
Research Article

Volume 7 • Issue 2 224 

The Influence of SSO on the Optimization Result of Nasopharynx Carcinoma 
Plan
Xiaolong Hua1, Jianhe Yu1, Lu Wang2*, Li Chen2, Yanshu Mu2, Wenjing Xu1, Qun Ren1, Chuanjun SONG1, Hongxia Xu1, 
Jiaqi Dai3

Abstract
Purpose: To study the influence of Monaco 5.4 treatment planning system 
(TPS) on the dosimetry of radiotherapy for nasopharynx carcinoma (NPC) 
under the condition of different segment shape optimization (SSO) times.

Methods: Fifteen patients with T3-4N0-2M0 stage NPC were enrolled, and 
each case was designed with SSO of 3, 5, 7 and 10 times, respectively. 
The dose results of the target area and major organs at risk (OARs) were 
statistically analyzed by DVH statistics. Moreover, the isodose lines of 70, 
60 and 54 Gy were intercepted at the same plane in the transverse, coronal 
and sagittal views, then Monaco scripting was used for statistical analysis. 
MLCs Average mental complexity summary (MCS) values of each group 
were calculated and the different rate of dose coverage in the target area 
was compared. In addition, optimization time, delivery time, segments# 
and monitor unit (MU#) were obtained and analyzed using the optimization 
console. The plans were verified and analyzed using ArcCheck phantom.

Results: For target area D2, the results of the SSO7 group and the SSO10 
group were similar and better than those of the SSO3 and SSO5 groups. 
Besides, the D2 results of the SSO3 group were markedly higher than those 
of the other three groups. Results of the maximum dose of the spinal cord, 
brain stem, and lens and the mean dose and V30 of parotid glands showed 
the same trend in major OARs. SSO7 and SSO10 shared similar dose 
results, which were significantly better than similar dose results shared 
by SSO3 and SSO5. In the dose deprogram distribution of 70, 60 and 54 
Gy, partial 70 Gy dose spillover occurred in both SSO3 and SSO5 groups 
and it was more evident in the SSO3 group. However, no significant dose 
spillover was found in SSO7 and SSO10 groups. In the sub-field alignment 
comparison under the same angle, the alignment became more complicated 
and the sub-fields were smaller as the number of SSO times increased. The 
MCS value decreased with the increase in the SSO value; the results of the 
three groups except SSO3 were similar. The results of segment#, MU# and 
plan delivery time between different SSO groups were slightly different, 
while the plan optimization time changed significantly. The difference 
between the SSO3 group and the SSO10 group was more than 500 s. The 
results were compared in ArcCheck, and no significant difference was 
observed between the groups.

Conclusions: The user-defined SSO function of Monaco 5.4 TPS 
effectively balances the relationship between plan design efficiency and 
plan quality. An SSO of 7 is a better value for efficiency and quality in 
clinical radiotherapy for NPC.
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory 

disorder characterized by severe inflammation in the joints. 
RA is marked by synovial inflammation and articular 
cartilage destruction, leading to joint deformity [1]. In 2010, 
RA claimed the lives of around 48,000 people worldwide. 
Although the exact cause of RA is unknown, several 
environmental and genetic variables influence progression 
[2]. In many auto-inflammatory disorders, the immune 
system plays a key role. Immune cells assault healthy joint 
tissues in RA, causing severe synovial inflammation [3]. The 
RA synovium's large cell population primarily results from 
invasive and native cells' deficient apoptosis [4]. Genome-
wide association studies (GWAS) have discovered several 
hundred RA-associated variants. However, these recorded 
genetic variants only account for around 40%of the RA 
inheritance pattern [5]. GWAS data showed that the non-
coding regions of the genome contain about 90% of disease-
associated variants. This reveals the vital role of regulatory 
elements in the etiology of RA. Among these elements, 
MiRNAs are important post-transcriptional controlling 
molecules that regulate protein-coding genes by inhibiting 
protein synthesis or degrading target miRNAs. Several 
studies have shown the association of functional SNPs 
(rs11614913, rs6505162, rs3746444) in MIR196A2, MIR423, 
and MIR499A, respectively, with RA in different ethnic 
groups. Therefore, it is important to screen RA patients for the 
contribution of selected MiRNAs and SNPs in RA [6]. Apart 
from HLA genes, genome-wide investigations have indicated 
that numerous additional genetic risk factors are linked to 
the development of RA. Through genome-wide association 
studies (GWAS), more than 100 loci outside of HLA and SE 
have been found, accounting for5% of RA-linked genes [7].

