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Introduction 

Pancreatic cancer is tumor originating from the pancreas which is the nutriment tube that goes between the stomach and the 

throat. Pancreatic cancer was the eighth-most common cancer. Treatment of pancreatic is depending on site and the stage of 

tumor, in addition to the general health condition and individual preferences of patient. In maximum conditions, chemotherapy is 

applied with/without radiation treatment in addition to surgical interference. Chemotherapy and radiation therapy may retard the 

growth rate of large size tumors. In case of severe illness or general health of patient not permitted him to perform the surgical 

incision, palliative care is usually suggested for such cases. Radiotherapy is generally administered before, during, or even post 

chemotherapy or surgical operation, and occasionally are given lonely to control the signs of disease. 

 

Inverse planning as Volumetric Modulated Arc Therapy (VMAT) and Intensity Modulated Radiotherapy (IMRT) .In advancing 

scheduling, the planner seats beams into a radiotherapy planning system which are capable to send adequate radiation to 

a tumor whereas, minimizing the dose to healthy tissue and cautious vital organs . The mandatory choices comprise angles of 

delivered and the number of radiation beams used, by lessening the applied wedges , and which Multi-Leaf Collimator (MLC) 

conformation will be practical to shape the radiation from each beam. While In contrary planning of a radiation, oncologist 

outlines a subject's vital organs and tumor, then, a planner administered objective doses and significance reasons for each. At that 

time, an optimization platform is run to discover the plan of treatment which best competitions all the participation parameters. In 
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Abstract  
Objective: The work presented here is the development of the optimal treatment planning for 
each pancreatic cancer patient whatever his or her tumor's complexibility. Specifically, the 
objectives of the work reported here have been as follows; Develop different IMRT and VMAT 
plans and choose the optimal one for the same cases to best dose delivery time , quality  and dose 
avoidance to OAR. Materials and Methods: For each case, after the assessment of all 
constructed plans we construct comparison between the IMRT plan and the VMAT (2 -Arc 
plan) plan by using evaluation tools of treatment plan using treatment planning system eclipse 
and data for Varian linear accelerator model true beam. To date, there have been few papers   
were published reported   the profits of using VMAT matched with IMRT in pancreatic diseased 
subjects. In current study twenty n patients with cancer of pancreases treated with two 
techniques IMRT or VMAT.  Twenty patients were given two arc VMAT (RA) and a 5-field 
IMRT plan and each subject used the same dose, fractionation, organs at risk (OAR) volumes, 
defined tumor volumes, and limitations for optimization algorithms. Results and Discussion: 
The results pointed to statistically significant differences in the planning tumor volume (PTV) 
maximum and mean doses and conformality index (52.7Gy vs. 54.3 Gy; 49.2 Gy vs. 47.86 Gy, 
and 0.98 vs. 0.94, respectively) for VMAT better than IMRT plan. A significant decrease in 
monitor units of VMAT plans versus IMRT plans (1459 vs. 546p < 0.003) was recorded. Also, 
the doses to small bowel, spinal cord and the liver, were analogous among the VMAT and IMRT 
plans. VMAT is preferred   in subjects complaining from pancreatic cancer and matched with 
the advance plan of IMRT. By applying VMAT, dosimetric parameters for all considered 
endpoints were better. Particularly, VMAT lead to huge reduction in monitor units as time for 
treatment session and improved both kidneys dose reduction as the main OAR. Conclusion: 
The delivery respectable efficacy and the superior plan quality of VMAT in matching with both 
VMAT and IMRT may be the favored as the modality for handling pancreases tumor regardless 
tumor size and site. 
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dissimilarity to the manual trial-and-fault procedure of onward planning, converse planning applying the optimizer to resolve 

the Inverse Unruly as designed by the planner. 

