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ORIGINAL ARTICLE

Dosimetric Comparison of Rapid arc, Intensity Modulated Radiotherapy
and 3D Conformal Radiotherapy Plans in Periampullary and Pancreatic
Head Carcinomas
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ABSTRACT

Background and purpose This study was done to compare dosimetric characteristics between Rapid Arc, Intensity Modulated
Radiotherapy and 3D-Conformal Radiotherapy plans in periampullary and pancreatic head carcinomas. Materials and methods For a
total of 15 patients requiring adjuvant or radical radiotherapy; rapid arc, intensity modulated radiotherapy and 3D-Conformal radiotherapy
plans were evaluated. The clinical target volume included the postoperative tumour bed or the gross tumour with a 3 cm margin within
the body of the pancreas and the draining lymph nodal areas. The dose prescribed was 50.4 Gy in 28 fractions over 5 weeks. Homogeneity
and Conformity indices, Organs at risk and planning target volume doses; MUs delivered and treatment times were compared. Results
The conformity indices was better in rapid arc, intensity modulated radiotherapy had better homogeneity indices; conformity indices
and homogeneity indices were significantly inferior in 3D-Conformal radiotherapy. Right kidney mean dose could be reduced in rapid
arc; left kidney mean doses were comparable in all three techniques. Mean doses of stomach, gut and liver were minimised in rapid arc.
MUs delivered and treatment times were lessened in rapid arc compared to intensity modulated radiotherapy. Conclusion Rapid Arc
plans could provide slight improvements in organs at risk sparing, lower MUs and decreased treatment times with a slightly better target
coverage compared to intensity modulated radiotherapy and significantly better to 3D-Conformal radiotherapy.

INTRODUCTION For all stages combined, the 1- and 5-year relative
survival rates are 28% and 7%, respectively. Even for the
small percentage of people diagnosed with local disease
(9%), the 5-year survival is only 26%. More than half
(53%) of the patients are diagnosed at a distant stage, for
which 1- and 5-year survival is 15% and 2%, respectively
[5]. Surgical resection remains the only potentially curative
treatment strategy for patients with resectable pancreatic
cancer [6]. The local failure rates are high (50-86%) despite
resection because of retroperitoneal soft tissue infiltration
in these cancers leading to surgeon’s inability to achieve
wide posterior margins secondary to anatomic constraints
vide superior mesenteric vessels, portal vein and inferior
vena cava [7, 8, 9, 10]. Thus, adjuvant radiation therapy
along with chemotherapy would appear to be a logical
choice for resectable pancreatic cancers [11].

Periampullary carcinomas arise within 2 cm of the
major papilla in the duodenum and encompass malignancies
arising from the ampulla of Vater, intrapancreatic distal bile
duct, duodenal tumours (usually the second part) involving
the papilla and tumours of the head and uncinate process
of the pancreas involving the ampulla [1]. They constitute
30% of malignant tumours that arise from the pancreatic
head region [2]. They display unique characteristics due
to their site specific origin and are a separate entity from
the classical adenocarcinoma of the pancreatic head.
Periampullary adenocarcinomas carry a better prognosis
than adenocarcinoma of the pancreatic head [3].

Pancreatic cancer is currently the fourth leading cause
of cancer death in the United States, and is anticipated to
become the second by 2020 [4]. In 2015, an estimated

48,960 people are expected to be diagnosed with
pancreatic cancer in the United States, and approximately
40,560 were expected to die from the disease [5].
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The role of radiotherapy in pancreatic cancers in the
adjuvant setting remains controversial. This is because;
two decades ago, though the Gastrointestinal Tumour
Study Group (GITSG) reported a survival benefit in patients
treated with 5-fluorouracil (5-FU) and radiotherapy
compared with radiotherapy alone [12]; the EORTC [13]
trial reported otherwise. Subsequently the ECOG trial did
demonstrate a survival benefit in patients treated with
concurrent gemcitabine and radiation compared with
gemcitabine alone [14].

For unresectable or borderline resectable pancreatic
cancer, chemoradiotherapy remains a considerable
option for treatment [15] as local progression rates range
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from 38% to 55% [15, 16, 17]. Improved local control is
crucial because of the potential for obstruction and pain
associated with local progression. Furthermore, the need
for improved local control may become more apparent as
systemic modalities improve.

