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Results: Of 155 patients, 91 (59%) had LAPC and 64 (41%) had BRPC. Almost all
were treated with induction multi-agent CTX with either FOLFIRINOX (75%) or
gemcitabine and nab-paclitaxel (24%) for a median duration of 4.0 months (1-18
months). All received SBRT to a median dose of 33 Gy. Among 64 BRPC patients,
50 (78%) underwent resection, of whom 48 (96%) achieved margin-negative (R0)
resection. Among 91 LAPC patients, 57 (63%) underwent resection, of whom 50
(88%) achieved RO resection. Despite the high RO rate, 33% of patients experi-
enced locoregional failure, which was a component of 44% of all failures. After
SBRT, median OS and PFS were 18.7 and 7.7 months, respectively. After SBRT,
1- and 2-year OS probabilities were 70% and 45%, whereas, from diagnosis, they
were 93% and 51%.

Conclusions: Although a high proportion of BRPC/LAPC patients treated with
induction multi-agent CTX followed by SBRT successfully achieved RO resection,
locoregional failure remained common, highlighting the need to continue to op-

KEYWORDS

1 | INTRODUCTION

Despite therapeutic advancements over the last decade,
pancreatic adenocarcinoma (PDAC) remains an aggres-
sive malignancy with dismal long-term survival outcomes.
By 2030, PDAC is expected to become the second leading
cause of cancer-related mortality."? Poor outcomes are
driven by advanced presentation of disease and aggressive
disease biology, with roughly half of patients presenting
with evidence of metastatic disease at diagnosis. In pa-
tients with localized disease, the majority have tumors
with extra-pancreatic extension and involvement of key
peri-pancreatic vasculature, creating a significant barrier
to complete surgical resection.

The role of radiation for localized pancreatic cancer
remains controversial. In the locally advanced pancreatic
cancer (LAPC) setting, radiation can be administered with
the intent of improving local progression-free survival and
preventing associated impact on morbidity and mortali-
ty.*> Given the recognition that a much higher proportion
of LAPC patients can undergo complete resection after up-
front nonoperative therapy as compared to historical data,
radiation can also be administered with the intent of mar-
gin sterilization and local recurrence risk reduction.’'?
Certainly, in the borderline resectable pancreatic cancer
(BRPC) setting, margin sterilization and local recurrence
risk reduction represent the primary goals of preoperative
radiation therapy, with multiple studies, including two
randomized controlled studies, suggesting benefit in this
regard.”*"” While the referenced studies demonstrated

timize radiation delivery in this context.

BRPC, LAPC, locoregional failure, multi-agent CTX, PDAC, SBRT

encouraging outcomes with the use of preoperative radi-
ation for BRPC, the recently presented Alliance A021501
randomized controlled trial did not show an additive ben-
efit of radiation beyond neoadjuvant multi-agent chemo-
therapy alone for BRPC.'®

Given the discrepancy in these findings, we herein
present operative and survival outcomes in a large cohort
of BRPC/LAPC patients who were treated with stereotac-
tic body radiation therapy (SBRT) at a single high-volume
institution. Multiple prior studies have reported on out-
comes with SBRT for localized pancreatic cancer but are
limited by small patient numbers, lack of modern systemic
regimens such as FOLFIRINOX (FFX) or gemcitabine and
nab-paclitaxel (GnP), and use of SBRT for strictly defini-
tive as opposed to preoperative intent.® 214131921 Ag such,
our intent is to demonstrate encouraging outcomes with
the use of preoperative SBRT for resected BRPC/LAPC
with respect to margin sterilization, but also to highlight
opportunities for future refinement of the use of radiation
therapy to increase durable local control in this setting.