 Knowing genetic causes and the changes in amino acid 
sequence that they cause will help determine disease incidence 
and seriousness, which may lead to more tailored medicine. 
Finding the biochemical and immunological pathways that 
define pathogenesis, which can then be used as a therapeutic 
target, is also significant [9]. Therefore, the present study was 
designed to investigate, in-silico, the coding sequence variants 
of the MIR196a2 and MIR423 genes. The current study aimed 
to investigate the association between microRNA variants 
with risk of Rheumatoid Arthritis.

Material and Methods
A total of 426 people were chosen for this study (213 cases 

and 213 controls). Patients with RF levels greater than 15 u/ml 
and ACPA levels greater than 20μ/ml were declared positive 
and selected for blood collection. For DNA extraction, the 
Phenol-Chloroform extraction technique was used.

For DNA confirmation and statistical analysis, the 
Agarose Gel electrophoresis (1.5%), and Nano drop were 

used to measure the results (ThermoFisher Nano Drop 2000, 
Scientific). Allele-specific T-ARMS PCR was performed for 
the detection of specific SNP in target samples. PCR reactions 
were made in the specific proportion which is described in the 
following Table 2.2. The Optimized condition for PCR has 
been given in Table 2.3.

Primers Designing
The studied genes MIR196A2 and MIR423 sequences 

were retrieved from dbSNP, and for our particular region 
primers were designed using software primer 3. The details 
of primers sequences and their base pair lengths are listed in 
the below table

Genotypic study of MIR196A2 rs11614913
By using Amplification Refractory Mutation System-

Polymerase Chain Reaction (ARMS-PCR), The MIR196A2 
gene variant rs11614913 was genotyped, by using four 
primers for amplifying our target portion. (Two forward 
primers and two reverse primers in total). 

MIR196A2- 
FO: GAGTGACCAGGCCCCTTGTCTCTATTAG

MIR196A2-FI: ATGTTTAACTCCTCTCCACGTGACCG

MIR196A2-RO: 
TTGGTCTTTCACTCTCATTCTGGTGATG

MIR196A2-RI: GGGAAGCAGCACAGACTTGCTGTTAT

Genotypic study of MIR423 rs6505162
As similar to the above gene genotyping the MIR423 

gene variant rs6505162 was also genotyped by Amplification 
Refractory Mutation System-Polymerase Chain Reaction 
(T-ARMS-PCR), having four primers to amplify the target 
gene. (Two forward primers and two reverse primers). 

MIR423-FO: GGATGAGAAACTACGGCGACTGTATCT

MIR423-RO: GCCCCTCAGTCTTGCTTCCCAC

MIR423-FI: TATGCCTACCCTTTTTCTGTGGCTTCTC

MIR423-RI: GGGGAGAAACTCAAGCGCGAGT

Gel Electrophoresis
A thermal cycler reaction was completed followed by 

gel electrophoresis through which an amplified reaction was 
carried out for genotyping and the result was analyzed.

Statistical Analysis
Graph Pad Prism Software 6 V was used to analyze 

genotypic and allelic differences in cases and controls using 
chi-square statistics. The Odd Ratio with a 95% Confidence 
Interval (C.I) was also examined. Furthermore, the influence 
of homozygosity on the disease was investigated using 
homozygous dominant and homozygous recessive models. A 
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Abbreviations: NPC- Nasopharynx Carcinoma; 
SSO- Segment Shape Optimization; OAR- Organ at Risk; 
BEV- Beam Eye View; PGTV- Planning Gross Tumor 
Volume; PTV- Planning Target Volume; TPS- Treatment 
Planning System; XVMC- X-ray Voxel Monte Carlo; 
VMAT- Volumetric modulated Arc Therapy; QUANTEC- 
Quantitative Analysis of Normal Tissue Effects in the 
Clinic; CI- Conformity Index; HI- Homogeneity Index; OT- 
Optimization Time; DT- Delivery Time; MU- Monitor Units; 
MLC- Multi-Leaf Collimator; SCR- Secondary Cancer Risk

