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Abstract

Objective: This study aims to compare recurrence patterns and outcomes of biologically
effective dose (BED,, a/B=10) of 60-70 Gy with those of a BED,,>70 Gy for locally advanced

pancreatic cancer (LAPC].

Methods: Patients from three centers with a biopsy and a radiographically proven LAPC were
retrospectively included and data were prospectively collected from June 2012 to June 2019.
Radiotherapy was delivered by stereotactic body radiation therapy. Recurrences were categorized
as in-field, marginal, and outside-the-field recurrence. Patients in two groups were required to
receive abdominal enhanced contrast CT or MRI every 2-3months and CA19-9 examinations every
month during follow-up. Treatment-related toxicities were evaluated every month. Overall survival
(0S) and progression-free survival (PFS) were estimated using the Kaplan-Meier method.
Results: After propensity score matching, there were 486 patients in each group. The median
prescription dose of the two groups was 37 Gy/5-8f (range: 36-40.8 Gy/5-8f) and 42 Gy/5-8f
(range: 40-49.6 Gy/5-8f), respectively. The median OS of patients with a BED,;>70Gy and a
BED,, 60-70Gy was 20.3 months (95% Cl: 19.1-21.5months) and 18.2months (95% CI: 17.8-
18.6months) respectively (p<0.001). The median PFS of the two cohorts was 15.4months (95%
Cl: 14.2-16.6 months] and 13.3months (95% Cl: 12.9-13.7 months] respectively (p <0.001). A
higher incidence of in-field and marginal recurrence was found in patients with BED, of 60-70 Gy
(in-field: 97/486 versus 72/486, p=0.034; marginal: 109/486 versus 84/486, p=0.044). However,
more patients with BED,,>70Gy had grade 2 or 3 acute (87/486 versus 64/486, p=0.042) and late
gastrointestinal toxicities (77/486 versus 55/486, p=0.039) than those with BED,, of 60-70Gy.
Conclusion: BED,,>70 Gy was found to have the best survival benefits along with a higher
incidence of acute and late gastrointestinal toxicities. Therefore, a higher dose may be

required in the case of patients’ good tolerance.
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Introduction

Pancreatic cancer remains one of the most lethal
malignancies and is the fourth leading cause of
cancer death with a dismal survival in the US,
where its mortality increases slightly.! Similar
findings were also identified in China? as well as
the rest of the globe,?> which indicates that the

mortality may surpass that of breast cancer in
Western countries in the future.*

A recent study showed that about one-third of
patients died from local progression rather than
distant metastases, which underlined the impor-
tance of local control.> Additionally, less than
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20% of patients with resectable pancreatic cancer
could receive upfront surgical resection at the
initial diagnosis, while chemoradiotherapy may
be taken as the first treatment option for most
patients with locally advanced pancreatic cancer.%7
Therefore, radiation therapy may be pivotal in
preventing local progression.

Radiation dose escalation has been proven to be
beneficial for local control and thus improving
survival in prostate and head and neck cancers.8°
In our previous studies, it was clarified that bio-
logically effective dose (BED,,, a/f=10)=60Gy
was the predictor of superior overall survival (OS)
and better tumor response.!%13 Meanwhile,
BED,,>70 Gy was demonstrated to be correlated
with better survival outcomes.* As a result, it was
vital to determine a proper dose that may provide
improved prognosis. Furthermore, patterns of
local failure of dose escalation may imply the cor-
relation between tumor local control and radiation
doses. However, no studies have compared bene-
fits and adverse effects between variable high
doses. Hence, a comprehensive understanding
about the outcomes and recurrence patterns of
dose escalation could provide evidence for dose
prescriptions. The aim of our study was to investi-
gate the local failure patterns and outcomes of
patients with BED,, of 60—70 Gy and over 70 Gy.

Methods

Patient selection

The study was approved by the institutional review
boards of Changhai Hospital affiliated to Navy
Medical University, Affiliated Tumor Hospital of
Guangxi Medical University and General Hospital
of Eastern Theater Command with the approval
number of 2012-CH-068, 2012-GXZH-066 and
2012-NCGH-088, respectively. Patients included
in the study were from these centers. Before treat-
ment, patients were required to receive personal
interviews with physicians for a detailed explana-
tion of the whole study and related treatments. In
addition, written informed consent about the
whole treatment and potential adverse effects and
benefits was required prior to the patients’ partici-
pation in the study, stating their willingness to be
treated according to the study. Consecutive
patients’ data were prospectively collected from
different centers from June 2012 to June 2019.
Biopsies with fine-needle aspiration guided by
endoscopic ultrasound were required before treat-
ment. Contrast computed tomography (CT) and

