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A novel correction factor based on extended volume to

complement the conformity index

F JIN, phD, Y WANG, mp and Y-Z WU, mD
Department of Radiation Oncology, Chongqing Cancer Institute, Chongqging City, China

Objective: We propose a modified conformity index (MCl), based on extended volume,
that improves on existing indices by correcting for the insensitivity of previous
conformity indices to reference dose shape to assess the quality of high-precision
radiation therapy and present an evaluation of its application.

Methods: In this paper, the MCl is similar to the conformity index suggested by Paddick
(Clpagaick), but with a different correction factor. It is shown for three cases: with an
extended target volume, with an extended reference dose volume and without an
extended volume. Extended volume is generated by expanding the original volume by
0.1-1.1cm isotropically. Focusing on the simulation model, measurements of MCl employ
a sphere target and three types of reference doses: a sphere, an ellipsoid and a cube. We
can constrain the potential advantage of the new index by comparing MCl with Clpaggick-
The measurements of MCl in head-neck cancers treated with intensity-modulated
radiation therapy and volumetric-modulated arc therapy provide a window on its clinical
practice.

Results: The results of MCl for a simulation model and clinical practice are presented
and the measurements are corrected for limited spatial resolution. The three types of MCl
agree with each other, and comparisons between the MCl and Clp,qqick are also provided.
Conclusion: The results from our analysis show that the proposed MCI can provide
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more objective and accurate conformity measurement for high-precision radiation
therapy. In combination with a dose-volume histogram, it will be a more useful

conformity index.

Modern radiotherapy techniques include three-
dimensional conformal radiation therapy [1-4], intensity-
modulated radiation therapy [5-10] and image-guided
radiation therapy [11, 12]. Current practice for radiation
therapy involves optimisation of treatment plans using
physical criteria (i.e. maximisation of target dose and
minimisation of doses to critical structures). The evalua-
tion of competing plans requires an in-depth analysis of
isodose distributions.

Since Anderson [13] proposed the natural dose—
volume histogram (DVH) in 1986, several dosimetric
parameters for the description of the quality of radiation
therapy application have been reported [14, 15], namely
coverage index, external volume, relative dose homoge-
neity index, overdose volume index, sum index, unifor-
mity index and volume gradient ratio [16]. Additionally,
dose conformity indices, normal tissue complication pro-
bability (NTCP) and tumour control probability (TCP)
were provided later. Conformity indices and outcome-
based plan evaluations (NTCP, TCP) are also dependent
on DVH analysis.

The conformity index was developed to score several
competing plans for the same patient in order to choose
the optimal one. In the past few years, several different
indices have been reported to measure the conformity
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of the reference dose to the target volume. The
conformity index was first recommended in 1993 by
the Radiation Therapy Oncology Group (RTOG) [17]
and described in Report 62 of the International
Commission on Radiation Units and Measurements
(ICRU) [18, 19]. It was defined as the ratio of the pre-
scription isodose volume to the target volume. The
RTOG guidelines defined a ratio of 1.0-2.0 as per the
protocol, and ratios in the range of 0.9-1.0 and 2.0-2.5
as minor variations. A similar conformity index used by
Knoos et al [20] was defined as the ratio of the planning
target volume to the volume of the prescription isodose
curve. Nedzi et al [21] used a conformity index called
the treatment volume ratio, which was defined as the
ratio of the target volume to the treatment volume. A
modified conformity index (MCI) based on that of
Nedzi et al was suggested by Paddick [22], who took
into account the location of the prescription volume
with respect to the target volume.

Although Paddick’s conformity index Clpaqaick has
been widely adopted as a benchmark for assessing
radiation therapy conformity and outcomes, it depends
(just like other similar indices) on target size and shape,
but is not sensitive to the reference isodose (ID,.f) shape
in some special cases. This effect has not yet been
thoroughly studied in the previous literature.