Background
Nasopharynx carcinoma (NPC) is known to be endemic 

in some regions of the world, especially in Southern China. 
Radiation therapy is the standard radical treatment for NPC 
because of its high radiosensitivity; besides, it is difficult to 
remove NPC using surgery [1-3]. Monaco of Elekta is one of 
the commonly used radiotherapy treatment planning systems 
(TPSs), and its X-ray voxel Monte Carlo (XVMC) algorithm 
is one of the commonly used photon Monte Carlo algorithms 
at present [4-15]. XVMC is the core algorithm that obtains 
the most suitable shape of the sub-fields for the plan through 
several segment shape optimization (SSO) times. Each SSO is 
an optimization cluster. It is similar to large volume iterative 
optimization, which contains several sub-optimizations of 
inter loops and outer loops. The quasi-annealing algorithm 
is followed within each optimization cluster and the quasi-
genetic algorithm is followed between clusters [15,16,17]. 
We conducted a retrospective analysis of 100 cases of NPC 
from 2019 to 2020 and interpreted the optimization process 
using an optimization console function. Results showed that 
Monaco TPS 5.1 version was fixed for 5 times of SSO only. 
However, planning for NPC is one of the most complex types 
of radiotherapy plan design [5,6,7,8]. The nasopharynx is 
adjacent to important normal tissues such as the brainstem, 
spinal cord, lens and parotid glands. The target area is usually 
large and irregular [9,10,11]. Therefore, the effective design 
of a high-quality plan has become an important research 
topic. In the present study, the differences between different 
SSO plans were compared to provide a reference for the 
clinical design of NPC plans.

Materials and Methods
Data

In 2020, 15 patients with T3-4N0-2M0 NPC from Anshan 
Cancer Hospital were randomly enrolled, including10 males 
and 5 females, aged 18-55 years, with a median age of 38 
years. Axial cinematic scanning was performed in free-
breathing conditions, the axial thickness was 2.5 mm. All 
images were uploaded to Monaco 5.4 TPS, and the target 
area was contoured by radiotherapy physicians with over 
5 years of working experience following NCCN2020 NPC 

treatment guidelines, and the target area was reviewed by 
chief physicians with over 10 years of working experience. 
The plan was designed by a senior clinical physicist with over 
10 years of Monaco TPS experience.

Plan Design
Dual full volumetric modulated arc therapy (VMAT) can 

generate precise conformal dose distribution and be used in 
all plans. XVMC optimization was performed for 3, 5, 7 and 
10 times of SSO under similar functions and TPS parameter 
settings. A fraction dose of 2 Gy in 30 fractions and the 
dose constraint of OARs were carried out according to the 
Quantitative Analysis of Normal Tissue Effects in the Clinic 
(QUANTEC) report. The dose results, conformity index (CI) 
and homogeneity index (HI) of the target area and major 
OARs of different SSO plans were statistically analyzed 
using dose-volume histogram (DVH) statistics [12]. Multi-
leaf collimator (MLC) shapes were intercepted and compared 
at 30°, 120°, 240° and 330° in the beam-eye view (BEV) 
interface. The dose structures of planning gross tumor volume 
PGTV70 and planning target volume PTV60 target areas were 
established, and the prescription dose coverage rates were 
calculated by Formula (1). Since 54 Gy covers the structure 
of PTV60 and PTV54 target areas at the same time, the dose 
structure of 54 Gy was cut into two dose structures, PTV60-54Gy 
and PTV54-54Gy, at the interface layer of the two target areas, for 
calculation and evaluation respectively. Transverse, coronal 
and sagittal dose maps of 70, 60 and 54 Gy were intercepted 
and compared in the same image layer (1). 

