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Upper limit of radiation treatment portals in rectal cancer:
is it wise to keep using bony landmarks in the present era
of 3D conformal treatment?
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ABSTRACT

Background: This study aimed to compare the levels of L5-S1 interspace and the bifurcation of common iliac vessels on
simulation images of rectal cancer patients to evaluate the adequacy of superior borders in conventional 2D planning for
covering internal iliac vessels.

Materials and methods: Simulation images of 236 rectal cancer patients who received neoadjuvant chemoradiation and sur-
gery were analyzed. The images were retrieved from the radiation treatment database and included delineations of L5-S1
interspace and common iliac vessel bifurcation. Distances between these landmarks were measured.

Results: Among the 236 patients, the majority had the common iliac artery bifurcation positioned above the L5-S1 inter-
space. Specifically, 78.3% of patients had the right common iliac bifurcation above L5-51 interspace, with an average distance
of 2.02 cm. For the left common iliac artery, 77.11% of patients had the bifurcation above L5-S1 interspace, with an average
distance of 1.99 cm. Notably, there were cases where the bifurcations were not at the same level.

Conclusion: Using the L5-S1 junction as the upper border of the treatment portal may result in missing proximal nodes at
risk of metastases. However, further research is needed to determine the significance of failures above the L5-S1 interspace
for justifying the inclusion of the common iliac artery bifurcation in the treatment portal.
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Introduction

Rectal cancer is a common malignancy world-
wide [1], and neoadjuvant chemo-radiation fol-
lowed by surgery is the recommended treatment
approach [2]. Adequate coverage of draining
lymph nodes in the radiation treatment fields is
crucial for reducing local recurrence [3]. The use
of bony landmarks for treatment planning in pre-
vious studies has raised concerns about their ad-

equacy in accurately covering the at-risk lymph
nodes, particularly in light of the current era of
CT-based contouring guidelines [4-5]. The extent
to which these landmarks can effectively encom-
pass the lymph nodes of interest remains uncertain
and requires further investigation.

This study aimed to compare the levels of L5-S1
interspace (a bony landmark) and the bifurcation
of the common iliac vessels on simulation imag-
es of rectal cancer patients. The goal was to assess
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whether the superior borders of conventional 2D
planning adequately covered the internal iliac ves-
sels.

Materials and methods

The study analyzed simulation images of rectal
cancer patients (n = 236) who underwent neoadju-
vant chemoradiation followed by surgery between
2007 and 2020. These images were retrieved from
the radiation treatment database and encompassed
delineations of the L5-S1 interspace and the bifur-
cation of the common iliac vessels. The L5-S1 in-
terspace was identified as the upper boundary of
the inter-vertebral space. Measurements were tak-
en to determine the distances between these land-
marks in each image set.

Results

Among the 236 patients analyzed, the majority
exhibited the common iliac artery bifurcation po-
sitioned above the L5-S1 interspace. Specifically,
185 patients (78.3%) had the right common iliac
bifurcation above the L5-S1 interspace, with an av-
erage distance of 2.02 cm. In 25 patients (10.5%),
the right common iliac bifurcation occurred at
the level of L5-S1, while in 26 patients (11.01%),
it was located below this level, with an average dis-
tance of 0.94 cm. Regarding the left common iliac
artery, 182 patients (77.11%) had the bifurcation
above the L5-S1 interspace, with an average dis-
tance of 1.99 cm. In 22 patients (9.32%), the left
common iliac bifurcation occurred at the level of
L5-S1, and in 32 patients (13.55%), it was below
this level, with an average distance of 1 cm. No-

tably, there were 37 patients in whom the right
and left common iliac artery bifurcations were not
at the same level.

Discussion

Until the early 2000s, radiotherapy planning for
rectal cancers relied on bony landmarks, but there
was no agreement on the optimal superior border
for the pelvic field, leading to various approaches in
different trials.

Pahlman and Glimelius conducted a study com-
paring pre- or post-operative radiotherapy in rectal
cancer and set the superior border of the radiation
portal at L4 [6]. In the Swedish multicenter trial
[7], the upper border of the radiation portal cor-
responded to the top of the L5 vertebra. Goldberg
et al. administered radiation to patients using par-
allel opposed portals from the lumbosacral junc-
tion to the perineum [8]. In the Stockholm I trial
[9], operable rectal cancer patients were given pre-
operative radiation with parallel opposed portals
covering the anus, perineum, and regional lymph
nodes up to the level of the second lumbar vertebra.

The Stockholm II trial, published in 2001, in-
cluded the primary tumor and nodes up to the up-
per border of the L5 vertebra in the target volume
[10]. For lower rectal tumors in the EORTC 22921
trial, the upper border of the radiation portal was
set at the S2-S3 junction, while for upper rectal
tumors, it was placed 3cm above the gross tumor
[11]. In the 2009 MRC trial comparing preoper-
ative and post-operative radiotherapy, the supe-
rior border of the radiation field was positioned
at the sacral promontory [12]. The Stockholm IIT
trial set the upper limit of the radiation field at
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Figure 1. Distance of right common iliac bifurcation (Rt
CIAB) from L5-S1

Figure 2. Distance of left common iliac bifurcation (Lt CIAB)
from L5-S1
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Table 1. Superior border of radiation field portals in various trials

