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Abstract. The purpose of the present study was to propose an
optimized 2D technique (2D-conformal) for radiotherapy (RT)
of pancreatic cancer (CaP). This technique is based on double
simulation which resolves the problems of radiographic image
distortion. Five patients with locally advanced CaP were identi-
fiedandenrolled. Treatment planning was simulated in 3 different
ways: Two dimensional-standard (2D-SRT), 2D-conformal
(2D-CRT), and three dimensional-conformal (3D-CRT) tech-
niques for 10 MV LINAC. Simulation for a cobalt machine was
also performed using only the 2D techniques. 2D-SRT tech-
nique was planned with fields definition based on anatomical
landmarks (bone and duodenum). 3D-CRT was planned with
standard virtual simulation technique, and 3D dose evaluation
and optimization. 2D-CRT technique was based on manual
information transfer from a diagnostic CT-scan to simulation
radiograms. To eliminate the X-ray image distortion, a double
simulation was employed and the profile of the GTV was delin-
eated on radiographs bearing the simulator isocenter into the
target center. Concerning target irradiation of either LINAC (10
MYV) or cobalt source, the PTV constraints (ICRU 62) were
met in all patients (D,,;,>95%, D,,.. <107%) with all techniques
(2D-SRT, 3D-CRT, 2D-CRT). For organs at risk irradiation, in
terms of D, to both duodenum and spinal cord, similar results
were recorded with all techniques using the LINAC (10 MV).
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Liver and kidneys D,,.,, gradually improved from 2D-SRT to
2D-CRT and 3D-CRT. The 2D-CRT compared to 2D-SRT
technique, halved the average dose to the liver and reduced
to about 1/3 the average dose to the kidneys. With the cobalt
source, using the 2D-CRT produced a reduction of D,,,, to the
kidneys (median from 30.7 to 16.9%) and liver (median from
33.4 to 22.3%) compared to 2D-SRT. This analysis showed
better planning results in RT treatment of CaP while using a
2D-CRT compared to 2D-SRT technique and therefore pres-
ents an example for optimized 2D RT use.

Introduction

Three-dimensional conformal radiotherapy (3D-CRT) has
gradually developed and spread since the 90s. Currently
this technique is the standard radiotherapy (RT) treatment
in many centers worldwide. It is based on virtual simulation
and requires three-dimensional treatment planning systems
(3D-TPS) and linear accelerators equipped with multileaf
collimators (MCLs) (1).

In several RT centers, especially in developing countries,
3D-CRT is not available and 2D-RT is still the only used tech-
nique (2). In 2014 an estimation of over 10,846 high-energy RT
machines operating showed that 2,386 were still represented
by cobalt units (3).

RT of pancreatic cancer (CaP) has been tested in recent
decades in different settings (neoadjuvant, adjuvant, and
palliative treatment) and nowadays is considered as a thera-
peutic option for CaP (4). However, RT in CaP is currently less
used in developing countries due to technological limitations.
In fact, in these centers RT fields are still planned with conven-
tional simulators or a C-arm X-ray unit and the treatments are
frequently delivered with cobalt machines. A precise targeting
of CaP is difficult because these tumors are not visible on
plain radiographs. In addition, 2D-RT is not able to produce
an optimal and homogeneous dose distributions. This issue is
particularly relevant in CaP, considering several organs at risk
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(OARs) such as spinal cord, duodenum, liver and kidneys that
surround the pancreas.

Currently with the diffuse use of computerized tomog-
raphy (CT) images now available in almost all centers and the
conventional X-ray images produced by a simulator equipment.
Therefore, theoretically we could hypothesis conformation of
treatment fields by combination of extrapolated radiological
information from the available images.

Based on these premises, the objective of this analysis was
to propose an optimized planning technique for CaP. This
technique is based on double simulation which resolves the
problems of radiographic image distortion.

Materials and methods

Patients. In our center, 5 patients (2 female, 3 male) with
locally advanced pancreatic head cancer undergoing RT treat-
ment, aged 46 to75 years and with median body mass index
of 23 (range: 21-29) were identified. Patients written informed
consent for the use of their data and CT images to perform this
analysis was sought prior. The Institutional Ethical Committee
Board of High Technology Center for Research and Education
(Campobasso, Italy) approved the study. Treatment planning
was performed with 3 different methods: Standard two-dimen-
sional (2D-SRT), three-dimensional-conformal (3D-CRT) and
2D-conformal (2D-CRT). In Table I, the characteristics of the
3 planning techniques are briefly summarized.