2 | METHODS

2.1 | Patient population

With institutional review board approval and no ethi-
cal conflict of interest, all patients who were diagnosed
with localized pancreatic cancer between 2016 and 2019
and who were treated at our institution with SBRT after
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induction chemotherapy were retrospectively reviewed.
Patients were eligible for inclusion if they met the follow-
ing study criteria: (1) histologic diagnosis of pancreatic
adenocarcinoma; (2) BRPC or LAPC staging as per the
National Comprehensive Cancer Network (NCCN) guide-
lines?; (3) treatment with SBRT following induction sys-
temic therapy; and (4) sufficient follow-up defined as >3
clinical encounters following SBRT.

2.2 | Treatment course
Systemic therapy was prescribed at the discretion of the
treating medical oncologist. In general, however, patients
with a good performance status received multi-agent
chemotherapy, usually either modified FFX (mFFX) or
gemcitabine and nab-paclitaxel (GnP). During induction
chemotherapy, patients were serially examined at ap-
proximately 3-month intervals with a pancreatic protocol
computed tomography scan to assess response. After com-
pletion of induction systemic therapy, patients with BRPC
or LAPC were generally recommended to undergo SBRT
at our institution, with re-evaluation for surgical explora-
tion after completion of SBRT. Prior to SBRT, patients un-
derwent endoscopic fiducial placement under ultrasound
guidance. At simulation, patients underwent a computed
tomography scan with intravenous contrast and immo-
bilization using a Vac-Lok (CIVCO Medical Solutions,
Coralville, 1A, USA) or Alpha cradle (CIVCO Medical
Solutions, Coralville, IA, USA) in the supine position with
arms up. The SBRT course consisted of five fractions deliv-
ered over consecutive weekdays. Motion management was
most commonly addressed using active breathing control
(ABC, Elekta, Stockholm, Sweden), although a minority
of patients were treated under a free-breathing approach
using a customized internal tumor volume expansion
based on assessment with a four-dimensional computed
tomography scan. The clinical tumor volume (CTV) in-
cluded gross disease as well as the full circumference of
involved vasculature at the level of involvement. Planning
tumor volume (PTV) was generated by applying a 2-mm
isotropic margin to the CTV, if a breath-hold approach
was utilized, or the iCTV, if a free-breathing approach was
utilized. Daily image guidance was utilized with both pre-
treatment and intra-fraction cone beam computed tomog-
raphy (CBCT) imaging. For pre-treatment set-up, patients
were initially aligned to spine, with a subsequent trans-
lational shift applied to align to fiducials. Intra-fraction
variation that was noted on the intra-fraction CBCT and
that was greater than the PTV margin was also corrected.
Patients who were potential candidates for surgical
exploration were generally restaged with computed to-
mography imaging between 4 and 6 weeks after the end
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of SBRT. For those patients that underwent resection, the
resection specimens were processed per standard institu-
tional grossing protocols. Specimen margins were iden-
tified using anatomic landmarks and orienting stitches
by surgeon and were submitted for intraoperative frozen
section and/or permanent section as per surgeon request.
Pancreatic neck (parenchymal), common bile duct, and
vascular margins, as applicable, were taken as shave sec-
tions. Uncinate margins, where applicable, were inked and
then taken as perpendicular sections. Additional final and
separate retroperitoneal/SMA margins were submitted
separately per surgeon’s discretion. Shave margins were
considered positive when tumor was present anywhere on
the margin section. Perpendicular margin was considered
positive when tumor was present at ink and distance to
margin was noted when <1 mm. If unoriented, additional
margins submitted separately by the surgeon were treated
as shave margins. If oriented, the true margin was inked
and the margin was sectioned perpendicular to the ink
and treated as a perpendicular margin as described above.

Adjuvant or maintenance chemotherapy was at the
discretion of the treating medical oncologist. After sur-
gery for exploratory candidates or after SBRT for nonop-
erative candidates, patients were subsequently followed
with surveillance pancreatic protocol computed tomogra-
phy scans, initially at 3-month intervals, with subsequent
spacing of scans at the discretion of the clinical team.
Cancer antigen (CA) 19-9 levels were also generally ob-
tained at follow-up visits but were also at the discretion of
the clinical team.