Radiotherapy in pancreatic carcinomas is a complex
job considering the volumes that need to be treated.
With conventional radiotherapy; acute toxicity and late
complication rates were high due to close proximity of
surrounding critical structures like spinal cord, stomach,
duodenum, liver, gut and others. Radio biologically
suboptimal radiation doses were rendered to overcome
the limitations in delivery systems proving to be of
inconsequential benefit. Modern radiotherapy using
multifield conformal radiotherapy helps to minimise
the dose to most of these organs leading to reduction in
treatment related morbidity, thus permitting delivery of
higher external beam radiation doses than were previously
possible [18, 20, 21].

With the development of an advanced form of 3D
Conformal Radiotherapy (3DCRT), intensity-modulated
radiotherapy (IMRT) can improve radiation plan quality by
using an inverse planning algorithm to generate complex
spatial dose distributions to conform more closely to the
target volume. In recent years, Rapid Arc (RA) plans have
improved the time efficiency of dose delivery and produced
highly conformal dose distribution by changing treatment
apertures (defined by dynamic multiple leaf collimators)
and a modulated dose rate [22].

Poonetal.[23] havereported a significantimprovement
in sparing organs at risk (OARs) and better conformity
using RA compared with IMRT.

The purpose of this study was to compare the dosimetric
parameters of RA, IMRT, and 3DCRT plans for pancreatic
and periampullary carcinomas and the doses received by
the OARs.

MATERIALS AND METHODS
Samples

A total of 15 patients with nonmetastatic resected or
unresectable periampullary and pancreatic head cancers
who received radiotherapy; with or without chemotherapy
between May 2013 and September 2014 were included
in the present study. All patients had a confirmed
histopathology, were referred for either adjuvant or
radical radiotherapy. Patients were staged according to
the American Joint Committee on Cancer staging system
(7th edition) [24]. All patients were immobilized in a
supine position, with arms above the head using the
whole body SecureVac immobilisation system. Contrast
enhanced; both oral (negative contrast) and intravenous, 3
mm planning scans were acquired from carina to iliac crest
using a multislice CT scanner (Philips Medical Systems).
Respiratory control and abdominal compression were
not employed. Following simulation, the CT images were
exported to the eclipse (version 9.2) radiation treatment
planning system (Varian Medical Systems). RTOG

contouring guidelines [25], were used to delineate the
clinical target volume (CTV) which included the tumour
bed, pancreaticojejunostmy and or choledochojejunostomy
in post-operative cases or gross tumour with 3cm margin
within the body of pancreas in inoperable cases. Lymph
nodal stations included were para-aortic, celiac axis,
superior mesenteric, common hepatic, porta hepatis and
peri-pancreatic. For cases with gross tumour; inferior
pyloric and hepatoduodenal lymph nodal stations were
incorporated following the recommendations by Caravatta
[26]. The CTV to PTV expansion was typically 7 mm to
account for daily setup error and organ motion. Normal
structure contouring included the spinal cord, liver, bowel
bag, stomach, duodenum, and kidneys. All the contours
were drawn by the same Radiation Oncologist.

Planning

For each patient, 3DCRT plans used one anterior
and two lateral fields. The IMRT plans were computed
with multiple fixed gantries sliding window technique.
An anisotropic analytical algorithm was used for dose
computation with a dose calculation grid of 2.5 mm?
5/7fields were used to generate the IMRT plans. Two
simultaneously optimized volumetric partial arcs were
used for RA and all plans were done on Eclipse treatment
planning system (version 11.0.42). The dose prescribed
was 50.4 Gy in 28 fractions over 5 weeks in all the cases.

6 MV was used to generate all plans. For the PTV, the
Conformity Index (CI) [(VDP) PTV/ (VDP) BODY] and
Homogeneity index (HI) [D5%/D95%] was computed.
Doses to OARs were analysed. The planning objective
was to achieve >95% coverage to >95% of the Planning
Target Volume (PTV) while meeting the normal-tissue
dose constraints. Monitor units (MUs) delivered; beam-on-
times (BOT) and treatment times were compared.

Statistical Analysis

Data entry was done in SPSS software, version 20.0
(SPSS, Inc., Chicago, IL, USA) and all data are presented
as the mean * standard error of mean. Paired t test was
performed to compare means and P<0.05(two -sided) was
considered to indicate a statistically significant difference.

RESULTS
Patient Characteristics

The characteristics of patients are summarized in
Table 1. There were 9 males and 6 females, and their
median age was 54 years (range, 40-70 years). The mean
PTV was (508.34+21.29) cm? (range, 345.11-653.85 cm?).
Table 2 enumerates the PTV volumes of all the patients.