2D-SRT. Based on our previous analysis (5), a box-technique
based on standard fields was tested. In short, the treatment was
planned as follows: i) Standard fields were placed in reference
to anatomical structures visible on X-ray images (vertebrae
and the duodenum. The latter was opacified at the time of
simulation with oral contrast medium; ii) fields sizes were
adapted according to the beam energy as shown in Table II
(Fig. 1A and B).

3D-CRT.Irradiation treatment plans were generated according
to the standard processes of CT-simulation, target defini-
tion, and optimization of 3D dose distribution by using Dose
Volume Histograms (DVHs) for Planning Target Volume
(PTV) and Organs at Risk (OARs). Dose prescription was
based on ICRU 62 indications (6).

2D-CRT. With correct patients' alignment in supine position,
conventional simulation was performed. For anterior-posterior
(AP) radiographs, the centering point was on the posterior
end of the L1 spinous process [defined as point A] (Fig. 1C).
Lateral view (LL) radiographs had their center at the same
anatomical landmark (Fig. 1D).

CT scans with the patient in the same position for treat-
ment reproducibility were performed (Table I), extending from
T9 to L5 with an interval between scans of 5 mm. CT images
were printed with a scale indicator display. The tumor had
to be identified on all scans where it was visible. The scan
displaying the center (in cranio-caudal direction) of the tumor
was identified. The geometric center of the tumor [defined as
the center of the rectangle circumscribing the visible tumor
mass] (Fig. 2A) was indicated on this scan. This point was
defined as point B.
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Then, the distance in 3 dimensions (X, y, z) between point A
and point B was calculated: i) The distance of point B from the
center of the lumbar spine was measured, which corresponds
to the lateral distance from point B to point A, if the patient
is correctly aligned (distance x, Fig. 2B); ii) the cranio-caudal
distance was calculated as the distance between the level of
the scan in which point A and B were visible (distance y);
iii) the antero-posterior distance was defined by measuring
the distance between point A and B from the CT bed and then
calculating their relative difference (distance z, Fig. 2C and D);.

Another simulation was then performed. Using the
distances between point A and point B, the simulator table/bed
with the patient was moved to align point B (center of the
target) with the simulator isocenter. Two new X-rays centered
at point B, one in the anterior-posterior projection and the
other in lateral projection, were taken (Fig. 3A and B).

In consideration of the magnification factor, the Gross Tumor
Volume (GTV) profiles at different scan levels were manually
drawn (Fig. 3A and B). This profile defined GTV/Clinical Target
Volume (CTV). Furthermore, PTV margins definition (14 mm
cranial caudal direction and 11 mm in the radial direction,
Fig. 3A and B) were added to the CTV. Another, margin of
10 mm to account for any inaccuracies in the profiles transfer
from the CT images to the simulation radiographs was added to
the PTV (Fig. 3A and B). The irradiation fields were obtained
by adding an extra margin of 10 mm in cranio-caudal direction
and 5 mm in the radial direction. Finally, a 2D dose distribution
optimization was realized at the isocenter level only.

Comparison. Using a 3D TPS (Masterplan, Nucletron BV,
Veenendaal, The Netherlands), 3D dose distributions and
DVHs achieved with the 3 different treatment techniques were
calculated using 10 MV photons beams. For 2D techniques,
calculation of the dose distribution by a cobalt source was
also performed. Finally, compliance with the dose-volume
constraints (QUANTEC) obtained with the 3 different tech-
niques were evaluated (7). This evaluation was performed
by calculating a set of parameters for the main OARs and
assuming two different PTV dose prescriptions (30 Gy in
3 Gy/fraction and 50 Gy in 2 Gy/fraction).

Results

Target irradiation. Using the 10 MV beam, the ICRU 62 indi-
cations were achieved in all patients (D,,;, >95%, D,,,., <107%)
with all techniques (SRT-2D, 3D-CRT, CRT-2D) (Table III).

Using the cobalt source, both 2D techniques achieved PTV
D,.in <95% and PTV D,,,, <107% in all patients. However, a
dose >95% of the prescribed was administered to >95% of the
PTV (Vysq >95%) in all patients (Table III).