2.3 | Clinical and pathological outcomes
Baseline demographics such as age, gender, performance
status, stage, tumor location, tumor grade at biopsy, and
carbohydrate antigen (CA) 19-9 levels were recorded.
Regarding treatment variables, type and duration of in-
duction and adjuvant chemotherapy were recorded, as
was radiation prescription dose. Surgical outcomes, in-
cluding successful gross resection, margin status, nodal
status, and pathological complete response (PCR; defined
as no residual tumor), were reported with descriptive
statistics.

2.4 | Statistical analysis

Overall survival was recorded as the time from SBRT to
death. The date of death was sourced from medical records
and Social Security Death Index. If date of death was un-
available, survival was censored at the date of the last re-
corded clinical encounter. Progression-free survival (PFS)
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was measured as the interval from the end of SBRT to the
time of the first radiographic evidence of failure or death,
whichever occurred earlier, and censored at the last date
of recorded imaging follow-up. Local progression (LP) and
distant metastases (DM) were recorded as the time for first
occurrence of locoregional or distant failure, respectively, or
death, whichever occurred earlier. Locoregional failure in-
cluded disease recurrence occurring within the surgical bed,
extra-pancreatic perineural tracts, regional nodal basins, or
pancreatic remnant. OS and PFS were analyzed using the
Kaplan-Meier method, and cumulative incidence of LP and
DM was estimated. The association of PFS and OS with pa-
tient characteristics was assessed using univariate analysis
(UVA) and multivariable analysis (MVA) via Cox propor-
tional hazards models. Univariate and multivariable Fine-
Gray competing risk models with death as competing events
were used to study the association between failure outcome
and patient characteristics. Alive patients without observed
events will be censored at the date of the last follow-up. Only
variables with p value less than 0.05 in UVA were selected
into the MVA. Statistical analyses were performed using R
4.0.1.7

3 | RESULTS
3.1 | Clinical demographics and
treatment characteristics

At our institution, 155 patients meeting inclusion criteria
were retrospectively reviewed, including 91 patients (59%)
with LAPC and 64 patients (41%) with BRPC. Clinical, de-
mographic, and treatment characteristics are summarized
in Table 1. Almost all patients had an Eastern Cooperative
Oncology Group (ECOG) status of 0-1 (98%). Median CA
19-9 at baseline prior to induction therapy was 215.2 U/
mL (range: <1.0-7358.4 U/mL), with 57% of patients hav-
ing a baseline CA 19-9 greater than 90 U/mL. Induction
FFX was administered to 116 (75%) patients, while 37
(24%) patients were treated with induction GnP. Median
duration of induction chemotherapy before SBRT was
4.0 months (range: 1-18 months). Median CA 19-9 after
SBRT was 38.0 U/mL, with 30% of patients having a CA
19-9 greater than 90 U/mL. Median SBRT dose was 33 Gy
(range: 30-36 Gy) over five fractions, with 81% of patients
being treated with ABC for motion management and 19%
of patients being treated with a free-breathing approach.

3.2 | Operative and pathologic outcomes

After SBRT, 132 patients (85%) were eligible for surgi-
cal exploration. The median time between SBRT and

TABLE 1 Clinical demographics and treatment characteristics

Total

Patients, n 155
Age (median, range) 66 (42-84)
Male gender (n, %) 80 (52)
ECOG PS (1, %)

0 54(35)

1 97 (63)

2 4(2)
Tumor location (n, %)

Head/neck/uncinated 108 (70)

Body/tail 47(30)
NCCN staging (n, %)

BRPC 64 (41)

LAPC 91 (59)
Initial biopsy tumor grade (n, %)

Poor 51 (40)

Moderate-well 78 (60)
CA 19-9 prior to SBRT (median) 215.2

CA 19-9 < 90, 1 (%) 32(36)

CA 19-9 > 90, n (%) 56 (64)

CA 19-9 after SBRT (median) 38.0

CA 19-9 < 90, 1 (%) 56 (70)