magnetic resonance imaging (MRI) were rou-
tinely performed before and after stereotactic
body radiation therapy (SBRT) for staging.
Patients with a biopsy and a radiographically
proven locally advanced pancreatic cancer and
receiving BED,,=60Gy were included in the
study. Patients without completion of consequent
chemotherapy (4-6 cycles) were excluded. As a
result, recurrence patterns and outcomes were
compared between patients with a BED,, of 60—
70 Gy and BED,,>70Gy.

Delivery of radiotherapy

The protocol was similar to our previous stud-
ies.10:12,15 SBRT was delivered via CyberKnife®
(Accuray Incorporated, Sunnyvale, CA). Three
fiducials within or adjacent to the tumor were
preferable. Synchrony™ Respiratory Tracking
System (Accuray Incorporated, Sunnyvale, CA)
was used. Gross tumor volume (GTV) was
defined as the gross disease identified in the imag-
ing examinations. The planning target volume
(PTV) was generated based on 2-5mm margin
expansions from GTV. Doses were prescribed to
the 75-80% isodose covering 90% of the PTV.
Dose constraints of organs at risk referred to the
American Association of Physicists in Medicine
guidelines in TG-101.1¢ The delineation of tar-
gets and organs at risk were reviewed by a radia-
tion oncologist and a radiologist. Triphasic CT
datasets were acquired to delineate the tumor.

Chemotherapy

All patients received chemotherapy 2-3weeks
after the completion of SBRT. The regimen was
gemcitabine and S-1. It has been clarified that
similar survival outcomes and mild toxicities were
found with S-1 compared with gemcitabine.17-1°
Gemcitabine (1000mg/m?2) was performed on
day 1, 8 and 15 during a 4-week cycle, which
lasted for 4-6 cycles. S-1 was orally given at a
dose of 80 mg/m? for 28 days followed by a 14-day
rest, which also lasted for 4-6 cycles.

Data collection

The upper limit of normal CA19-9 is usually con-
sidered as 37 U/mL..2% Additionally, it was clarified
that the decreased CA19-9 levels of =50% was
correlated with an improved survival.?! Therefore,
CA19-9 response was defined as a decrease of
CA19-9 level by 50% from the pre-SBRT level of
=74U/mL. Patients were required to undergo
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CA19-9 examinations with each follow-up. The
nadir value of CA19-9 after treatment was used
for the estimation of CA19-9 decrease. Hence,
CA19-9 response was stratified as follows: CA19-9
levels =74U/mL with response wersus CA19-9
levels =74U/mL with no response (including
CA19-9 levels within the normal range before
treatment while increasing after treatment) versus
CA19-9 levels <74U/mL all along before and
after treatment.!> Furthermore, it was shown that
a better response was found in patients with a
baseline CA19-9 level of <200 U/mL after neoad-
juvant therapy.?? Therefore, baseline CA19-9
level was stratified as: <200 U/mL wversus =200U/
mL in our study. The change in GTV (AGTV)
was defined as the volume of primary recurrence
minus that of the primary lesion before SBRT.

Identification of recurrences was the same as that in
our previous study,!> and was performed by a radi-
ologist specialized in pancreatic cancer. Recurrences
were identified by contrast CT and functional
imaging, including contrast MR and/or positron
emission tomography—computed tomography
(PET-CT) and CA19-9%23 but usually without
biopsy.2* Evidence of any progression inferior to
the diaphragm and superior to the bottom of the L3
vertebra excluding hepatic or gastric metastases?*
by RECIST criteria?> was considered as a loco-
regional recurrence. Besides, recurrences at the
hepatic hilum were also defined as local failure.!>
Distant metastasis included malignant ascites or
radiographically new lesions in other organs.

The primary outcome was OS. The secondary out-
comes were recurrence patterns, progression-free
survival (PFS) and radiation-induced toxicities.