OAR irradiation. Using the 10 MV beams, the duodenum and
spinal cord D,,,, were substantially similar using the 3 treat-
ment techniques. In terms of liver and kidneys D,,..,,,, there was
a gradual improvement from 2D-SRT, 2D-CRT, and 3D-CRT
technique. Furthermore, 2D-CRT, compared with 2D-SRT,
halved liver D,,.,, and reduced to approximately 1/3 the kidney
D,,ean (Table TII).

Using the cobalt 60 source beams, similar results in terms
of spinal cord and duodenum D,,,, with both 2D techniques
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Table I. Fields definition for standard 2D radiotherapy.
Fields Margin Reference points and directions Co60 10 MV
Anterior- Cranial From point A (middle of T11 vertebra): caudally 0 5
Posterior Caudal From point B (bottom of the duodenal wall): caudally 15 10
Right From point C (most external point of the duodenum): laterally 10 8
Left From point D (left margin of L1 vertebra): laterally 15 13
Same as anterior-posterior
Lateral Cranial Same as anterior-posterior 0 5
Caudal Same as anterior-posterior 15 10
Anterior From point E (anterior surface of L1 vertebra): anteriorly 95 93
Posterior From point E (anterior surface of L1 vertebra): posteriorly 20 18

Reported measurements represent minimal individual field margins needed to respect the PTV constraint Dmin >90%. Measurements are

expressed in millimetres. '°PTV, planning target volume.

Table II. Planning characteristics.

Characteristics 2D-SRT 2D-CRT 3D-CRT
Standard With fields definition With fields definition based on Not performed
simulation based on bony landmarks manual reconstruction of the
and duodenum target shape, dimension and position
CT scan Not performed T9-15; 5 mm scan interval CT-simulation; T9-15; 5 mm
scan interval
Target definition Not defined GTV=tumor; CTV=GTYV; GTV=tumor; CTV=GTYV;

PTV=CTV + 11 mm radially
and 14 in cranio-caudal direction;

PTV=CTV + 11 mm radially and
14 in cranio-caudal direction

further margin of 1 cm added for
potential ‘transfer errors’

Based on anatomical
landmarks

Adapted based on dose
distribution using 2D
TPS (only at isocenter)

Fields margins

Beam weight

Around the PTV: 2 cm

(Cogy), 1.5cm (10 MV)

Adapted based on dose distribution
using 2D TPS (only at isocenter)

Adapted based on dose distribution
using 3D TPS
Adapted based on dose distribution
using 3D TPS

2D-SRT, standard 2D technique; 2D-CRT, optimized 2D conformal technique; 3D-CRT, 3D conformal technique; CT, computer tomography;
GTV, gross tumor volume; CTV, Clinical tumor volume; PTV, planning target volume; TPS, treatment planning system; Cog,, cobalt 60.

were recorded. A marked dose reduction to the kidneys D,,..,.
(from 30.7 to 16.9%) and liver (from 33.4 to 22.3%) were
observed with 2D-CRT.

Dose-volume constraints. Tables IV and V show the results in
terms of irradiation of the OAR, at the two different prescribed
dose levels of 30 and 50 Gy, respectively. The duodenum, spinal
cord and liver dose-volume constraints were always met, for
any prescribed dose and with all used techniques. Regarding
the kidney D,,.., only 10 MV photons with 30 Gy dose met
the constraint in all patients, irrespective of the technique. At
the same dose level, and by using the cobalt 60 source, only
2D-CRT respected the constraint D,.,, <15 Gy in all patients,
while exceeded this limit in one patient using 2D-SRT. Using
the 50 Gy dose with 10 MV energy, 2D-CRT and 3D-CRT

complied in all patients with the kidneys D,,.,, constraint. At
the same dose level, with a cobalt source, neither of the two 2D
techniques achieved a D, ,, <15 Gy in all patients.

Discussion

In the past, different methods for 3D information transfer
from CT scans to simulator X-rays were proposed (8-10).
The interest in these solutions disappeared due to the spread
of 3D-CRT based on CT-simulation, 3D-TPS and MCLs.
However, 2D technology is still the only technique available
in most developing countries. The lack of 3D-CRT in some
centers, limits the use of RT especially in the treatment of
malignancies requiring precision in target definition and
OARs sparing.


https://www.spandidos-publications.com/10.3892/ol.2018.9389
https://www.spandidos-publications.com/10.3892/ol.2018.9389
https://www.spandidos-publications.com/10.3892/ol.2018.9389

5942 BUWENGE et al: 2D-CONFORMAL RT IN PANCREATIC CARCINOMA

Figure 1. 2D standard technique fields and 1st simulation of 2D conformal planning. (A) Antero-posterior irradiation fields used in 2D-standard technique
[cobalt 60 source]; (B) latero-lateral irradiation fields used in 2D-standard technique [cobalt 60 source]; (C) 2D-conformal techniques: The first anteroposte-
rior simulation radiograph centered on L1 spinous process [point A]; (D) 2D-conformal techniques: The first latero-lateral simulation radiograph centered on
L1 spinous process [point A].