 

Aim of the Work 

These two advance techniques (IMRT and VMAT) are used to plan 20pancreatic Cancer (PC) patients who are selected randomly 

for this treatment planning study and different in ages, sex and tumoricidal sites which represented the heterogeneity of clinical 

cases, had been previously planned and treated for cure according to their own doctors' treatment policy. After these practically 

adequate plans were created for all twenty diseased subjects with each of the three treatment regimens, plans are evaluated with 

respect to isodose distributions, Conformity Index (CI), Homogeneity Index (HI) and Gradient Index (GI) dose irradiated to 

critical structures. The quality of the absorbed dose distribution which can be used as a part of optimization procedures  not 

dependent on  both the specifications of the dose homogeneity and dose conformity pendent specifications of. This evaluation was 

done by reviewing dose distribution and by statistical comparison.  

 

Objective  
The work presented here is the development of the optimal treatment planning for each esophageal cancer patient whatever his or 

her tumor's complexibility. Specifically, the objectives of the work reported here have been as follows; 

1. Develop different IMRT & VMAT plans and choose the optimal one for each for the same cases 

2 For each case, after the assessment of all constructed plans we construct comparison between the optimal IMRT plan and the 

ideal VMAT plan by using evaluation tools of treatment plan. 

 

1. Intensity Modulated Radiotherapy technique (IMRT):  

IMRT is a planning technique that gives the opportunity to conform the dose to the target better than three-dimensional conformal 

therapy. It is also called inverse treatment planning because it starts with the desired result (a uniform target dose and zero doses 

to OAR)and works backward toward the incident beam intensities. 

 

2. Volumetric Modulated Arc therapy (VMAT): 

The advantages of applying volumetric modulated arc (VMAT) in the therapy is being a recent radiation method, which can attain 

a good conformal dose disseminations with better coverage of target volume and protecting of normal tissues from injuries in 

comparison with traditional techniques of radiotherapies due to the ability of the machine that can incessantly redesigns and 

changes the strength of the radiation beam as it transports round the body. By this manner it makes the radiotherapy a more 

accurate ,diminished the period of treatment , and diminished the total doses of radiation compared with conventional static field 

intensity modulated radiotherapy (IMRT). [1-3] 

 

 Plan Implementation and Treatment Delivery Verification 

Plan Implementation 

After the designed plan approved by radiation oncologist, it then must be transferred to treatment unit(LINAC) , the patient is set 

in a position, in supine position oriented head first, during the whole treatment sessions as the same as exactly that placed in 

imagining and is aligned with the anterior and lateral laser beams, and receive the treatment.[4] 

 

Methods 
To get the best plan for esophageal cancer patient, after designing different treatment plan techniques (IMRT & VMAT) for all 

patients, we evaluate theses plans for each case. 

 

Plan evaluation tools 

Plan evaluation tools allow the fast appraisal and optimization of dose distributions in order to determine whether the treatment 

plan meets the required criteria that getting the best conformity to the PTV, sparing of specified OARs and limiting of dose to all 

other normal tissues [5]. If warranted, changes are made and the dose distribution recalculated and reevaluated, this process is 

repeated until the radiation oncologist approves the plan that is deemed "best" [6-18].  

 

Plans are evaluated qualitatively using dose-display tools, such as 2D isodose sections, and 3D room-view isodose surface 

displays, and point-dose tools such as dose-volume histograms (DVHs). 

 

Results and Discussions  
Statistical comparison 

1-Conformity of PTV 

 

The conformity index is applied as a complementary method that gives a mark to each plan of treatment, consequently we can 

easily compare between different therapies for the same subject. Dose conformity characterizes the point to which the region of 

high-dose imitates to the target volume, generally the PTV.  [13] 

 

As it was mentioned in, it is clear as the percentage of the volume of the PTV and the treated volume. The significance of CI 

ranged from 0 and 1, where the value nearer to one shows improved conformity of dose to the PTV If CI has a value 1, it means a 
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perfect coverage of PTV. There is statistically significant (P = .001) between two techniques. In the advanced TPS, it is calculated 

automatically by the system. 

