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Abstract

Background—Previous studies have suggested that preoperative chemoradiation is associated
with an improved margin negative resection rate among patients who undergo
pancreatoduodenectomy for pancreatic ductal adenocarcinoma (PDAC). However, the optimal
preoperative regimen has not been established.

Methods—All patients with PDAC who received chemotherapy and/or chemoradiation followed
by pancreatoduodenectomy between 1999-2014 were retrospectively reviewed. The effects of two
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external-beam radiation regimens — a standard course of 50.4Gy/28 fractions and a
hypofractionated course of 30Gy/10 fractions — were compared. Differences in clinicopathologic
characteristics, locoregional recurrence (LR), and overall survival (OS) were assessed.

Results—Among 472 patients who received preoperative therapy, 224 (47.5%) received 30Gy,
221 (46.8%) received 50.4Gy and 27 (5.7%) received chemotherapy alone. Patients who received
50.4Gy were more likely to have advanced stage disease and to have received induction and
postoperative chemotherapy, but there was no difference in R1 margin status, treatment effect, LR
or OS between the two radiation groups (all p>0.05). Patients who received preoperative
chemoradiation had a lower rate of LR compared to preoperative chemotherapy alone (p<0.01).
On multivariate Cox proportional hazards analysis, 50.4Gy was associated with similar OS and LR
compared to 30Gy while the absence of preoperative radiation was associated with a higher rate of
LR (OR 2.21, 95% CI 1.04-4.70) and similar OS.

Conclusion—Preoperative hypofractionated chemoradiation was associated with similar local
control and overall survival compared to standard CRT in patients undergoing
pancreatoduodenectomy for PDAC. The use of chemotherapy alone without chemoradiation was
associated with improved local control but similar survival.

Keywords

neoadjuvant therapy; pancreatic cancer; chemotherapy; chemoradiation; local recurrence;
gemcitabine; FOLFIRINOX; pancreatectomy; whipple

Introduction

Cancer cells are identified at the resection margins following as many as 90% of operations
performed with curative intent for localized pancreatic ductal adenocarcinoma (PDAC)?.
Irradiation of the surgical field following pancreatectomy has been advocated by many
investigators in an attempt to reduce residual microscopic disease, which has been associated
with both locoregional recurrence (LR) and a short duration of overall survival (0S)23.
However, randomized phase 111 trials of postoperative chemoradiation (CRT) have not
conclusively established its efficacy, so its use remains controversial*=5.

Our group and others have postulated that CRT may be administered most effectively prior
to, instead of following, surgical resection, as is true for several other gastrointestinal
tumors’:8. Potential advantages to the delivery of CRT preoperatively include the
opportunity to select patients with appropriate physiology and tumor biology for major
surgery, a reduction in toxicity to adjacent structures, an ability to sterilize tissues at
oncologically critical margins, and a possible reduction in the size or anatomic extent of
disease prior to subsequent resection. We have previously shown that preoperative CRT,
combined with meticulous dissection of the tissue between the pancreatic head and superior
mesenteric artery (SMA)?, maximizes clearance of cancer cells from the retroperitoneum?0
and is associated with favorable long-term survivalll,

Conventional postoperative CRT for PDAC consists of 5.5 weeks of standard fractionated
external beam radiotherapy (EBRT) with concurrent sensitizing chemotherapy!2. A similar
regimen has also been delivered prior to surgery by clinicians who favor a preoperative
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treatment strategy3-15. However, prolonged local irradiation of the primary tumor and
regional lymph nodes has raised concerns for both treatment-related toxicity and systemic
disease progression that might preclude subsequent resection. These concerns have led to
interest in the use of hypofractionated regimens that allow therapeutic doses of radiation to
be delivered in as few as 5 days. Several studies have shown that hypofractionated CRT can
be delivered safely and effectivelyl6-18. However, the effects of radiation dose upon the
primary tumor and regional lymph nodes have been incompletely characterized, and the
influence of these effects upon oncologic outcomes remains unclear.

