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Abstract
Purpose: The purpose of this study was to investigate the overlaps between gross target volume (GTV) and the celiac artery (CA) and
superior mesenteric artery (SMA) lymph node regions and to examine the dose incidentally irradiated to the CA and SMA lymph node
regions by involved-field radiation therapy (IFRT) for locally advanced pancreatic cancer (LAPC).
Methods and Materials: Fifty-nine patients who had LAPCwithout distant metastasis were included. They received IFRT at 50.4 Gy in 28
fractions with 3-dimensional conformal radiation therapy.We calculated the percentages of overlap ofGTV in theCA and SMA lymph node
regions and examinedwhat cases tend to have an overlap.We also investigated the dosemetrics ofCAandSMA lymphnode regions by IFRT
and the frequency of CA or SMA lymph node metastasis after IFRT.
Results: The median GTV volume was 52.2 mL. Median overlap percentages in the CA and SMA lymph node regions were 39.2% and
28.6%, respectively. There was a significant correlation between GTV volume and SMA overlap percentage (P < .001). Although the
SMA overlap percentage was higher in the pancreas head (P Z .028), the CA overlap percentage was higher in the pancreas body or tail
(P Z .002). Median mean dose, D95, and minimum dose in the CA lymph node region were 50.1 Gy, 48.7 Gy, and 45.9 Gy,
respectively, and those in the SMA lymph node region 49.9 Gy, 47.3 Gy, and 39.2 Gy, respectively. CA lymph node metastases after
IFRT were detected in 4 patients (6.8%).
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Conclusions: An overlap between GTV and CA-SMA lymph node regions was detected in many patients, and the CA and SMA lymph
node regions were irradiated incidentally even by IFRT. Prophylactic lymph node regions might not be necessary in radiation therapy
planning of LAPC.
� 2019 The Author(s). Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Pancreatic cancer is one of the cancers with an
extremely poor prognosis. Although surgery has been the
only curative treatment, the number of patients who are
eligible for surgery, even those with localized disease, is
limited.1 Overall survival in patients who do not undergo
pancreatectomy is poor compared with that in patients
who undergo pancreatectomy for locally advanced
pancreatic cancer (LAPC).2

Chemoradiotherapy is one of the treatment options for
patients with unresectable LAPC. Regional lymph node
metastasis is often detected in patients with LAPC,3-5 and
it is an important prognostic factor.6,7 Therefore, we need
to consider including elective lymph nodes in the clinical
target volume (CTV) in radiation therapy (RT) planning
for LAPC. However, the irradiated volume was shown to
be significantly correlated with the development of acute
intestinal toxicity.8 Although some guidelines recommend
that the elective lymph node region should be included in
the CTV,9,10 there have been some studies in which
involved-field radiation therapy (IFRT) was used for
LAPC.11-13 Thus, it remains unclear whether elective
lymph nodes should be included in the CTV in RT
planning for LAPC.

In pancreatic cancer, the celiac artery (CA) and supe-
rior mesenteric artery (SMA) are very important blood
vessels to decide the indication for surgery. Some studies
have shown that most recurrences were in regions around
the CA and SMA,14,15 and it is considered important in
RT planning for LAPC to judge whether to include the
CA and SMA lymph node regions. However, because the
incidence of CA or SMA involvement in LAPC is high,
the gross target volume (GTV) would include those
lymph node regions in many patients. Therefore, we
considered that the elective lymph node region would be
covered to some extent even with IFRT, and we hy-
pothesized that analysis of the degree of overlap between
the GTV and CA-SMA region would be helpful for
solving the controversy about prophylactic node regions
in the CTV. We also considered that a part of the elective
lymph node region would be irradiated incidentally in
IFRT and that the frequency of lymph node metastasis
after IFRT would be low. There are also some reports
about incidental irradiation to elective lymph nodes by
IFRT in patients with advanced non-small cell lung can-
cer.16,17 Furthermore, pancreatic cancer is likely to show
continuous spreading via neural routes,18 and neural in-
vasion is observed in the soft tissue adherent to vessels,
such as the CA and SMA.19-21 Neural invasion is a poor
prognostic factor in addition to lymph node metastasis for
LAPC,7,22,23 and we hypothesized that the overlap in CA
and SMA lymph node regions might be associated with
treatment outcomes.