 
Fig (1): PTV conformity index for RA(VMAT) in compared with IMRT 

 

To assess the uniformity of dose distribution in the target volume, homogeneity Index (HI) is used as an objective method. The HI 

was calculated using different formulae depending on the radiotherapy modality, in all descriptions, HI mainly revealed to the ratio 

among the minimum and maximum dose in the target volume and the minor value revealed to a more consistent dose distribution 

within this volume. Here in this study we used the formula in which HI of (0) revealed that the absorbed-dose distribution is nearly 

identical. So, the ideal value is Zero and increase as homogeneity decreases. There is statistically significant (P = .001) between two 

techniques. In the advanced TPS, it is calculated automatically by the system.  

Fi

g (2): PTV Homogeneity  index for RA(VMAT) in compared with IMRT 

 

A dose gradient is a measurement tool to complement the conformity index that will differentiate between plans of similar 

conformity. It has an obvious benefit of making a plan of best conformity and a expectable medicament isodose; though, it risks 

generating a plan that has a little dose incline outside the target and force higher doses into the target.  

 

As it is known as the ratio of the volume of half the prescription isodose to the volume of the prescription isodose. Increase the 

dose gradient means reducing surrounding normal tissue toxicity.  

 

In the advanced TPS, it is calculated automatically by the system. There is statistically significant (P = .002) between two 

techniques. 
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Fig (3): PTV Dose gradient for RA(VMAT) in compared with IMRT 

 

 
 

Fig (4): The Evaluation for RA (VMAT) versus IMRT for Pancreases cancer patient view was included Sag. , AX. CO views and 

DHV for comparison between two plan 

 

From the previous figures that illustrate the dose distribution and the dose constraints of each planning technique (IMRT and 

VMAT), it is obvious that PTV was perfectly covered by VMAT more than IMRT beside the absorption doses to OARs is less by 

VMAT than that by IMRT leading to decrease the toxicity in VMAT than other techniques. 

 

The planning tumor volume (PTV) maximum dose (52.8 Gy vs. 54.4 Gy), PTV mean dose (48.85 Gy vs. 47.6 Gy), and 

conformality index (0.98 vs. 0.94) were statistically similar between the IMRT and VMAT plans, respectively. The VMAT plans 

had a statistically significant reduction in monitor units compared with the IMRT plans (1459 vs. 546 where is p < 0.003). 

 

Dose to organ at risk the maximum dose in the spinal cord showed no difference between two radiotherapy techniques although the 

heterogeneity dose in spinal may maximum value was high (maximum dose as a mean difference) (P = 0.45) 

 

For liver as organ there no statistically significant difference between two techniques. 

 

For both kidney the same no statistically significant (P = 0.5) although low dose for both kidneys is high in VMAT more IMRT 

techniques. 

 

For bowel there is no statistically significant (P = 0.13) difference. 

http://www.crdeepjournal.org/ijls


 

SJIF IMPACT FACTOR (2015): 5.79                                                                                                                     CRDEEP Journals 
International Journal of Life Sciences                     Khaled M & Metwally               Vol. 6 No. 1                  ISSN: 2277-193x 

 Online version available at: www.crdeepjournal.org/ijls                                                                                                   47 

  

  

Fig (5):  DVH comparison for  the different organs at Risk (OAR) 

 

Discussion 
To attain optimum clinical results and increase the therapeutic ratio and, it is essential to improve the full scope of the planning 

technique for esophagus cancer, and to accomplish better OARs sparing, well target dose consistency and conformity. In the 

current investigation the toxicity and survival information of esophageal cancer subjects given definitive high-dose 

radiotherapy. The investigation offered a dosimetric contrast in individuals with PC cancers in all positions. 

 

Target coverage and MUs  

The introduction of highly conformal radiotherapy methods and particularly inverse planning (IMRT& VMAT) has commonly 

permitted physicians to use high doses of anti-cancer without an important elevation in the level of drugs in the surrounding 

healthy tissues. A planning investigation by applying IMRT& VMAT in pancreases cancer individuals demonstrated that dose 

equal to 50Gy was possible without significantly increasing normal tissue doses [10-17]. 