At the University of Texas MD Anderson Cancer Center, most patients with resectable or
borderline resectable cancers of the pancreatic head receive gemcitabine- or 5-fluorouracil-
based CRT and/or systemic chemotherapy prior to planned pancreatoduodenectomy (PD).
EBRT has historically consisted of either a standard regimen (1.8Gy, 28 fractions, total
50.4Gy) over 5.5 weeks or a hypofractionated regimen (3Gy, 10 fractions, total 30Gy) over 2
weeks. Using this experience, we sought to determine the potential influence of both
preoperative radiation and radiation dose on margin status, local control, and overall survival
of patients following PD.

The MD Anderson Cancer Center Institutional Review Board approved this retrospective
study. We used a prospectively maintained institutional pancreatic tumor database to identify
all patients who received preoperative chemotherapy and/or chemoradiation prior to PD for
PDAC between 1999 and 20141°.

Prior to the initiation of preoperative therapy, all patients underwent a comprehensive
staging evaluation, including a pancreatic-protocol CT scan. Tumors were classified as
potentially resectable (PR), borderline resectable (BR), or locally advanced (LA) using
previously published clinical criteria2C.

Neoadjuvant Regimens

Two primary chemoradiation regimens were used: hypofractionated EBRT (30 Gy/10
fractions) or standard EBRT (50.4 Gy/28 fractions) with concurrent 5-fluorouracil,
capecitabine, or gemcitabine. EBRT was delivered 5 days per week (Monday-Friday). CT-
based three-dimensional conformal treatment planning was routinely used. The primary
tumor, pancreatoduodenal, portahepatic, superior mesenteric, and celiac axis lymph nodes
were typically included in the treatment volume with a 1-cm margin for microscopic
extension, 5-mm cranial and caudal margin for respiratory motion, and 5-mm margin for
setup error. If the likelihood of resection was estimated as low, the portahepatic nodes were
not treated in the patients receiving 50.4Gy to reduce duodenal toxicity. Systemic
chemotherapy was delivered prior to CRT selectively.
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Surgical Technique

After completion of preoperative therapy, all patients underwent a comprehensive restaging
evaluation. Those with optimized physiology and absence of radiographic or intraoperative
findings of disease progression were selected for surgical resection?0. Radiographic
downstaging was not required. PD was performed using a standardized technique®10.
Dissection of the uncinate process was performed by skeletonizing the right lateral aspect of
the SMA from its origin to the level of the first jejunal branch of the SMV/10,

Histopathologic Analysis

All surgical specimens were evaluated using a standardized protocol?. Specifically, the
surgeon and pathologist inked the pancreatic neck, bile duct margin, and SMA margin
immediately following removal of the specimen. The pancreatic and bile duct margins were
inked en face and were considered positive if tumor cells were present at the ink. In contrast,
the entire inked SMA margin was sectioned perpendicularly for microscopic evaluation. The
SMA margin distance was prospectively measured as the closest microscopic distance, to the
nearest millimeter, between cancer cells and the inked SMA margin. A positive SMA margin
was defined as tumor cells at or within 1 mm of the ink. An R1 margin status was assigned
to the resection if any margin was defined as positive. Treatment effect was measured
histologically as the percentage of residual viable cancer cells22,

Postoperative Therapy and Follow-up

Following PD, postoperative therapy was administered selectively. Patients were evaluated
every 4-6 months with cross-sectional imaging, physical examination, and CA 19-9 analysis
according to a standardized algorithm?23. The development of a new low-density mass in the
region of the pancreatic remnant or new lymphadenopathy at the root of the mesentery was
considered evidence of LR. Distant recurrence was defined as new lesions in the lung, liver,
peritoneum, or elsewhere with imaging characteristics consistent with metastasis.

Statistical Analysis

Results

Clinicopathological variables associated with patients who received 30Gy and 50.4Gy
regimens were compared. The same variables were compared between patients who received
CRT and those who did not. Categorical variables were compared using the Fisher exact test
while continuous variables were compared using the two-tailed student’s t-test. OS,
recurrence-free survival (RFS), and LR (occurring as a component of first failure) were
compared among the three groups using the Kaplan-Meier method. Statistical significance
was assessed using the Mantel-Cox log rank test. Univariate and multivariate Cox
proportional hazards regression models were created to identify factors associated with OS
and LR. The radiation dose and non-collinear variables with p<0.2 on univariate analysis
were included in the multivariate model. Statistical analysis was performed using SPSS 22.0
software (SPSS Inc., Chicago, IL, USA) with significance established at p<0.05.