The objective of this paper is to systematically inves-
tigate the contribution of the shape of the (ID,f) and
target to the conformity index. We also propose an MCI
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Figure 1. Schematic diagram of a typical head-neck cancer
for computation of the conformity index. In this schematic
diagram, the normal tissue, organs at risk, target volume and
reference isodose curves are displayed.

based on Clpadgick, Which employs a correction factor to
eliminate the shape insensitivity effect. Accordingly, the
new conformity index is dependent on the (ID,¢f) shape.

Methods and materials

Head and neck cancers comprise a diverse group of
diseases, including malignancies of the oral cavity, oro-
pharynx, larynx, sinuses and skull base. Treatment of
these cancers includes a combination of surgical resection,
chemotherapy and radiotherapy. Patients with head-neck
and definitive brain tumours are routinely treated with
intensity-modulated radiotherapy (IMRT) to enable deliv-
ery of highly conformal dose distribution to the tumour
while sparing surrounding critical structures. The present
article details simulation models and clinical data for
patients with head-neck cancer treated with IMRT and
volumetric-modulated arc therapy (VMAT).

Modelling and simulation

We create simulated ID,.s curves, target volume, nor-
mal tissue (NT) and organs at risk (OARs) to represent
clinical practice. For one sphere target, three different
shapes of ID;.¢ curves are simulated. These shapes include
a sphere, an ellipsoid and a cube. In order to simplify
the calculation, we measured two-dimensional projection
images as shown in Figure 1. The target volume is a circle
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with radius 2.0 cm. The parameters of three ID,.¢ curves
are listed in the Table 1.

The conformity index suggested by Paddick is
calculated for each of the ID,.¢ curves. It is defined as

TVgg y TVri
vV Vrr '

Clpaddick = (1)
where TV is the target volume covered by the ID,f, Vi
is the volume of the ID,¢s and TV is the target volume.
The first fraction of this equation defines the quality of
coverage of the target; the second fraction defines the
volume of healthy tissue receiving a dose greater than or
equal to the reference dose. Clp,qqick ranges from 0.0 to
1.0, where 1.0 is the ideal value.

Table 1 shows that the three different ID,.¢ curves have
the same volume and cover an equivalent target volume.
According to Equation (1), all of the conformity indices are
equal to 0.78, as shown in Table 1. The optimal radiation
therapy cannot be depicted accurately with Clpagdick
alone; however, there are another three ways in which
the plan can be evaluated accurately, with which Clpagdick
can be modified.

Correction factor from the target volume

If the ID,ef covers all of the clinical and pathological
target volume, we can extend the target volume to find
the optimal extended target volume (OETV) with the
maximum value of Clp,qqick. On the other hand, if the
ID;.e¢ does not cover all of the clinical pathological target
volume, we need to shrink the target volume to find the
optimal target volume with the maximum value of
Clpagdick- The two types of analysis are similar. In our
analysis, the extended target volume is adopted owing to
our model seen in Figure 1.

An MClI is proposed based on extended target volume
(ETV). It is defined as

ETVri  ETVgi
MCI = F 2
ETV ~ Ve @)
IETV—TV|
Fpry=10—1—-"+ "I
grv=1.0 TV 3)

and

|[ETV—TV|= min (JOETV, —TV|,|OETV,—TV|,...) (4)

where OETV; is the OETV from the first plan and OETV,
is from the second plan; ETV means the OETV closest to
the target volume; ETVgy is the ETV covered by the ID,.5;
and Fgry is the correction factor from the ETV. It depicts
the distance between target volume and OETV. The
correction factor Fgry ranges from 0.0 to 1.0. When the
ETV is the original target volume, the MCI becomes
Clpaddick-

Table 1. The model parameters of reference isodose curves for head-neck cancer

Sample Length (cm) Perimeter (cm) Area (cm?) Area of overlap (cm?) Confirmity index
Circle 2.26 (radius) 14.18 16.00 12.56 0.78
Ellipse 2.00 (SA) 2.54 (LA) 14.75 16.00 12.56 0.78
Square 4.00 (side) 16.00 16.00 12.56 0.78