The primary purpose of this study was to investigate
the overlaps between the GTV and the CA and SMA
regions and to examine the dose incidentally irradiated to
the CT and SMA regions by IFRT. The secondary pur-
pose of this study was to determine the frequency of CA
and SMA lymph node metastasis after IFRT and to
determine whether that overlap is a prognostic factor in
CRT for LAPC.

Methods

Patients

LAPC patients who underwent IFRT in our institu-
tion between January 2007 and March 2015 were
analyzed. We selected patients with stage III cancer
(T4N0-1M0; seventh edition of the TNM proposed by
International Union Against Cancer) at the initial diag-
nosis. This study was approved by the institutional re-
view board of National Cancer Center (2016-058).

Treatment

Concurrent chemoradiotherapy was performed as first-
line or second- and third-line treatment in all patients.
IFRT was delivered with a total dose of 50.4 Gy in 28
fractions. S-1 was administered orally at a dose of 80 mg/
m2 twice daily on the day of radiation therapy.

Radiation therapy planning

Three-dimensional conformal radiation therapy
(3DCRT) was delivered in all patients. Treatment plan-
ning by CT was performed in all patients. Intravenous
contrast medium was administered, and the slice thickness
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Figure 1 Example of contouring of the celiac artery lymph node region (A, blue line) and superior mesenteric artery lymph node
region (B, purple line). We investigated the overlaps of the GTV (red line) in those lymph node regions (C and D).
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of the CT scan was 2 mm. GTV was defined as the pri-
mary tumor and metastatic lymph nodes identified on CT.
The CTV was defined as GTV plus 5 mm. Regional
lymph nodes were not included electively. The planning
target volume (PTV) was defined as CTV plus 10-mm
margins except in the cranio-caudal directions, where 10-
to 20-mm margins were added owing to the irradiation
under free breathing. Contouring of the CA and SMA was
based on reports by Goodman et al and Caravatta et al
(Fig 1A and Fig 1B).9,19 In CA contouring, the most
proximal 1.0 to 1.5 cm from the root of the CA (to the first
branching) was included. Then the CA was expanded by
1.0 cm in all directions. In SMA contouring, the most
proximal 2.5 cm from the root of the SMA was included.
Then the SMA was expanded by 1.0 cm in all directions.
Overlap percentageZ
Volume of GTV contained in the lymph node region

Volume of the lymph node region
This margin was not extended into other normal tissues or
structures. Radiation therapy was delivered with photon
beams of 15 or 20 MV using a linear accelerator. Four or
5 field techniques were used, and the reference point for
the prescribed dose was put at the center of the PTV. RT
planning was performed by ECLIPSE (Varian Medical
Systems, Palo Alto, CA) with the analytical anisotropic
algorithm.
Evaluation of CA and SMA lymph node metastasis
after IFRT

We investigated the frequency of CA or SMA lymph
node metastasis after IFRT. We defined a node of>10 mm
in its minor axis as lymph node metastasis by a CT scan.
Statistical analysis

We examined the GTV and the volume of the CA and
SMA lymph node regions and calculated the overlap
percentages of GTV included in the CA and SMA lymph
node regions (Fig 1C and Fig 1D). The overlap percent-
age was calculated by the following formula:
Then we investigated in what kind of cases the overlap
tended to be detected as follows. We evaluated the rela-
tion between overlap percentage and GTV volume by
Spearman's rank-correlation coefficient. We defined |rs| >
0.7 as a strong correlation, 0.4 � |rs| < 0.7 as a moderate
correlation and |rs| < 0.4 as a weak correlation. Moreover,
we examined the differences between the overlap per-
centages in the CA and SMA lymph node regions and



Table 1 Characteristics of patients in each group (NZ 59)

Characteristic Median (%)

Age at radiation therapy,
in years,
median (IQR)

64 (58-69)

