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Abstract

Purpose—We conducted a comparative study of Clinical Target Volume (CTV) definition of pelvic
lymph nodes by multiple GU radiation oncologists looking at the levels of discrepencies amongst
this group.

Methods and Materials—Pelvic CT scans from 2 men were distributed to 14 RTOG GU radiation
oncologists with instructions to define CTVs for the iliac and pre-sacral lymph nodes. The CT data
with contours was then returned for analysis. In addition, a questionnaire was completed that
described the physicians’ method for target volume definition.
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Results—Significant variation in the definition of the iliac and presacral CTVs was seen amongst

the physic

ians. The minimum, maximum, mean (SD) iliac volumes (cc) were 81.8, 876.6, 337.6 +

203 for case 1 and 60.3, 627.7, 251.8 + 159.3 for case 2. The volume of 100% agreement was 30.6
and 17.4 for case 1 and 2 and the volume of the union of all contours was 1012.0 and 807.4 for case
1 and 2, respectively. The overall agreement was judged to be moderate in both cases (kappa=0.53
(p<0.0001) and kappa=0.48 (p<0.0001). There was no volume of 100% agreement for either of the
two presacral volumes. These variations were confirmed in the responses to the associated
questionnaire.

Conclusions—Significant disagreement exists in the definition of the CTV for pelvic nodal

radiation t

herapy amongst GU radiation oncology specialists. A consensus needs to be developed so

as to accurately assess the merit and safety of such treatment.
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PURPOSE

Landmark studies that have demonstrated the benefit of hormone therapy added to radiation
therapy have all utilized whole pelvic radiation therapy plus a prostate boost.(1,2,3,4) In
addition, other studies have directly suggested that pelvic nodal radiation may improve the
outcome in patients with high risk prostate cancer whose risk of lymph node involvement is
significant(5,6,7) For these reasons and because current Radiation Therapy Oncology Group
(RTOQG) trials require treatment of pelvic lymph nodes(8,9) it is essential that a consensus be
attempted to define what constraints the proper nodal volumes to be irradiated.

Traditional pelvic radiotherapy techniques encompassed pelvic tissue extensively and adequate
dosimetric coverage of nodal volumes was relative insensitive to treatment technique.
However, with the development of Intensity Modulated Radiation Therapy (IMRT) techniques
to treat only the pelvic lymph nodes (so as to increase protection of juxtaposed normal tissues)
the nodal volumes contoured become extremely important so as to insure the appropriate nodes
are in fact covered and thus treated. We conducted a comparative study of clinical target volume
(CTV) definition of pelvic lymph nodes in the treatment of prostate cancer by multiple
genitourinary (GU) radiation oncologists looking at the congruence or levels of discrepancies
amongst this group.

METHODS

DICOM intravenous contrast enhanced pelvic CT scans from two men referred for definitive
treatment of their prostate cancer were distributed to 14 radiation oncologists with instructions
to define CTVs for the iliac and presacral lymph node regions. The GU radiation oncologists
were asked to define two nodal CTVs: CTV-iliac and CTV-PS (presacral). CTV iliac was
defined as all of the lymph nodes that the oncologist would generally target for a patient with
a high risk of pelvic lymph node involvement, but with out the presacral nodes included
(whether or not the oncologist would standardly treat them). CTV-PS was to include only the
presacral lymph node volume.

In addition a clinical scenario and questionnaire accompanied the CTs which described the two
cases of prostate cancer:

Case 1 - a 60-year-old with adenocarcinoma of the prostate clinical stage T3b, Gleason
Score 7 (4+3), prostate specific antigen (PSA) 40.
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Case 2 — a 60-year-old with adenocarcinoma of the prostate clinical stageT1c, Gleason
Score 9, PSA 9.