SA, short axis; LA, long axis.
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Correction factor from the reference isodose

This method is similar to the ETV. The MCI is
proposed based on the optimal extended isodose (OEI)
with the maximum value of Clp,ggick. It is defined as

_ TVg _ TVg
MCI = TV X FEI (5)
Ver— W
Fo=10— [VEr— VRi 6)
Vri

and

()

where the subscripts indicate different plans; TVyg; is the
target volume covered by the extended isodose, Vg is the
volume of the extended isodose and Fg; is the correction
factor from the extended isodose. It depicts the distance
between the ID,.s and the extended isodose. The correc-
tion factor Fg; ranges from 0.0 to 1.0. When the extended
isodose is the 1D, the MCI becomes Clp,4gick-

|Ver— Vri|= min (| Voen — Veu|,| Voer, — Veiz).--.),

Correction factor from the target surface

If we take into account the difference in surface area
between the target and ID,s in the MCI, the MCI is
defined as

TVrr  TVri
MCI= F 8
Cl=Tv > T <sn ®)
and
|SAR1 — SATv|
Fsp=10———v——— 9
8 S )

where SAg; is the surface area of the ID.., SAty is
the surface area of the target volume and Fsp is the

correction factor from the target surface. It depicts the
difference in surface area between the ID,¢¢ and the target
volume. When Fsp is equal to 1.0, there is no difference
between them, so it is an ideal case.

Clinical practice

Patients underwent CT scans with slice cuts of 5mm
thickness in the supine position. Structures were manu-
ally contoured onto the CT scan slices following the
ICRU Report 50 recommendations [23]. The gross
tumour volume and clinical target volume (CTV) were
contoured on axial CT scan slices. The CTV included
clinical and suspected subclinical involvement. The
radiation dose was prescribed to a planning target
volume, which was generated by expanding the CTV
by 0.5-1.0cm. Normal tissues and OARs were also
entered onto the planning CT scan, such as brain stem,
spinal cord, parotid gland and so on.

IMRT plans and VMAT were generated using com-
mercial inverse planning software (Eclipse™ v. 8.6;
Varine Corp., Palo Alto, CA). Dynamic multileaf
collimators were used to shape the fields. Nine-field
coplanar plans with equally spaced beams (the most
prevalent beam arrangement found in the literature for
head-neck IMRT) were used. For comparison purposes,
another four different coplanar beam angle arrange-
ments were examined. All IMRT plans used split beams
to treat the primary and upper neck nodal regions. The
first beam-angle configuration consisted of a simple 5-
beam-angle arrangement (including one anterior field,
0°; two anterior-oblique fields, 65° and 130°; and two
posterior-oblique fields, 230” and 295°) to test whether a
reduction in the number of beams was feasible. The
second was a 7-beam-angle arrangement selected by an
experienced physicist (0°, 60°, 90°, 150°, 210°, 270° and
300°). The third was a posterior-weighted 7-beam-angle
configuration (90°, 120°, 150°, 180°, 210°, 240° and 270°)
based on a Memorial Sloan-Kettering technique de-
scribed by Hunt et al [24]. The fourth configuration
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Figure 2. The conformity index of
Paddick as a function of the radius
of the extended target volume (ETV)
for three types of reference isodose
(IDfef). The maximum conformity
index values are different in the
three cases.
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Table 2. The modified conformity indices (MCls) based on
the extended target volume (ETV) compared with the
Paddick conformity index (Clpaqaqdick) for the three types of
reference isodose

cIPadx:Iick
Sample of OETV Ferv \" [a] Clpaddick
Circle 0.94 0.80 0.75 0.78
Ellipse 0.85 0.80 0.68 0.78
Square 0.83 0.80 0.66 0.78

Ferv, correction factor from the ETV; OETV, optimal extended
target volume.

was an 8-beam-angle arrangement (0°, 30°, 90°, 130°, 230°,
260°, 290° and 330°). Additionally, three types of VMAT
plans (i.e. one coplanar arc, two coplanar arcs and two
non-coplanar arcs) were designed for the same patient.
The dose-volume constraints of the target and normal
tissues were defined for patients.

