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Abstract

Introduction: Metastatic pancreatic ductal adenocarcinoma (PDAC) carries a poor prognosis and significant morbidity from
local tumor progression. We investigated outcomes among oligometastatic PDAC patients treated with stereotactic magnetic
resonance image-guided ablative radiotherapy (SMART) to primary disease.

Methods: We performed a retrospective multi-institutional analysis of oligometastatic PDAC at diagnosis or with meta-
chronous oligoprogression during induction chemotherapy treated with primary tumor SMART. Outcomes of interest included
overall survival (OS), progression-free survival (PFS), freedom from locoregional failure (FFLRF), and freedom from distant
failure (FFDF). Acute and late toxicity were reported and in exploratory analyses patients were stratified by the number of
metastases, SMART indication, and addition of metastasis-directed therapy.

Results: From 2019 to 2021, 22 patients with oligometastatic PDAC (range: 1–6 metastases) received SMART to the primary
tumor with a median follow-up of 11.2 months from SMART. Nineteen patients had de novo synchronous metastatic disease
and three had metachronous oligoprogression. Metastasis location most commonly was liver only (40.9%), multiple organs
(27.3%), lungs only (13.6%), or abdominal/pelvic nodes (13.6%). All patients received either FOLFIRINOX (64%) or
gemcitabine/nab-paclitaxel (36%) followed by SMART (median 50 Gy, 5 fractions) for local control (77%), pain control (14%), or
local progression (9%). Additionally, 41% of patients received other metastasis-directed treatments. The median OS from
diagnosis and SMART was 23.9 months and 11.6 months, respectively. Calculated from SMART, the median PFS was 2.4 months
with 91% of patients having distant progression, and 1-year local control was 68. Two patients (9%) experienced grade
3 toxicities, gastric outlet obstruction, and gastrointestinal bleed without grade 4 or 5 toxicity.

Conclusion: There was minimal morbidity of local disease progression after SMART in this cohort of oligometastatic PDAC.
As systemic therapy options improve, additional strategies to identify patients who may derive benefits from local consolidation
or metastasis-directed therapy are needed.

1American University of the Caribbean, Dutch Sint Maarten, Cupecoy
2Department of Radiation Oncology, Moffitt Cancer Center, Tampa, FL, USA
3Department of Radiation Oncology, Miami Cancer Institute, Miami, FL, USA
4Department of Medical Oncology, Miami Cancer Institute, Miami, FL, USA
5Department of Hematology and Oncology, University of Pittsburgh Medical Center, Pittsburgh, PA, USA
6Department of Gastrointestinal Oncology, Moffitt Cancer Center, Tampa, FL, USA

*Co-First Authors

Corresponding Author:
Russell F. Palm, MD, Department of Radiation Oncology, H. Lee Moffitt Cancer Center and Research Institute, 12902 USF Magnolia Drive, Tampa, FL 33612,
USA.
Email: russell.palm@moffitt.org

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons
Attribution-NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use,
reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and

Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://us.sagepub.com/en-us/journals-permissions
https://doi.org/10.1177/10732748231219069
https://journals.sagepub.com/home/ccx
https://orcid.org/0009-0007-9255-0884
https://orcid.org/0000-0002-0448-8715
mailto:russell.palm@moffitt.org
https://creativecommons.org/licenses/by-nc/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage


Keywords
oligometastatic pancreatic adenocarcinoma, MRI-guided radiotherapy, stereotactic magnetic resonance image-guided ablative
radiotherapy, local control

Received September 1, 2023. Received revised October 24, 2023. Accepted for publication November 16, 2023.

Introduction

Pancreatic cancer is a highly aggressive disease and is pro-
jected to be the fourth leading cause of cancer-related deaths in
the United States, with poor outcomes particularly for patients
with metastatic disease.1,2 Systemic therapy is the mainstay of
treatment for metastatic or inoperable disease with modern
regimens consisting of FOLFIRINOX (leucovorin calcium/
fluorouracil/irinotecan hydrochloride and oxaliplatin) or
gemcitabine/nab-paclitaxel. Although these treatments have
achieved progressive improvements in overall survival (OS),
it is estimated that 30% to over 55% of patients with pancreatic
cancer suffer from the morbidity and/or mortality of local
disease progression.3,4 Local disease control provides im-
portant palliation for metastatic patients; however, a potential
opportunity arises for patients with low-volume or biologi-
cally indolent pancreatic cancer to potentially derive further
benefit from local therapy.