A total of 483 consecutive patients with localized PDAC received chemotherapy and/or CRT
prior to PD between 1999 and 2014. Eleven patients who received an unknown radiation
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regimen at the referring facility were excluded from further analysis. Of the remaining 472,
221 (46.8%) received 50.4Gy EBRT with or without systemic chemotherapy, 224 patients
(47.5%) received 30Gy EBRT with or without systemic chemotherapy, and 27 (5.7%)
received systemic chemotherapy alone. The baseline clinical profile of these 472 patients
who comprised the study population is presented in Table 1. Patients who received 50.4Gy
were more likely to have been staged at presentation with advanced disease, to have received
induction and postoperative systemic chemotherapy, and to have been treated in recent years
(all p <0.05) compared to patients who received 30Gy.

Surgical and histopathologic variables are also presented in Table 1. Tumors treated to
50.4Gy were more likely to be poorly differentiated and to be associated with
lymphovascular invasion than those treated to 30Gy, but the 50.4Gy regimen was associated
with a higher rate of negative lymph nodes and a lower mean LN ratio than 30Gy (all
<0.05). The median SMA margin length, SMA length distribution,rate of R1 margin status,
and treatment effect scores of tumors treated to 50.4Gy and 30Gy were similar. Furthermore,
there was no significant difference in LR, RFS, or OS between the two groups of patients
(Table 2 and Figure).

Patients who did not receive preoperative CRT were clinically similar at baseline to patients
who did. Although there was no difference in margin status or median SMA margin length,
the absence of radiation was associated with a higher rate of positive lymph nodes, a higher
LN ratio, and a poorer treatment effect score (all p<0.05, Table 1). The absence of
preoperative CRT was associated with a higher rate of LR but no significant difference in OS
(Table 2 and Figure).

Results of a multivariate Cox proportional hazards regression analysis for OS and LR are
reported in Table 3 and Table 4, respectively. Compared to the 30Gy regimen, 50.4Gy was
associated with similar OS (OR 0.93, 95% CI 0.71-1.22) and LR (OR 1.30, 95% ClI
0.81-2.08). The absence of CRT was associated with a higher rate of LR (OR 2.21, 95% CI
1.04-4.70) but no difference in OS (OR 1.24, 95% CI 0.16-9.50).

Discussion

In this retrospective review of almost 500 patients with localized PDAC who underwent PD
following preoperative therapy, we found no significant difference in the rate of positive
surgical margins, the rate of LR, or the duration of OS among patients who received
hypofractionated CRT to 30Gy over 2 weeks versus those who received standard CRT to
50.4Gy over 5.5 weeks. Compared to patients who received systemic chemotherapy alone,
the receipt of either radiation regimen prior to pancreatectomy was associated with
improvement in locoregional control but not survival.

The role of perioperative radiation therapy in the management of patients with localized
PDAC remains controversial. The results of early randomized trials evaluating the efficacy
of postoperative CRT were inconsistent: a Gastrointestinal Tumor Study Group study
concluded postoperative CRT was beneficial®; a European Organization for Research and
Treatment of Cancer study showed no benefit4, and a European Study Group for Pancreatic
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Cancer trial (ESPAC-1) concluded that it adversely effects survival®. Subsequent large, albeit
retrospective, analyses have suggested a survival advantage with postoperative CRT, so its
use remains common in the United States 2425, The RTOG-0848 study, which is actively
randomizing patients following pancreatectomy to either gemcitabine or gemcitabine
followed by conventional CRT, should clarify the role of postoperative CRT26.

