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ABSTRACT

Background: Four-dimensional computed tomography (4DCT) images were used to 
generate internal target volume (ITV) in lung cancer. However, the drawback is time 
consumed to delineate all sets of CT scans. Maximum intensity projection (MIP) and  
select phases of 4DCT datasets were used to reduce time consumed to delineate the 
ITV.

Objectives: To compare the volume of ITV and dosimetric parameters of planning 
target volume (PTV) based on three different 4DCT datasets in non-small cell lung 
cancer (NSCLC) patients of helical tomotherapy treatment planning.

Materials and methods: The 4DCT image datasets of 7 patients diagnosed with stage  
I-III NSCLC were used. All gross target volumes (GTVs) were delineated by the same 
radiation oncologist in 3 different 4DCT datasets (10 phases, 3 phases, and MIP image) 
using Oncentra Master Plan v.4.3 contouring software. PTV10phases, PTV3phases and 
PTVMIP were generated and treatment planning were performed. From PTVs contour, 
volume and ratio of  ITV as well as matching index (MI) were compared. Helical 
tomotherapy planning was done for each PTV then dosimetric parameters for PTVs 
and organs at risk (OARs) were evaluated. Statistical analysis was performed using 
Pair t- test and a p<0.05 was considered to be statistically significant.

Results: Mean volume of ITVs were 64.09±63.05 cc, 60.40±60.99 cc, 59.85±60.23 cc for 
ITV10phases, ITV3phases and ITVMIP, respectively. The ITV3phases and ITVMIP were significantly 
smaller than the ITV10phases (p<0.05). The mean ratios between ITV3phases and ITV10phases 
and between ITVMIP and ITV10phases were 0.93 and 0.92, respectively. The mean MI 
between ITV3phases and ITV10phases and between ITVMIP and ITV10phases were 0.90 and 0.87, 
respectively. For the mean MI and the mean ratios of ITVs, there was no significant  
difference between ITV3phases versus ITV10phases and ITVMIP versus ITV10phases. For 
dosimetric parameters of PTVs, the average V95 of PTV10phases, PTV3phases and PTVMIP 
were 99.51%, 99.65% and 99.68%, respectively. The average V107 of PTV10phase, 
PTV3phases and PTVMIP were 0.24%, 0.22% and 0.23%, respectively. About OARs dose,  
only statistically significant difference was found in the Ipsilateral lung dose (V20 and 
V30) of PTV10phases and PTVMIP.

Conclusion: MIP images  are reliable for creating ITVs in early stage patients. The 
3 phases images data sets are reliable for generating ITVs for all stages of NSCLC 
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Materials and methods

1. Patient characteristics 
	 Prospective  analysis performed on 4DCT datasets 
from 7 patients who were diagnosed stage I-III with Non-small 
cell lung cancer (NSCLC) who received external radiotherapy 
in Radiotherapy Department of Maharaj Nakhon Chiangmai 
hospital from March - May 2017. The patient characteristics 
are summarized in Table 1.

2. CT simulation and image acquisition
	 All patients were immobilized with wing board 
in supine position with arms above the head during  
simulation. The 4DCT scanning was performed during free 
breathing on 64-slice CT scanner (Sensation Open AS, 
Siemens, Erlangen, Germany). The respiratory signal for 
the 4DCT was generated by the respiratory gating system 
AZ-733VI (AZ-733V, Anzai Medical Co. Tokyo, Japan). The 
3DCT with intravenous contrast was performed with scanning 
parameters as shown in Table 2. 

	 Respiration is the major cause of intrafraction motion 
in radiotherapy treatment delivery especially in Non small 
cell lung cancer (NSCLC)1. In radiotherapy treatment planning, 
to ensure the target volume was covered by prescription 
dose, the margin needs to be added to clinical target volume 
(CTV) for forming Internal target volume (ITV) to account 
intrafraction motion. Four-dimensional computed tomography 
(4DCT) is an advance technique to create many data sets 
images tag with respiration movement. This technique is 
suitable for tumor that move due to respiration especially 
lung cancer. The 4DCT images can be used to create Internal 
target volume (ITV) of tumor. Various methods for generating 
an ITV from 4DCT dataset have been reported. Ideally, the 
method to create an ITV is contouring all individual CT dataset 
but the drawback for this method is the time required to 
delineate all sets of CT scans. To reduce the workload and 
time consuming, the Maximum intensity projection (MIP) 
and selected phases images were used to generate ITV. 