Sex
Male 30 (51)
Female 29 (49)

Tumor location
Head 33 (56)
Body or tail 26 (44)

Nodal status
Positive 17 (29)
Negative 42 (71)

CA19-9, median (IQR)
383 U/mL (92-583 U/mL)

Performance status
0 18 (31)
1 41 (69)

Chemotherapy before
radiation therapy

Yes 31 (53)
GEM 26
GEM þ S-1 3
S-1 1
FOLFIRINOX 1
No 28 (47)

Maintenance chemotherapy
after radiation therapy

Yes 37 (63)
S-1 23
GEM 11
GEM þ S-1 2
GEM þ Erlotinib 1
No 22 (37)

Abbreviations: FOLFIRINOX Z oxaliplatin, irinotecan, 5-FU, and
leucovorin; GEM Z gemcitabine; IQR Z interquartile range.
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tumor locations (pancreas head and pancreas body or tail
carcinoma) by the Mann-Whitney U test.

We investigated the dose metrics (mean dose, D95
[dose covering at least 95% of the volume] and minimum
dose) of the CA and SMA lymph node regions. We
investigated the relations between GTV and dose metrics
in the CA and SMA lymph node regions by Spearman's
rank-correlation coefficient, and we examined the differ-
ences in dose metrics in the CA and SMA lymph node
regions between pancreas head carcinoma and pancreas
body or tail carcinoma by the Mann-Whitney U test.
Moreover, we examined the association between the
overlap percentage or dose metrics and lymph node
metastasis in the CA and SMA lymph node regions after
CRT by the Mann-Whitney U test.

Progression-free survival (PFS) and overall survival
(OS) were estimated using the Kaplan-Meier method.
PFS was measured from the start of CRT to the date of
the first relapse or death owing to any cause. OS was
measured from the start of CRT to the date of death.
Patients lost to follow-up were censored at the time of
the last follow-up observation in each survival. Survival
curves were drawn by the Kaplan-Meier method. Dif-
ferences of PFS and OS between patient subgroups for
prognostic factors and dose metrics of the CA and SMA
lymph node regions were analyzed using the log-rank
test in univariable analysis. With regard to the factors in
continuous variables, analyses were performed by
dividing the 2 groups with reference to each mean or
median value. Multivariable analysis was performed
with prognostic factors with P < .1 in univariable
analysis using a Cox proportional hazards regression
model.

Statistical significance was set at the level of P < .05.
Statistical analysis was performed using JMP@10 (SAS
Institute Inc, Cary, NC).

Results

Patient characteristics

Fifty-nine LAPC patients without distant metastasis
who received CRT were analyzed. Patient characteristics
are shown in Table 1.

Results of evaluation of the overlaps of GTV in the
CA and SMA lymph node regions

The median GTV volume was 52.2 mL (interquartile
range [IQR], 25.9-77.6 mL). Median volumes of the CA
and SMA lymph node regions were 19.5 mL (IQR, 15.9-
21.6 mL) and 31.2 mL (IQR, 26.5-36.0 mL), respec-
tively. Median overlap percentages in the CA and SMA
lymph node regions were 39.2% (IQR, 5.4%-69.5%) and
28.6% (IQR, 17.5%-56.3%), respectively. There was a
significant correlation between GTV and overlap per-
centage in the SMA lymph node region (rs Z 0.439, P <
.001), but not between GTV and overlap percentage in
the CA lymph node region (rs Z 0.222, P Z .09; Fig 2A
and B). On the other hand, there was a significant dif-
ference between overlap percentage and tumor location
in the CA lymph node region (P < .001), but not be-
tween overlap percentage and tumor location in the SMA
lymph node region (P Z .927; Fig 2C and D). Median
overlap percentages of the CA lymph node region in the
pancreas body or tail and in the pancreas head were
61.0% (IQR, 37.9%-83.2%) and 13.2% (IQR, 0%-
53.9%), respectively. Median overlap percentages of the
SMA lymph node region in the pancreas body or tail and
in the pancreas head were 34.1% (IQR, 18.0%-47.4%)
and 26.1% (IQR, 13.9%-64.0%), respectively. Thus,
although the SMA overlap percentage was higher than
the CA overlap percentage in the pancreas head (P Z