In the preoperative setting, existing data have been generated in small, phase I/11 trials of
hypofractionated6:17, standard fractionated141°, and several novel radiotherapy
regimens2/~30, Although these studies have suggested that CRT can be administered safely
prior to PD, the efficacy of radiation in this setting remains unclear because few comparative
studies have been performed. Golcher et al performed the first randomized controlled trial to
compare preoperative CRT to surgery alone in resectable PDAC. Although no significant
differences were seen in survival, the study was terminated early after enrolling only 73 of
the anticipated 254 patients3L. In an attempt to provide further insight, the NEOPA study
will randomize patients with resectable PDAC to preoperative, standard fractionated
gemcitabine-based EBRT or immediate surgery. The study is expected to conclude in
202032, In the BR disease setting, in which preoperative therapy is often recommended3?,
the Alliance for Clinical Trials in Oncology Study A021501, a phase I trial set to activate in
May 2016, will randomize patients to either FOLFIRINOX or FOLFIRINOX followed by
hypofractionated CRT prior to planned PD34,

The preoperative period provides a critical opportunity to select patients with favorable
tumor biology and appropriate physiology for subsequent surgery, and to leverage the
cytotoxic effects of anticancer therapies. An advantage specifically ascribed to radiation
treatments in this setting is its purported ability to sterilize surgical margins. Although we
could demonstrate no difference between the status of surgical margins of patients who
received preoperative CRT and those who received systemic chemotherapy alone, the results
herein suggest that PD may be associated with improved locoregional cancer control when
preceded by CRT. To the extent that this benefit truly exists, hypofractionated regimens
might be preferable over conventional CRT for several reasons. First, conventional CRT is
generally delivered over a duration of 5.5 weeks followed by a 6-week treatment break.
Because radiotherapy acts only upon the primary tumor and regional lymph nodes, the
systemic micrometastatic disease that is presumed to exist in all patients with PDAC may be
suboptimally treated for as many as 3-4 months prior to resection. Hypofractionated
regimens, delivered over a duration as short as 5 days, may reduce this window substantially
and help alleviate concern for tumor progression during radiation therapy. Furthermore,
hypofractionated regimens may be better tolerated and associated with lower toxicity than
the conventional approach—an important consideration in the preoperative setting3°:36,

It should be emphasized that hypofractionated regimens treat the primary tumor and regional
lymph nodes to a lower total dose than standard fractionated CRT: using the linear-quadratic
formula, early and late biologically equivalent doses (BED) for the 50.4Gy and 30Gy
regimens described here are approximately 59.5Gy g and 80.6Gy3 vs 39Gy;g and 60Gys3,
respectively. Nonetheless, a short course, hypofractionated regimen appears to be sufficient
for many patients with localized disease, in whom tumor resection is the ultimate therapeutic
objective. As suggested by the data herein, treatment to a higher total dose would seem
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appropriate for patients with regionally advanced disease and known lymphadenopathy. A
conventional regimen similar to that used in the locally advanced setting should also be
strongly considered for patients unlikely to ever undergo pancreatectomy on the basis of
their personal physiology, tumor anatomy, or the anticipated behavior of their cancer.

The results of this study should be interpreted within the context of its limitations, foremost
among them being the use of a single-institution, retrospective dataset of patients for whom
treatment decisions were not randomly made. The differences observed in disease stage of
the 30Gy and 50.4Gy groups likely reflect, at least in part, provider selection bias to treat
more advanced tumors with higher doses of radiation. Therefore, although the data herein
could be interpreted as indicating that the two radiation regimens were equally effective, an
alternative interpretation might be that the higher dose of radiation is necessary to achieve
equivalent clinical results in advanced disease settings. A related limitation is the inclusion
of only patients that successfully underwent resection; it is possible that the longer duration
over which treatment was administered in the 50.4Gy group allowed more patients with
aggressive disease to develop systemic metastases, eliminating them from analysis. For this
reason, we were also unable to evaluate the effects of CRT on the anatomic extent of the
primary tumor. However, we previously demonstrated that a minority of patients experience
a partial Response Evaluation Criteria in Solid Tumors (RECIST) response to preoperative
therapy, and that such a response does not correlate with survival3’. Finally, while no
toxicity data were evaluated in this study, we have shown in prospective trials that both of
these radiation regimens are associated with minimal toxicities that do not preclude
subsequent surgery16:35,

The strengths of this study must also be acknowledged. This is the largest study that has
evaluated the relative efficacy of two different preoperative radiation regimens in the setting
of PD for PDAC. Furthermore, the translational database we use is prospectively maintained
and managed by trained, full-time personnel using abstracted data and standardized
algorithms similar to those used in the management of large, national data sets. Finally,
despite the baseline differences among the treatment groups, a multivariate analysis was
constructed to control for these differences and their potential influence upon oncologic
outcomes.