Structures were modelled as three-dimensional point
clouds in Eclipse. Two important parameters can be
changed: the number and resolution of the points in the
point clouds. The point cloud generation algorithm places
more points close to the structure’s external surface to
ensure proper representation of complex shapes. The
resolution of the points is defined as the approximate
distance between the points. The correction for effects of
finite resolution is discussed in the following section.

Results
Simulation results

Correction factor from the target volume

To obtain an MCI with a correction factor from the
ETV, the dependence of Clp,qgick on the radius of the
extended target for the three types of ID,f is shown in
Figure 2. Because the circle ID,¢f has the same shape as
the target volume, but with a different radius, Clpaqqick of
the OETV is unity. A sharp peak is observed in the
Clpaddick spectrum of the circle ID,.s. The ellipse ID,.¢ has
a higher Clp,qqick of OETV 0.85, and the square has the
lowest of 0.83. Additionally, the broadening effect of
Clpagdick (namely the lower the Clp,gqick of OETV is, the
wider the spectrum of the conformity index becomes) is
also observed. Circle and ellipse ID,¢f values have the
same OETV, but the square 1D, has a smaller OETV.
Comparing the three types of ID,., the OETV of the
square ID,¢ is adopted as the ETV.

The correction factors are calculated with Equation (3). The
MClIs compared with Clpaggick are listed in Table 2. After

Table 3. The modified conformity indices (MCls) with a
correction factor from the reference isodose (ID,.f) compared
with Paddick conformity index (Clpaqdick) for the three types
of IDyef
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modifying Clp,qdick, We find that the MCI can provide us
with a precise index. The circle ID,¢ has the highest MCI of
0.75, which is larger than the ellipse (0.68) and square (0.66).

Correction factor from the reference isodose

To calculate an MCI with a correction factor from the ID,,
the dependence of Clpaggick on the geometric parameters of
the optimal isodose is obtained for the three types of ID,ef.
Using the correction factor, the MCls are shown in Table 3.
The circle ID;.f also has the highest MCI (0.79).

Correction factor from the target surface

The results of the MCIs with correction factors from the
target surface are listed in Table 4. They are consistent
with the previous methods. The circle ID;.¢ has the highest
MCI (0.68).

In conclusion, the MCIs of three types of ID,s are
compared with Clpagdick, sShown in Figure 3. As can be
seen, Paddick conformity indices are the same (0.78).
After the correction factors are employed using the
above methods, the MCI provides access to the optimal
radiotherapy. The circle ID,¢s always has the highest
indices and the square one has the lowest indices. The
results of the three methods are consistent.

Clinical results

Based on the structural model reconstructed by
Eclipse, we extend and shrink the target volume to
observe the change of Clpagdick- As shown in Figure 4,
the difference of margin of the target volume ranges
from —1.1 to +0.5cm. Red points represent the highest
value of Clpagdick.- When target volumes are expanded,
Clpadaick changes little. A line is used to fit to the hizghest
value of Clp,qqick of the ETV with the smallest 3~ (the
goodness of the fit), y*/degrees of freedom=0.0001/4.
The parameters are listed in the top-right corner of
Figure 4. The slope parameter is about 0.05. The Clp,qqick
of the ETV increases slowly with the decrease of volume
and it achieves the maximum value when the ETV is the
original target volume.