Oligometastatic disease was first defined by Hellman and
Weichselbaum in 1995 to identify a subgroup of patients with
limited metastatic burden who may benefit from metastasis-
directed therapy or still possess potential for curative treat-
ment.5 However, outcomes for patients with metastatic
pancreatic cancer have been limited due to disease aggres-
siveness and relatively poor systemic disease control. To date,
the locoregional interventions for patients with metastatic
pancreatic cancer have ranged in aggressiveness such as
primary tumor resection with or without metastasectomy,
radiofrequency ablation (RFA), irreversible electroporation
(IRE), high-intensity focused ultrasound (HIFU), selective
internal radiation (SITR), transarterial radioembolization
(TARE), transarterial chemoembolization (TACE), and ste-
reotactic body radiotherapy (SBRT).6

For inoperable disease, stereotactic magnetic resonance
image-guided ablative radiotherapy (SMART) is a non-
invasive option that provides excellent 1-year local disease
control approximating 84–90% in patients with only localized
disease.7,8 Ablative doses with this radiation technique have
historically been limited by nearby radiosensitive structures
such as the stomach and duodenum; however, SMART pro-
vides superior soft tissue contrast than CT imaging and allows
for real-time gating and adaptive replanning based on daily
variations in patient anatomy. In early retrospective experi-
ences, grade 3 or greater toxicities with this technique are
less than 5% with high frequencies of such adapted fractions
with plan optimization based on the anatomy of the day.9

Recently, the results of the first prospective trial in borderline
resectable and locally advanced PDAC treated with SMART

demonstrated a 1-year survival of 94% and 9% grade 3+
toxicities; however, caution was recommended on treating
patients with this technique who are surgical candidates
particularly if there is a plan for vascular repair or recon-
struction as there was a higher incidence of post-operative
mortality.8

We sought to report outcomes of patients with pancreatic
cancer with limited disease burden who received treatment of
the primary tumor with ablative doses using SMART. We
hypothesize that as the major advancements in care for pa-
tients with metastatic disease have been systemically focused,
there may be improved outcomes for some patients treated to
prevent local disease progression. Exploratory analyses were
performed based on clinical disease factors such as the number
and location of metastases and the reason for radiation de-
livery to the primary tumor (pain control, local progression, or
local control) to identify prognostic factors associated with
improved outcomes with this treatment.

Methods and Materials

Patient Eligibility

A retrospective review was conducted on 22 pancreatic
cancer patients who were either diagnosed with oligome-
tastatic disease before treatment or experienced metachro-
nous oligoprogression during induction chemotherapy.
These patients received treatment using SMART between
2019 and 2021, and the data was obtained from 2 institutional
review board-approved databases from Moffitt Cancer
Center and Miami Cancer Institute. Relevant Equator
guidelines were followed, and all patient details have been
de-identified.10 Inclusion criteria for patient selection in-
cluded those from the above-listed centers with pre-treatment
stage IV pancreatic cancer based on the American Joint
Committee on Cancer, a metastatic disease with a limited
burden of 6 or fewer metastases, treatment with neoadjuvant
chemotherapy, and treatment using SMART to the primary
lesion. All patients completed standardized pre-treatment
staging imaging including CT chest/abdomen/pelvis (CT
CAP) with pancreas protocol and PET/CT. Patients were
eligible to also receive metastasis-directed therapy by ra-
diation (MRI-guided or traditional SBRT) or liver-directed
therapy by radioembolization, resection, or microwave ab-
lation. The use of institutional databases from 2 different
hospitals from different cities may lead to a decrease in the
potential for institutional bias and therefore increase the
external validity of the analysis.
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Stereotactic Magnetic Resonance Image-Guided
Ablative Radiotherapy Planning and Treatment

The protocols for SMART for pancreas cancer have been
previously published.9,11 In brief, all patients were simulated
after a 3-hour fast in the supine position in a .35 T MRIdian
Linac (ViewRay Inc., Denver, CO) and imaged with a bal-
anced steady-state free precession signal (TrueFISP) with
respiratory gating. A breath-hold (17–30 seconds) cine se-
quence was obtained while the patient was performing a cycle
of breath hold and free breathing maneuvers to ensure ap-
propriate tracking and duty cycle for treatment delivery. They
subsequently underwent conventional CT simulation. At one
institution, patients were simulated with and without IV and
oral contrast.