CA 19-9 > 90, n (%) 24(30)
CT agent (n, %)

FFX 116 (75)

GnP 37 (24)

Other 2(1)
Induction CT duration, months (median, range) 4 (1-18)
SBRT dose, Gy (median, range) 33 (30-36)
Adjuvant therapy

Received any CTX, n (%) 58 (37)

CTX duration, months (median, range) 2(1-6)

Abbreviations: BRPC, borderline resectable pancreatic cancer; CA 19-9,
cancer antigen 19-9; CT, chemotherapy; ECOG PS, Eastern Cooperative
Oncology Group performance status; FFX, FOLFIRINOX; GnP, gemcitabine
and nab-paciltaxel; Gy, GrayLAPC: locally advanced pancreatic cancer;
NCCN, National Comprehensive Cancer Network.

exploration was 6.4 weeks (range: 1.6-25.2 weeks).
Reasons for foregoing surgical exploration included imag-
ing evidence of metastatic disease in 8 patients (5.2%), pri-
mary tumors that were too locally extensive in 10 patients
(6.5%), and medical comorbidities that were prohibitive in
5 patients (3.2%). Of the 132 patients that were surgically
explored, 107 patients (81%) were able to undergo gross
total resection. Surgery was aborted in 18 patients (13.6%)
due to intra-operative findings of metastatic disease, ex-
tent of local disease in 5 patients (3.8%), and prohibitive
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fibrosis in 2 patients (1.5%). Of 107 patients who were re-
sected, 98 patients (92%) achieved negative margins, 63
patients (59%) were node-negative, and 8 patients (8%)
achieved a pCR. Among 64 BRPC patients, 50 patients
(78%) underwent resection, of whom 48 patients (96%)
achieved margin-negative resection. Among 91 LAPC pa-
tients, 57 patients (63%) underwent resection, of whom 50
patients (88%) achieved margin-negative resection. These
surgical outcomes are summarized in Table 2. Note that
for 11 patients (11.2%), microscopic disease was present
within 1 mm of the surgical margin. If such patients are
included in the definition of margin-positive resection,
the margin-negative resection rates for BPRC patients and
LAPC patients, were 84% and 79%, respectively. Vascular
reconstruction was required in 38 patients (36%) who
were successfully resected. Vascular reconstruction fre-
quency was comparable among resected BRPC (n = 17,
34%) and LAPC (n = 21, 37%) patients. After SBRT, 58
patients (37%) received adjuvant therapy for a median of 2
months (range: 1-6 months).

3.3 | Survival outcomes and
patterns of failure

At last follow-up, 92 patients had died. Median follow-
up from diagnosis for patients still alive was 38.8 months
(12.2-59.1 months). Figure 1 illustrates survival outcomes
for the cohort. From the end of SBRT, median overall sur-
vival (mOS) was 18.7 months (95% CI: 15.8-26.2 months),
and the 1- and 2-year probabilities of OS were 70% (95% CI:

TABLE 2 Pathological outcomes

Open Access.
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63%-78%) and 45% (95% CI: 37%-54%), respectively. From
diagnosis, mOS was 26 months (95% CI: 22-34 months),
and the 1- and 2-year probabilities of OS were 93% (95%
CL: 90%-98%) and 51% (95% CI: 44%—60%), respectively.
The median PFS after SBRT was 8.8 months (95% CI: 7.7-
12.1 months), and the 1- and 2-year probabilities of PFS
were 41% (95% CI: 34%-50%) and 22% (95% CI: 17%-30%),
respectively. Patterns of first failure on imaging follow-up
for all patients are summarized in Table 3 and included
local failure in 21 patients (14%), distant failure in 64 pa-
tients (42%), and both local and distant failure in 30 pa-
tients (19%). As such, 33% of patients experienced local
failure as a component of first failure, and 44% of all fail-
ures included local failure as a component. The 1- and 2-
year probabilities of local failure after SBRT were 22% (95%
CL 15%-29%) and 35% (95% CI: 27%-43%), respectively,
whereas the 1- and 2-year probabilities of distant failure
were 49% (95% CI: 42%-57%) and 63% (95% CI: 55%-71%),
respectively.