Figure 2 Correlations between gross target volume and overlap percentages in the celiac artery and superior mesenteric artery lymph
node regions (A and B) and correlations between overlap percentages of the celiac artery and superior mesenteric artery lymph node
regions in patients with carcinoma of the pancreas body or tail and patients with carcinoma of the pancreas head (C and D).
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.028), the CA overlap percentage was higher than the
SMA overlap percentage in the pancreas body or tail
(P Z .002).
Results of incidental irradiation to CA and SMA
lymph nodes

Median mean dose, D95, and minimum dose in the CA
and SMA lymph node regions were 50.1 Gy (IQR, 40.8-
50.7 Gy) and 49.9 Gy (IQR, 48.0-50.7 Gy), 48.7 Gy
(IQR, 12.2-50.0 Gy) and 47.3 Gy (IQR, 31.0-49.8 Gy),
and 45.9 Gy (IQR, 6.2-49.7 Gy) and 39.2 Gy (IQR, 13.2-
48.2 Gy), respectively. GTV volume was significantly
correlated with mean dose and D95 in the SMA lymph
node region (rs Z 0.282 and 0.263, PZ .03 and .044) but
not in the CA lymph node region (rs Z 0.131 and 0.07, P
Z .325 and .601; Fig 3A, B, E, and F). There were
significant differences between mean dose, D95, mini-
mum dose and tumor location in the CA lymph node
region (P <.001, <.001, and <.001), but not in the SMA
lymph node region (P Z .265, .397, and 0.418; Fig 3C,
D, G, H, K, and L). Median mean dose, D95, and mini-
mum dose of the CA lymph node region in pancreas body
or tail carcinoma were 50.5 Gy (IQR, 50.1-50.8 Gy), 50.0
Gy (IQR, 48.8-50.3 Gy), and 49.3 Gy (IQR, 45.8-50.0
Gy), respectively, and those in pancreas head carcinoma
were 45.6 Gy (IQR, 36.1-50.3 Gy), 26.4 Gy (IQR, 7.2-
48.9 Gy), and 23.9 Gy (IQR, 4.1-47.6 Gy), respectively.
Median mean dose, D95, and minimum dose of the SMA
lymph node region in pancreas body or tail carcinoma
were 50.4 Gy (IQR, 47.7-50.8 Gy), 49.0 Gy (IQR, 25.9-
50.1 Gy), and 44.0 Gy (IQR, 11.2-48.9 Gy), respectively,
and those in pancreas head carcinoma were 49.6 Gy (IQR,
48.3-50.6 Gy), 46.5 Gy (IQR, 34.0-49.5 Gy), and 31.2 Gy
(IQR, 20.6-47.9 Gy), respectively.



Figure 3 Correlations between gross target volume and mean dose (A and B), D95 (E and F), and minimum dose (I and J) in the
celiac artery and superior mesenteric artery lymph node regions and correlations between mean dose (C and D), D95 (G and H), and
minimum dose (K and L) in the celiac artery and superior mesenteric artery lymph node regions in patients with carcinoma of the
pancreas body or tail and patients with carcinoma of the pancreas head.
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Treatment outcomes