Figure 4 shows the dependence of Clp,qgick on the choice
of a reference dose. The dependence of Clp,qgick on the ETV
is also shown. In the following analysis, three reference
doses (namely 80%, 90% and 100%) are discussed. Using
Equations (2) and (5), the MCIs are calculated and com-
pared with Clp,qgick. The results are listed in Table 5.
MClIgty is the MCI with the correction factor from the ETV,
and MCly is the MCI with the correction factor from the
extended reference isodose (ERI). Table 5 shows that the
90% ID,¢f has the highest conformity index. They are 0.82,

Table 4. The modified conformity indices (MCls) based on
the surface area correction compared with the Paddick
conformity index (Clpaggick) for the three types of reference
isodose

Sample Clpaddick of Ol For MCcI Clpaddick Sample Perimeter Fsa \" [d] Clpaddick
Circle 1.00 0.79 0.79 0.78 Circle 14.18 0.87 0.68 0.78
Ellipse 0.85 0.79 0.67 0.78 Ellipse 14.75 0.82 0.64 0.78
Square 0.40 0.79 0.32 0.78 Square 16.00 0.72 0.56 0.78

Fo), correction factor from the optimal isodose (Ol).

e526

Fsa, correction factor from the surface area.

The British Journal of Radiology, August 2012



An efficient tool for conformity analysis

@ 1 : T I T T T T | T T T T I T T T T T T T E T :
=< - ) ) =
g 09 —Circle Ellipse Square
c E =
£ LET BN Ey
= 08 — =
£ aOIEY © CIEI TR TP e @ -
S o7 E. o TRl A =
g - .' -------------------------- ‘:"—--— ........................ _. =
© o6F @ Paddickscl LT =i
& e 3
05 — @ MCI (correction factor from TV) =
04 - @ MCI (correction factor fromIDrel) y —]

= 2 Figure 3. Comparison of the four

03 | @ MCI (correction factor from surface of TV) ® — conformity indices of three types of

- - reference isodose (ID,ef). For the

0.2 T Y N R TR NN SN [N SN SN S TR [N TR S S PR R T N S index of IDef, the value of 1 is for

0.82 and 0.67 for the three types of conformity index
separately. There is good agreement among Clp,qdick,
MClgry and MClp,. Until now, Eclipse has been unable to
provide the surface area of the structure in their recon-
structed model, so we do not discuss MClgp here.

Discussion

A correction for volume resolution from the depen-
dence of the conformity index on the normalised relative
dose is shown in Figure 5. In consideration of the volume
resolution, the red points represent the conformity index
with relative uncertainty 0.2% and blue ones with 10%.
In order to separate the two cases, a factor of 0.9 is
applied to the conformity index with relative uncertainty
10%. Polynomial fitting is performed. The highest
conformity index can be obtained from polynomial curve
fitting, and it is normalised to 1.0.

A shape comparison of the two polynomial curves
is shown below the curves in Figure 5. A peak shift

3 a circle, 2 is for an ellipse and 3 is for
a square. MCl, modified conformity
Index of IDref index; TV, target volume.

occurs in some cases. However, the majority of two
curves agree with each other, except for the part of
higher relative dose. A suitable confidence interval from
0.99 to 1.01 is considered the optimal conformity index
range owing to the peak shift effect. The corresponding
doses in this range are regarded as the optimal doses of
the ETV, and the overlap between the ETV and the ID,.s.

For nine-field coplanar IMRT, the DVH of the ETV,
ERI and the overlap between the ETV and ERI is shown
in Figure 6. The bands represent the systematic uncer-
tainty from the correction of volume resolution, and the
dot-dashed line is the 95% ID,.¢ curve. The ETV and
corresponding overlap with the same optimal dose
constitute a pair. The gap between them decreases with
the decrease of volume. When the volume is equal to
255.5cm” (the value of the target volume), the smallest
difference among ETV, ERI and the overlap between
them is observed. That means there is the highest
conformity index here. DVH plateaus of the ETV and
overlap are formed when the volume is <200cm’. The
95% dose covers the target well. As is known, the ETV
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Relative dose (%)