The gross tumor volume (GTV) was defined as the primary
tumor as well as peripancreatic lymph nodes >1 cm in longest
diameter. The GTV was targeted by CT or MRI and consisted
of arterial or venous vasculature involved by the primary
tumor and proximal soft tissue density on associated vascu-
lature up to the celiac axis, aorta, or portal vein and was
prescribed 40–50 Gy in 5 fractions as per physician discretion.
Elective regional nodal irradiation to define a Clinical Target
Volume (CTV) was performed as per discretion of the treating
physician and encompassed a .5–1.0 cm expansion of the
celiac axis, superior mesenteric vein, and superior mesenteric
artery including the proximal 1.0 to 1.5 cm of vessels. Dose
constraints to the stomach and small bowel had small vari-
ations per institutional protocols. Daily adaptive replanning
was performed to normalize to organ at risk volumes if there
was a constraint violation of any of the luminal gastrointestinal
organs or if GTV coverage was inferior to the original
treatment plan.

Patients were re-staged 4–6 weeks and then every 3 months
after 5-fraction SMART using CT chest/abdomen/pelvis (CT
CAP) with pancreas protocol. PET/CT and/or abdominal MRI
were also obtained according to institutional preference. As
such, variation in frequency and use of differing imaging
modalities prevented the use of standardized RECIST criteria.
All patients had received neoadjuvant chemotherapy with
either FOLFIRINOX (64%) or gemcitabine/nab-paclitaxel
(36%). A single patient underwent surgical resection of her
metastatic and primary disease by distal pancreatectomy, and
41% of patients received other metastasis-directed therapy.

Statistical Analysis

Toxicity was prospectively evaluated and recorded at the time
of patient follow-up and according to Common Terminology
Criteria for Adverse Events (CTCAE), version 5.0. OS and
progression-free survival (PFS) were evaluated using Kaplan–
Meier analysis from the time of diagnosis and completion of
SMART, respectively, to the most recent clinical follow-up.
Freedom from local regional failure (FFLRF) was calculated
from SMART until disease recurrence or progression at the

primary tumor location or regional lymph node recurrence
(peripancreatic, celiac, or peri-portal). Freedom from distant
failure (FFDF) was calculated from SMART until evidence of
disease progression in distant organs (lung and liver) and non-
regional lymph nodes, or abdomen (mesentery, peritoneal
disease, and malignant ascites). Progression was coded at the
date of biopsy-proven pathological confirmation if available,
otherwise, the date of radiographic progression with an ele-
vation of tumor markers or treating oncologist clinical sus-
picion to initiate or alter systemic therapy was sufficient. Both
TTLRF and TTDF were censored at the time of the most
recent diagnostic restaging scan. For subgroup analyses, the
number of metastases was grouped by median split into 1–2 vs
3–6 lesions and comparisons were made for patients treated
for local control vs for local tumor oligoprogression. An
exploratory analysis of oligometastatic disease as defined by
Damanakis et al was performed on patients with limited
disease defined as baseline CA19-9 <1000 U/mL, responsive
or stable disease after chemotherapy, and <4 metastases in the
liver or lung.12 Clinical endpoints were calculated from the
date of diagnosis with the Kaplan–Meier method with log-
rank comparisons in SPSS version 28 (IBM Corp., Armonk,
NY). Median follow-up from diagnosis and SBRT was cal-
culated by reverse Kaplan–Meier estimate.