Target Coverage, Dose Homogeneity and Confor-
mity

The coverage of PTVs of the three plans was evaluated
by Dmax, Dmean, Dmin, HI and CI. The mean Dmax, Dmean
and Dmin doses for RA, IMRT and 3DCRT are enumerated
in Tables 3, 4. 3DCRT generated higher max and min doses
in PTV; mean doses were higher in RA compared to IMRT
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Table 1. Patient characteristics.

Parameters Patients, N (%)
Gender

Male 9(60)
Female 6(40)

T classification

T1 0(0)

T2 2(13.33)
T3 8(53.33)
T4 5(33.33)
Nodal Status

Node negative 2(13.33)
Node positive 5(33.33)
Unknown 8
Surgery

Total pancreatectomy 1(6.66)
Whipple's resection 8(53.33)
Borderline resectable 1(6.67)
Inoperable 5(33.33)

Table 2. Planning Target Volumes (PTVs) of all the patients.

Patients PTV Volumes(cc)
2 515.92
3 497.22
4 467.59
5 653.85
6 468.67
7 529.74
8 472.31
9 480.12
10 345.11
11 570.35
12 595.8
13 541.3
14 612.41
15 374.14

or 3DCRT. RA and IMRT plans had excellent coverage of
the PTV with atleast 95% of the PTV receiving =2 95% of the
prescribed dose. The conformity was better in RA (0.98);
homogeneity was better in IMRT (1.04); 3DCRT plans had
significantly inferior CI (0.75) and HI (1.09).

OARs
Kidneys

The mean dose of the right kidney was low in RA
and IMRT compared to 3DCRT though not statistically
significant. The mean doses of left kidney were comparable
in all the three plans. For the low-dose region, V10 Gy
of right kidney was lowered in RA and IMRT compared
to 3DCRT though not statistically significant. V10 Gy of
left kidney were almost equivalent in all the three plans.
V20 Gy of right kidney was significantly decreased in
RA compared to IMRT (p=0.040) and 3DCRT (p=0.006),
whereas for left kidney it was significantly lessened in RA
compared to 3DCRT (p= 0.02) only. V30 Gy doses of right
kidney were comparable between RA and IMRT but were
significantly lessened in comparison to 3DCRT (p=<.001).
For the left kidney V30 Gy though; RA attained doses much
less than IMRT (p=0.035) and 3DCRT (p=0.001); the dose
difference between IMRT and 3DCRT was significant too

(p=0.002).
Liver

3DCRT obtained the highest high-dose distribution
in the liver compared to IMRT and RA. The difference in
means between RA and IMRT, IMRT and 3DCRT, 3DCRT
and RA were statistically significant (p<0.001). For V10
Gymean, the difference in dose between RA and 3DCRT
were statistically significant (p=0.007). There was
significant reduction of V20 Gymean and V30 Gymean
of liver in RA plans (p=.003, p-.019) compared to IMRT
(p=0.003, p=0.001) or 3DCRT (p<0.001, p<0.001). The
difference in doses between IMRT and 3DCRT were also
statistically significant (p=0.019, p<0.001).

Stomach, Duodenum, Gut and Spinal cord

The max dose in stomach was higher in 3DCRT than RA
and was the least in IMRT; the difference in doses between
them being statistically significant (RA vs. IMRT; p<0.001,
IMRT vs. 3DCRT; p<0.001, 3DCRT vs. RA; p=0.004). The
mean dose was higher in 3DCRT (20.60+1.67) compared
to RA (16.77+£1.30)/IMRT (17.18+1.19); where the doses
were comparable. Data for duodenum was obtained for
12 patients only as the rest had duodenal involvement.
Both max and mean doses to duodenum were comparable
among the three plans. The mean dose received by gut was
higher in 3DCRT compared to IMRT/ 3DCRT (p<0.001).
Considering the meanV45 Gy doses, 3DCRT attained
higher dose distribution than IMRT/RA (p<0.001).Spinal
cord max doses were actually lower in 3DCRT compared
to IMRT / RA (P<0.001).

Monitor Units, and Delivery Time

The MUs delivered in RA (474) could be significantly
reduced from IMRT (727, p<0.001). MUs delivered in
3DCRT though were considerably lower (276). Though
mean beam -on times were higher for RA (1.60 mins) than
IMRT (1.13 mins), mean treatment times were actually
longer in IMRT (4 mins) than RA (2mins).

DISCUSSION

Table 3. OARs dose constraints.