Recurrence mapping

Recurrences were plotted on a template CT scan
of a healthy person with Multiplan software
(Accuray Incorporated, Sunnyvale, CA), creating
a 3-dimensional map of local failures, which were
plotted in relation to the celiac axis, superior mes-
enteric artery, scaling for individual abdominal
width. Because the recurrence map was based on
estimations of each recurrence location, there
might be uncertainty between the estimation and
the actual location of local failure. In order to
minimize the impact, two radiologists will reach
consensus in the tumor recurrences’ identifica-
tion and plotting if any disagreement exists.
Moreover, local recurrences were categorized as
in-field or marginal recurrence if more than 80%

or 20-80% of the recurrence volume was located
in the prescription dose line, while outside-the-
field recurrence was defined as any new lesions
outside the prescription dose line or if less than
20% of the recurrence volume was located inside
the prescription dose line.26:27

Evaluations of toxicity

Radiation-induced acute toxicity was evaluated
by the “acute radiation morbidity scoring crite-
ria” from the Radiation Therapy Oncology
Group, while late toxicity was determined by the
“late radiation morbidity scoring schema” from
the Radiation Therapy Oncology Group/
European Organization for Research on the
Treatment of Cancer.?8

Follow-up. Patients in two groups were required
to receive abdominal enhanced contrast CT or
MRI every 2-3months and CA19-9 examina-
tions every month during follow-up. Treatment-
related toxicities were evaluated every month by
physicians blinded to the study. Any other exami-
nations, such as PET-CT, prompted by new-onset
symptoms or at the physician’s discretions were
also used to record events.

Propensity score matching

A logistic regression model was built with all
potential factors that may influence the outcomes.
Finally, 1:1 propensity score matching was per-
formed to evaluate the impact of a BED,, of 60—
70 Gy versus that over 70 Gy on the OS.

Statistical analysis

Patient characteristics were presented with
descriptive statistics. The primary objective of our
study was to identify recurrence patterns. The
secondary objectives were outcomes including
OS and PFS and treatment-related toxicity. A
Student z-test or a Mann—Whitney U test was
used for analysis in the case of normally or non-
normally distributed continuous covariates.
Categorical variables were compared using the 2
test. OS and PFS were estimated and compared
with the Kaplan—Meier and log-rank methods,
respectively. Factors with a p-value <0.05 in the
univariate Cox regression analysis were entered as
candidate variables into the multivariate Cox pro-
portional hazard regression analysis for identifica-
tion of predictors correlating with OS and PFS.
All p-values < 0.05 were considered as statistically
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significant. Statistical analyses were performed
with IBM SPSS version 22.0 (SPSS Inc., Armonk,
NY) and SAS version 9.4 (SAS Institute, Inc.,
Cary, NC).

Results

Patient characteristics

Before propensity score matching, 527 and 493
patients received a BED,, of 60-70Gy and a
BED,,>70 Gy, respectively. The median follow-
up was 20.2months (range: 4.6-51.7 months).
The median prescription dose of the two groups
was 37 Gy/5-8f (range: 36-40.8 Gy/5-8f) and
42 Gy/5-8f (range: 40-49.6 Gy/5-8f), respec-
tively. The median BED,, of the two groups was
64.38 Gy/5-8f (range: 60.264-69.42 Gy/5-8f)
and 74.62 Gy/5-8f (range: 71.4-88.32 Gy/5-8f),
respectively. Details are shown in Table 1.

Propensity score matching

According to the results above, Eastern
Cooperative Oncology Group (ECOG) was
included as the independent factor for propensity
score matching. Therefore, 486 patients were
included in each group (Table 1). No significance
was found in baseline characteristics between
these two groups. The median BED,, of the two
groups was 64.38 Gy (range: 60—69.42Gy) and
74.62 Gy (range: 71.4-88.32 Gy), respectively.

Outcomes of two cohorts

The median OS of patients with a BED,,>70 Gy
and a BED,, of 60-70Gy was 20.3months
(95% CI: 19.1-21.5months) and 18.2 months
(95% CI. 17.8-18.6months), respectively
(p<0.001). The median PFS of the two cohorts
was 15.4months (95% CI: 14.2-16.6 months)
and 13.3months (95% CI: 12.9-13.7 months),
respectively (p<<0.001) (Figure 1). The OS
rates of patients with a BED,;>70Gy and a
BED,, of 60-70 Gy at 2years was 36.8% versus
24.5% and at 3 years of 18.7% versus 8.8%. The
PFES rates of the two cohorts at 2years were
22.2% versus 8.6%.

