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Background

Highly conformal treatment plan using volumetric arc ther-
apy (VMAT) and daily image guidance (IGRT) is standard of
care in radiotherapy for prostate cancer. However, there are
still risks of severe side effects from radiation dose to the
rectum. The largest concerns are risk of diarrhoea, rectal
strictures and rectal bleeding [1,2], which cause significant
impact on patients’ quality of life [3,4]. We follow local
guidelines specifying dose constraints to the rectal lumen
(V78Gy<1 cm3, V70Gy<20%). These are based on clinical trials
and QUANTEC publications [5]. Since the rectum is a hollow
organ, dose to the rectal wall is of special concern [6,7]. A
number of studies [7,8] have focused on dose to the anterior
part of the rectal wall, which often overlaps with planning
target volumes. The dose to this sub-volume of the rectum is
already controlled in our clinic using local standard optimiza-
tion. A recent study has shown that the dose to the posterior
part of the rectal wall is also of concern [9]. Therefore, our
institution has added an extra dose constraint: ‘Not more
than 2/3 of the rectal circumference should be covered by
the 50Gy isodose’. The aim of this work was to establish a
systematic optimization procedure that reduces the dose to
the posterior part of the rectal wall.

Materials and methods

Curative patients with prostate cancer are planned with
78Gy in 39 fractions to the planning target volume (PTV):
PTV-T, consisting of a margin (5mm LR/AP, 7mm CC) sur-
rounding the clinical target volumes, i.e., the seminal vesicles
(CTVsemves) and the prostate (CTVprostate). There are dose
constraints to the PTV-T and to the two sub-PTVs (PTV-
semves and PTV-prostate). The treatment is carried out with
PTV-T receiving a simultaneous integrated boost while the
elective lymph nodes (PTV-E) are planned to 56Gy in 39 frac-
tions (50 Gy EQD2).

In this retrospective study we have analysed the differ-
ence in the coverage of the PTVs as well as the effect of
dose to the rectum and rectal wall when planning without
(original) or with (re-optimized) an automatically generated

optimization structure covering the posterior rectal wall (RW-
post). We have re-planned 8 patients with this new optimiza-
tion technique.

The patients were treated on Varian accelerators (either
TrueBeam or Clinac iX) and the plans were made in Eclipse
version 16.1 (Varian Medical Systems, Palo Alto, California,
USA). The Photon Optimizer algorithm (v. 16.1) was used for
optimization and the Anisotropic Analytical Algorithm (v.
16.1) for dose calculation.

The patients are scanned and treated without a spacer
(e.g., gel) between rectum and the prostate. The patients are
instructed in the use of rectally administered lactavia to keep
a comparable rectal filling during treatments.

Optimization strategy

We defined RW-post as an optimization structure to be used
in addition to our usual optimization routine. This structure
was defined as the rectal wall (3mm inner margin of the rec-
tum) subtracted from the total PTV with a 5mm margin. This
is consistent with general practice in our clinic, where we
use organ-at-risk (OAR) optimization structures that are
cropped from the total PTV (PTV-Tþ PTV-E) with a 5mm
margin. We further defined the intersection between the
PTV-T and the bladder and rectum, respectively, to minimize
high dose to these organs as dictated by our standard opti-
mization procedure. These overlap structures were optimized
to receive a slightly lower minimum dose than the rest of
the PTV-T. Finally, we defined a ‘PTV-OAR’ structure (PTV-T
minus all OAR) that we optimized towards the full prescribed
dose of 78Gy.

After the first optimization, we balanced the plan to pro-
tect the OARs while keeping the desired coverage of all
PTVs: V95%� 98%. In a third optimization we aimed at
removing other imperfections from the plan (e.g., dose spill-
age, hot spots, or lack of coverage). Our local constraints for
coverage and dose to the rectum can be seen in Table 1.

When planning without the RW-post, the coverage goal
for the PTV-T and each of the sub-volumes was V95%�99%.
With the new method we aim at 98% coverage to the PTV-
semves, as we have observed that slightly decreased
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coverage in this area can substantially lower dose to the rec-
tal wall for most patients. This coverage is within our local
constraints (Table 1).