In conclusion, in this study designed to investigate the impact of preoperative radiation
regimens on outcomes of patients undergoing PD for PDAC, we found that patients who
received any form of preoperative CRT had better locoregional control than those receiving
chemotherapy alone. Furthermore, hypofractionated CRT was associated with similar
margin-negative resection rates, treatment effect, LR, and OS compared to standard
fractionated CRT.
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Precis

In this single institution review of patients who received chemotherapy and/or
chemoradiation prior to pancreatoduodenectomy for pancreatic ductal adenocarcinoma,
the administration of hypofractionated chemoradiation was associated with similar
margin negative resection rates, treatment effect, locoregional recurrence and overall
survival compared to standard chemoradiation. The use of either chemoradiation regimen
was associated with improved locoregional control, but not overall survival, compared to
preoperative systemic chemotherapy alone.
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Figure.

Kaplan-Meier curves of A) overall survival, B) recurrence-free survival, and C) locoregional

recurrence based on preoperative radiation regimens for pat
adenocarcinoma who underwent pancreaticoduodenectomy
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Results of univariate and multivariate Cox regression analysis for overall survival

Table 3

Odds Ratio (95% Confidence Interval), p

Univariate

Multivariate

Clinical
Age
<50 years
50-70 years
>70 years
Male Sex
Radiographic Staging

Potentially Resectable

Borderline Resectable

Locally Advanced
Year of Surgery
1999-2004
2005-2009
2010-2015

Pre-Treatment CA 19-9
Neoadjuvant Chemotherapy
Sensitizing Chemotherapy

Gemcitabine

Capecitabine/5-Fluorouracil

XRT
30Gy
50.4Gy

None

Adjuvant Chemotherapy

0.89 (0.59-1.34), 0.59
1.09 (0.70-1.70), 0.70
1.22 (0.97-1.53), 0.09

0.86 (0.63-1.17), 0.34
0.76 (0.48-1.20), 0.23

0.90 (0.70-1.17), 0.45
0.84 (0.62-1.14), 0.25
1.29 (1.03-1.62), 0.03
1.15 (0.92-1.45), 0.22

1.28 (1.01-1.62), 0.04

0.91 (0.72-1.15), 0.42
1.21 (0.74-1.97), 0.45
0.94 (0.73-1.20), 0.60

1.09 (0.82-1.45), 0.54

1.04 (0.79-1.37), 0.78

1.31 (1.0-1.73), 0.053

0.93 (0.71-1.22), 0.60
1.24 (0.16-9.50), 0.84

Surgical

EBL
<500 mL
>500-1000 mL
>1000 mL

Vascular Resection

Lymph Nodes Excised
<15
15-30
>30

1.20 (0.93-1.55), 0.16
1.61 (1.19-2.18), 0.002
1.55 (1.24-1.95), <0.001

1.02 (0.72-1.43), 0.93
1.00 (0.67-1.49), 1.0

1.11 (0.81-1.52), 0.51
1.42 (0.98-2.07), 0.07
1.46 (1.09-1.94), 0.01

Pathology
Tumor Size

Differentiation

1.15 (1.07-1.25), <0.001

0.95 (0.86-1.07), 0.40
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Odds Ratio (95% Confidence Interval), p

Univariate

Multivariate

Well/Moderate
Poor

Margin Status
RO
R1

SMA Margin Length
0mm
>0-1.0 mm
>1.0-5.0 mm
>5.0 mm

Positive Lymph Nodes

Percentage of Viable Cells

0
>0-5%
>5-10%
>10-30%
>30%
Lymph Node Ratio
0
0-0.2
20.2
Lymphovascular Invasion

