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The Impact of Tissue Inhomogeneity Corrections in the Treatment
of Prostate Cancer with Intensity-Modulated Radiation Therapy

Youngyih Han, Won Park, and Seung Jae Huh

Department of Radiation Oncology, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: To investigate the effects of tissue inhomogeneity corrections on the dose delivered to prostate
cancer patients treated with Intensity-Modulated Radiation Therapy (MRT).

Methods and Materials: For five prostate cancer patients, IMRT treatment plans were generated using 6
MV or 10 MV X-rays. In each plan, seven equally spaced ports of photon beams were directed to the
isocenter, neglecting the tissue heterogeneity in the body. The dose at the isocenter, mean dose, maximum
dose, minimum dose and volume that received more than 95% of the isocenter dose in the planning target
volume (Vp>es%) wWere measured. The maximum doses to the rectum and the bladder, and the volumes that
received more than 50, 75 and 90% of the prescribed dose were measured. Treatment plans were then
recomputed using tissue inhomogeneity correction maintaining the intensity profiles and monitor units of each
port. The prescription point dose and other dosimetric parameters were remeasured.

Results: The inhomaogeneity correction reduced the prescription point dose by an average 4.9 and 4.0% with
6 and 10 MV X-rays, respectively. The average reductions of the Vp>es% were 0.8 and 0.9% with the 6 and
10 MV X-rays, respectively. The mean doses in the PTV were reduced by an average of 4.2 and 3.4% with
the 6 and 10 MV X-rays, respectively. The irradiated volume parameters in the rectum and bladder were less
decreased; less than 2.1% (1.2%) of the reduction in the rectum (bladder). The average reductions in the
mean dose were 1.0 and 0.5% in the rectum and bladder, respectively.

Conclusions: Neglect of tissue inhomogeneity in the IMRT treatment of prostate cancer gives rise o a
notable overestimation of the dose delivered to the target, whereas the impact of tissue inhomogeneity
correction to the surrounding critical organs is less significant.
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ies were performed by using an intensity-modulated radiation
INTRODUCTION therapy (IMRT) because of its feasibility to deliver higher

doses to the treatment target volumes while sparing the
5-9)

Radiotherapy is an established standard treatment modality
for localized prostate cancer.

In recent years, dose escalation has been a subject of
extensive study in the treatment of prostate cancer, since the
dose to the tumor has been thought of as a key factor increa-

1-4)

sing tumor control probability.™ Many dose escalation stud-
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surrounding normal structures.

Meanwhile, the toxicity of critical normal organs such as
the bladder and rectum, which are associated with high dose
radiation, has been an accompanying issue. In order to prevent
radiation induced toxicity, several analyses found correlations
between the acuteflate toxicity of critical organs and predic-
table dosimetric quantities, such as dose volume histograms
(DVH) and dose statistics.” !9

The dosimetric quantities predicted in the treatment plans
could have deviations from institution to institution, however,
depending on the procedure of dose calculation. One of the

known sources for deviation in dose calculation has been

~ 149 —



Youngyih Han, et al : Inhomogeneity Corrections in the Prostate Cancer

tissue inhomogeneity in the treatment volume. The presence of
different electron density materials such as bony structure and
gas in the rectum influences the International Commission on
Radiation Units and Measurements (ICRU) point dose, as well
as the dose distribution in the treated volume."” Tissue inhomo-
geneity has not been actively considered in many clinical trials
because of the uncertain effects of various inhomogeneity
correction algorithms.

Review of the extensive literature regarding tissue inhomo-
geneity correction effects on lung cancer treatment'>* re-
vealed few investigations for tissue inhomogeneity effects on
the three-dimensional (3-D) treatment of prostate cancer.'™?”
Among others, Ginestet et al”” reported that inhomogeneity
induced errors were critically dependent on the beam direction,
which is diverse in 3-D conformal plans. This result implies
tissue inhomogeneity-induced deviation is dependent on the
treatment technique. The impact could also be larger in the
IMRT treatment than 3-D conformal treatment because of the
beam intensity-modulation. To our knowledge, however, no
data has been provided which addresses the impact of inho-
mogeneity correction on the target as well as on the critical
organs with IMRT treatment for prostate cancer. Therefore, we
performed the analysis of inhomogeneity cotrection effects on
the absolute dose and relative dose distribution of the target
and critical organs in the IMRT treatment of prostate cancer
by using a convolution/superposition algorithm.”*® Our results
show tissue inhomogeneity correction has more significant
effects on the target than the critical organs in the treatment
volume. Qur results have relevance to the dose-escalation trials