OARs Prescribed dose limit
Spinal Cord

Dmax <40 Gy
Liver

V30 <30%
Kidney

V13 <50%
V18 <33%
Small Intestine

Dmax <50 Gy
V50 <10%
V45 <15%
Duodenum

Dmax <50 Gy
V50 <10%

Vn, percentage of volume receiving at least x Gy
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Table 4. Organs at risk (OARs) DVH mean parameters and t-test comparisons for the 3 different treatment planning techniques.

Organs Dose/Volume( + SE) ttest

PTV RA IMRT 3DCRT RA vs. IMRT IMRT vs. 3DCRT 3DCRT vs. RA
Dmax (Gy) 53.68+0.15 51.86+0.15 54.02+0.14 <0.001 <0.001 0.051
Dmean (Gy) 50.58+0.04 49.73+0.08 50.30+0.06 <0.001 <0.001 0.001
Dmin (Gy) 41.99+0.15 40.63+0.48 43.68+0.41 0.005 <0.001 <0.001
CI 0.98+0.00 0.95+0.00 0.75+0.01 0.002 <0.001 <0.001
HI 1.05+0.00 1.04+0.00 1.09£0.00 0.011 <0.001 <0.001
Right Kidney

Dmean (Gy) 11.92+0.61 12.48+0.90 17.27+£2.43 0.331 0.102 0.055
V10 (%) 50.29+4.72 50.27+5.15 58.93+5.30 0.996 0.099 0.112
V20 (%) 13.48+1.57 20.25+3.11 21.75+2.29 0.040 0.599 0.006
V30 (%) 3.91+0.83 5.29+1.04 12.91£1.40 0.116 <0.001 <0.001
Left Kidney

Dmean (Gy) 11.61£0.76 11.41+0.94 11.78+1.13 0.735 0.625 0.850
V10 (%) 49.54+5.85 46.45+6.11 45.46+5.39 0.606 0.865 0.561
V20 (%) 11.79+£2.40 14.73+2.59 17.71+£2.62 0.196 0.181 0.021
V30 (%) 2.70+0.65 4.02+0.98 10.87+2.23 0.035 0.002 0.001
Liver

Dmean (Gy) 15.27+0.64 16.22+0.69 19.22+0.66 <0.001 <0.001 <0.001
V10 (%) 47.06+2.16 49.99+1.69 51.81+£1.92 0.091 0.053 0.007
V20 (%) 32.57+1.86 38.41+1.98 41.40+1.65 0.003 0.019 <0.001
V30 (%) 18.62+1.63 22.07+1.72 37.66+2.63 0.001 <0.001 <0.001
Stomach

Dmax (Gy) 52.09+0.30 50.76+0.27 53.62+0.23 <0.001 <0.001 0.004
Dmean (Gy) 16.77£1.30 17.18+1.19 20.60+1.67 0.604 0.001 0.004
Duodenum

Dmax (Gy) 51.75+0.39 50.29+0.33 51.10+0.86 0.242 0.281 0.314
Dmean (Gy) 40.65+2.55 40.21+2.69 43.47+2.89 0.357 0.076 0.062
GUT

Dmean (Gy) 17.81£1.57 17.28+1.44 22.33+1.82 0.051 <0.001 <0.001
V45 (Gy) 5.36%1.34 5.45+1.29 9.39+1.77 0.583 <0.001 <0.001
Spinal Cord

Dmax (Gy) 27.62+1.32 28.12+1.53 16.46+0.88 0.638 <0.001 <0.001
MUs 474+9.67 727+34.89 276+2.90 <0.001 <0.001 <0.001
Time 1.60£0.06 1.13+£0.04 0.70+0.10 <0.001 <0.001 <0.001

The primary benefit of IMRT over 3DCRT treatment
planning as we know today is its ability to generate highly
conformal treatment plans, which can theoretically deliver
a high tumour dose while sparing the surrounding critical
organs. IMRT has proved to be worthwhile in prostate
cancer as it has facilitated dose escalation thereby
increasing biochemical relapse free survival rates [27].
Toxicity profiles have improved vastly in head and neck
cancers with IMRT [28, 29].

IMRT may prove to be valuable in pancreatic cancers
as it may limit treatment-related toxicity and provide
ample scope for dose escalation given the historically poor
survival outcomes in this disease. One of the major goals of
treatment would be optimizing quality of life in addition to
maximizing tumour control.