Figure 4. The conformity index (Cl)
of Paddick calculated according to
Equation (1) depends on the choice
of the reference dose. The relative
doses are normalized to the pre-
scription dose for the extended
target volume (ETV). The red points
represent the maximum Paddick CI
of the ETV. df, degrees of freedom;
Prob, probability; TV, target volume.
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Table 5. Comparison of the conformity index of three
reference doses (80%, 90% and 100%) between the
Paddick conformity index (Clpaggick) and the modified
conformity index

Sample Clpaddick MClgry MClg,
80% 0.70 0.70 0.66
90% 0.82 0.82 0.67
100% 0.56 0.56 0.52

MClgry, modified conformity index based on extended target
volume; MClg,, modified conformity index based on the
optimal isodose.

and the overlap are in the midst of the original target
volume. We find that there is a big difference between
the ETV and ERI below 50 cm®. It means high doses occur
in the periphery of the target volume. The gradient of the
dose can be measured using the right part of the ERI. A
line fitting to them is performed.

In order to testify to the privileged role of the MCI in
the evaluation of high-precision radiotherapy, several
IMRT and VMAT curves were generated for the same
data set. A template of planning dose constraints was

F Jin, Y Wang and Y-Z Wu

constructed based on our previous planning experience
in the Eclipse treatment planning system. For each
patient, fine adjustment was required to achieve the
treatment goals. The final results of the conformity
indices are listed in Table 6 for one typical case. MCls
have different values from Clpaqgick- The VMAT plan
with two non-coplanar arcs has the highest conformity
indices from the calculation of three types of conformity
index, but the MCI based on the optimal isodose shows a
significant advantage: (MClo;=0.870)>(Clpagaick=0.827).

The evaluation of the optimal plan should take into
account the quality of tumour irradiation, irradiation of
non-critical healthy tissues and irradiation of critical
organs. The first two parameters correspond to the MCI
described above. It can be multiplied by other indices
correlated with the various critical organs to assess the
conformal degree of a plan comprehensively.

Conclusions

Because the conformity index could facilitate decisions
during analysis of various treatment plans proposed for
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Table 6. The comparison of the conformity index from
different plans between the conformity index of Paddick
(Clpaddick) and the modified conformity index

Sample Clpaddick MCIETV Mc|o|
Case 1 0.790 0.793 0.806
Case 2 0.807 0.807 0.813
Case 3 0.816 0.816 0.827
Case 4 0.812 0.814 0.819
Case 5 0.820 0.817 0.838
Case 6 0.819 0.816 0.832
Case 7 0.823 0.834 0.862
Case 8 0.827 0.844 0.870

IMRT, intensity-modulated radiation therapy; MClgry,, modi-
fied conformity index based on the extended target
volume; MClp,, modified conformity index based on the
optimal isodose; VMAT, volumetric-modulated are therapy.

Case 1: five-field coplanar IMRT; case 2: seven-field coplanar
IMRT; case 3: eight-field coplanar IMRT; case 4: posterior-
weighted seven-field coplanar IMRT; case 5: nine-field
coplanar IMRT; case 6: one-arc VMAT,; case 7: VMAT with
two coplanar arcs; case 8: VMAT with two non-coplanar arcs.

conformal radiotherapy and comparison between var-
ious available techniques, it is widely used in the study
of the arrangement of optimal conformal radiotherapy. It
is an attractive tool.

The insensitivity of previous conformity indices on
the ID,. in some cases is observed. The MCI, as
described above, can offer objective and accurate
measurements to evaluate high-precision radiotherapy.
To date, existing treatment planning system software does
not take into account the surface area difference between
the target volume and ID;,¢. The most simple MCI with a
correction factor from the surface cannot be adopted in
routine analysis. Planning software should be improved
with regard to this problem, and our future work will take
this into account.
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