and the toxicity analysis of critical organs for IMRT.
METHOD AND MATERIALS

In this study, we considered five patients treated for local-
ized prostate cancer. The treatment planning study consisted of
two parts: the first involved planning without inhomogeneity
corrections, and the second involved planning with inhomo-
geneity corrections. The treatment planning study was carried
out using the Pinnacle 6.0 m software, using convolution/
superposition algorithms for dose calculation. In the first part
of the study, two IMRT plans using 6 or 10 MV X-rays were

generated for each patient. Both plans employed seven equally

spaced and weighted coplanar ports of photon beams (gantry
angles: 0, 51, 102, 204, 255, and 306) directed to isocenter.

The clinical target volume (CTV) was the prostate or pro-
state plus seminal vesicle. The planning target volume (PTV)
was the CTV plus a safety margin of 8~10 mm except for
the front of the rectal wall, where the margin was 5 mm.
PTV1 was defined as the prostate plus the margin, and PTV2
was the prostate with seminal vesicles plus the margin.

In the computations, the tissue inhomogeneity in the patient
body was turned off, assuming that all tissue densities are in
unity (1 g/cm3). The homogeneous dose, daily 2 Gy to the
ICRU point in the PTV, was assigned; constraints to the
rectum wall and bladder were assigned to 1.5 Gy to 10% of
rectum and bladder volumes. The intensity-modulated beam
profiles were then computed with a 4 mm dose grid in all
directions, using the iterative optimization process module in
the Pinnacle. In the process of optimization, a pencil beam
algorithm was employed. After completion of optimization, the
dose distribution was recomputed by using the convolution/
superposition algorithm.

For the comparison of plans, several dosimetric quantities
describing the absolute dose and relative dose distribution in
the target and in the critical organs were collected. In the
target, the absolute dose was measured at the ICRU reference
point (Dis) which is located at the isocenter. Other quantities
such as mean dose (Dpmean), maximum dose (Dpmax), and
minimum dose (Dpmin) Were also measured. In order to com-
pare the dose conformity of the target, the volume, which
received a dose of more than 95% of the isocenter dose (V>
9s%), was measured. It is important to note that the isocenter
dose associated with this definition was the dose actually
delivered to the isocenter.

In the critical organs, the mean dose (Dimean; rectum, Domean;
bladder), maximum dose (Dmmax; rectum, Dpma; bladder) and
minimum dose (Dmin; rectum, Dpmin; bladder) were measured.
The accumulated DVH was quantified by measuring the fol-
lowing quantities: volumes receiving more than 50, 7 and 90%
of the prescribed dose in the rectum (Vi»so%, Vis7s%, and Vi
9%, respectively) and bladder (Vp>soz, Vb>75, and Visoog,
respectively).

In the second part of the planning study, the computed

tomography number-based inhomogeneity corrections were initi-
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ated and the dose distribution was recomputed in each of the
treatment plans. In the computation process, all beam para-
meters such as beam energy, beam number, gantry angle, field
size, intensity profiles and monitor units of each portal
entrance of the beam were maintained so as to make the con-
ditions identical to those of the plans without tissue inhomo-
geneity cortections. Prescription point dose and other dosime-
tric quantities accessing the dose distribution in the target, the

rectum, and the bladders were re-measured.

RESULTS

Table 1 shows the dosimetric parameters relevant to the
target. Prescription point dose, minimal, maximal, and mean
doses are presented in the table. The representative dose-
volume histograms of PTV in homogeneous or heterogeneous
media are presented in Fig. 1. As shown in Table 1, the
inhomogeneity cortrection reduced the prescription point dose
(Dio) by 5 (4.9) and 4% (3.9%) with 6 and 10 MV X-rays
repectively on average in the PTVI1 (PTV2). The reduction
rates were similar regardless of the PTV1 or PTV2., The
minimal, mean, and maximal doses were all reduced by
similar rates, about 1~2% less than the decrease of the
prescription point dose (Diso). In order to check the dose con-
formity of the target, Vp>os¢ in the inhomogeneity uncorrected
plan was compared to that of the inhomonogeneity corrected
plan. As shown in Table 2, the decrease of Vp>os54 was about

1% (0.35~1.24%). The variation of dose conformity was

Table 1. Dose statistics in the PTV.
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slightly larger in PTV2, where the original dose conformity
was poorer than PTV1. Also, the DVH of the inhomogeneity
corrected plan was intentionally shifted to a higher dose until
the volume received more than 50% of the prescription, mat-
ching the DVH line of the inhomogeneity uncorrected plan.
The inset of Fig. 1 shows that the differences between the two
overlaid lines were very small and the dose conformity of the
target was not changed much. Hence, the dose in the target
tended to reduce uniformly.