Several studies have looked at IMRT plans in pancreatic
cancers and found them superior to 3DCRT in reducing the
mean doses to the organs at risk [30, 31]. Milano et al. [32]
published a dosimetric comparison of 3DCRT and IMRT
in 25 patients of pancreatic and bile duct malignancies
with CTV encompassing the draining lymphatics; IMRT
reduced the mean doses in all critical structures with a
statistically significant reduction in mean doses only for

the right kidney and small bowel; the differences were
greater when considering volumes receiving more than
the threshold doses (30 Gy for liver and small bowel, 22 Gy
for right kidney).

Dosimetric parameters of VMAT plans in pancreatic
cancers have been enumerated in some studies. Eppinga et
al. [33] in his study compared IMRT with RA in 11 patients
of advanced pancreatic cancer with doses prescribed to
50.4 Gy. They reported a superior mean CI and improved
organ sparing with the VMAT plan. Ali et al. [34] in his
study compared the VMAT plans with 7-field IMRT plans
in 10 patients with advanced pancreatic cancer with total
prescribed doses ranging from 48.7 to 55.8 Gy. The study
failed to detect any statistically significant difference
between Cls of the VMAT plans versus the IMRT plans.

A similar dosimetric analysis was performed by Veillot et
al. [35] in 21 patients of pancreatic/bile duct malignancies
who were prescribed 50.4 Gy at 1.8 Gy per fraction over 5
weeks. RA was shown to be superior to 3DCRT in terms of
OARs sparing except for contralateral kidney. Mean dose to
bowel and homolateral kidney was reduced in RA but 3D-CRT
significantly reduced contralateral kidney mean dose.

Besides the dosimetric advantages of VMAT in
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comparison with IMRT or 3D-CRT, there is also marked
reduction in overall treatment time with VMAT. Several
studies have reported significant craniocaudal movement
of the pancreas secondary to active respiration; Bussels et
al. [36] in his study of respiration-induced centre of mass
movement of the upper abdominal organs; assessed 12
patients using dynamic magnetic resonance imaging. He
noted largest movements for liver and pancreas; which
was an average of 24.4 and 23.7 mm in the craniocaudal
direction. Abdominal compression, respiratory-gating, and
breath-hold techniques have been widely used to take into
account for this organ motion. Diminished treatment times
with VMAT may serve a greater purpose for patients facing
discomfort with abdominal compression or increased
treatment time secondary to respiratory-gating or breath-
hold techniques.

Traditionally radiation doses of 45 to 50.4 Gy have
been used in studies considering dose limiting toxicity of
surrounding normal structures [37]. However with more
conformal VMAT /Rapid arc plans and reduction in PTV
margins using 4DCT simulation and daily image guided
radiotherapy delivery; dose escalation may seem feasible.
Sangalli et al. [38] conducted a comparative study between
3DCRT and Helical Tomotherapy (HT) using 4DCT in
15 patients of unresectable pancreatic cancer with a
prescription dose of 60 Gy. The 4D-PTVs were smaller than
standard-PTVs with a volume reduction equal to 37%.
3DCRT plans on 4D-PTV showed a significant sparing of
most OARs, the use of IMRT allowed a further significant
dose reduction. Nabavizadeh et al. [39] did a planning
study comparing 3DCRT, IMRT, and VMAT in 20 patients
of pancreatic cancer. Dose prescribed was 45 Gy in 25
fractions to a large field followed by a reduced volume
8-fraction boost to 59.4 Gy. VMAT delivery time was less
than 3 minutes compared with 8 minutes for IMRT. They
concluded that dose escalation to 59.4 Gy in pancreatic
cancer was dosimetrically feasible with shorter treatment
times and with fewer MUs delivered. Another study by Bahl
et al. [40] comparing 3D vs. IMRT concluded that doses to
bowel bag, liver and kidneys were significantly reduced
using IMRT leaving ample scope for dose escalation. A
more recent study has also looked into the advantage of
proton therapy in the treatment of these tumours [41].

This study was done with a view to compare dosimetric
parameters of 3DCRT, IMRT and RA plans. We obtained a
better conformity and homogeneity with RA compared to
IMRT and 3DCRT. There was not much difference in doses
of the contralateral kidney in any of the three plans. Mean
dose to the homolateral kidney could be reduced in RA
though not significantly; V20 Gy and V30 Gy though were
lessened considerably. Mean dose to liver was significantly
reduced in RA compared to IMRT /3DCRT. V20 Gy and
V30 Gy means could also be decreased with RA. Max and
mean doses to stomach, mean dose and V45 Gy of gut were
lowered with RA. Spinal cord doses though were less with
3DCRT. MUs were significantly lower in RA compared to
IMRT with lesser delivery times in RA.