Results

A total of 22 patients with oligometastatic pancreatic ade-
nocarcinoma were evaluated with characteristics summarized
in Table 1. The median age at diagnosis was 66 years (range
49–75) with a slight male predominance (59.1%). The ma-
jority of patients had ECOG 0 (63.6%) or 1 (27.3%) per-
formance status. Most had 1–2 (59%) vs 3–6 distant
metastases (41%, n = 9). The location of the distant metastases
included liver only (40.9%), lung only (13.6%), abdominal or
pelvic lymph node(s) (13.6%), bone only (4.5%), or multiple
organs (27.3%). At the time of diagnosis, the median CA19-9
was 149.9 U/mL (range: 0–36,114 U/mL). Median CA 19-
9 levels before SMART and immediately following SMART
were 59 U/mL (range: 0–16422 U/mL) and 154 U/mL (range:
0–55283 U/mL), respectively. Slightly above 80% of patients
presented with de novo oligometastatic disease (n = 18), and a
majority (86.4%) had synchronous disease vs metachronous
(14%, n = 3).

Table 2 summarizes the treatment characteristics for this
patient cohort. All patients received neoadjuvant chemo-
therapy within a median of 26 days from the time of diagnosis
(range: 8–69 days), with 64% receiving FOLFIRINOX
(median 13 cycles and 224 days), and the remaining 36%
received gemcitabine/nab-paclitaxel (median 7 cycles and
220 days). The median time from diagnosis to SMART was
297 days (range: 135–722 days). The most common reason for
SBRT was to improve local control in patients who had no
disease progression on chemotherapy via consolidation (77%)
followed by patients treated for progression or pain control

Webking et al. 3



(23%). In total, 41% of patients received any metastasis-
directed therapy. SMART was delivered to the primary site
to a median dose of 50 Gy (range: 40–50 Gy) in 5 fractions
delivered daily (BED10 = 100 Gy; n = 18) with 41% of patients
receiving chemotherapy post-SMART (n = 9). Dose

constraints varied slightly according to institutional protocol
as previously9 described but are briefly summarized in
Table 2.

For the entire cohort, the median follow-up from diagnosis
was 21.6 months (range: 9.6–33.4 months) and from SMART

Table 1. Patient Characteristics (n = 22).

No. of Patients %

Age, years
Median 65.5
Range 49–75

Sex
Male 13 59.1
Female 9 40.9

ECOG
0 14 63.6
1 6 27.3
2 2 9.1

Primary tumor location
Head/neck 13 59.1
Body/tail 9 40.9

Clinical T-stage
1 2 9.1
2 7 31.8
3 4 18.2
4 9 40.9

Clinical N-stage
0 19 86.4
1 2 9.1
2 1 4.5

Presentation
Synchronous 19 86.4
Metachronous 3 13.6

Oligometastatic classification
De novo 18 81.8
Induced 4 18.2

Number of metastasis
1–2 13 59.1
3–4 7 31.8
5–6 2 9.1

Location of metastasis
Solitary liver 9 40.9
Solitary lung 3 13.6
Solitary abdominal/pelvic node 3 13.6
Solitary bone 1 4.5
Multiple organs 6 27.3

Tumor size (cc)
Median 66
Range 49–75

CA19-19 (U/mL) median (range)
At diagnosis 149.9 (0–36,114)
Pre-RT 59.2 (3.2–16,422)
Post-RT (4–6 wks) 153 (2.1–25,306)

ECOG, Eastern Cooperative Oncology Group; CA19-19, cancer antigen 19-19; RT, radiation therapy; wks, weeks.
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was 11.2 months (range: 1–23.8). The median FFLRF was
11.8 months and included patients with primary tumor pro-
gression (32%) and regional nodal failure (14%). Two patients
expired (9%) secondary to local disease progression which
occurred at 9.7 months and 3.7 months post-SMART, re-
spectively. The median time to distant failure was 2.7 months
(range: .4–15 months) following SMART. At the last follow-
up, 19 patients (86%) had experienced distant progression and
13 (69%) had died. A single patient underwent a margin-
negative distal pancreatectomy and metastasectomy of an
irradiated retroperitoneal tumor implant and then experienced
distant disease progression in the liver 13 months after
SMART.