Introduction

in which tumor moves straightforward superoinferior (SI) 
direction and that tumor deformation during breathing are 
minimal. Dosimetric parameters of all 3 PTVs generated by 
using 3 different ITV definitions are similar.

Briefly, the MIP is the post processing tool that reflects the 
maximum CT number value in each voxel and displays in 
full intensity with brightest object on projection image2. 
In this study, the MIP image was created from 10 phases 
of 4DCT datasets. There were several researches2-8 studied 
about these methods (MIP and selected phases) compared  
to all 10 phases images method in terms of the accuracy 
and efficiency to generate ITV. Therefore, this study studied 
about MIP and 3 phases methods compared to all 10 phases 
images method in term of the accuracy and efficiency to 
generate ITV. This study purpose to compare volume of ITV 
and dosimetric parameters of different target volume that 
were created by MIP images and selected phases (3 phases) 
images with 10 phases images (standard method) in Non 
small cell lung cancer (NSCLC).

Table 1 �Patients characteristics

No. Sex Age (years) TNM Staging Stage grouping Tumor site
1 Male 61 T3N3M0 Stage IIIB LUL
2 Male 70 T2aN2M0 Stage IIIA RML
3 Female 62 T3N2M0 Stage IIIA LUL
4 Female 56 T4N3M0 Stage IIIB RUL
5 Male 54 T4N2M0 Stage IIIB RUL,RLL
6 Male 60 T4N3M0 Stage IIIB RUL,RML
7 Male 79 T1bN0M0 Stage IA LLL

TNM = Tumor, Node, Metastasis; RUL = Right Upper Lobe; RML=Right Middle Lobe; RLL= Right Lower Lobe; LUL= Left Upper Lobe; LLL = Left Lower Lobe

Table 2 �Scanning parameters of 3DCT acquisition.

Acquisition Parameters 3D CT
Voltage (kV) 120 kV
Effective current (mAs) CARE DOSE
Slice thickness (mm) 5 mm
Gantry rotation time (s) 0.5 s (default)
Pitch 0.83

	 After that, 4DCT imaging acquired with scanning 
parameters are shown in Table 3. Then, the 4DCT datasets 
were sorted according to phases in 10 CT volumes (CT0%, 
CT 10%,…,CT90%). The 0% is full maximum inspiration and 
50% correspond to full maximum expiration. Moreover, 
post processing tool, MIP image dataset was created by 
the software using raw data of all 10 scan phases. All CT 
datasets were transferred to Oncentra master plan (v 4.3) 
for contouring target volumes and organs at risk (OARs)

Table 3 �Scanning parameters of 4DCT acquisition.

Acquisition Parameters 4D CT
Voltage (kV) 120 kV
Effective current (mAs) CARE DOSE
Slice thickness (mm) 5 mm
Gantry rotation time (s) 0.5 s (default)
Pitch 0.09



K. Payungkulanan et al.  Journal of Associated Medical Sciences 2018; 51(1): 51-56 53

3. Target volume generation
	 All 4DCT image datasets and MIP image dataset were 
transferred to the Oncentra Master Plan v.4.3 contouring  
software. For each patient, the Gross tumor volumes (GTVs) 
were delineated on each of the 10 phases of 4DCT datasets 
(GTV10phases), GTV3phases was delineated on 3 phases image 
(full-maximum inspiration, mid-expiration, full-maximum 
expiration) of 4DCT datasets and GTVMIP was delineated on 
MIP image dataset by the same radiation oncologist using 
lung window setting (WW1600, WL-600). The 5 mm 
expansion was added around GTV10phases, GTV3phases and 
GTVMIP to account the microscopic disease extent and 
defined as CTV10phases, CTV3phases and CTVMIP, respectively. 
Then three different Internal target volumes (ITVs) and 
Planning target volumes (PTVs) were generated as follow,
	 i)  �ITV10phases derived from combining all CTVs (CTV0% 