The dosimetric parameters relevant to the critical organs are
presented in Tables 3 and 4, and the representative dose-
volume histograms of the rectum and bladder are depicted in
Fig. 2 and 3, respectively. The maximum point dose in the

rectum was reduced by on 4.7 average of with 6 MV X-rays
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Fig. 1. DVHs of the PTV: X-ray energy=10 MV, PTV=prostate
plus margin.

PTV1 PTV2
6 MV 10 MV 6 MV 10 MV
H%) 1) 4% HE) 1% 4% HE®) 1%) 4% HE) 1) 4%
Diso* 1005 955  —-50 1008 9.8  —40 95 946  —49 1006 97 -39
Dymean® 99.6 952  —44 98 %2  —36 99.1 952 -39 92 91 —31
Dypmac* 1073 1031 -39 1029 994 35 1061 1025 -36 1065 1037 28
Dpmin* 90.4 88  —36 97 879  —28 865 85  —30 865 842  —23

*normalized to the prescription dose

Disos Dpmeamy Dpmax and Dpmin are the isocenter dose, the mean dose, the maximum dose, and the minimum dose in the PTV,
respectively, PTV1: the prostate plus margin, PTV2: the prostate with seminal vesicles plus margin, H: the plannings without
inhomogeneity correction, I: indicates the plannings with inhomogenetiy corrections, 4: the data differences between H and I
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and 3.8% with 6 and 10 MV X-rays, respectively. The average The mean dose and DVHs of the critical organs which could
reduction in the bladder was 3.6% and 3 at 6 and 10 MV be relevant to radiation toxicity were only slightly affected by
X-rays, respectively. These reduction rates were similar to the  the inhomogeneity corrections. The mean dose decreases were

decrease rate of the target maximum dose. only 0.6~1.1% in the rectum and 0.4~0.8% in the bladder.

Table 2. Change of target conformity.

PTV1 PTV2

6 MV 10 MV 6 MV 10 MV

H(%) 1) 4() HG) (%) 4@ H® 1% 4%) H® 1) 4%

Vp>o59* 97.3 97.6 03 971 97.6 0.5 934 94.6 1.2 93.1 94.2 12

* normalized to the Planning Target Volume
Vp>9s%: the volume receiving more than 95% of the isocenter dose, Vo5 is defined relevant to the actual isocenter dose rather than

the prescription dose.

Table 3. Mean dose and DVH parameters in the rectum.

Rectum (PTV=PTV1) Rectum (PTV=PTV2)

6 MV 10 MV 6 MV 10 MV

H@) 1) 4% HEG 1% 4@®%) HE 1% 4% HG) 1% 4%

Drmean® 26.8 26.0 -08 264 25.7 -07 33.5 323 -1.2 348 33.9 -09
Drmax* 99.3 94.7 —4.6 99.6 95.9 -37 100.2 95.4 —48 99.6 95.8 -38
Visson| 26.3 254 -09 263 255 -08 28.9 27.6 ~1.4 331 320 ~1.0
Vieszsn ! 11.1 9.9 -12 109 9.9 -1.0 12.6 111 -15 13.3 11.9 -14
Visoon' 54 3.7 -17 51 3.8 -13 6.2 41 —-21 5.8 41 -17

*normalized to the prescription dose, "normalized to the rectal volume

Drmean and Dimax are the mean dose and the maximum dose in the rectum, repectively.
Vissox, Viszsw, and Visooy are rectal volumes receiving more than 50%, 75% and 90% of the prescription dose

Table 4. Mean dose and DVH parameters in the bladder.