Where R (%) is the prescription dose coverage rate, VGy 
(cm3) is the volume of the assessed dose coverage and VTarget 
(cm3) is the volume of the assessed target area.

Optimization time (OT), delivery time (DT), segments# 
and MU# were obtained and analyzed using an optimization 
console. The plan test environment was a standard HP Z8 
desktop server equipped by Elekta. All VMAT plans were 
delivered by a 6 MV Elekta Infinity Linac (Elekta, U.K.) 
equipped, application of agility handpiece (80 pairs of mlc, 
single sheet thickness 0.5cm).

Plan Complexity Analysis
According to Srivastava et al., Monaco scripting could be 

used to analyze TPS export files, thus the MLC movement 
distance leaf sequence variability (LSV) [13]. All segments 
of the product of the aperture area variability (AAV) and 
monitor unit (MU) were obtained, then average MCS values 
of each experimental group was calculated (2).

       (2)

MUCPi,i+1 indicates MU delivered between two successive 
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control points [namely, cpi and cp(i+1)], MUplan is the total 
MU of the plan.

Plan Verification
Background calibration on ArcCheck was performed. 

Data for 60 verification plans were collected and compared 
with TPS data, followed by normalization according to the 
global maximum dose. Dose below 10% was not included 
in the analysis, and gamma analysis was performed with 3% 
and 3 mm.

Statistical Analysis
Data were analyzed by SPSS 22.0 and paired t-test was 

performed on the dose results. A p-value of < 0.05 was 
considered statistically significant. In Monaco 5.1 TPS, SSO5 
was the default value, thus the results of other groups were 
matched with those of the SSO5 group by paired t-test.

Results
Comparison of dose Results between Groups

The target dose results (Table 1) and the major OARs 
dose results data (Table 2) of 60 cases with the same 
parameters except SSO were read by the Monaco TPS DVH 
statistics function. Under the calculation method of target 
area priority, PGTV70 and PTV60 showed similar results in 
the prescription dose coverage percentage, while PTV54 had 
a significant difference. In the dose statistics of D2 and Dmean 
in each target area, the SSO3 result was significantly higher 
than that of the other groups; In addition, CI results showed 
significant differences and HI results showed different 
performance in different target areas. Results of major OARs 
dose analysis revealed that the maximum dose and volume 
dose optimization gradually decreased with the increase in 
the number of SSO, while the results of SSO7 and the SSO10 
groups were similar.

Comparison of Dose Maps between Groups
In Monaco 5.4 TPS, the same layer was selected to 

intercept dose maps at the transverse, sagittal and coronal 
views of different SSO plans respectively, as shown in Figure 
1. In the 70 Gy dose map distribution, there was dose spillover
outside the PGTV70 target area in SSO3 and SSO5 groups;
dose spillover was more significant in the SSO3 group than
in the SSO5 group. In the dose map distribution of 60 and 54
Gy, the dose curve gradually tightened at the three views with
the increase of SSO.

Statistics and comparative analysis were performed on the 
prescription dose coverage rates of PGTV70 and PTV60 and 
the dose coverage rates of target areas PTV60-54 and PTV54-54 
in the plan using formula (1), as shown in Figure 2. There 
were significant differences in dose coverage rates in SSO3, 
SSO5 and SSO7 groups. Although the SSO10 group had more 
advantages than the SSO7 group, the differences between the 
groups were significantly reduced.

Plan Complexity Analysis
LSV, AAV and MU data were obtained through the 

Monaco Scripting file, and the average MCS values of each 
experimental group were calculated according to Formula (2). 
The results are shown in Figure 3. The average MCS value of 
the SSO3 group was significantly higher than that of the other 
three groups, and the results of the SSO5-SSO10 groups 
were similar. The MCS value was one of the quantitative 
expressions of intensity modulation plan complexity; 
therefore, it could be considered that the complexity of the 
intensity modulation plan of SSO3 was significantly lower 
than that of the other experimental groups.