- CTV90%) in the 10 respiratory phases. PTV was 
created by adding 5 mm isotropic margin around 
ITV10phases for set up error and determined as  
PTV10phases.

	 ii)	�ITV3phases derived from combining 3 CTVs that 
encompassed CTV0% (full-maximum inspiration), 
CTV20% (mid-expiration) and CTV50% (full-maximum 
expiration). The PTV was created by adding 5 mm 
isotropic margin around ITV3phases for set up error 
and determined as PTV3phases.

	 iii)�ITVMIP was equivalent to CTVMIP. The reason why 
ITVMIP was equivalent to CTVMIP because the disease 
outlined on MIP image includes all movement of 
tumor. For the PTV was created by adding 5 mm 
isotropic margin around ITVMIP for set up error 
and determined as PTVMIP.

	 iv)
	

4. Analysis of internal target volume (ITV)
	 Three different  ITV definitions were measured and 
compared using ratio of ITVs and matching index(MI). In 
this study, ITV10phases was set as a reference volume.

 	 4.1 Ratio of ITVs
		         The ratio of ITV is defined as the ratio volume 
of ITV10phases to ITVtest (ITV3phases and ITVMIP). The formula is 
as follow,
 

	          The ideal value of  the ratio of ITV is 1 if two 
volumes are identical. 

	 4.2 Matching index (MI)
		      Matching index (MI) is defined as the ratio of 
the intersection of ITV A (ITV10phases) with ITV B (ITV3phases  
or ITVMIP)  to the union of ITV A and ITV B. The formula is 
as follow,
 

		         The maximum value of MI is 1 if two volumes 
are identical and the minimum value is 0 if values are 
completely non-overlapping.

5. Helical tomotherapy  treatment planning 
	 For each patient, treatment plans of PTV10phases, 
PTV3phases and PTVMIP were designed on 3DCT data set. All 
plans were optimized using the Tomotherapy Hi-Art TPS, 
version 5.1.0.4 using the same optimization parameters 
with 2.5 cm field width (FW), 0.287 pitch factor (PF) and 
3.5 modulation factor (MF). Dose distribution for each 
beamlet was calculated using a convolution/superposition 
algorithm. Dose prescription was 60 Gy for 2 Gy per fraction 
delivered to the PTVs.

6. Dosimetric parameters evaluation
	 Planning target volumes (PTVs) obtained using three 
different ITV definitions were evaluated and compared. 
For this study, PTV10phases was set as a reference volume. 
D50 was normalized to 60 Gy in all cases and all types  
of PTV following ICRU 839. For each plan, dosimetric 
parameters of PTV were evaluated including V95 and V107, 
while organs at risk (OARs) were evaluated in according to 
radiation therapy oncology group (RTOG) 061710 report 
that include the following parameters: percentage volume 
of Ipsilateral lung receiving 20 Gy and 30 Gy (V20, V30); 
percentage volume of contralateral lung receiving 20 Gy 
(V20); Dmax of Spinal cord; Dmean of Esophagus and D33 
of Heart.

7. Statistical analysis
	 Statistical analysis was performed using the SPSS 19.0 
for window. Volume of ITV, ratios of ITV, matching index 
(MI) and dosimetric parameters  were compared using pair 
t- test and p<0.05 was considered to be statistically significant 
difference.
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Results

Volume of Internal target volume (ITV)
	 Volume of ITVs of each patient is shown in Table 
4. Mean volume of ITVs were 64.09±63.05 cc, 60.40±60.09 
cc and 59.85±60.23 cc for ITV10phases, ITV3phases and ITVMIP, 
respectively. The ITV10phases was the largest volume for all 
patients. ITV3phases and ITVMIP were significantly smaller than 
ITV10phases (p<0.05). Extreme large absolute volume differences 
were observed for case number 3, 4 and 5 with the difference 
in range of 5.46 to 8.34 cc. For case 7 with early stage 
patient, the volume of ITV3phases and ITVMIP are very closed  
to ITV10phases with the volume differences of 0.07 and 0.11 cc 
for ITV3phases and ITVMIP, respectively.  