Although RT was discontinued at 46.8 Gy in 26
fractions in one patient, CRT was completed in the other
patients. The median follow-up period from the start of
IFRT was 14.4 months (range, 2.8-98.8 months). The 1-
year OS and PFS rates were 62.1% (95% confidence
interval [CI], 48.8%-73.9%) and 37.1% (95% CI, 25.7-
50.3), respectively (Fig E1, available online at https://
doi.org/10.1016/j.adro.2019.08.014). The patterns of
first progression disease were distant metastases in 19
patients, local progression of the pancreatic tumor in 16
patients, and both in 15 patients. CA or SMA lymph
node metastases after IFRT were detected in 4 patients.
The details of the patients with lymph node metastasis
are shown in Table 2. There were significant differences
in the mean dose, D95, and minimum dose of CA lymph
node regions between patients with and those without
CA lymph node metastasis after CRT (P Z .048, .039,
and 0.040) but not in the overlap percentage (P Z .103).
Median CA mean dose, D95, and minimum dose in
patients with CA lymph node metastasis after CRT were
39.8 Gy (IQR, 37.2-41.8 Gy), 8.4 Gy (IQR, 7.4-11.5
Gy) and 4.7 Gy (IQR, 4.2-6.0 Gy), respectively, and
those in patients without CA lymph node metastasis
were 50.1 Gy (IQR, 43.6-50.7 Gy), 48.8 Gy (IQR, 25.6-
50.1 Gy), and 47.4 Gy (IQR, 21.2-49.8 Gy), respec-
tively. Distant metastasis as first recurrence was detec-
ted in all patients in whom CA lymph node metastasis
was detected after CRT.

Results of univariable and multivariable analyses of
OS and PFS are shown in Table 3. GTV volume was a
significant prognostic factor for both PFS and OS in
univariable analysis, but not in multivariable analysis.
However, there were no significant differences in PFS and
OS in the CA and SMA overlaps. In univariable analysis,
SMA mean dose and SMA D95 were significant prog-
nostic factors in OS and SMA D95 was a significant
prognostic factor in PFS.
Table 2 Detail of patients with lymph node metastasis after RT

LN
metastasis

Out of
field

Chemotherapy
before and
after CRT

Length from
RT to LN
metastasis

First
recurrenc

Case 1 Celiac Yes GEM (before)
S-1 (after)

25.5 mo No (liver
metasta

Case 2 Celiac Yes GEM (before)
S-1 (after)

5.8 mo No (liver
metasta

Case 3 Celiac Yes GEM (before)
S-1 (after)

5.1 mo No (perit
dissem

Case 4 Celiac Yes None (before)
GEM (after)

10.2 mo No (liver
metasta

Abbreviations: CA Z celiac artery; GEM Z gemcitabine; GTV Z gross t
superior mesenteric artery.
Discussion

Recently, results of studies on intensity modulated
radiation therapy (IMRT) for LAPC have been re-
ported,24-26 and reports about stereotactic radiation ther-
apy (SRT) have been increasing.27,28 Because pancreatic
cancer has the feature of resistance to RT, the concept of
administering a high dose of irradiation to a local region
rather than including elective lymph nodes may be
reasonable. It is expected that GTV would include a part
of the elective lymph node regions and that there would
be incidental irradiation to those regions even with IFRT.
By examining this matter in detail, we consider that IFRT
should be recommended more strongly for LAPC.

As expected, we found that GTV included in part of
the CA and SMA lymph node regions in most of the
patients. Moreover, we demonstrated that the overlap
percentage of CA or SMA varies depending on the pri-
mary site. Past studies also showed that the frequency of
lymph node metastasis varies depending on the tumor
localization,5,29 and the results of those past studies were
similar to the overlap percentages in the present study.
Although the frequency of CA lymph node metastasis
tended to be higher in patients with carcinoma of the
pancreatic body or tail, the frequency of SMA lymph
node metastasis tended to be higher in patients with car-
cinoma of the pancreatic head. Deki et al reported that
normal peripancreatic lymphatic networks are anatomi-
cally divided into 4 major pathways,30 and consideration
should be given to setting the range of a lymph node
region based on those networks. However, we need to
consider perineural invasion for understanding lymph
node metastasis in LAPC. Kayahara et al suggested that
neural invasion might be a pathway to lymphatic
involvement.31 Considering this, it may be better to focus
on more intensive local irradiation to prevent lymph node
metastasis. Moreover, OS and PFS were poor in patients
with a large GTV in the present study, and some past
studies showed that tumor size was a prognostic factor in
e
GTV
volume

CA
overlap
percentage

CA
Mean
dose

CA
D95

CA
Minimum
dose

sis)
20.7 mL 4.50% 36.3 Gy 7.4 Gy 4.2 Gy

sis)
156.2 mL 14.30% 39.8 Gy 9.3 Gy 5.2 Gy

oneal
ination)