Subgroup analysis for number of metastases was per-
formed comparing 1–2 metastases (n = 13, 59%)
vs >2 metastases (n = 9, 41%) and demonstrated no

statistically significant difference in median OS at 13.8 months
vs 9.5 months, respectively (P = .3; Figure 1). In patients
treated for local control vs for pain or tumor progression, a
statistically significant difference was noted with a median OS
of 13.8 months vs 11.1 months, respectively (P = .021;
Figure 2). There was no difference in survival from SMART
for patients with solitary vs multiple organ metastases (P = .5),
lung vs non-lung metastases (P = .3), liver vs non-liver
metastases (P = .3), use of any metastasis-directed therapy
(P = .6), or ECOG 0 vs >0 (P = .2). A total of 8 patients
(36.3%) met the Damanakis et al criteria12 for limited oli-
gometastatic disease; however, these patients did not have a
statistically significant difference in survival from the re-
maining cohort at 11.2 vs 11.6 months (P = .3).

Two patients (9%) experienced grade 3 toxicities. One
patient with small-volume duodenal abutment at diagnosis
who was on anticoagulation during SMART experienced a
grade 3 gastrointestinal bleed at 69 days post-SMART and a
portal vein pseudoaneurysm 168 days post-SMART. The
second patient developed a grade 3 gastric outlet obstruction
430 days post-SMART. There were no grade 4 or 5 toxicities.

Discussion

To our knowledge, we are the first to report a multi-
institutional experience using SMART for oligometastatic
pancreatic adenocarcinoma. While rapid distant disease pro-
gression after SMART was common with 20 patients (91%)
progressing at a median of 2.7 months after SMART, the
median OS from diagnosis was 23.9 months and 11.6 months
from SMART which reflects the favorable biology of the
patient population to systemic therapy as well as the relatively
limited oligometastatic disease burden criteria. Importantly,
only 2 patients (9%) expired secondary to local disease
progression, and local tumor control was 68% at a median
follow-up of 15 months. These results are supported by a
retrospective analysis of 62 patients with inoperable PDAC
who were treated with chemotherapy and A-SMART. The
study reported a 7.1% rate of death from locoregional pro-
gression after SMART in patients with localized disease.13

Mitigating the local failure has proven to be difficult in
pancreatic cancer as even after surgery upwards of 80% of
patients may expire with evidence of locally recurrent
disease.14

The addition of local therapy may alleviate the morbidity of
local failure which includes gastrointestinal bleeding, bowel
perforation, small bowel obstruction, and biliary obstruc-
tion.13 While the randomized LAP07 trial did not demonstrate
an improvement in OS associated with conventionally frac-
tionated chemoradiation for patients with locally advanced
pancreatic cancer (LAPC), there was an improvement in local
disease control.15 In a small retrospective series, the authors
indicate that local progression can be an important cause of
death in the absence of palliative radiation (56% vs 29%, P =
.12).4 Additionally, it was noted that patients who received

Table 2. Treatment Characteristics (n = 22).

No. of Patients %

Neoadjuvant chemotherapy
FOLFIRINOX 14 63.6
Gemcitabine/nab-paclitaxel 8 36.4

Neoadjuvant chemotherapy cycles
3–6 5 22.7
6–12 11 50.0
>12 6 27.3
Missing 2 9.1

Neoadjuvant chemotherapy
Median no. of cycles 9.5
Median no. of days 224

Metastasis-directed therapy
Yes 9 40.9
No 13 59.1

Reason for SBRT administration
Consolidative 17 77.3
Progression/pain control 5 22.7

SIB Radiation prescription, gy (BED10)
40–45 Gy (72.0–85.5 Gy) 4 18.2
50 Gy (100.0 Gy) 18 81.8

Local RT to lymph nodes
Yes 3 13.6
No 19 86.4

Locoregional failure
Yes 10 45.5
No 12 54.5

Dose constraints
Miami Cancer Center
Stomach V35 < .5 cc
Small bowel V40 < .03 cc

Moffitt Cancer Center
Stomach V32 < 2 cc
Small bowel V35 < .5 cc

SBRT, stereotactic body radiation therapy; SIB, simultaneous integrated boost;
gy, gray; BED, biologically effective dose; RT, radiation therapy.
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radiation had lower rates of GI bleed and extrahepatic biliary
obstruction indicating that some of these potentially fatal
comorbidities can be avoided.4