Comparison of Characteristic Parameters of 
Monaco TPS between Groups

The number of segment#, MU#, OT and DT was obtained 

Table 1: Effect of different SSO plans on target dose ()

Note: SSO3-SSO10 are 3-10 times of SSO plans respectively, D2 is the lowest dose achieved by 2% volume of the structure, Dmean is the mean 
dose, Vx is the percentage of the full volume of the organ at marked dose.
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Table 2: Effect of different SSO plans on OARs dose ()

Note: BS3 mm is 3 mm of brain stem 3D external expansion; SC3 mm is 3 mm of spinal cord 3d external expansion.

Figure 1: Color washing of different SSO plans.

Note: A-D are SSO3-SSO10 plan groups; from left to right showing transverse, sagittal and coronal.



Hua X, et al., Arch Clin Biomed Res 2023 
DOI:10.26502/acbr.50170335

Citation: Xiaolong Hua, Jianhe Yu, Lu Wang, Li Chen, Yanshu Mu, Wenjing Xu, Qun Ren, Chuanjun SONG, Hongxia Xu, Jiaqi Dai. The 
Influence of SSO on the Optimization Result of Nasopharynx Carcinoma Plan. Archives of Clinical and Biomedical Research. 7 (2023): 224-233.

Volume 7 • Issue 2 229 

Figure 2: Dose coverage rate of different SSO plans.

Figure 3: Analysis of the MCS value of different SSO plans.

from the console window of Monaco 5.4 TPS, as shown in 
Figure 4. Segment# and DT increased and MU# decreased 
with the increase in SSO, but the amplitude was very small. 
However, OT changed significantly, and the difference between 
adjacent groups was more than 100 s. Besides, the difference 
between SSO3 and SSO10 groups was more than 500 s.

Comparison of Validation Results between Groups
Each SSO group plan was verified using ArcCheck and 

results were analyzed with Sun Nuclear. Patient validation 
analysis was performed with 3%/3 mm Gamma [14] (Figure 
5). Results of all the plans in each group met the clinical 
requirements, and there was little difference between different 
SSO plans in the same group.

Discussion
The XVMC algorithm is the core of Monaco TPS. 

Optimization processes of the plan can be obtained and 
analyzed by the optimization console function. It was found 
that the whole optimization process requires several SSO 
times to achieve final dose distribution. In version 5.1, the 
SSO optimization process consists of one sub-field generation 
optimization (the first SSO), three sub-field alignment 
optimizations (the second to the fourth SSO) and one sub-
field selection and merger optimization (the fifth SSO). In 
version 5.4, the sub-field alignment optimization has been 
upgraded from a fixed number of 7 times to a user-defined 
time (The selectable range is 1~20). This has promoted a 
change in planning design efficiency and plan quality. Since 
each SSO is equivalent to an iterative optimization of a large 
volume, the formula of dose influenced by the number of 
iterations proposed by Llacer et al. in 2001 can be referred 
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Figure 4: Comparison of XVMC parameters of different SSO.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
96.5
97.0
97.5
98.0
98.5
99.0
99.5

Case #

Pa
ss

 R
at

e 
(%

)

SSO3 SSO5 SSO7 SSO10

Figure 5: Comparison of verification results of different SSO plans.

to derive formula (3) of dose influenced by the number of 
SSO [18,19]. When the accumulated dose of the current beam 
being evaluated is closer to the accumulated dose of adjacent 
units, the value of the influence rate will approach 0, and the 
closer it approaches 0, the more uniform the dose distribution 
will be. Therefore, a smaller value of the influence rate is the 
recommended and accepted value scheme of SSO.

Note: Where  is the influence rate of SSO on dose;  is 

the dose filtration factor; j and  is the current beam and the 
adjacent unit, respectively;  is the dose receiving the weight 
of the adjacent unit; NSSO is the optimization times of SSO; 
Dj is the dose of the target to be evaluated;  is the dose of the 
adjacent unit.