The oncologists were asked to describe the superior limit of the nodal volumes for each case
and whether they would treat the presacral lymph nodes in each case. They were also asked to
describe the inferior and anterior limit of the external iliac lymph nodes, the inferior and
posterior limit of the internal iliac, and the anterior limit of the presacral lymph node volumes.
The questionnaire asked whether the oncologists had dose constraints for their nodal planning
target volumes (PTV) such as volume 100% (V100), volume 110% (V110), isodose line 98%
(D98), isodose line 95% (D95), isodose line 90% (D90), or others. Finally the oncologists were
asked to describe their dose constraints for organs at risk (OAR) including bladder, rectum,
femoral heads, penile bulb, small bowel, and large bowel.

The CT data was then returned to Washington University investigators by CD ROM or DICOM
export to the ITC. and questionnaires were returned to the Medical College of Wisconsin for
collation and analysis by Dr. Lawton.

The contours from each investigator were then imported into an in-house research treatment
planning system (CERR). Contours were then compared for agreement by using the Matlab
statistical software package.

Several algorithms to measure the level of agreement between physicians were investigated.
The commonly used apparent volume overlap was calculated as the average agreement
probability by which a voxel is selected by the experts. This was corrected for agreement by
chance by using generalized kappa statistics.(10) Kappa statistics assume values between +1
(perfect agreement) through 0 (no agreement above chance) and -1 (complete disagreement).
According to Landis and Koch criteria, a kappa value of 0 would indicate poor agreement, 0.01
—0.20 slight agreement, 0.21 — 0.40 fair agreement, 0.41 to 0.60 moderate agreement, 0.61 —
0.80 substantial agreement, and 0.80 — 1.00 almost perfect agreement. (11)

We applied an imputation method based on the Expected Maximum (EM) algorithms for
simultaneous truth and performance level estimation (STAPLE) to estimate the “true” CTV
contours.(12) In this approach, the consensus contouring decisions at each image voxel are
formulated as maximum-likelihood estimates from the observed investigator contours by
optimizing sensitivity and specificity parameters of each expert’s determination of anatomical
sites that could harbor subclinical disease.

IRB approval was obtained for this study.

Fourteen radiation oncologists returned completed questionnaires and 11 completed CT
contouring. Significant disagreements in the definition of iliac and presacral CTVs were seen
amongst the physicians as summarized in Table 1. The agreement on the CTV-iliac was
relatively better than the CTV-PS (moderate versus fair according to the Landis & Koch
criteria). The range in volume definitions was 81.8-876.6 cc CTV-iliac versus 24.3— 157.3 cc
CTV-PSincase 1and 60.3-627.9 cc CTV-iliac versus 26.6-98.8 cc CTV-PS in case 2. Figures
1 and 2 show sample results for case #1 with agreement volumes at different confidence levels
for CTV-iliac and CTV-PS, respectively. These two figures show that as the confidence level
is increased the agreement volume is decreased. The decrease in volume is monotonic in cases
of apparent volume and Kappa estimates but reaches more of a plateau in case of the STAPLE
algorithm for intermediate confidence levels. The histogram graphical summary supports
previous numerical results of better agreement in the case of CTV-iliac reflected in the relative
‘shallowness’ of the slopes of the different statistical estimates as a function of agreement
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compared to the CTV-PS case. A sagital image of the presacral contour volumes is shown in
Figure 3. A coronal image of the iliac contour volumes is shown in Figure 4.

These variations were confirmed in the response to the associated questionnaire. The superior
limit of the nodal volumes ranges from L4/L5 interspace to the bottom of the sacral iliac joints.
Five of the 14 oncologists chose the L5/S1 interspace as the superior limit of the nodal volumes.

The inferior limit of the external iliac lymph nodes ranged from 3-cm superior to the base of
prostate down to the level of obturator foramen. The anterior limit of the external iliac lymph
nodes ranged from the anterior aspect of the pubic symphysis to 2-cm posterior to the pubic
symphysis.

Definition of the inferior limit of the internal iliac nodes ranged from 3-cm above the superior
aspect of the sciatic notch to the top of the pubic symphysis with 4 of 14 oncologists choosing
the level of the seminal vesicles as the inferior limit. The posterior limit of the internal iliac
nodes ranged from no anatomic location identified and basing the inferior limit on the rectal
dose volume histogram (DVH) to 1-cm posterior to the internal iliac vessels.