Thus, shifting the pattern of failure and reducing the mor-
bidity of local tumor progression may be achieved with primary
site-directed radiation. Further benefits are suggested by a meta-
analysis of over 60,000 patients with metastatic pancreatic
adenocarcinoma which reported that local and metastasis-
directed therapy was associated with improved OS compared
to chemotherapy alone or best supportive care.6 There may be
some evidence supporting radiation dose escalation as palliative
doses of SBRT for metastatic patients in the range of 25–30 Gy
in 5 fractions have been associated with 1-year local control
(LC) and OS rates of 43% and 53%, respectively.3 A
2015 analysis by Su et al16 reported on 25 patients treated with
either 30–36Gy (56%) in 3 fractions or 40–48Gy (44%) in four
fractions with CyberKnife SBRT. A third of this cohort was
diagnosed with LAPC vs metastatic disease, but in contrast to
our study, they were not screened for limited disease or oli-
gometastatic criteria. They reported OS at 1 and 2 years as 37%
and 18%, respectively. While local disease control was not
reported, they found promising benefits in palliative care for
pain control. Prior to the administration of SBRT, 80% (n = 20)
of patients reported significant pain which decreased by 50%
after 2 weeks post-radiation therapy and 3 patients were able to

decrease analgesic use by 50%. Furthermore, SBRT in this
study showed promising toxicity profiles with five patients
(20%) experiencing grade 1 nausea and one patient experi-
encing a grade 2 toxicity (4%). No patients experienced any
acute grade 3–5 toxicity.16

A retrospective analysis by Ji et al17 investigated outcomes
of 89 patients with liver-only metastatic pancreatic adeno-
carcinoma treated with pancreas SBRT to a mean of 41.1 Gy
(range 25–50) in 5–7 fractions plus chemotherapy (38%) or
chemotherapy alone (62%). In propensity score-matched
analysis, the addition of SBRT to chemotherapy decreased
12-month local progression from 53% to 14% and was as-
sociated with lower rates of abdominal pain. Comparable
toxicities were noted between both groups with a single grade
3 toxicity consisting of duodenal ulcer and bleeding in a
patient who received SBRT plus chemotherapy; however, this
patient had a known history of a duodenal ulcer.17 Another
contemporary series sought to evaluate the role of con-
solidative SBRT to all oligometastatic pancreatic cancer sites
defined as 1–5 metastases.18 Patients who received radiation
were matched to a cohort of patients who received chemo-
therapy alone. Their results demonstrated a 2-year LC of 83%
for patients treated with pancreatic SBRT with improvements
in time off chemotherapy, polyprogression (14 vs 40 months)
as well as an OS benefit (18 vs 42 months). The use of

Figure 1. Kaplan–Meier curves for survival outcomes stratified by number of metastases.
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consolidative SBRT to all active metastatic sites underlines a
key difference from the current series as only 40% of our
cohort received any metastasis-directed therapy (radiation,
microwave ablation, and surgery).

Future investigations into optimal patient selection for
patients who may benefit from local therapy are paramount.
While there is no clearly established definition for oligome-
tastatic pancreatic cancer, Damanakis et al12 proposed the
following criteria: limited disease, defined as the number of
metastases in the liver and lung being 4 or fewer, CA19-9
below 1000 U/ml, and response to chemotherapy or stable
disease on chemotherapy. Their analysis suggests that this
subset population of pancreatic patients may benefit strongly
from local treatments as their series identified 10 patients out
of a cohort of 128 (8%) and showed a difference in survival of
7.2 to 19.4 months. While our data did not support a benefit in
treating patients meeting this classification, our small patient
numbers may have limited our ability to detect a difference.
Ultimately, in our series disease biology appeared to be the
primary driver of outcomes as patients treated after response
or stable disease on chemotherapy had a small statistically
significant survival advantage and there is a suggestion that
patients with a lower metastatic burden may also derive a
greater benefit; however, this difference was not statistically
significant with our underpowered analysis.

