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Objectives: Unresectable pancreatic cancer (UPC) has poor outcomes, and the role of radiation therapy (RT) remains
incompletely defined. This retrospective study evaluated real-world outcomes following primary tumor-directed RT in UPC and
compared outcomes across different RT approaches.

Materials and Methods: \We retrospectively identified 176 patients who underwent local RT for UPC between August 2007 and
December 2022 at a single institution. 14 patients were excluded due to repeat RT, incomplete RT, or lack of follow-up, leaving
162 patients. Patients were stratified into cohorts by RT technique: conventionally fractionated RT (CFRT; >15 fractions) (n = 22,
14%), hypofractionated RT (HypoRT; <15 fractions and EQD2 <40 Gy for a/f = 3) (n = 50, 31%), and stereotactic body RT (SBRT;
<5 fractions and EQD2 =40 Gy for a/f = 3) (n = 27, 17%). Patients presenting with de novo metastatic disease (n = 63) were
analyzed separately irrespective of RT technique.

Results: Mean patient age was 68.9 years, and 43% were female. Median follow-up was 12.4 months. Median overall survival
(0S) and local control were 16.5 and 16.6 months, in the SBRT cohort, vs 21.8 and 26.2 months, in the CFRT cohort. All CFRT
patients received chemotherapy, whereas only approximately half of the SBRT and HypoRT patients received systemic therapy.
Median OS was lower among patients who did not receive chemotherapy, at 7.0 months in the SBRT cohort and 4.9 months

in the HypoRT cohort. Patients presenting with metastatic disease who underwent RT had a median OS of 5.4 months, which
decreased to 2.3 months in those who did not receive chemotherapy.

Conclusion: Patients with good performance status who received chemotherapy appeared most likely to benefit from primary
tumor-directed RT. Metastatic patients with poor performance status and inability to receive chemotherapy had limited survival
and may derive less benefit from local RT. Further studies are needed to clarify the role of SBRT and optimal treatment volumes
in UPC.
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Pancreatic cancer is a deadly dis-
ease that ranks 3rd for cancer-rela-
ted mortality in Canada, despite being
only the 11th most common cancer
by incidence.! Morbidity and mortality
rates become especially abysmal when
focusing on the population of patients
with medically or anatomically unre-
sectable pancreatic cancer (UPC) with
reported median survival in the range of
8 to 12 months.” Benefit from chemother-
apy in patients with UPC is consistent
in multiple clinical trials, but literature
defining the role of radiation therapy (RT)
for patients with UPC remains sparse and
controversial. Several clinical trials have
investigated the effects of RT on UPC, but
the results have been inconsistent and
controversial. Some trials have suggested
that RT may improve local control (LC)
and overall survival (0S), while others
have found no benefit or even harm from
RT.*’

In addition to the effect on patient
outcomes being unclear in randomized
trials, high-quality evidence for choosing
the technique of RT remains limited.

In Tchelebi et als CRiSP meta-analysis
looking at a combined 20 studies, they
concluded that stereotactic body RT
(SBRT) has improved OS without worse
toxicity when compared to conventionally
fractionated RT (CFRT).® There has also
recently been a publication looking at
CFRT vs SBRT population of patients

with UPC at a single center.” The authors
concluded SBRT improved LC and may
even have benefit on 0OS; however, this
study had many metastatic patients in
their CFRT cohort and none in their SBRT
cohort. A different retrospective study
highlights in their recent publication on
palliative RT for patients with pancreatic
cancer of all stages, higher proportions of
metastatic patients will negatively affect
survival outcomes.'’ Knowing this, we felt
it crucial to examine techniques without
metastatic disease as a confounder.
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We present one of the largest
retrospective series in patients with
UPC studying the impact of RT on
0S, treatment-specific survival (TSS),
freedom from progression (FFP), and LC.
We strive to provide a novel approach to
analyzing our patient data by separating
patients with CFRT, SBRT, and HypoRT
from those who are metastatic at the time
of RT (de novo M1).

This was a Research Ethics Board-
approved, single-institution retrospective
chart review conducted at a tertiary
academic center. The Mosaiq radiation
oncology information system was used
to identify all patients treated using
a pancreatic cancer RT care plan
between August 2007 and December
2022. A total of 257 consecutive RT
treatment plans were identified. Patients
were excluded if they had undergone
pancreatic tumor resection, received
re-irradiation, did not complete RT,
or had non-adenocarcinoma histology,
resulting in a final cohort of 176 patients
with UPC who received primary tumor-
directed local RT (Figure 1).