SI. no. Trial Name Superior border

1 Pahlman and Glimelius L4

2 Swedish multicenter trial upper border of L5 vertebra

3 Goldberg et al lumbosacral junction

4 Stockholm | trial L2

5 Stockholm Il trial upper border of L5 vertebra

6 EORTC 22921 $2-S3 junction

7 MRC trial sacral promontory

8 Stockholm Il trial mid-L5, or 1-1.5cm above the promontory

Table 2. Clinical target volumes (CTV) in recent trials

Sl. no. Trial Name CTV

German CAO/ARO/AIO-94 phase IlI

! randomized trial

Primary tumor, meso-rectal, presacral and internal iliac lymph nodes

Primary rectal lesion, peri-rectal and internal iliac lymph nodes, meso-rectum,

2 UEIEAERE ) el pelvic side walls and pre-sacral space up to the level of sacral promontory

3 RAPIDO trial Primary lesion, and presacral, meso-rectal and internal iliac lymph nodes

the mid-L5 level or 1-1.5 cm above the promon-
tory [13].

In contrast, recent trials have adopted CT-based
planning and delineated nodal stations on CT
scans. In the German CAO/ARO/AIO-94 phase
III randomized trial, the target volume encom-
passed the primary tumor, mesorectal, presacral,
and internal iliac lymph nodes [14]. Similarly, in
the Trans-Tasman study [15], the radiation tar-
get volume included the primary rectal lesion,
peri-rectal and internal iliac lymph nodes, me-
sorectum, pelvic side walls, and pre-sacral space up
to the level of the sacral promontory. The RAPIDO
trial [16], which examined short-course radiother-
apy followed by neoadjuvant chemotherapy in lo-
cally advanced rectal cancer, employed CT-based
3D conformal treatment planning, with the target
volume comprising the primary lesion and the pre-
sacral, mesorectal, and internal iliac lymph nodes.

Our analysis showed that using bony landmarks,
specifically the L5-S1 interspace, as the superior
border for treatment fields would result in the omis-
sion of internal iliac lymph nodes in a significant
number of patients. On both the left and right
sides, 71.6% of patients would have missed inter-
nal iliac lymph nodes, with 78.3% on the right side
and 77.11% on the left side. This finding aligns
with a study conducted by Wier et al. [17] in 2014,

which examined 60 patients and demonstrated that
the use of L5-S1 as the superior border of radiation
therapy fields in rectal cancer would lead to a 94%
omission of internal iliac nodes. Similarly, Sanjee
et al. [18] compared 2-dimensional and 3-dimen-
sional plans in 86 patients with rectal malignancies
and found that 32 out of 86 patients experienced
a geographical miss of internal iliac nodes when
L5-S1 was used as the superior border.

Figure 3. Comparison of upper border based on bony
landmarks and the nodal stations on computed tomography
(CT) scan. Red — L5-51 junction, yellow — common iliac
vessels, mustard — internal and external iliac vessels, orange
— obturator vessels
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Leibold et al. [19] evaluated the location of met-
astatic lymph nodes relative to the borders of radi-
ation treatment fields and found that lymph nodes
in the apical, mid, and peri-colonic stations, situat-
ed along the inferior mesenteric artery, were posi-
tioned proximal to the L5-S1 junction. These nodal
regions accounted for approximately 18% of nod-
al metastases and were located outside the treat-
ment portal.

Tse-Kuan Yu and his research team [20] conduct-
ed a study involving 554 patients who received sur-
gery and pre- or post-operative radiotherapy with
concurrent chemotherapy between 1989 and 2001.
They observed that out of the 46 patients who expe-
rienced loco-regional recurrence, 65% were infield,
16% were marginal, and 19% were out of the treat-
ment field. Among the infield recurrences, 56% oc-
curred in the low pelvis, 22% in the presacral area,
15% in the mid-pelvic area, and 7% in the high pel-
vic area. Based on these findings, they concluded
that 78% of infield recurrences were concentrated
in the low pelvic and presacral regions. Another
study by Kusters et al. [21] in the Dutch TME trial
also supported the notion that presacral recurrenc-
es were the most frequent site of failure.

Conclusion

This study highlights the potential limitations
of relying solely on the L5-S1 junction as the up-
per border of the treatment portal in rectal cancer
patients, as it may lead to a significant omission of
proximal nodes at risk of metastases. By taking into
account the average height of the L4 vertebral body,
which is approximately 30 mm, using the upper
edge of the L4-L5 interspace as the superior border
of the radiation portal can ensure sufficient cover-
age of the nodal target volume while accounting for
potential setup error and beam penumbra.

However, it is important to note that there is
currently insufficient robust data on the extent of
failures above the L5-S1 interspace to justify in-
cluding the excess volume in the treatment por-
tal. Further research, including a meta-analysis
comparing failure patterns between cohorts using
2D and 3D treatment planning, would provide
valuable insights for optimizing treatment portals
in non-metastatic rectal cancer patients receiving
neoadjuvant radiation therapy.

Limitations
All patients in this cohort had been planned with
3-dimensional radiation therapy (3DCRT), with
the clinical target volume outlined as per the con-
touring guidelines [4, 5] and hence it was not pos-
sible to assess the nodal failure patterns with 2-di-
mensional planning fields.
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