Definition of the anterior limit of the presacral nodes ranged from 3-cm anterior to the bony
sacrum to 1.5-cm anterior to the bone with 5 of 14 oncologists choosing 2-cm anterior to the
bony sacrum as the anterior limit of these nodes.

Dose constraints for the nodal PTV revealed that 3 of 14 oncologists had no dose constraints,
but most of the respondents chose 95% — 98% V100 or the D98 or D95 at 98—-100%.

For organs at risk there was also variation:

Bladder — 3 oncologists had no constraints, yet 9 of 14 chose at least 2 dose levels with
constraints. One dose level at the 45-50 Gy level where the volume constraints ranged from
< 40% to < 60% and a second high dose level of 60-70 Gy where the volume constraint range
from < 5% to <25%.

Rectum — all respondents had constraints for the rectum with 12 of 14 having two dose levels
with constraints. The first was in the range of 40-60 Gy where the volume constraint ranged
from 25% — 50%. The second dose point ranged from 65 — 75 Gy with a volume constraint
ranging from 5% — 30%.

Femoral head constraints ranged from none or “minimize” to < 5% exceeding 60 Gy. Eleven
oncologists had constraints in the 40 — 50Gy range of < 1% to < 50%.

Penile bulb constraints showed that 7 of 14 of the oncologists had no constraints. For those
oncologists with constraints the dose ranged from 45 — 53 Gy with a volume constraint of <40
to < 50%.

Small bowel constraints revealed 4 of 14 oncologists with no constraints. The remaining 10
oncologists had very wide range of constraints from < 1% at 50 Gy to < 10% at 68 Gy.

Large bowel including sigmoid colon constraints range revealed that 6 of 14 oncologists had
no constraints. The remaining 8 GU experts showed some variation in constraints ranging from
0 % at 55 Gy to <30% at 53 Gy.

CONCLUSIONS

Pelvic nodal irradiation for high risk/locally advanced adenocarcinoma of the prostate has
become a standard based on the radiation therapy plus hormone data from multiple prospective
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randomized trials.(1,2,3) In addition, it is required as part of two current RTOG trials (05-21
and 05-34).(8,9) Treating the correct lymph node volume appears to affect outcomes.(6)
Certainly in the era of IMRT it is imperative that if lymph node volumes are to be treated, we
must ensure that the “correct volumes” are covered and appropriate OAR’s are spared in order
to address the relative merit and safety of such treatment.

Our data which polled 14 RTOG GU radiation oncologists who design and implement such
trials has shown wide and statistically significant variation in the volumes treated. This data
shows that a consensus on pelvic lymph node volumes needs to be developed so as to correctly
evaluate the benefit and safety of such treatment. Consensus development by RTOG GU
“experts” has been sponsored by the RTOG with scientifically data based consensus contours
of these nodal volumes forthcoming.
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Figure 1.

Statistical analysis of prostate CTV-iliac nodes (Case 1) contoured by 11 experts. Left column
are transverse view snapshots with multiple panels showing apparent estimated volume (blue),
kappa chance corrected volume (pink), staple detected volume (green) original 11 experts
contours (bottom right) at different confidence agreement levels (a) Agreement level of 0.2,
(b) 0.5, and (c) 0.8. Right column are corresponding graphical summary of estimated volume
for each method as a function of confidence agreement level.
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Figure 2.

Statistical analysis of prostate CTV-PS nodes (Case 1) contoured by 11 experts. Left column
are transverse view snapshots with multiple panels showing apparent estimated volume (blue),
kappa chance corrected volume (pink), staple detected volume (green) original 11 experts
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contours (bottom right) at different confidence agreement levels (a) Agreement level of 0.2,

(b) 0.5, and (c) 0.8. Right column are corresponding graphical summary of estimated volume
for each method as a function of confidence agreement level.
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Figure 3.
Sagital image of the presacral (PS) lymph node contours
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Figure 4.
Coronal image of the iliac lymph node contours
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