Moreover, it was demonstrated that tumor diam-
eter (<4.0cm as reference, =4.0cm HR: 1.29,
95% CI: 1.12-1.48, p<0.001), Eastern
Cooperative Oncology Group (ECOG) (0 point
as reference, 1 point HR: 1.50, 95% CI: 1.29—
1.76; 2 points HR: 2.54, 95% CI: 2.02-3.20),

$»<0.001), CA19-9 level (<200U/mL as refer-
ence, =200U/mL HR: 1.39, 95% CI: 1.16-1.66,
$»<0.001), CA19-9 response (CA19-9 levels
=74U/mL with response as reference, CA19-9
levels <74U/mL all along HR: 1.45, 95%CI:
1.14-1.84; CA19-9 levels =74U/mL with no

response HR: 1.94, 95% CI: 1.66-2.28,
$»<0.001) and recurrence patterns (primary
recurrence as reference, primary recur-

rence + recurrence at the hepatic hilum HR: 7.42,
95% CI: 5.34-10.30, p<0.001) correlated with
OS after multivariate analysis. Similarly, ECOG,
CA19-9 level, CA19-9 response and recurrence
patterns were predictors of PFS (Supplemental
Tables 1 and 2).

Sub-group analysis

It was demonstrated that survival benefits could
be found in patients of all ages, genders and base-
line CA19-9 levels (Table 2). However, regarding
ECOG, better outcomes could only be found in
patients with ECOG of 0 and 1 point receiving a
BED,,>70Gy (BED,, of 60-70 Gy as reference;
0 point: HR: 0.46, 95% CI: 0.36-0.60, p<0.001;
1 point: HR: 0.83, 95% CI: 0.69-0.99, p=0.042),
while patients with ECOG of 2 points may not
achieve benefits after irradiation with a
BED,,>70Gy (BED,, of 60-70 Gy as reference;
HR: 0.88, 95% CI. 0.60-1.28, p=0.508).
Similarly, no favorable survival was found in
patients with a BED,,>70Gy in the case of
tumor diameter =4cm (BED,, of 60-70Gy as
reference; HR: 0.84, 95% CI: 0.70-1.00,
$=0.049). Nevertheless, a BED,,>70Gy was
shown to favor patients with tumor diameter
<4cm (BED,, of 60-70Gy as reference; HR:
0.51, 95% CI: 0.41-0.64, p<0.001).

Patterns of local failure

Local failure was found in 309 (63.6%) and 280
(57.6%) patients with a BED,, of 60-70 Gy and
over 70 Gy respectively, while 177 (36.4%) and
206 (42.4%) patients in the corresponding two
cohorts experienced both local recurrences and
distant metastases. A larger median AGTV was
found in patients receiving a BED,, of 60-70 Gy
(63.37 cc, range: 20.15-108.79 cc) compared with
AGTV in patients with a BED,, over 70Gy
(55.97cc, range: 7.15-99.72cc) (»p<<0.001).
More patients with a BED,, of 60-70Gy had
recurrences at the hepatic hilum than those with a
BED,,>70Gy (37/486 versus 21/486, p=0.03) in
addition to primary recurrences. Furthermore, a
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Figure 1. (A) Overall survival and (B) progression-free survival curves of the biologically effective dose (BED,, o/B=10)>70Gy and
the BED;, of 60-70Gy.

Table 2. Sub-group analysis of benefits of BED,>70 Oy. with simultaneous liver and lung metastases found

Variable Cox regression analysis (BED,, of in the group of patients receiving a BED,, of 60~
60-70 Gy as reference) 70 Gy than the group of patients receiving a BED,,
>70 Gy. However, there is no statistical difference
HR (95% CI) p-value between these two groups (BED,, of 60-70Gy:
Age 65 0.71 (0.58-0.87) 0.001 9/486 wversus BED,,>70 Gy: 2/486, p=0.064).
=65 0.66 (0.54-0.80) <0.001
Toxicity
Gender Female 0.68 (0.55-0.84) <0.001 Compared with a BED,, of 60-70Gy, more
patients with a BED,,>70 Gy suffered from grade
HEL Uy e e <0.001 2 or 3 acute and llgte gastrointestinal toxicities
Tumor diameter <4 0em 0.51 (0.41-0.64) <0001 (acute gastrointestinal toxicity: BED,,>70Gy:
87/486 wersus BED,, of 60-70Gy: 64/486,
=4.0cm 0.84 (0.70-1.00) 0.049 p»=0.042; late gastrointestinal toxicity:
BED,,>70Gy: 77/486 versus BED,, of 60-70Gy:
ECOG 0 0.46 (0.36-0.60) <0.001 55/486, p=0.039). Meanwhile, patients with
ECOG of 2 points experienced a higher incidence
1 L [0Hef-0HE7) 0.042 of grade 2 or 3 acute (BED,,>70Gy: 15/62 versus
2 0.88 (0.60-1.28) 0.508 BED,, of 60-70Gy: 6/62, p=0.031) and late gas-
trointestinal toxicities (BED,,>70 Gy: 12/62 versus
CA19-9 level <200U/ml  0.52(0.41-0.65) <0.001 BED,, of 60-70Gy: 3/62, p=0.025) in the group
~200U/mL 0.80 (0.67-0.94) 0.008 of patients with a BED,,>70Gy. Furthermore,