Figure 2. CT reference points and measurements for 2D conformal planning. (A) CT image at the tumor center (in cranio-caudal direction). The point B is
defined as the geometric center of the rectangle circumscribing the tumor; (B) measurement of the lateral distance between point B and the center of the lumbar
spine [used as the lateral distance between point A and point B]; (C) measurement of the distance of point A from the couch; (D) measurement of the distance of
point B from the couch. The difference between the two distances was used to define the distance in anterior-posterior direction between point A and point B.
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Table III. Planning results.

A, Cobalt 60 source

Organs at risk Parameter, median (range) 2D-SRT 2D-CRT 3D-CRT
PTV Vose 98.9 (95.3-100.0) 99.6 (95.1-100.0) NE
Vior% 0.0 (0.0-0.0) 0.0 (0.0-0.0) NE
D, ean 99.5 (99.1-100.2) 99.9 (98.4-100.0) NE
Duodenum D,.ux 102.0 (101.2-103.5) 102.3 (64.8-102.4) NE
Liver Dioean 33.4(7.1-49.3) 223 (12.1-27.6) NE
Spinal cord | D2 77.7 (74.8-96.7) 83.9 (81.3-90.4) NE
Kidney D,ean 30.7 (23.3-52.5) 16.9 (9.4-43.9) NE

B, LINAC 10 MV

Organs at risk Parameter, median (range) 2D-SRT 2D-CRT 3D-CRT
PTV Vose 100 (100-100) 100 (100-100) 100 (100-100)

Viora 0 (0-0) 0 (0-0) 0 (0-0)

D,ean 100.8 (100.3-101.3) 100.4 (99.8-100.9) 100.0 (99.4-100.2)
Duodenum D, 103.0 (101.6-104.2) 101.9 (100.5-103.7) 101.2 (100.3-102.6)
Liver D, ean 30.8 (9.7-45.7) 17.3 (3.8-21.9) 11.0 (2.1-16.6)
Spinal cord D,ax 72.8 (67.6-98.1) 71.5 (67.8-72.5) 71.1 (66.5-72.3)
Kidney D,ean 35.6 (20.7-47.6) 10.6 (4.8-21.7) 5.8(2.9-16.2)

Values are expressed as percentages. 2D-SRT, standard 2D technique; 2D-CRT, optimized 2D conformal technique; 3D-CRT, 3D conformal
technique; NE, not evaluated; PTV, planning target volume.

Figure 3. Secimulation of 2D conformal planning. (A) Second simulation: Manual drawing in anterior-posterior of the profile of the GTV (identified as the
CTV) and of the PTV, obtained by adding to CTV a margin of 14 mm in cranio-caudal direction and 11 mm in the radial direction. To the PTV was added an
additional 1 cm margin to account for the transfer error; (B) second simulation: Manual drawing in lateral-lateral direction of the profile of the GTV (identified
as the CTV) and of the PTV, obtained by adding to CTV a margin of 14 mm in cranio-caudal direction and 11 mm in the radial direction. To the PTV was
added an additional 1 cm margin to account for the transfer error.

In a previous study, we observed that with 2D-SRT, In our current study, again CaP was used as a model for an
it is possible to meet the current standard dose-volume optimized irradiation 2D technique (2D-CRT) feasibility for
constraints (7) only by using lower total doses (30-36 Gy) (11).  consistency. The main problem in the transfer of images from
In a subsequent study, we defined the optimal fields size for a CT slice to a simulator radiograph is the radiological image
involved-field irradiation of CaP with 2D-SRT technique (5). distortion depending on the beam projection. In the technique
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Table I'V. Dosimetrical results for Organs at Risk with total prescribed dose of 30 Gy.