Table 4  �Volume of internal target volume (ITV) for ITV10phases,  
ITV3phases and ITVMIP.

Patient No.
Volume of ITVs (cc.)

ITV10phases ITV3phases ITVMIP

1 32.66 31.89 31.11

2 16.00 13.18 13.34

3 186.67 181.03 178.33

4 88.60 80.78 82.41

5 86.37 79.98 78.54

6 33.18 30.86 30.16

7 5.15 5.08 5.04

Mean±SD 64.09±63.05 60.40±60.99 59.85±60.23
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Ratio of Internal target volume (ITV)
	 Table 5 shows the ratios of internal target volume 
(ITV) for ITV3phases and ITVMIP relative to the reference 
ITV10phases. If consider in the percent volume change, case 
number 2 was the maximum difference with the changed 
around 20% volume. All of the ratio values were less than 1 
that represented to the smaller of ITV3phases and ITVMIP 
compared with ITV10phases. Mean ratios between ITV3phases and 
ITV10phases and between ITVMIP and ITV10phases are 0.93±0.06 
and 0.92±0.05, respectively. There was no statistic 
significant differences supported by p value between 
mean ratios of ITV3phases to ITV10phases and between ITVMIP to 
ITV10phases (p=0.182)

Matching index (MI)
	 Table 6 shows Matching index (MI) for ITV3phases and 
ITVMIP relative to the reference ITV10phases. MI index presented 
good agreement with ratio of ITV results that case number 
2 was the worst case for matching and vice versa in case 
number 7. From the data as shown in Table 6, the mean 
MI of ITV3phases and ITVMIP compared with ITV10phases were 

Table 5 �Ratio of internal target volumes (ITVs) for ITV3phases 
and ITVMIP relative to the reference ITV10phases.

Patient No.
Ratio of  ITVs

ITV3 phases / ITV10phases ITVMIP/ ITV10phases

1 0.98 0.95
2 0.82 0.83
3 0.97 0.96
4 0.91 0.92
5 0.92 0.91
6 0.92 0.90
7 0.99 0.98
Mean±SD 0.93±0.06 0.92±0.05

p=0.182

Table 6 �Matching index (MI) for ITV3phases and ITVMIP relative 
to the reference ITV10phases.

Patient No.
Matching Index (MI)

ITV3phases vs. ITV10phases ITVMIP vs. ITV10phases

1 0.87 0.85
2 0.80 0.74
3 0.94 0.90
4 0.91 0.92
5 0.92 0.87
6 0.90 0.82
7 0.95 0.96
Mean±SD 0.90±0.05 0.87±0.07

p=0.38

0.90±0.05 and 0.87±0.07, respectively. There were no 
significant differences of the mean MI between ITV3phases 
and ITVMIP related to ITV10phases (p=0.38). 

Table 7 �Dosimetric parameters result of PTVs.

Dosimetric 
parameter

PTV10phases  
(mean±SD)

PTV3phases 
(mean±SD)

PTVMIP  
(mean±SD)

V95 (%) 99.51±0.75 99.65±0.65 99.68±0.62

V107 (%) 0.24±0.40 0.22±0.40 0.23±0.39

Dosimetric parameters of PTV and OARs
	 Dosimetric parameters are presented in Table 7. 
PTV coverage was very closed for three ITV definitions. 
Average D50 of PTV10phases, PTV3phases and PTVMIP were 60 Gy. 
The average V95 of PTV10phases, PTV3phases and PTVMIP were 
99.51%, 99.65% and 99.68%, respectively. Average V107 
of PTV10phases, PTV3phases and PTVMIP were 0.24%, 0.22% and 
0.23%, respectively. For dosimetric parameters of OARs, 
only statistically significant difference was found in the 
Ipsilateral lung dose (V20 and V30) of PTVMIP compared to 
PTV10phases as shown in Table 8.