Analysis of dose results in this study indicated that both 
the assessment values of the target area and major OARs 
improved to varying degrees with the increasing number in 
SSO, that is, the difference between the dose of the evaluated 
grid and the dose of the adjacent grid gradually decreased 
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with the increase in the number of SSO, and the influence 
rate value obtained according to formula (3) will gradually 
decrease. Hence, the increase in the number of SSO times 
will promote the development of plan results towards better 
plan quality. In the analysis of dose maps at the same layers, 
a similar conclusion can be drawn. Whereas SSO3 had a 
dramatic 70 Gy dose spillover outside the structure of the 
PGTV70 target area, SSO5 had a small amount of spillover. 
Moreover, SSO7 and SSO10 had no 70 Gy dose spillover and 
were tightly wrapped around PGTV70. A similar trend was 
also found in the comparison of dose coverage in the target 
area. In the two studies conducted by Llacer et al. in 2003 
and 2004, the number of iterations and initial intensity in 
intensity modulation optimization have guiding significance 
for the quality of the plan; however, when the number of 
iterations is large enough, the plan reaches the optimum, and 
the plan results cannot be further optimized by continuing 
calculation [20,21]. Conversely, low and high-frequency 
changes with low eigenvalues appear, which is not conducive 
to the implementation of treatment plans. SSO3-SSO10 plans 
in this study, the results of both the target area and major 
OARs, or dose maps at the same layers, demonstrated that 
the increase in the number of SSO times improved the quality 
of the plan, but there was no bottleneck or small and high-
frequency changes with low eigenvalues to SSO; thus, 10 
times of SSO did not reach the limit of XVMC optimization. 
More SSO times will help improve the quality of the plan 
further. However, the indicators of the target area and major 
OARs of SSO7 and SSO10 are pretty close, and the dose 
maps distribution is similar. Therefore, more SSO times will 
have less improvement on the quality of the NPC plan, and 
there may be an optimization bottleneck of small and high-
frequency changes with low eigenvalues. In addition, as the 
number of SSO times increased from 3 to 10 times, the MCS 
value showed a decreasing trend, mainly because the sub-
field configuration area gradually decreased with the increase 
in SSO optimization times. Srivastava et al. showed that 
quantitative analysis of MCS could be used as a condition 
for quantitative analysis of the complexity of intensity 
modulation plans. MCS decreased with the increase of SSO, 
suggesting that the complexity of intensity modulation plans 
was gradually increasing in this study. Few isolated island 
sub-fields appeared in the 10 times of SSO; therefore, to meet 
the requirements of complex NPC plans, MLC positioning 
accuracy and the stability of electron gun current needed 
to be higher, and the emergence of isolated island sub-field 
would be a big challenge to the success of clinical plans. 
However, all the ArcCheck verification results of the 3-10 
times SSO met the acceptance criteria of the clinical plan in 
the current study, and the results were similar. Therefore, the 
3-10 times of SSO were all suitable for the application of the
NPC clinical plan. A comparison of NPC plans with different
SSO times showed that although segment# and DT exhibited
an increasing trend, there was no significant difference. This

could be attributed to the same restriction on the number of 
sub-fields for all plans in the Monaco TPS parameter setting. 
However, MU# showed a decreasing trend, which could 
be explained by two main reasons. MCS and the sub-field 
alignment area decreased and the irradiation area decreased 
with the increase in the number of SSO, resulting in the 
decrease in the demand for MU#. In addition, as the number 
of SSO increased, the calculation accuracy of proton stopping 
power increased, that is, the energy per unit particle was more 
fully utilized, reducing the demand for MU# [22]. This could 
help to decrease secondary cancer risk (SCR) in VMAT 
due to low doses to healthy tissues induced by scattering 
and leakage radiation from the gantry [23,-26]. OT showed 
the most significant difference, and the difference between 
adjacent groups was greater than 100 s. The average OT of 
the SSO10 group was more than 1000 s, but the improvement 
effect of SSO10 on the plan quality was not significant 
compared with that of SSO7, and it did not get a good plan 
quality speed-benefit ratio. Besides, the high number of SSO 
times required better hardware support for Monaco services, 
especially memory for floating-point storage and release.

Conclusion
In summary, more SSO times may help to improve the 

plan quality for the clinical plan design of NPC. However, 7 
times SSO are recommended under the premise of balancing 
efficiency of the plan design and plan quality.
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