11 14.17 50.88 1 3

IMRT 0.78 3.09 54.41 1 3

IMRT* 8.50 15.74 51.55 1 3

IMRT 4.20 8.23 51.33 1 8

IMRT 8.81 12.73 54.14 3 13

IMRT 1.16 17.09 52.65 6 17

IMRT 0.80 13.23 51.82 7 19

IMRT 0.60 1.80 13.10 0 0

IMRT* 1.07 7.66 52.31 1 2

IMRT 3.73 11.52 49.56 1 2

*Patients experiencing gastric ulceration during treatment follow-up.
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Seven patients experienced grade 3 or
higher AEs (Table 2). Lymphopenia was the
most common severe AE, with 7 patients
experiencing grade 3–4 lymphopenia and
4 patients with grade 1–2 lymphopenia.
Other severe treatment-related events were
elevated INR (n � 1) in a patient on war-
farin, hyponatremia (n � 1), and anemia
(n � 1). The most common grade 1–2 AEs
during treatment were nausea and vomiting
(n � 5 and 2, respectively), fatigue (n � 6),
and thrombocytopenia (n � 5). After sur-
gery, 1 patient developed sepsis from an
intra-abdominal abscess that ultimately led
to his death. One patient experienced atrial

fibrillation followed by cardiac arrest in the
recovery room, but was resuscitated.

In the 30-day posttreatment follow-up pe-
riod, 2 patients had severe gastric complica-
tions. One presented to the emergency de-
partment with unstable angina from anemia
caused by a gastric ulceration. She recovered
to undergo restaging, at which time the ulcer-
ation was incidentally found to have a con-
tained perforation. Liver metastases also de-
veloped, and she chose to be discharged
home with hospice. A second patient died of
hemorrhagic shock from a gastric bleed ap-
proximately 1 month after completion of ther-
apy. Endoscopy showed diffuse gastritis with

ulceration. Biopsy confirmed radiation gastri-
tis and concurrent active cytomegalovirus in-
fection. The mean gastric radiation dose for
these patients was 7.6 Gy and 15.7 Gy, re-
spectively (Table 3). In both patients, only
1% (2–3 cm3) of the stomach received a
dose of 43 Gy or higher.

Outcomes
Twelve patients were subsequently restaged
after completing therapy, 7 of whom had
evidence of extrapancreatic progression (Fig-
ure 1). No patient had a radiographically
detected response to treatment. All 5 pa-
tients without progression underwent resection:
4 had R0 resection, and 1 had R1. Post-
treatment stages were ypT1N0 (n � 1),
ypT2N0 (n � 1), and ypT3N0 (n � 3). Two
patients had a grade IIa (50–89% viable
tumor) and 3 had grade IIb (10–49% via-
ble tumor) treatment responses. Two of the
5 patients with resected tumors received
adjuvant gemcitabine. The remaining 3 did
not receive any adjuvant therapy: 2 de-
clined treatment and 1 died of postopera-
tive complications.

The median progression-free survival
(PFS) of the entire cohort was 2.4 months
(95% CI 1.9–5.9), and median overall sur-
vival was 9.1 months (95% CI 5.9–not
reached) (Figures 2 and 3). The median
PFS of the 5 patients with resection was
13.0 months (95% CI 4.4–not reached).
Median survival with resection was not
reached, whereas median survival in pa-
tients who did not undergo resection was
9.0 months (95% CI 3.4–20.9).

DISCUSSION
A neoadjuvant treatment approach for pa-
tients with BR pancreatic cancer appears to
increase the proportion able to undergo a
potentially curative surgery. Accelerated frac-
tionation of RT shortens the duration of RT by
using a higher dose per fraction, rather than
reducing the total dose, providing theoretical
anticancer benefits to enhance locoregional
control and improve resectability. It was our
hope that this would be a well-tolerated plat-
form on which to build novel targeted sys-
temic therapy approaches in the neoadjuvant
setting.

Of 13 patients enrolled in our study, only
5 (38%) went on to have resection. Despite
an excellent preliminary experience,8 treat-
ment effect in the resected tumors was

Figure 2. Kaplan-Meier PFS. Time from start of protocol treatment until progression or death is shown for all patients.
Censored patients are represented by ticks. (A) Entire cohort. Median PFS, 2.4 months (95% CI 1.9–5.9). (B)
Stratified by resection. Median PFS in patients with resection, 13.0 months (95% CI 4.4–not reached). Median PFS
in patients without resection, 2.1 months (95% CI 1.5–2.4).
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modest. Only 2 patients are alive and can-
cer free after just 15 and 24 months. The
majority of patients enrolled in our study
exhibited disease progression at the time of
restaging, approximately 2–3 months after
diagnosis. This study began before the ad-
vent of FOLFIRINOX (oxaliplatin, irinote-
can, fluorouracil, and leucovorin), and we
chose not to include gemcitabine-based
neoadjuvant chemotherapy as part of this
regimen, given the high rate of primary
progressive disease. However, the high rate
of progressive disease highlights the critical
need for better systemic therapies. Tumor
specimens resected from patients enrolled

in this trial have been incorporated into our
ongoing orthotopic xenograft model pro-
gram to study novel systemic and radiosen-
sitizing treatment approaches.19 The high
rate of early progression also suggests that
with the aggressive biology of pancreatic
cancer, a prolonged course of neoadjuvant
therapy may not be needed to select pa-
tients destined to progress.