For those taken to surgery, the 1- and 2-year LPFS prob-
abilities after surgical resection were 70.9% and 54.2%,
respectively, and median LPFS after resection was 27.7
months. Notably, 32 out of 98 patients (36%) with RO re-
sections recurred locally compared to 5 of 9 patients (56%)
with R1 resections. If disease present within 1 mm of the
margin was included in the definition of a margin-positive
resection, 12 of 20 patients (60%) with an R1 resection
had evidence of local progression compared to 25 of 87
patients (29%) with an RO resection. Patterns of failure
for resected patients, stratified by pathologic features, are
reported in Table S1. Among resected patients, there was

LAPC BRPC All patients

Number of patients, N 91 64 155
Surgically explored, N (%) 74 (81) 58 (91) 132 (85)
Not surgically explored due to:

Metastatic disease 5 3 8

Local extent 8 2 10

Medical reasons 4 1 5
Successfully resected, N (%) 57 (63) 50 (78) 107 (69)
Surgery aborted due to:

Intra-Op. metastatic disease 11 7 18

Intra-Op. local extent 4 1 5

Intra-Op. fibrosis 0 2
Number of patients with RO

resection, N (%)
All patients 50/91 (55%) 48/64 (75%) 98/155 (63%)
Resected patients 50/57 (88%) 48/50 (96%) 98/107 (92%)

Abbreviations: BRPC, borderline resectable pancreatic cancer; F/U, Follow-up; Intra-Op, intra-operative;

LAPC, locally advanced pancreatic cancer; SBRT, stereotactic body radiation therapy.
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FIGURE 1 The Kaplan-Meier

curves of (A) OS, (B) PFS and cumulative
incidence functions of (C) LP, and (D) DM
for the entire patient cohort from the end
of SBRT
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TABLE 3 Patterns of failure after SBRT

Type of first failure Total BRPC LAPC
for cohort, N (%) (N = 155) (N =64) (N =91)
Local failure 21 (14) 8(13) 13(14)
Distant failure 64 (42) 25(39) 39 (43)
Synchronous failure 31(19) 16 (25) 15(17)

no significant difference in LPFS on UVA based on key
pathologic features (Table S2).

After SBRT, on multivariable analysis, poorly differen-
tiated initial biopsy tumor grade, duration of neoadjuvant
chemotherapy for less than 4 months, lack of adjuvant che-
motherapy, and CA 19-9 level > 90 U/mL at any timepoint
were significantly associated with inferior OS, whereas
only the initial biopsy grade, lack of adjuvant chemother-
apy, and CA 19-9 > 90 at any timepoint were associated
with PFS (Table S3). Both initial biopsy grade and CA 19-9
level > 90 at any timepoint were associated with risk of
distant metastasis. Complete resection was significantly
associated with the risk of local progression. Although
the association between surgical resection and OS did not
meet statistical significance on MVA (p = 0.09), median
OS after SBRT for resected patients was 27.1 months ver-
sus 10.0 months in unresected patients (p < 0.001), and 3-
year OS probabilities for resected and unresected patients

20 40
Time from SBRT End (Months)

was 43.7% (95% CI: 33.3%-54.3%) and 9.0% (95% CI: 0.0%-
18.3%), respectively (Figure S1).

Among patients who underwent RO resection, defined
as disease at the margin, those who were treated with in-
duction chemotherapy for >4 months as well as adjuvant
chemotherapy (n = 42) trended toward better OS com-
pared to remainder of the RO cohort (Figure S2).