We divided the patients into 4
cohorts based on RT technique and
metastatic status: CFRT, SBRT, HypoRT,
and de novo M1. CFRT was defined
as treatment delivered in >15 fractions.
SBRT was defined as treatment delivered
in <5 fractions with an equivalent
dose in 2 Gy fractions (EQD2, a/5=3)
240 Gy, consistent with the Canadian
Association of Radiation Oncology task
force definition of SBRT as delivering
doses biologically equivalent to a radical
RT course.” HypoRT was defined as
treatment delivered in <15 fractions with
EQD2 (a/S= 3) <40 Gy and therefore
largely represented more palliative intent
hypofractionated regimens. SBRT was
delivered using linac or CyberKnife
platforms with a 5 mm planning target

volume (PTV) expansion from gross
tumor volume (GTV), whereas CFRT
typically included elective nodal coverage
consistent with RTOG 0848 postoperative
contouring guidelines. In some SBRT
cases, PTV coverage was compromised to
meet adjacent organ-at-risk constraints,
particularly established gastrointestinal
dose constraints described by Robert
Timmerman and colleagues.

Outcomes of interest included OS,
defined as time from diagnosis to
death; FFP, defined as time from RT
to radiographic evidence of disease
progression; and LC, defined as time
from RT to local progression. To
better characterize outcomes following
RT independent of prior chemotherapy
duration, TSS was defined as the interval
from initiation of RT to death or
last follow-up. Time-to-event analyses
were performed using the Kaplan-Meier
method in R statistical software (version
4.3.1; R Core Team 2023). 95% confidence
intervals (95% CIs) were calculated for
all outcomes. When the upper confidence
interval limit was not reached due
to fewer than 50% cumulative events
occurring, it was reported as not reached
(NR).

Multivariable analyses were
performed using Cox proportional
hazards regression models with the
same statistical software. Performance
status was assessed using the Eastern
Cooperative Oncology Group (ECOG)
scale, with ECOG scores of 0 and 1
grouped together for statistical analyses.

Patients who received at least 3 cycles
of chemotherapy during their disease
course were identified. This included
definitive chemotherapy administered
either before or after RT for local disease
control. The most commonly utilized
systemic therapies at our institution
included FOLinic acid (leucovorin),
Fluorouracil (5-FU), IRINotecan, and
OXaliplatin (FOLFIRINOX), as well
as gemcitabine, paclitaxel, and 5-
fluorouracil-based regimens.
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Figure 1. Consolidated Standards of Reporting Trials diagram of the current retrospective study.

A total of 176 patients were analyzed. 63 patients had metastatic disease at presentation

and received local tumor-directed radiation therapy (RT). CFRT, conventionally fractionated RT;
HypoRT, hypofractionated RT; M1, patients with metastatic disease at the time of diagnosis; SBRT,
stereotactic body RT; UPC, unresectable pancreatic cancer.
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The standard follow-up protocol
included blood work and an initial CT
scan approximately 3 months following
RT, followed by surveillance CT imaging
every 6 months thereafter unless earlier
imaging was clinically indicated.

A total of 162 patients with UPC were
included in the final analysis, including
99 patients without metastatic disease at
the time of RT (non-M1) and 63 patients
with de novo metastatic disease (de novo
M1). Among the non-M1 patients, 22
received CFRT, 27 received SBRT, and 50
received HypoRT.

Baseline characteristics differed
between cohorts despite relatively
balanced gender distributions. The CFRT
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cohort had the youngest mean age,
the best mean performance status,
and universal chemotherapy utilization,
with 100% of patients receiving
chemotherapy at some point during their
treatment course (Table 1). In contrast,
approximately half of the patients in
the SBRT, HypoRT, and de novo M1
cohorts did not receive chemotherapy.
Gemcitabine-based therapy was the most
commonly utilized systemic treatment
overall, although the distribution of
chemotherapy regimens differed between
cohorts (Table 2). Baseline CA 19-9 levels
at the time of RT were lowest in the CFRT
cohort and highest in the HypoRT and de
novo M1 cohorts (Table 1).

The CFRT cohort demonstrated the
most favorable outcomes overall in terms
of OS, FFP, TSS, and LC. Outcomes in the

SBRT and HypoRT cohorts were generally
similar and intermediate between the
CFRT and de novo M1 cohorts, while

the de novo M1 cohort demonstrated the
poorest outcomes overall. The median OS
for the CFRT group was 21.8 months (95%
CI 14.5-39.1), for the SBRT group it was
16.5 months (95% CI 7.8-43.7), and for the
HypoRT group it was 10.8 months (95%
CI 6.1-14.6). It was lowest for the de novo
M1 group at 5.4 months (95% CI 3.6-8.8).
The median LC for the CFRT group was
26.2 months (95% CI 10.6-NR), for the
SBRT group it was 16.6 months (95% CI
10.7-NR), for the HypoRT group it was
16.9 months (95% CI 12.2-NR), and for
the de novo M1 group it was 25.3 months
(95% CI 12.2-NR) (Figure 2).