Drawbacks of the study include fewer numbers of
patients and heterogeneous population which included
both adjuvant and radical cases. The volumes for radical
cases tended to be larger and also the peri-ampullary cases
had duodenum involvement; which could not be included
for estimating doses to duodenum. 4DCT was not used for
simulation and no techniques were employed (abdominal
compression, respiratory gating) to take into account
respiratory excursion of pancreas.

CONCLUSIONS

Conventional radiotherapy protocols have treated
pancreatic and periampullary cancers with doses ranging
from 40 to 50.4 Gy. Few recent trials have addressed the
issue of dose escalation. Our results show that with a
commonly used dose schedule of 50.4 Gy in 28 fractions
the dose to the OARs is reduced in RA compared to IMRT
or 3DCRT; with significant differences in doses received
in liver, gut and homolateral kidney. The profile of doses
received by OARs leaves ample scope for dose escalation in
postoperative or radical cases using IMRT or RA.

Conflict-of-interest

The authors have no conflict of interest to declare.

References

1. Rattner DW, Warshaw AL. Disorders of the duodenal ampullae. In:
Zinner MJ, Schwartz SI, Ellis H, editors. Maingot's Abdominal Operations.
USA: Appleton and Lange; 1997. 1755-1750.

2. Pancreatic Cancer India. http://www.pancreaticcancerindia.com/
files/hp/periampullary_tumors.html

3. Jagannath P, Shrikhande S. Current options in the diagnosis and
management of periampullary carcinoma. Indian J Surg 2003; 65:347-53.

4. The alarming rise of pancreatic cancer deaths in the United states:
Why we need to stem the tide today. https://www.pancan.org/
wpcontent/uploads/2013/01/incidence_report_2012.pdf

5. Cancer facts and figures 2015, http://www.cancer.org/acs/groups/
content/@editorial/documents/document/acspc-044552.pdf

6. Sohn TA, Yeo C], Cameron JL, Koniaris L, Kaushal S, Abrams RA, Sauter
PK, et al. Resected adenocarcinoma of the pancreas- 616 patients: results,
outcomes and prognostic indicators. ] Gastrointest Surg 2000; 4:567-579.
[PMID: 11307091]

7. Tepper ], Nardi G, Suitt H. Carcinoma of the pancreas: review of
MGH experience from 1963 to 1973. Analysis of surgical failure and
implications for radiation therapy. Cancer 1976; 37:1519-1524. [PMID:
1260670]

8. Griffin JF, Smalley SR, Jewell W, Paradelo JC, Reymond RD, Hassanein
RE, Evans RG. Patterns of failure after curative resection of pancreatic
carcinoma. Cancer 1990; 66:56-61. [PMID: 2354408]

9. Whittingtim R, Bryer MP, Haller DG et al. Adjuvant therapy of
resected adenocarcinoma of the pancreas. Int ] Radiat Oncol Biol Phys
1991; 21:1137-1143. [PMID: 1938511]

10. Ozabi H. Improvement of pancreatic cancer treatment from the
Japanese experience in the 1980s. Int ] Pancreatol 1992; 12:5-9. [PMID:
1527450]

11. Backlund DC, Berlin ]JD, Parikh AA. Update on adjuvant trials for
pancreatic cancer. Surg Oncol Clin N Am 2010; 19:391-409. [PMID:
20159521]

JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 17 No. 5 - Sep 2016. [ISSN 1590-8577] 470



JOP. ] Pancreas (Online) 2016 Sep 08; 17(5):466-471.

12. Kalser MH, Ellenberg SS. Pancreatic cancer. Adjuvant combined
radiation and chemotherapy following curative resection. Arch Surg
1985; 120: 899-903. [PMID: 4015380]

13. Klinkenbijl JH, Jeekel ], Sahmoud T, van Pel R, Couvreur ML, Veenhof
CH, Arnaud JP, et al. Adjuvant radiotherapy and 5-fluorouracil after
curative resection of cancer of the pancreas and periampullary region.
Ann Surg 1999; 230:776. [PMID: 10615932]

14. Loehrer PJ Sr, Feng Y, Cardenes H, Wagner L, Brell JM, Cella D, Flynn
P, et al. Gemcitabine alone versus gemcitabine plus radiotherapy in
patients with locally advanced pancreatic cancer: an Eastern Cooperative
Oncology Group trial. ] Clin Oncol 2011; 29:4105-12. [PMID: ]