A, Cobalt 60 source

Organ Parameter, constraint Standard 2D Optimized 2D Conformal 3D
Duodenum D, <55 30.6 (30.4-31.0) 30.7 (19.4-30.7) NE
Liver D, ean <30 10.2 (2.1-14.8) 6.7 (3.6-8.3) NE
Spinal cord D, <50 23.3 (22.4-29.0) 252 (24.4-27.1) NE
Kidney D,ean <15 9.2 (7.0-15.7) 5.1(2.8-13.2) NE
B,LINAC 10 MV

Organ Parameter, constraint Standard 2D Optimized 2D Conformal 3D
Duodenum D, <55 30.9 (30.5-31.3) 30.6 (30.1-31.1) 30.4 (30.1-30.8)
Liver D, ean <30 9.2(29-13.7) 52(1.1-6.6) 3.3(0.6-4.9)
Spinal cord D, <50 21.8 (20.3-29.4) 21.4(20.3-21.7) 21.3(19.9-21.7)
Kidney Do <15 10.7 (6.2-14.3) 32(1.4-6.5) 1.7 (0.9-4.9)

Median values (range) are expressed in Gray. 2D-SRT, standard 2D technique; 2D-CRT, optimized 2D conformal technique; 3D-CRT,

3D conformal technique; NE, not evaluated.

Table V. Dosimetrical results for Organs at Risk with total prescribed dose of 50 Gy.

A, Cobalt 60 source

Organ Parameter, constraint 2D-SRT 2D-CRT 3D-CRT
Duodenum D, <55 51.0 (50.6-51.7) 51.1(324-51.2) NE

Liver D,pean <30 16.7 (3.5-24.6) 11.1 (6.0-13.8) NE
Spinal cord D, <50 38.8 (37.4-48.3) 419 (40.6-45.2) NE
Kidney D,ean <15 153 (11.6-26.2) 84 (4.7-21.9) NE
B,LINAC 10 MV

Organ Parameter, constraint 2D-SRT 2D-CRT 3D-CRT
Duodenum D, <55 51.5(50.8-52.1) 50.9 (50.2-51.8) 50.6 (50.1-51.3)
Liver D,pean <30 154 (4.8-22.8) 8.6 (1.9-10.9) 5.5(1.0-8.3)
Spinal cord D, <50 36.4 (33.8-49.0) 35.7 (33.9-36.2) 35.5(33.2-36.1)
Kidney Diean <15 17.8 (10.3-23.8) 53(24-10.8) 29(14-8.1)

Median values (range) are expressed in Gray. 2D-SRT, standard 2D technique; 2D-CRT, optimized 2D conformal technique; 3D-CRT,

3D conformal technique.

proposed in this study, this problem is solved by ‘double’ simula-
tion. The GTV is drawn on a second simulated image where the
machine isocentre is placed directly at the center of the target.
This solution eliminates the problems of image distortion.
When we conducted a comparison between 2D-SRT and the
two optimized CT information-based 3D-CRT and 2D-CRT
techniques. The analysis showed that the latter technique
can substantially improve the dosimetric results compared
to 2D-SRT even with ‘standard’ RT doses (50 Gy) by a linear
accelerator. Using a cobalt source, only a reduced dose (30 Gy)

can be delivered by 2D-CRT. However, it should be noted
that these types of accelerated-hypo-fractionated treatments
(30 Gy, 3 Gy/fraction) were successfully used not only for pallia-
tion (12) but also in curative (13) and neoadjuvant (14) treatments.

As expected, the results of 2D-CRT were slightly lower
compared to 3D-CRT. Probably, this difference was partially
due to the additional margin to account for possible inaccura-
cies in the calculation of the distances between point A and
point B (transfer error). In this analysis, to this margin was
arbitrarily assigned a value of 1 cm. Prospective assessments
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on the extent of the ‘transfer error’ could allow an optimiza-
tion of this margin.

It should be emphasized that using 2D-CRT technique is of
utter most importance that the patient is properly aligned. This
allows precise measurement of the distance between point A
and B in the lateral direction.

Unfortunately, to achieve a wide spread of 3D-CRT tech-
nology in all RT centres in the world will require several years
given the economic costs and logistic problems. In the mean-
time, the use of 2D-CRT technique may be useful to improve
the quality of treatments in various anatomical sites even for
centers in low and middle-income countries. Therefore, it
could be useful to assess this method in RT treatment of other
tumors. Furthermore, testing and clinical validation of the
feasibility and reproducibility of this technique in the setting
of developing countries is highly encouraged.

For these reasons, further studies have been planned in our
center to evaluate 2D-CRT in the treatment of prostate cancer
and in palliative treatments of advanced pelvic malignancies.
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