On multivariable Cox proportional
hazards analysis, performance status
(odds ratio [OR] 2.228, 95% CI
1.610-3.082, P < 0.001) and receipt
of chemotherapy (OR 0.243, 95% CI
0.145-0.406, P < 0.001) were strongly
associated with OS. In contrast, age,
total bilirubin, CA 19-9 levels, and
EQD2 were not statistically significant
predictors of OS (Table 3).

Given the strong association between
chemotherapy utilization and survival
outcomes, subgroup analyses were
performed for the SBRT, HypoRT, and
de novo M1 cohorts stratified by receipt
of chemotherapy. Median OS with and
without chemotherapy was 22.7 vs 7.0
months, respectively, for SBRT patients
(log-rank P =.02), 14.6 vs 4.9 months
for HypoRT patients (log-rank P =.02),
and 11.1 vs 2.3 months for de novo M1
patients (log-rank P < .001).

Median TSS with and without
chemotherapy was 15.3 vs 5.1 months for
SBRT patients (log-rank P =.09), 6.4 vs 3.6
months for HypoRT patients (log-rank P
=.02), and 4.7 vs 1.3 months for de novo
M1 patients (log-rank P < .001). Median
FFP with and without chemotherapy was
8.5 vs 5.9 months for SBRT patients
(log-rank P=.7), 10.5 vs 11.7 months
for HypoRT patients (log-rank P = .4),
and 12.4 months vs NR for de novo M1
patients (log-rank P =.7), respectively
(Table 4).
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Table 1. Demographic and Baseline Characteristics of Patients With
Unresectable Pancreatic Cancer Treated With Radiation Therapy (RT) Divided
by RT Technique, Except for De Novo M1 Patients That Are Grouped Together
Irrespective of RT Technique

COHORTS (MEAN VALUE UNLESS OTHERWISE SPECIFIED)

VARIABLES CFRT HYPORT SBRT DE NOVO M1
No. of patients 22 50 27 63
Male (%) 63.6 50.0 63.0 57.1
CA 19-9 (U/mL) 204.7 2321.8 819.4 6419.1
Median PS (ECOG) 1 2 2 3

T4 status (%) 91 74 63 84
Age (years) 65.4 70.4 71.5 67.0
Biliary stenting rate (%) 50.0 50.0 33.3 33.3
No chemotherapy (%) 0 48.0 51.9 46.0
Total dose (Gy) 36-50.4 25-40.05 21-40 8-40
Fractions (range) 18-28 1-15 3-5 1-14
BED o/ = 3 (Gy) 76.4 46.5 81.6 51.1
EQD2 a/p = 3 (Gy) 45.9 27.9 48.9 30.7

BED, biologically effective dose; CFRT, conventionally fractionated RT; de novo M1, patients with metastatic
disease at the time of diagnosis; ECOG, Eastern Cooperative Oncology Group; EQD2, equivalent dose in 2 Gy
fractions; HypoRT, hypofractionated RT; PS, performance status; SBRT, stereotactic body RT.

Table 2. Distribution of Systemic Therapy Regimens Administered Across
Treatment Cohorts from 2007 to 2022

COHORTS

VARIABLES CFRT HYPORT DE NOVO M1
No. of patients 22 50 27 63
Gemcitabine (%) 50.0 32.0 25.9 23.8
FOLFOX (%) 31.8 24.0 22.2 15.9
Paclitaxel (%) 9.1 10.0 18.5 19.1
5-Fluorouracil (%) 22.7 2.0 0.0 1.6
Capecitabine (%) 22.7 0.0 7.4 3.2

Other (%) 9.1 2.0 3.7 9.5

No chemotherapy (%) 0 48.0 51.9 46.0

CFRT, conventionally fractionated RT; de novo M1, patients with metastatic disease at the time of diagnosis;
HypoRT, hypofractionated RT; RT, radiation therapy; SBRT, stereotactic body RT.

progression-free survival, TSS, and

LC compared with the SBRT cohort.
This study adds to the growing However, these findings must be
literature on RT for UPC by representing interpreted cautiously given important
one of the larger retrospective real- baseline differences between groups.
world analyses of this patient population
and by evaluating patients with younger, had better performance status,
de novo metastatic (M1) disease more favorable biochemical parameters
(including CA 19-9 and bilirubin

levels), and all received chemotherapy,

separately. Interestingly, the CFRT
cohort demonstrated superior OS,
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Patients treated with CFRT were generally

compared with only approximately half
of the patients in the SBRT and HypoRT
cohorts. In addition, unlike other cohorts,
the CFRT group did not include patients
with metastatic disease at the time of RT.