more patients with tumor diameter =4 cm receiv-
BED, biologically effective dose; Cl, confidence interval; ECOG, Eastern Cooperative inga BED,,>70 Gy experienced grade 2 or 3 acute
Oncology Group; HR, hazard ratio gastrointestinal toxicities (BED,,>70Gy: 56/288
versus BED,, of 60-70Gy: 31/264, p=0.015).

higher incidence of both in-field and marginal

recurrence was found in patients with a BED,, of Discussion

60-70Gy (in-field: BED,, of 60-70Gy: 97/486 Our study showed favorable outcomes including
versus BED,,>70Gy: 72/486, p=0.034; mar- superior survival and better local control along
ginal: BED,, of 60-70Gy: 109/486 wersus with a higher incidence of radiation-induced gas-
BED,,>70Gy: 84/486, p=0.044) (Table 3 and trointestinal toxicities in the group with a
Figure 2). Additionally, there are more patients BED,,>70Gry.
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Table 3. Patterns of local failure between BED;, of 60-70 Gy and BED,,>70Gy.

Patterns of failure BED,, of 60-70Gy (n) = BED,,>70Gy (n) p-value
In-field recurrence alone 97 72 0.034
Marginal recurrence alone 109 84 0.044
Outside-the-field recurrence alone 103 124 0.111
In-field plus distant recurrences 86 101 0.222
Outside-the-field plus distant recurrences 91 105 0.263

BED, biologically effective dose

Figure 2. Patterns of local failure of a BED;;>70Gy and a BED,, of 60-70Gy plotted in a healthy person in
contrast CT. (A] Primary recurrences in a BED,, of 60-70Gy; (B) In-field and marginal recurrence alone in a
BED,, of 60-70Gy; (C) Primary recurrences in a BED,,>70Gy; and (D) In-field and marginal recurrence alone
in a BED,;,>70Gy. The projected red areas represented the primary recurrences and the deep color indicated
a high frequency of local failure in A and C. A larger area in A compared with that in C indicated a larger
recurrent lesion volume in a BED,, of 60-70 Gy. The area encompassed by the purple and red line represented
projected gross tumor volume before SBRT and primary recurrence volume after SBRT in B and D.

BED, biologically effective dose; CT, computed tomography; SBRT, stereotactic body radiation therapy

In early previous studies about SBRT, it has been
shown that a high BED, including 25 Gy/f,?° 24—
36 Gy/3f,30:31 22-30 Gy/1-3f32 or 45 Gy/3f,>*> may
contribute to the improved local control or even
OS, but with high incidences of grade 3 or more
toxicity ranging from 6% to 41.6%. Therefore, the
increase of the number of fractions and decrease
of fraction size were commonly adopted in sequen-
tial studies, which also demonstrated that higher

BED might be the predictive factor of superior OS
or better local control.1%:11:14 Nevertheless, a recent
meta-analysis has clarified that BED,,>70 Gy did
not correlate with the improvement of 1-year local
control rate.3* As a result, an understanding of the
correlation between higher BED and OS was nec-
essary. To the best of our knowledge, this is the
first study to compare outcomes and recurrence
patterns of high BED with different ranges.
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It was clarified that favorable OS and PFS were
found in patients with a BED,,>70 Gy, which
was consistent with previous studies.!%11:14 The
median OS and 2-year OS rates in our study were
in line with the ones in Krishnan er al.1* (median
OS: 20.3months versus 17.8 months, 2-year OS
rate: 36.8% wversus 36.0%, 3-year OS rate: 18.7%
versus 31.0%). However, there were controversial
results from the meta-analysis;3* the median OS
of two studies with the most weight employing
BED,,>70 Gy was 12.5 months and 10.3 months,
which was inferior to our study. In contrast, the
median OS with the most weight employing a
BED,, of 60-70 Gy from two studies were found
to be 13.9 months and 15.0 months, respectively.
The controversial result could be attributed to the
different radiosurgery platforms and chemother-
apy regimens. Furthermore, the heterogeneity
between studies was not evaluated and the pri-
mary endpoint was local control rather than OS.
Hence, the interpretations of the results may not
negatively impact clinical practice with dose esca-
lation as a therapeutic paradigm for locally
advanced pancreatic cancer.