 

Both IMRT and VMAT are advanced forms of radiation delivery. The goal from volumetric therapy and IMRT is to yield 

conformal radiation dose distributions that shape exactly nearby the target or cancer with as minimum dose to the adjacent 

tissue as potential. Depending on the clinical situation the degree of conformity can vary. For both methods, intensity 

modulation is the backbone of radiation transfer. The additional modulation, the additional conformal a plan develops and a 

greater protection to healthy tissue. Both of VMAT &IMRT are capable of better compatible higher doses to the treatment 

volume matched with 3D-CRT. VMAT was characterized this method as a recent tool that during treatment delivery enabled  

the instantaneous distinction of treatment aperture shape via movement of MLC leaves, dose rate and gantry rotation speed 

[18], though an important difference between VMAT and IMRT is the ability to edit beam fluencies, wherein the Eclipse 

treatment planning system, dosimetry can edit fluencies in case of planning IMRT, but not VMAT planning.[1-6] 

 

Also, high-quality dose distributions can be distributed in substantially less treatment time in case of VMAT optimization 

which represent another amazing character of this tool than IMRT techniques and in some 3D conformal techniques. 

Additionally, it could significantly decrease the number of MUs  needed for the illnesses [19]. Cancer cell killing is one of the 

biological advantage of the shorter delivery time of the VMAT method, which may lead to a good local disease control, in 

addition, the delivery of lower MUs may lead to a lower in the dosage used and delivered to healthy tissues and a decreased the 

frequency of secondary development of cancer [16].  

 

In the current work, IMRT had equal PTV coverage with VMAT in subjects with PC but VMAT tends to produce a more 

conformal dose distribution, leading VMAT generate better radio therapeutic plans than IMRT in patients with PC. However, 

regardless this constraint maybe unreasonably restraining if the avoidances of healthy tissues is more significant than target 

dose similarity as mentioned before. In spite of significant patient-to-patient differences in target shape and volume size, yet 

the target coverage was accomplished in each of VMAT plan . 

 

OARs sparing 

All the OARs (spinal cord Dmax, V30 of the heart, mean liver dose, V15 of the bowel, and dose to two-thirds of the kidney) 
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exhibited lower dose with VMAT which provided better OAR dose sparing compared with IMRT& 3DCRT in EC patients 

regardless of the tumor location. VMAT technique was able to significantly spare the OAR and proximal healthy tissue. This 

improved protection of spinal cord, lung, heart, bowel, kidney and liver tissues matched with 3DCRT&IMRT, they proposed 

that a higher dose could be delivered to a target volume via VMAT. Thus, VMAT can decrease significantly the hazard side 

effects through diminishing treatment time. 

 

Conclusion 

In summary, VMAT decreased the maximum dose delivered to the target region, enhanced the conformity and it supplied 

enough PTV coverage. Furthermore, in comparison with IMRTand3DRT, VMAT minimizes significantly the risk of renal and 

hepatic tissue damage in the perioperative setting. On the other hand, due to the closeness of this area to various vital organs, it 

stills a contest to successfully cover the target region and guard adjacent vital organs and reduced mean liver dose, the spinal 

cord and kidney V20, maximum dose. Moreover, VMAT was establishing to supply the best safety from exposure to high 

doses of radiation. Our findings proposed that VMAT radiotherapy may enhance an improvement in the therapeutic ratio for 

individuals treating with radiotherapy throughout multimodality esophageal tumor treatment in which it improves control local 

cancer, to diminish the level of radiation injury to the healthy normal tissues, and to improve patient life quality . Considering 

the superior plan quality as well as the delivery efficiency of VMAT compared with that of IMRT and VMAT may be the 

preferred modality for treating pancreatic cancer regardless tumor size and site. 
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