Multivariable Cox proportional hazards
analysis demonstrated that older age was
associated with a modestly increased
risk of death. More importantly, poor
performance status and the absence of
chemotherapy were strongly associated
with worse OS. Interestingly, baseline CA
19-9 and total bilirubin levels were not
significant predictors of mortality in our
cohort. These findings likely help explain
the improved OS observed in the CFRT
cohort, whose patients generally had
better performance status and universal
chemotherapy utilization.

Given the known importance of
systemic therapy in UPC, subgroup
analyses were performed based on
chemotherapy utilization. Patients who
received chemotherapy before or after
RT demonstrated improved OS compared
with those who did not receive systemic
therapy. Notably, SBRT patients who
also received definitive chemotherapy
appeared to have OS approaching that of
the CFRT cohort. These findings reinforce
the critical role of chemotherapy
in improving survival in UPC and
suggest that patients able to tolerate
multiagent chemotherapy may represent
the subgroup most likely to benefit from
aggressive local RT approaches. In these
patients, improved LC may be clinically
meaningful given the impact of local
progression on symptoms and quality of
life.

LC also appeared lower in the
SBRT cohort receiving chemotherapy
compared with the CFRT cohort. This
may in part relate to differences in
treatment volumes, as SBRT generally
targets only the gross disease without
elective nodal coverage, whereas CFRT
typically encompasses regional nodal
drainage areas using larger treatment
volumes. A small phase II study
comparing focal SBRT (33 Gy in 5
fractions to the tumor and involved
vasculature) with a larger elective
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Figure 2. Kaplan-Meier estimates of (A) overall survival (0S), (B) freedom from progression (FFP), (C) time to systemic therapy (TTS), and (D) local
control (LC) between the various radiation therapy (RT) techniques and the de novo M1 cohort. CFRT, conventionally fractionated RT; HypoRT,
hypofractionated RT; de novo M1, patients with metastatic disease at the time of diagnosis; SBRT, stereotactic body RT.
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Table 3. Multivariable Cox Proportional Hazards Regression Analysis of
Variables Associated With Overall Survival

HAZARDS RATIO (95% CI) P VALUE
Age at diagnosis 1.028 (0.153-6.916) .02
Total bilirubin 1.001 (0.995-1.006) .81
CA 19-9 1.000 (1.000-1.000) .04
ECOG performance status 2.228 (1.610-3.082) <.001
EQD2 0.982 (0.964-0.999) .04
Chemotherapy 0.243 (0.145-0.406) <.001

ECOG, Eastern Cooperative Oncology Group; EQD2, equivalent dose in 2 Gy fractions.

treatment volume that additionally
encompassed the pancreatic head/body,
adjacent vasculature, superior mesenteric
artery origin, and celiac artery

origin demonstrated improved 1-year
progression-free survival (60% vs 25%),

Applied Radiation Oncology

suggesting that elective nodal coverage
may reduce local-regional failures
without excessive toxicity."

Conversely, Fogaroli et al.
demonstrated a relatively low local
failure rate of 23.3% using involved-field

Median PFS, months (95% CI)

CFRT 125 (3.3, NR)
SBRT 6.6 (4.7, NR)
HypoRT 105 (46, NR)
denovo M1 124(113 NR)

Log rank p-value: <0.001

30 75

Time (months)

100

Media £ v} s (95% CI)

CFRT 262 (106, NR)
SBRT 16.6 (10.7. NR)
HypoRT 16.9(12.2, NR)
denovo M1 253 (122 NR)

Log rank p-value: 0.909

Time (months)

CFRT, arguing that reduced elective
treatment volumes may be feasible in
selected patients and could potentially
decrease toxicity." As such, the optimal
treatment volumes for both SBRT
and CFRT remain controversial and
incompletely defined.

Importantly, the SBRT data in
this study were collected prior to
the implementation of MR-Linac-based
adaptive RT and contemporary dose-
escalation strategies at our institution.
These newer approaches are increasingly
associated with improved LC and
potentially superior clinical outcomes,
and therefore the present SBRT results
may not fully reflect modern practice.