Perineural Invasion

1.34 (1.05-1.71), 0.02

2.07 (1.62-2.65), <0.001

1.08 (0.65-1.80), 0.77
0.67 (0.41-1.09), 0.11
0.43 (0.26-0.71), 0.001
1.87 (1.48-2.35), <0.001

1.62 (0.63-4.2), 0.32
2.38 (0.94-6.04), 0.07
2.85 (1.16-7.0), 0.02
2.73 (1.12-6.66), 0.03

1.61 (1.25-2.06), <0.001
3.36 (2.42-4.65), <0.001
1.75 (1.38-2.22), <0.001
2.50 (1.80-3.49), <0.001

1.37 (1.02-1.83), 0.03

1.37 (1.01-1.86), 0.04

1.40 (1.04-1.90), 0.03

1.62 (0.21-12.52), 0.65
1.89 (0.25-14.45), 0.54
1.91 (0.25-14.49), 0.53
1.69 (0.22-12.99), 0.62

1.08 (0.79-1.46), 0.63
1.84 (1.21-2.80), 0.004
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Table 4

Results of univariate and multivariate Cox regression analysis for local recurrence

Odds Ratio (95% Confidence Interval), p

Univariate

Multivariate

Clinical

Age
<50 years
50-70 years
>70 years

Male Sex

Radiographic Staging
Potentially Resectable
Borderline Resectable
Locally Advanced

Year of Surgery
1999-2004
2005-2009
2010-2015

Pre-Treatment CA 19-9

Neoadjuvant Chemotherapy

Sensitizing Chemotherapy

Gemcitabine

Capecitabine/5-Fluorouracil

XRT
30Gy
50.4Gy

None

Adjuvant Chemotherapy

0.77 (0.40-1.48), 0.43
0.61 (0.29-1.30), 0.20
0.81 (0.55-1.18), 0.27

1.03 (0.62-1.72), 0.92
1.16 (0.58-2.32), 0.67

0.77 (0.48-1.23), 0.27
0.95 (0.60-1.50), 0.83
157 (1.07-2.31), 0.02
1.92 (1.29-2.88), 0.001

1.18 (0.79-1.76), 0.43

1.07 (0.72-1.61), 0.73
2.41 (1.25-4.64), <0.01
1.29 (0.87-1.90), 0.20

1.39 (0.89-2.17), 0.15
1.50 (0.92-2.47), 0.11

1.30 (0.81-2.08), 0.28
2.21 (1.04-4.70), 0.04

Surgical

EBL
<500 mL
>500-1000 mL
>1000 mL

Vascular Resection

Lymph Nodes Excised
<15
15-30
>30

1.04 (0.67-1.62), 0.87
1.84 (1.13-3.0), 0.015
1.70 (1.16-2.50), 0.007

1.45 (0.75-2.80), 0.27
1.02 (0.48-2.19), 0.95

1.05 (0.64-1.72), 0.86
1.69 (0.97-2.94), 0.06
1.21(0.77-1.91), 0.41

Pathology
Tumor Size

Differentiation

1.20 (1.06-1.35), 0.004

1.05 (0.88-1.24), 0.61
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Odds Ratio (95% Confidence Interval), p

Univariate

Multivariate

Well/Moderate
Poor
Margin Status
RO
R1
SMA Margin Length
omm
>0-1.0mm
>1.0-5.0mm
>5.0mm
Positive Lymph Nodes
Lymph Node Ratio
0
0-0.2
20.2
Lymphovascular Invasion

Perineural Invasion

0.89 (0.57-1.38), 0.60

1.94 (1.27-2.95), 0.002

1.06 (0.43-2.63), 0.90
0.78 (0.33-1.85), 0.58
0.44 (0.18-1.04), 0.06
2.06 (1.39-3.06), <0.0001

1.70 (1.11-2.61), 0.01
4.22 (2.43-7.33), <0.0001
1.67 (1.12-2.50), 0.01
3.72 (1.93-7.16), <0.0001

1.27 (0.78-2.05), 0.33

1.63 (1.01-2.62), 0.05

0.85 (0.52-1.38), 0.50
2.60 (1.26-5.36), 0.01
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