In our series, the 1-year LC of 68% was lower than other
series at using SMART in the non-metastatic setting ranging
from 84% to 90%,7-9 which may be secondary to the more
advanced disease and/or aggressive biology of our patient
population as well as small patient numbers. Furthermore,
routine elective nodal irradiation may mitigate the 14% of
patients who experienced regional nodal failure as none of
these patients also had local tumor progression after SMART.
Distant progression occurred in 91% of our patients at a
median of 2.7 months after SMART, which is consistent with
previous studies demonstrating a 6-month PFS of 15% for
patients with metastatic disease after local SBRT19 and un-
derlines the aggressive systemic nature of this disease.
However, total oligometastatic consolidation with radiation
may be a viable strategy in supplementing systemic disease
control and provide patients with breaks from systemic
therapy.18

It is important to note that conventionally fractionated
non-ablative radiotherapy or SBRT has not been demon-
strated to impact OS for patients with metastatic disease;
however, improving local control may help to reduce mor-
bidity of local disease progression.4 Encouraging results
have been demonstrated in patients with LAPC with ablative
dosing with 3-year OS rates of 35% and 5-year overall
survival rates of 18%.20 The use of SMART may allow these

Figure 2. Kaplan–Meier curves for survival outcomes stratified by SBRT intent.
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ablative dose regimens to be delivered over 5 treatments as
opposed to 15 or 25 fractions, minimizing strain and financial
burden on patients. In addition to use for local control, ra-
diation plays a crucial role in palliation, particularly in the
setting of pain control with half of the patients experiencing
relief within 2 weeks of treatment and decrease in need for
narcotic medications.16 Celiac plexus blocks have histori-
cally provided further pain relief in patients receiving opioid
therapy with continued uncontrolled pain. The use of pal-
liative radiation may provide an additional option for patients
experiencing inadequately controlled pain on opioid therapy
alone.21

Given the background of the literature showing benefit in
terms of pain control, Pavic et al22 are investigating this
prospectively in a double-arm, parallel-group, randomized
analysis. This study will examine the role of SMART of the
primary tumor for pain control in patients with metastatic
pancreatic ductal adenocarcinoma (mPDAC) from 3 insti-
tutions. It includes patients with stable metastatic disease,
described as non-progressive for 8 weeks, receiving stan-
dard of care chemotherapy and randomly assigned to either
receive MR-guided SBRT to the primary tumor or SoC-CT
alone. Of note, the experimental group will receive non-
ablative 33 Gy delivered in 5 fractions. Toxicity will be
assessed, and pain control will be measured using the mean
cumulative pain index (MCPI) and rated by the patients
every four weeks with follow-ups continuing for 18 months.
The results from this trial may help to inform clinicians
about the use of palliative radiation for patients with
metastatic pancreatic cancer, and the results may be indi-
rectly compared to outcomes in our cohort treated with
ablative doses.

Limitations of the current study include the retrospective
nature as well as the limited sample size. Furthermore,
treatment and follow-up of this cohort were heterogeneous
between 2 multidisciplinary institutions which limited the use
of standardized RECIST criteria for radiographic review and
there was inconsistent use of consolidative therapies to
metastatic sites. Finally, future inclusion of patients from
multiple institutions of various states may further allow for
increased external validity. Improved patient stratification is
needed to support prospective studies investigating the po-
tential impact of ablative SMART for patients with limited
disease.

Conclusion

Ablative MRI-guided radiotherapy may offer promising LC
for patients with oligometastatic pancreatic cancer, possibly
limiting the morbidity and mortality of local disease pro-
gression. However, we are unable to firmly identify clinical
factors for optimal patient selection for treatment due to our
small sample size as well as limited survival. Further im-
provements in distant disease control and potentially complete

disease consolidation with metastasis-directed therapy may
provide further oncological benefits for this patient
population.

Appendix

Abbreviations

CA19-9 Carbohydrate antigen 19-9
CTCAE Common terminology for adverse events
CT CAP CT chest/abdomen/pelvis
ECOG Eastern Cooperative Oncology Group
FFDF Freedom from distant failure
FFLRF Freedom from local regional failure
FOLFIRINOX Leucovorin calcium, fluorouracil,

irinotecan hydrochloride, oxaliplatin
GTV Gross tumor volume
HIFU High-intensity focused ultrasound
IRE Irreversible electroporation
LAPC Locally advanced pancreatic cancer
LC Local control
OS Overall survival
PFS Progression-free survival
RFA Radiofrequency ablation
SBRT Stereotactic body radiotherapy
SITR Selective internal radiation
SMART Stereotactic MRI-guided ablative

radiotherapy
TACE Transarterial chemoembolization
TARE Transarterial radioembolization
TTDF Time to distant failure
TTLRF Time to locoregional failure.
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