15. Gastrointestinal Tumor Study Group. Treatment of locally
unresectable carcinoma of the pancreas: comparison of combined
modality therapy (chemotherapy plus radiotherapy) to chemotherapy
alone. ] Natl Cancer Inst 1988; 80:751-5. [PMID: 2898536]

16. Klaassen D], Maclntyre JM, Catton GE, Engstrom PF, Moertel CG.
Treatment of locally unresectable cancer of the stomach and pancreas:
a randomized comparison of 5-fluorouracil alone with radiation plus
concurrent and maintenance 5-fluorouracil- -an Eastern Cooperative
Oncology Group study. ] Clin Oncol 1985; 3:373-8. [PMID: 3973648]

17. Philip PA, Benedetti ], Corless CL, Wong R, O'Reilly EM, Flynn
PJ, Rowland KM, et al. Phase IIl study comparing gemcitabine plus
cetuximab versus gemcitabine in patients with advanced pancreatic
adenocarcinoma: Southwest Oncology Group-directed intergroup trial
$0205. ] Clin Oncol 2010; 28:3605-10. [PMID: 20606093]

18. Higgins PD, Sohn JW, Fine RM, Schell MC. Three-dimensional
conformal pancreas treatment: comparison of four to six field techniques.
Int ] Radiat Oncol Biol Phys 1995; 31:605-609. [PMID: 7852126]

19. Ceha HM, van Tienhoven G, Gouma D], Veenhof CH, Schneider
CJ, Rauws EA, et al. Feasibility and efficacy of high dose conformal
radiotherapy for patients with locally advanced pancreatic carcinoma.
Cancer 2000; 89: 2222-2229. [PMID: 11147592]

20. Fine RM, Elshaikh MA, Pelley R. Treatment outcome of 3D non-
coplanar conformal radiotherapy and 5-FU for resected pancreatic
cancer. Int ] Radiat Oncol Biol Phys 2001; 51:269.

21. Regine WF, Abrams R. Adjuvant therapy for pancreatic cancer: back to
the future. Int ] Radiat Oncol Biol Phys 1998; 42:59-63. [PMID: 9747820]

22. Otto K. Volumetric modulated arc therapy: IMRT in a single gantry
arc. Med Phys 2008, 35:310-317. [PMID: 18293586

23. Poon DM, Kam M, Leung CM, Chau R, Wong S, Lee WY, Wong KC, et
al. Dosimetric advantages and superior treatment delivery efficiency of
Rapid Arc over conventional intensity-modulated radiotherapy in high-
risk prostate cancer involving seminal vesicles and pelvic nodes. Clin
Oncol (R Coll Radiol) 2013, 25:706-12. [PMID: 23954261]

24. Edge SB, Compton CC. The American Joint Committee on Cancer: the
7th edition of the AJCC cancer staging manual and the future of TNM. Ann
Surg Oncol 2010; 17:1471-4. [PMID: 20180029]

25. Consensus panel contouring consensus panel contouring atlas for the
delineation of the clinical target volume in the clinical target volume in
the postoperative treatment of pancreatic cancer. http://www.rtog.org/
LinkClick.aspx?fileticket=CLd1-1PWZek= accessed on 13/5/2014

26. Caravatta L, Sallustio G, Pacelli F, Padula GD, Deodato F, Macchia
G, Massaccesi M, et al. Clinical target volume delineation including
elective nodal irradiation in preoperative and definitive radiotherapy
of pancreatic cancer. Radiation Oncology (London, England) 2012; 7:86.
[PMID: 22691275]

27. Pollack A, Hanlon A, Horwitz EM, Feigenberg S, Uzzo RG, Price RA.
Radiation therapy dose escalation for prostate cancer: A rationale for
IMRT. World ] Urol 2003; 21:200-208. [PMID: 12961097]

28. Lee N, Xia P, Quivey JM, Sultanem K, Poon I, Akazawa C, Akazawa P, et
al. Intensity-modulated radiotherapy in the treatment of nasopharyngeal
carcinoma: An update of the UCSF experience. Int ] Radiat Oncol Biol Phys
2002; 53:12-22. [PMID: 12007936]

29. Eisbruch A, Ten Haken RK, Kim HM, Marsh LH, Ship JA. Dose, volume,
and function relationships in parotid salivary glands following conformal
and intensity-modulated irradiation of head and neck cancer. Int ] Radiat
Oncol Biol Phys 1999; 45:577-587. [PMID: 10524409]