Although on-treatment tolerance of the
accelerated fractionation was good, 2 pa-
tients developed severe gastritis and ulcer-
ation with hemorrhage in the month following
treatment. One patient had a non-ST eleva-
tion myocardial infarction as a result, and the

other died of gastric hemorrhage. Gastritis

and ulceration are known complications of

upper abdominal RT, the incidence and se-
verity of which increase as the total dose and
as the dose per fraction increase.20–23 At the
doses received by our patients—a mean
gastric dose range from 3 to 27 Gy and a
volume of never more than 25 cm3 ex-
posed to �43 Gy—the expected rate of
gastric ulceration should have been very
low. The estimated risk of gastric ulcer-
ation, according to Emami et al,22 is 5% at
5 years in patients receiving either 60 Gy
over 6 weeks to one-third of the stomach or
50 Gy over 6 weeks to the entire stomach.22

The Quantitative Analysis of Normal Tissue
Effects in the Clinic (QUANTEC) update of
the initial Emami estimates similarly re-
ported that, at doses of approximately 50 Gy,
the risk of gastric ulceration is �7%.24,25 How-
ever, the maximum dose point may be a
better predictor of toxicity, and normal tis-
sue tolerance is dependent not just on
dose, but also on fraction size.25 Rates of
late gastric toxicity at higher doses per frac-
tion in the context of modern treatment
planning and how these may be influenced
by concurrent administration of a fluoropy-
rimidine are not well defined.

Recently, several single-institution series
and phase II trials of accelerated RT have
reported excellent tolerance of this approach.
Investigators at MDACC have built their neo-
adjuvant program around a radiation course
of 30 Gy in 3-Gy fractions over 2 weeks, and
it has been extremely well tolerated.26,27 Ad-
juvant radiation to 55 Gy in 2.2-Gy fractions
with concurrent capecitabine has also been
reported without gastric toxicity, but only 6
patients were treated at this dose.28 A
phase I/II study in locally advanced pancre-
atic cancer in which fixed-dose-rate gem-
citabine was combined with escalating
doses of IMRT from 50 to 60 Gy in 25
fractions found a dose of 55 Gy to be
tolerable, with 6 of 20 patients experiencing
dose-limiting toxicity at this dose level.29 Of
the 50 patients treated, 3 experienced du-
odenal bleeding and 1 had duodenal per-
foration. This combination had promising
efficacy. In our previously reported experi-
ence, the same accelerated fractionation
scheme with capecitabine was adminis-
tered to approximately 20 patients with BR
or unresectable pancreatic cancer. The ret-
rospective evaluation of these patients

Figure 3. Kaplan-Meier overall survival. Time from start of protocol treatment until death is shown for all patients.
Censored patients are represented by ticks. (A) Entire cohort. Median survival, 9.1 months (95% CI 5.9–not
reached). (B) Stratified by resection. Median survival in patients with resection, not reached. Median survival in
patients without resection, 9.0 months (95% CI 3.4–20.9).
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identified only rare grade 3–4 toxicity or

hospitalization.8

In contrast to these reports of excellent

tolerance of higher doses per fraction of ab-

dominal radiation, there is also ample sug-

gestion that such an approach results in

more severe gastrointestinal mucosal toxicity.

In a meta-analysis of individual patient data

from recent prospective trials of modified ra-

diation fractionation in lung cancer, acceler-

ated fractionation schemes were associated

with the highest rates of severe esophagitis,

with an odds ratio of 3.21, (95% CI 2.41–

4.28) compared with standard fraction-

ation.30 At the extreme of accelerated frac-

tionation is stereotactic body radiation (SBRT),

in which a relatively high dose is delivered

to a very narrow field in just a few fractions.

With the use of SBRT in a variety of sites in

the upper abdomen, including the pan-

creas, rates of severe gastroduodenal tox-

icity (ulceration, gastritis, and late steno-

sis) have been reported in the range of

15–43%.31–33

Whether the modest increase in dose per

fraction in our study is truly associated with

excessive AEs cannot be determined from
this small, uncontrolled study. It is quite pos-
sible that our patients would have had severe
gastric complications with standard fraction-
ation as well. In addition, the fatal occurrence
of gastric hemorrhage occurred in the setting
of active cytomegalovirus infection, which
probably exacerbated the radiation toxicity.
However, given the lack of a definite efficacy
signal and the toxicity observed, we do not
recommend this accelerated fractionation
regimen as a neoadjuvant approach to pan-
creatic cancer.

We believe that the observed toxicity
should also serve as a caution. The extent
to which accelerated fractionation schemes,
SBRT, and other novel radiation tech-
niques are used for pancreatic cancer in
the community has not been reported.
However, technological advances in cancer
medicine, including altered fractionation
schemes, recently made feasible because
of modern radiation treatment planning
and delivery devices, are often accompa-
nied by rapid diffusion into routine prac-
tice.34 Ultimately, these RT advances are
likely to improve outcomes for cancer pa-
tients. However, we believe our results
highlight the paramount importance of pro-

spectively evaluating these alternate RT dose
schedules in clinical trials.
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