Table 8 �Dosimetric parameters result of OARs.

OARs Parameters PTV3phases (±SD) PTV10phases (±SD) p value PTVMIP (±SD) PTV10phases (±SD) p value

Ipsilateral lung    V20 (%) 37.46±8.55 38.07±8.75 0.055 37.47±8.68 38.07±8.75 0.032

   V30 (%) 27.81±8.10 28.24±8.17 0.053 27.53±8.05 28.24±8.17 0.008

Contralateral lung    V20 (%) 8.88±9.44 8.98±9.47 0.087 8.83±9.21 8.98±9.47 0.569

Heart    D33 (Gy) 4.88±6.50 4.93±6.42 0.280 4.59±5.98 4.93±6.42 0.121

Esophagus    Dmean (Gy) 3.97±3.76 4.85±4.10 0.174 3.85±3.86 4.85±4.10 0.206

Spinal cord Dmax  (Gy) 26.76±10.50 26.80±10.72 0.923 26.36±10.65 26.80±10.72 0.418
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Discussion

	 In lung cancer, respiration is the major cause of tumor 
motion during treatment. Four-dimensional computed 
tomography (4DCT) images were used to generate Internal 
target volume (ITV), but the drawback is the time required 
to delineate all sets of CT scans, the post processing tool of 
Maximum intensity projection (MIP) and selected phases 
of 4DCT datasets were used to delineate the ITV to solve 
the drawback of time consuming. This study purpose to 
compare volume of ITV and dosimetric parameters of 
different target volume that were created by MIP images 
and selected phases (3 phases) images compared with 10 
phases images (standard method) in Non small cell lung 
cancer (NSCLC). 
	 This study found, that the ratios of ITV and MI value 
from ITV3phases and ITVMIP are similar to the value from 
ITV10phases. The best case of smallest difference in volume 
change that presented the ITV ratio and MI values near 
ideal value was patient no.7. It was because of early stage 
NSCLC with tumor locate at peripheral lung that relatived 
to the study of Underberg RWM2 and Muirhead R.6 The 
explanation about these ratios depend on position of the 
tumor, if tumor locates in peripheral lung, it is liable to 
distinguish the tumor from nearby organ. For locally 
advance stage NSCLC (Case 1-6), ratios of ITV and MI 
values from ITVMIP are not similar to the value from ITV10phases 
because tumor locate adjacent to tissue of equal density 
that resemble of CT number value such as mediastinum 
and chest wall. Thus, on MIP image, boundaries between 
tumor and nearby organ may not be clearly seen by observer.  
This study can conclude that MIP method may not suitable 
for creating an ITV in locally advance stage NSCLC patients 
compared to the study of Ezhil et al.8 Ezhil reported the  
value of MI decrease in  patients who have locally advance 
stage NSCLC that tumor involve to nearby organ such as 
chest wall, diaphragm or mediastinum. About 3 phases 
method, volume of ITV, ratios of ITV and matching (MI) 
value are similar to the value of ITV10phases in both early 
stage and locally advance stage NSCLC. Results represent 
that movement of tumor in all patients in this study are 
moving in straightforward superoinferior (SI) direction and 
tumor deformation during breathing are minimal.

For PTV coverage, no significant differences were observed 
for PTVs that generating from three different ITV definitions 
because of using the same dose constraints.

Limitation of this study was small sample size due to short 
timing of study and small number of early stage NSCLC 
patient. Future study should increase the sample size to 
confirm the accuracy of study.

Conclusion

	 MIP images are reliable and fast tool for creating 
ITVs from 4DCT images of early stage NSCLC patients.  
However, it should be considered in case of tumor near 
mediastinum or chest wall. The 3 phases images are reliable 
for generating ITVs for all stage of NSCLC which tumor 
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