129.3 mL 16.30% 39.7 Gy 7.5 Gy 4.2 Gy

sis)
16.4 mL 1% 42.4 Gy 12.2 Gy 6.2 Gy

arget volume; LN Z lymph node; RT Z radiation therapy; SMA Z
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Table 3 Results of univariable and multivariable analyses of overall survival and progression-free survival

Factor Median
OS
time
(mo)

UA MA Median
PFS
time
(mo)

UA MA

HR
(95% CI)

P
value

HR
(95% CI)

P
value

HR
(95% CI)

P
value

HR
(95% CI)

P
value

Age at radiation
therapy

.29 .254

<65 y 19.9 1 10.6 1
�65 y 14.4 1.36

(0.76-2.46)
7.7 1.38

(0.79-2.40)
Sex .935 .421
Male 16.3 1 11.3 1
Female 15.7 0.98

(0.55-1.74)
9.6 1.25

(0.72-2.17)
Tumor

location
.964 .979

Head 17.9 1 9.9 1
Body or tail 16.3 1.01

(0.56-1.81)
10 1.01

(0.58-1.74)
Nodal status .876 .604
Positive 16.6 1 9.6 1
Negative 14.8 1.05

(0.57-2.08)
10 0.85

(0.48-1.61)
CA19-9 .086 0.209 .128
�400 U/mL 19.9 1 1 10.6 1
>400 U/mL 14.1 1.65

(0.92-2.97)
1.53

(0.80-2.88)
7.7 1.52

(0.88-2.64)
Performance

status
.045 0.274 .078 .151

0 27.7 1 1 14.1 1 1
1 14.1 1.92

(1.03-3.81)
1.50

(0.73-3.24)
9.6 1.70

(0.65-3.17)
1.56

(0.85-2.98)
GTV volume .016 0.178 .026 .077
�60 mL 20.2 1 1 10.8 1 1
>60 mL 9.4 2.00

(1.12-3.58)
1.52

(0.82-2.80)
5.5 1.85

(1.06-3.20)
1.51

(0.84-2.67)
CA overlap

percentage
.868 .939

�40% 17.9 1 9.9 1
>40% 13.7 1.04

(0.59-1.87)
10 0.98

(0.56-1.69)
SMA overlap

perecntage
.772 .6

�40% 14.8 1 9.9 1
>40% 19.9 0.92

(0.51-1.64)
10 0.86

(0.49-1.50)
CA mean dose .471 .234
�45 Gy 14.4 1 9.6 1
>45 Gy 16.6 0.79

(0.43-1.53)
10.6 0.70

(0.39-1.30)
SMA mean

dose
.09 0.645 .145

�45 Gy 20.2 1 1 11.3 1
>45 Gy 13.7 1.68

(0.93-3.16)
1.25

(0.51-3.76)
9.6 1.53

(0.87-2.77)
CA D95 .576 .543
�40 Gy 17.9 1 9.9 1
>40 Gy 16.3 0.84

(0.47-1.57)
10 0.84

(0.48-1.50)

(continued on next page)

384 R. Umezawa et al Advances in Radiation Oncology: MayeJune 2020



Table 3 (continued )

Factor Median
OS
time
(mo)

UA MA Median
PFS
time
(mo)

UA MA

HR
(95% CI)

P
value

HR
(95% CI)

P
value

HR
(95% CI)

P
value

HR
(95% CI)

P
value

SMA D95 .043 0.439 .053 .103
�40 Gy 21.7 1 1 12.3 1 1
>40 Gy 13.7 2.01

(1.04-4.18)
1.56

(0.48-5.51)
9.7 1.85

(1.01-3.59)
1.70

(0.90-3.37)
CA

minimum
dose

.483 .427

�30 Gy 14.8 1 9.8 1
>30 Gy 16.3 0.80

(0.44-1.51)
10 0.79

(0.45-1.44)
SMA

minimum
dose

.772 .212

�30 Gy 20.2 1 11.3 1
>30 Gy 13.7 1.55

(0.87-2.88)
9.6 1.43

(0.82-2.54)

Abbreviations: CA Z celiac artery; HR Z hazard ratio; MA Z multivariable analysis; OS Z overall survival; PFS Z progression-free survival; UA
Z univariable analysis; SMA Z superior mesenteric artery.
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CRT and surgery for pancreatic cancer.32-34 Those results
indicate that it may be better to perform IFRT by dose
escalation for LAPC with a large tumor size.