4 | DISCUSSION

In amodern cohort of patients with BRPC/LAPC who were
primarily treated with induction multi-agent systemic
therapy followed by SBRT, a high proportion of patients
were able to undergo margin-negative resection. Indeed,
among BRPC patients, 75% of patients treated with SBRT
and 96% of resected patients underwent margin-negative
resection. Even among LAPC patients, 55% of all patients
treated with SBRT and 88% of resected patients under-
went margin-negative resection. Nevertheless, despite
these high margin-negative resection rates, local failure
remained a common pattern of failure, with 33% of the co-
hort experiencing local failure as a component of first fail-
ure and with 44% of all failures including local failure as a
component. This persistence of local failure highlights the
need to continue to refine the administration of radiation
to improve local control in this clinical setting.
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The use of radiation therapy for BRPC remains highly
debated. Initial creation of this classification was predi-
cated on a high margin-positive resection rate with up-
front surgery in this sub-population of patients. Multiple
studies have now been published demonstrating high
margin-negative resection rates in BRPC after neoad-
juvant chemotherapy and radiation. A randomized
controlled study from Korea investigated upfront chemo-
radiation versus upfront surgery in BRPC patients and
was terminated early due to a much higher rate of mar-
gin sterilization in the chemoradiation arm.'® Similarly,
the PREOPANC study randomized both resectable and
borderline resectable patients to upfront surgery ver-
sus preoperative gemcitabine-based chemoradiation.'’
Although the PREOPANC study was negative for the pri-
mary endpoint of overall survival, a dramatic difference
was seen with respect to margin sterilization in favor of
the chemoradiation arm (70% vs. 40%, p < 0.001)."” More
importantly, significant improvement was also seen in
local failure-free interval and disease-free survival.'” Even
more, in the subset of patients with BRPC, overall survival
in fact was improved with preoperative chemoradiation as
compared to upfront surgery."’

However, the value of preoperative radiation in the set-
ting of modern intensive neoadjuvant multi-agent systemic
therapy such as FFX remains controversial. This question
has been explored in two studies led by the Alliance con-
sortium. The first, Alliance A021101, was a small single
arm study, in which BRPC patients were treated with FFX
followed by chemoradiation.'? Of the 22 patients enrolled
in this study, 15 (68%) underwent resection and 14 of 15
(93%) were resected with negative margins."* The subse-
quent study, the Alliance 021501, was designed in a ran-
domized fashion to explore the additive value of radiation
beyond neoadjuvant FEX alone.'® This study incorpo-
rated hypo-fractionated radiation based on prior institu-
tional studies demonstrating efficacy with SBRT in this
context.'>*> Of the 40 patients who received radiation in
A021501, only 19 (48%) underwent resection and only 14
(74% of resected patients, 35% of all patients treated with
radiation) underwent margin-negative resection (abstract
only).'® The discrepancy between the Alliance 021501 re-
sults and those seen in our cohort is highlighted by the
fact that even LAPC patients in our cohort experienced
higher margin-negative resection rates as compared to the
BRPC patients in the RT arm of Alliance 021501, but de-
finitive conclusions are premature and should await the
final publication of this study.

Administration of radiation therapy for LAPC remains
similarly contentious. Several historical randomized
controlled trials have shown mixed results with the ad-
dition of either upfront or consolidative radiation to che-
motherapy, but the antiquated radiation techniques and
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chemotherapeutic agents administered render these stud-
ies inapplicable to modern-day practice.”**’ The most rel-
evant randomized controlled trial that asked this question
was LAPO7, in which LAPC patients were treated with
induction gemcitabine for four cycles, and those patients
without progression were subsequently randomized to two
additional cycles of gemcitabine or consolidative chemora-
diation.® Although LAP07 was a negative study for the pri-
mary endpoint of OS, patients in the chemoradiation arm
did experience significant improvement in local control.’?
Importantly, systemic control was poor with gemcitabine
alone, as 40% of patients were ineligible for randomiza-
tion to chemoradiation due to progression.3 Furthermore,
<5% of patients were surgically explored, preventing as-
sessment of the role of radiation as a preoperative tool to
aid in margin sterilization and local recurrence risk reduc-
tion.> However, since the publication of LAP07, several re-
ports from high-volume institutions, including ours, have
demonstrated much higher rates of complete resection in
the setting of multi-agent chemotherapy regimens such as
FOLFIRINOX, with a corresponding improvement in OS
in resected patients as compared to historical outcomes
for LAPC patients.g’12 Notably, in these studies, radiation
has been nearly universally incorporated in the preopera-
tive regimen. Indeed, there is little precedent demonstrat-
ing similarly high rates of margin-negative resection after
multi-agent systemic therapy alone, without radiation
therapy, in LAPC patients.