30. Brown MW, Ning H, Arora B, Albert PS, Poggi M, Camphausen K, Citrin
D. A dosimetric analysis of dose escalation using two intensity-modulated
radiation therapy techniques in locally advanced pancreatic carcinoma.
Int ] Radiat Oncol Biol Phys 2006; 65:274-83. [PMID:16618582]

31. Landry JC, Yang GY, Ting ]JY, Staley CA, Torres W, Esiashvili N,
Davis LW. Treatment of pancreatic cancer tumors with intensity-
modulated radiation therapy (IMRT) using the volume at risk approach
(VARA):Employing dose-volume histogram(DVH)and normal tissue
complication probability(NTCP)to evaluate small bowel toxicity. Med
Dosim 2002; 27:121-9. [PMID: 12074463]

32. Milano MT, Chmura SJ, Garofalo MC, Rash C, Roeske JC, Connell
PP, Kwon OH, et al. Intensity-modulated radiotherapy in treatment of
pancreatic and bile duct malignancies: Toxicity and clinical outcome. Int]
Radiat Oncol Biol Phys 2004; 59:445-53. [PMID: 15145161]

33. Eppinga W, Lagerwaard F, Verbakel W, Slotman B, Senan S. Volumetric
modulated arc therapy for advanced pancreatic cancer. Strahlenther
Onkol 2010; 186:382-7. [PMID: 20582394]

34. Ali AN, Dhabaan AH, Jarrio CS, Siddiqi AK, Landry JC. Dosimetric
comparison of volumetric modulated arc therapy and intensity-
modulated radiation therapy for pancreatic malignancies. Med Dosim
2012; 37:271-5. [PMID: 22189026]

35. Vieillot S, Azria D, Riou O, Moscardo CL, Dubois ]JB, Ailleres N,
Fenoglietto P. Bilateral kidney preservation by volumetricmodulated
arc therapy (RapidArc) compared to conventional radiation therapy
(3D-CRT) in pancreatic and bile duct malignancies. Radiat Oncol 2011,
6:147. [PMID: 22040762]

36. Bussels B1, Goethals L, Feron M, Bielen D, Dymarkowski S,
Suetens P, Haustermans K. Respiration-induced movement of the
upper abdominal organs:a pitfall for the three-dimensional conformal
radiation treatment of pancreatic cancer. Radiot Oncol 2003; 68:69-
74. [PMID: 12885454]

37. Morganti AG, Picardi V, Ippolito E, Massaccesi M, Macchia G, Deodato
F, Mattiucci GC, et al. Capecitabine based postoperative accelerated
chemoradiation of pancreatic carcinoma: a dose-escalation study. Acta
Oncol 2010; 49:418-422. [PMID: 20397772]

38. Sangalli G, Passoni P, Cattaneo GM, Broggi S, Bettinardi V, Reni M,
Slim N, et al. Planning design of locally advanced pancreatic carcinoma
using 4DCT and IMRT/IGRT technologies. Acta Oncologica 2011; 50:72-
80. [PMID: 20482224]

39. Nabavizadeh N, Simeonova A, Waller ]G, Romer JL, Monaco DL, Elliott
DA, Tanyi JA, et al. Volumetric-modulated arc radiotherapy for pancreatic
malignancies: Dosimetric comparison with sliding-window intensity-
modulated radiotherapy and 3-dimensional conformal radiotherapy.
Med Dosim 2014; 39:256-60. [PMID: 24857696]

40. Bahl A, Kapoor R, Tomar P, Singh OA, Gupta R, Sharma SC. Dosimetric
comparison of doses to organs at risk using 3-D conformal radiotherapy
versus intensity modulated radiotherapy in postoperative radiotherapy
of periampullary cancers: implications for radiation dose escalation. JOP
2013; 14:39-43. [PMID: 23306333]

41. DingX, DionisiF, Tang S, Ingram M, Hung CY, Prionas E, Lichtenwalner
P, Butterwick I, et al. A comprehensive dosimetric study of pancreatic
cancer treatment using three-dimensional conformal radiation therapy
(3DCRT), intensity-modulated radiation therapy (IMRT), volumetric-
modulated radiation therapy (VMAT), and passive-scattering and
modulated-scanning proton therapy (PT). Med Dosim 2014; 39:139-45.
[PMID: 24661778]

JOP. Journal of the Pancreas - http://pancreas.imedpub.com/ - Vol. 17 No. 5 - Sep 2016. [ISSN 1590-8577] 471



	Bookmark 1