In the present study, there was incidental irradiation to
the CA and SMA lymph node regions in most of the
patients with LAPC. Fokas et al also analyzed the dosi-
metric coverage to lymph node regions in guidelines with
inclusion of (Oxford and RTOG guidelines) and without
inclusion of (Michigan and SCALOP guidelines) elective
lymph node regions by 3DCRT (50.4 Gy in 28 fractions)
in patients with LAPC.35 The incidental mean irradiation
doses by the SCALOP and Michigan guidelines to the
SMA (approximately 35 Gy and 30 Gy, respectively) and
CA (approximately 20 Gy and 25 Gy) were relatively
high. However, CA lymph node metastasis after CRT was
observed in 4 patients in the present study, although SMA
lymph node metastasis was not detected. It is assumed
that the PTV margin in IMRT and SRT would be small
and that the dose irradiated to elective lymph nodes would
be reduced compared with those in 3DCRT. Baine et al
also reported that 15.9% of patients with LAPC who
received SRT with a median dose of 35 Gy had regional
recurrence out of the field and that all of the out-of-field
failures occurred in areas that received <26 Gy.36 How-
ever, distant metastasis as the first recurrence was detected
in those patients in the present study, and it seems that this
regional recurrence out of the field is acceptable.
Furthermore, the frequency of the use of more intensive
chemotherapy regimens such as FOLFIRINOX (oxali-
platin, irinotecan, 5-FU, and leucovorin) and nab-
Paclitaxel plus gemcitabine (GEM) has been increasing,
and those regimens have shown better treatment results
than GEM alone.37,38 Therefore, it might be possible to
control micrometastases by using the combination of
IFRT and higher intensity chemotherapies. This might
lead to the concept that local irradiation can be used even
if the tumor size is small.

In the present study, OS and PFS were good for pa-
tients in whom the dose to the SMA lymph node region
was low. One of those reasons may be the degree of
infiltration of the SMA. The neural plexuses around the
SMA are most likely to be involved by perineural inva-
sion.39 There was also a significant correlation between
GTV volume and overlap percentage in the SMA lymph
node region in the present study. As mentioned earlier,
neural invasion has been reported to be a poor prognostic
factor.7,22,23 However, no significant correlation was
found between the overlap percentage in the CA or SMA
lymph node region and treatment outcomes. A possible
reason for those results is that neural invasion was eval-
uated solely by the degree to which the tumor was
included in the CA or SMA region, not by pathologic
findings.

There were some limitations in the present study. First,
because our study was an evaluation of 3DCRT, our re-
sults would not necessarily be applicable to IMRT or
SRT. Local failures was higher in our series (31 out of 59
patients) compared with other series using IMRT and
SBRT and may have affected the emergence and detec-
tion of nodal failures. In addition, because 3DCRT was
delivered using free breathing, wide PTV margins were
used in these series, thereby increasing incidental dose.
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Second, because of the retrospective analysis, there is a
possibility that the contents of chemotherapy before
irradiation and after irradiation differed considerably,
which could affect treatment outcome. Moreover, there
were few cases treated with FOLFIRINOX and nab-
Paclitaxel plus GEM, which may also have affected
regional lymph node recurrence. Third, it was difficult to
identify the GTV at the time of RT planning for LAPC
because MRI was not performed in some patients.

Conclusions

An overlap between GTV and CA-SMA lymph node
regions was detected in many patients, and CA-SMA
regions were irradiated incidentally even by IFRT.
Because the frequency of lymph node metastases after
CRT was low and GTV volume was shown to be a poor
prognostic factor, contouring of prophylactic node regions
might not be necessary in LAPC.
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