While considerable attention is understandably given
to margin-negative resection rates, impact on local con-
trol, and ultimately disease-free and overall survival, is the
more important goal. Our findings are interesting in the
discrepancy observed between the low R1 resection rate
and high local-regional failure rate. Better understanding
of the biological and anatomical drivers of local failure and
the manner in which radiation can be refined to further
improve local control should be pursued. Currently, there
is little consensus regarding optimal clinical target volume
design in the preoperative setting, with studies variably
targeting gross disease only, gross disease and the full cir-
cumference of involved vasculature, and gross disease and
more extensive elective tissue at risk, although how such
elective tissue at risk should be defined remains unclear.
In the surgical literature, much attention recently has
been given to surgical clearance of the “triangle” of tissue
that exists between the celiac artery, superior mesenteric
artery, common hepatic artery, and portal vein and that
contains a fat space with high density of at risk perineural
tracts and lymphovascular channels.”®*° It stands to follow
that such principles could apply to radiation field design.
In fact, some data suggest that extra-pancreatic perineu-
ral invasion is highly associated with local failure, and so
characterization and coverage of such extra-pancreatic
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FIGURE 2 Axial view of planning computed tomography scan for a pancreatic cancer patient in the study. (A) In total, 33 Gy isodose

line (purple line) is optimized to the gross tumor volume (GTV; red) and the planning tumor volume (purple) with the GTV encompassing

all of the gross tissue and the tumor-vessel interface (TVI). (B) The triangle volume (light blue) encompasses all areas potentially at risk of

microscopic disease spread beyond the level of the GTV based on extra-pancreatic neural tracts and the 33 Gy isodose line (purple) from the

original plan on the left is superimposed on the triangle to demonstrate the potential risk of undercoverage when optimizing plans only to

the GTV and TVI

perineural tracts may help to inform optimal target volume
design.*** Figure 2 illustrates the difference in radiation
field design between coverage solely of gross disease and
involved vasculature versus elective coverage of the afore-
mentioned “Triangle.” Certainly, optimal prescription dose
in both the preoperative and definitive setting has also not
been well defined, with recent data suggesting improved
outcomes with dose-escalation.>*>* Given these data, mul-
tiple studies are underway exploring dose-escalated radia-
tion for BRPC/LAPC, although the proximity of stomach
and small bowel render coverage with ablative dosing
challenging.*® As such, exploration of novel strategies
for intensifying dose delivery in this population should be
pursued.***’ In addition, combined modality approaches
that may help address pathways of therapeutic resistance
to radiation should also be explored.**

Limitations inherent to our study include its ret-
rospective, single-arm, and single-institution nature.
Furthermore, with respect to surgical margins, it remains
a matter of debate how specimens are processed and ana-
lyzed, and it remains unclear what constitutes a truly pos-
itive margin especially in a population that has received
neoadjuvant therapy.***’ Additionally, we were unable
to account for potential selection bias, as patients receiv-
ing radiation may represent a sub-population of patients
who did not progress on chemotherapy and therefore in-
herently may have better biology. Nonetheless, we believe
these data to be an important demonstration of outcomes
from a high-volume pancreatic center.

5 | CONCLUSION

In a modern cohort of BRPC/LAPC patients treated with
chemotherapy followed by SBRT, a high proportion of

patients were successfully resected with favorable patho-
logic outcomes. Despite this, a significant rate of local
recurrence persists, highlighting the need to further opti-
mize radiation dose delivery in this setting.
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