Furthermore, the upper limit of the dose for
BED,,>70 Gy was not determined. In the case
of dose escalation of SBRT for pancreatic can-
cer, no consensus has been reached about a
cut-off dose, beyond which survival benefits
may be counteracted by severe adverse effects
or other potential unfavorable factors. In
ASTRO clinical practice guideline for pancre-
atic cancer, 33-40 Gy/5f was recommended for
locally advanced pancreatic cancer.?> Other
studies have only investigated the feasibility
and safety of higher doses. One study of doses
of 51 Gy to PTV and simultaneous integrated
boost to GTV with a median cumulative dose
of 66 Gy reported that 10 of 28 patients pre-
sented acute toxicities >grade 2, and the
median OS and time to local recurrence was 19
and 13 months, respectively.3® Another study
demonstrated that total dose =61 Gy was pre-
dictive of higher OS and PFS.3” Further, a
comprehensive review has clarified that appro-
priate patient selection, technical considera-
tions with treatment delivery, advanced image
guidance, and respiratory management tech-
niques are required to safely deliver higher radi-
ation doses.?® Hence, the upper limit dose may
be dependent of highly accurate delivery of
radiotherapy without compromise of dose con-
straints of organs at risk, which warrants rand-
omized clinical trials.

Nevertheless, dose escalation of SBRT may not
provide better prognosis for patients with ECOG
of 2 points and tumor diameter =4cm in our
study. This may be ascribed to the benefits of
higher doses counteracted by radiation-induced
toxicities, especially in patients with poor medi-
cal conditions. This was confirmed by the higher
incidences of acute and late gastrointestinal tox-
icities in patients with ECOG of 2 points.
Moreover, given the shorter distance between the
tumor and the gastrointestinal tract, if the tumor
diameter was more than 4 cm, more doses would
be delivered to the normal tissues thus increasing
the risk of toxicities. Hence, for patients with
large tumor sizes and poor medical conditions,
higher doses may not be recommended.
Furthermore, our study showed that patients
with a BED,,>70Gy had higher incidence of
acute and late grade 2 or 3 gastrointestinal toxici-
ties, though favorable survival was found.
Therefore, a higher dose should be prescribed at
the discretion of physicians without compromise
of dose constraints of organs at risk.

Concerning recurrence patterns, a higher inci-
dence of both in-field and marginal recurrence
was found in the group with a BED,, of 60-70 Gy.
Additionally, more patients with a BED,, of 60—
70Gy experienced recurrences at the hepatic
hilum and a larger AGTV. This was consistent
with our previous studies with similar failure pat-
terns in higher doses.!> Hence, it may be indi-
cated that higher doses were beneficial for better
tumor local control, which might be pivotal in
survival improvement.

There are several limitations in this study. First,
though propensity score matching was used to
minimize the selection bias, any potential bias or
confounding factors may be not eliminated com-
pletely due to the retrospective nature of the study.
Therefore, generalization of results should be cau-
tious. Second, although patients in two groups
received BED,, of 60-70Gy or BED,,>70Gry,
the dose per fraction and number of fractions var-
ied in three centers. Third, we only compared a
BED,, of 60-70Gy with a BED,,>70Gry.
Practically, it was not allowed to prescribe a higher
dose to pancreatic cancer due to the gastrointesti-
nal tracts abutting to the pancreas. Additionally,
there was no upper limit in the case of a
BED,,>70 Gy in our study as there are no studies
demonstrating the cut-off dose until now, and we
need to further explore the dose escalation scheme.
Fourth, chemoradiotherapy was taken as the first
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treatment option regarding locally advanced pan-
creatic cancer; variable chemotherapy regimens
could affect prognosis. The regimen applied in
our study may be more prevalent in Asia; a favora-
ble outcome obtained from BED,,>70 Gy should
be further explored in other regimens.

In conclusion, a higher radiation dose could be
prescribed with limited dose toxicity as well as
dose constraints of organs at risk being met. The
findings might be taken as treatment guidance for
patients with locally advanced pancreatic cancer
by SBRT. Further prospective studies are
required to confirm the results in variable chemo-
therapy regimens.
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