Bladder (PTV=PTV1) Bladder (PTV=PTV2)

6 MV 10 MV 6 MV 10 MV

H (%) 1()  4©) HE)  1%) 4% H® 1% 46) HG) 1) 4 (%)

Dbmean® 219 215 —-04 219 21.6 -0.3 37.9 371 -0.8 384 37.8 —0.6
Dhbomax* 1013 97.8 -35 101.2 98.4 —28 1025 98.8 -37 102.1 99.0 -31
Vbsson ' 18.8 185 -03 18.0 178 -02 378 371 -07 383 37.7 —0.6
Vbs75% 10.0 9.6 —-04 11.0 10.0 -1.0 14.7 13.6 -11 15.0 14.0 —1.0
Vb>o0% 6.8 6.0 -08 7.2 6.7 —04 8.0 7.1 -0.9 8.0 7.1 —0.9

*normalized to the prescription dose, Tnormalized to the bladder volume

Dbmean @and Dpmax are the mean and maximum doses in the bladder, respectively.
Vo505, Vbs7u, and Vs are bladder volumes receiving more than 50%, 75% and 90% of the prescription dose
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Fig. 2. DVHs of the rectum: X-ray energy=10 MV, PTV=
prostate plus margin

In the rectum, Vi>s0%, Vi>7s%, and Viseq decreased by 1.1~
1.3%, 1.1~1.5% and 1.3~2.1%, respectively. In the bladder,
the volume reductions of Vyssos, Vb>7s%, and Visos were
also small, which were 0.2~0.8%, 0.5~1.2%, and 0.4~1.2%,

respectively.
DISCUSSIONS AND CONCLUSIONS

In our results, the inhomogeneity corrections appeared to
play different roles in the target and in critical organs for the
IMRT treatment plan. In the target, the prescription dose, and
the dose statistics, all decreased by notable amounts with
inhomogeneity corrections, whereas the effects of the correc-
tion on the mean dose and DVHs of the rectum and the blad-
der were not that significant.

The Photon Treatment Planning Collaborative Working
Group reported that in the 3-D treatment the mean dose of the
prostate treated by 15 MV X-rays could have a 6% reduction
in dose by inhomogeneity correction, while the mean dose of

" Ginestet et al*”

the rectum and bladder was not reduced.
performed a systematic analysis on the inhomogeneity correc-
tion effects of 3-D conformal prostate treatment, showing that
inhomogeneity correction effects were dependent on beam
direction and that deviation at the ICRU point reached up to
4.5% at 18 MV X-rays. Although 6 and 10 MV X-ray ener-
gies were investigated in this study at higher energies (15~ 18
MV X-rays), the reduction rates of IMRT treatment will not

differ much from the previously reported values of 3-D treat-
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Fig. 3. DVHs of the Bladder: X-ray energy=10 MV, PTV=
prostate plus marginFigure Legends.

ments because of the increased contribution of pair production
of those energy regions.

These observed dose reductions are mainly due to the
presence of high atomic number tissues and bony structures
around the prostate, increasing the attenuation of the primary
radiation. The distribution of these bony structures is not
isotropic. This anisotropic distribution does not appear to be
important to the relative dose distribution. The variation of
intensity profiles due to high density tissue also appear to have
little effect on the relative dose distribution, since the target
dose conformity changed little,

In comparison to the 3-D conformal treatment, IMRT uses
more consistent beam directions between institutions. As long
as equally spaced isocentric beams are employed, we believe
that the use of different number of beams (five or nine beams)
will not change the dose reduction rate markedly.

For the critical organs, the mean dose and all DVH para-
meters were not strongly affected by the inhomogeneity cor-
rections. These observations are possibly due to the fact that
among seven ports of incident photon beams, only a small
portion of beams is responsible for the dose in the rectum or
the bladder. The dosimetric quantities considered to be cor-
related to rectal toxicity are the volumes that receive more
than 50~70 Gy as mean dose.>'” In our observations, neither
percentage parameters (Vissoz, Vis7s%s Vi>o0%, Vb>s50%s Vo>
75%, and Vy>904) nor the mean dose were affected by inhomo-
geneity correction. Hence, any results driven by the DVH

analyses and mean dose of the rectum or the bladder would be
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irrelevant to the inhomogeneity correction.

In summary, we compared the dose statistics and dose
distributions of five prostate cancer patients for IMRT treat-
ment calculated by convolution /superposition algorithm, with
and without inhomogeneity corrections. We assessed the dif-
ference between the two calculation results, caused mainly by
the presence of high-density bony structures. For all patients
studied, the inhomgeneity correction reduced the isocenter dose
by an average 4~5% and the mean dose by an average 3~
4% in the target. The deviation of the target conformity was
not that significant. The effects of the critical organ data such
as the mean dose and volume parameter in the DVH were not
affected significantly by the inhomogeneity correction. Our
results indicate that the prescribed dose difference between the
inhomogeneity corrected and uncorrected studies needs to be
taken into account in the intercomparison of delivered dose.
However, the results of complication studies on the critical
organs, which were induced by the DVH and mean dose
analysis of the critical organ, will be consistent independent of

the inhomogeneity correction.
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