Another important observation from
our study relates to patients presenting
with de novo metastatic (M1) disease and
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Table 4. Differences in Outcomes Between SBRT, HypoRT, and De Novo M1
Cohorts, Adjusting for Addition of Definitive Chemotherapy to RT

VARIABLES (MONTHS) CHEMOTHERAPY

COHORTS (MEDIAN MONTHS)

SBRT P HYPORT P DENOVOM1 P VALUE
VALUE VALUE

0s Yes 22.7 .02 14.6 .02 11.1 <.001
No 7.0 4.9 2.3

TSS Yes 15.3 .09 6.4 .02 4.7 <.001
No 5.1 3.6 1.3

FFP Yes 8.5 .70 10.5 .40 12.4 .70
No 5.9 11.7 NR

de novo M1, patients with metastatic disease at the time of diagnosis; FFP, freedom from progression; HypoRT,

hypofractionated RT; NR, not reached; 0S, overall survival; RT, radiation therapy; SBRT, stereotactic body RT;

TSS, treatment-specific survival.

those treated with lower-dose HypoRT
regimens. The de novo M1 cohort likely
reflects a real-world clinical scenario in
which selected patients with metastatic
disease and preserved performance
status undergo primary tumor-directed
RT for symptom palliation and improved
local disease control despite the presence
of systemic disease. As expected, these
patients demonstrated poorer outcomes
across all endpoints compared with

the CFRT and SBRT cohorts, raising
questions regarding the degree of benefit
provided by local RT in certain subsets
of patients. Survival outcomes appeared
to be strongly influenced by receipt

of chemotherapy, likely reflecting the
importance of underlying performance
status and systemic disease burden. For
example, de novo M1 patients who
received chemotherapy had a median OS
of 11.1 months compared with only 2.3
months in those who did not receive
chemotherapy (log-rank P < .001).

These findings suggest that metastatic
patients who are not candidates for
systemic therapy may not live long
enough to derive meaningful benefit from
primary tumor-directed RT and may be
better managed with best supportive care
measures alone. Conversely, metastatic
patients with good performance status
who are able to receive chemotherapy
may still benefit from local RT despite
presenting with metastatic disease.
Additionally, patients without metastatic
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disease but with poor performance status
appeared to derive symptomatic and
clinical benefit from lower-dose HypoRT
approaches, supporting a potential role
for palliative RT in carefully selected
patients.

Our study is limited by its retrospective
design. The sample size for each
treatment cohort was relatively small,
particularly for subgroup analyses.

In addition, patients were treated

over a prolonged period (2007-2022),
during which there were substantial
changes in systemic therapy regimens,
imaging quality, supportive care, and

RT techniques. In particular, SBRT was
implemented only in more recent years,
which may introduce temporal treatment
bias and influence outcomes over time.

Routine follow-up imaging was also
not consistently performed in metastatic
or poor performance status patients,
particularly in de novo M1 patients who
were not candidates for chemotherapy
due to poor functional status and limited
expected survival. As a result, local
failure rates may be underreported in
this subgroup. This likely contributes
to the apparently higher LC observed
in de novo M1 patients compared
with the SBRT cohort, although this

difference was not statistically significant.

Importantly, this subgroup may also
reflect a more “real-world” population of
patients receiving palliative RT outside
the setting of clinical trials. Finally, none

of the patients in this study were treated
using newer technologies such as proton
therapy or adaptive MR-guided RT, which
may allow for improved target coverage,
dose escalation, and reduced toxicity
compared with conventional treatment

platforms.'*"

RT for UPC using CFRT was associated
with encouraging OS and LC outcomes
in this retrospective cohort. While
outcomes appeared favorable compared
with historical SBRT series, this study
was not designed as a comparative
analysis and should be considered
hypothesis-generating only. Differences
in outcomes may reflect important
baseline imbalances and patient selection
factors, including younger age, better
performance status, higher rates
of chemotherapy receipt (100% vs
approximately 50%), more favorable
biochemical parameters (including CA
19-9 and bilirubin at the time of RT),
and the absence of metastatic (M1)
disease at the time of RT in the
CFRT cohort. These findings suggest
that carefully selected patients with
UPC may derive meaningful benefit
from aggressive local therapy, warranting
further prospective evaluation of modern
CFRT approaches, particularly in the
MR-Linac and dose-escalation era.

Furthermore, patients with de novo
metastatic (M1) disease who are not
candidates for systemic therapy appeared
to have limited survival, suggesting that
primary tumor-directed RT alone may
provide minimal clinical benefit in this
setting.
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