Plans were compared based on dose volume histograms
(DVH) metrics for targets and rectum/rectal wall (Table 1).
Further, an experienced radiation oncologist performed
blinded comparisons of the two plans for each patient and
selected the preferable plan based on dosimetry and patient
characteristics. Due to the limited number of patients, no fur-
ther statistical methods were employed for comparison.

Results

The DVH for especially RW-post showed a notable difference,
resulting in a lower mean dose to the RW-post and the rec-
tum. DVHs for one of the patients are shown in Figure 1.
Data for all patients are listed in Table 2.

Only one plan could not be improved in terms of dose to
the rectal wall using the new method. In three plans the
oncologist preferred higher level of dose coverage to the
PTV-semves (V95% �99%) due to the position of the tumour
and therefore chose the original plan.

The largest reduction in V50Gy was �7,7% and the patient
that had the best original plan had an increase of 6,6%. The

mean dose to the rectum was lowered by maximum �8,0 Gy
and for the patient that could not have an improved plan
the mean dose changed with 3,3 Gy. Dose to the remaining
OARs, especially bladder and intestine, did not change due
to the new optimization method. There may be a small
increase in dose to volumes that are not outlined (for
example the os pubis).

The coverage of PTV-T changed less than 1% point for six
of eight patients; only one patient (patient 2) approached
the lower dose constraint. Patients 2 and 3 were the only
two patients where the coverage of PTV-semves differed
more than 1% point between the two plans (Table 2).
Patient 3 showed one of the largest reductions in dose to
the rectum and the oncologist preferred the re-optimized
plan, whereas patient number 2 showed a minor reduction
in dose to the rectum and the oncologist preferred the ori-
ginal plan.

Discussion

As shown in this letter, the dose to the rectum and the dose to
the posterior rectal wall were consistently lowered when using
the optimization structure RW-post at the cost of only small,
often clinically acceptable, coverage decrease. The planning
procedure described in this letter is easily implemented in daily
clinical work routines and smoothens the workflow.

Using the additional optimization structure has also
proved effective in the planning process on the adaptive
Ethos platform (Varian Medical Systems). In the Ethos setting,
the new workflow can be fully automated, as the RW-post
structure is derived from existing delineations and manual
delineation of isodose lines overlapping the rectum (as often
used in manual optimization) are not necessary.

In connection with another project in our clinic, four add-
itional patients have been re-planned after introducing this

Table 1. Local constraints.

Priority Volume Dose constraints

1 CTV prostate V(74,1Gy) ¼ 100%
1 CTV semves V(74,1Gy) ¼ 100%
1 CTV-E V(53,2Gy) ¼ 100%
2 PTV-prostate V(74,1Gy) � 98%
2 PTV-semves V(74,1Gy) � 98%
2 PTV-E V(53,2Gy) � 98%
3 Rectum V(78 Gy) < 1 cm̂3
3 Rectum V(70 Gy) � 20%
3 Rectal wall The 50 Gy isodose is not

allowed to encompass more
than 2/3 of the circumference

Figure 1. DVHs for patient number 1. The original plan is shown in triangles and the re-optimized plan using RW-post as squares. Brown: rectum, magenta: RW-
post, light blue: PTVs, orange: CTVs (CTV-E/56 Gy, CTV-T/78 Gy).
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procedure and the data from these patients align well with
the data shown in this study.

The procedure is being evaluated by expanding the RW-
post structure by 7mm laterally. This ensures that the 50Gy
isodose curve will not affect the rectal wall even though the
rectum might be larger in some treatment sessions than in
the planning CT.

Whether the oncologist preferred plans with very high
(�99%) or sufficient (�98%) coverage of the PTV-semves
depended on individual patient anatomy and location of pri-
mary disease. Our study shows a clear potential for sparing of
the posterior rectal wall in patients whose disease location
allows for a small decrease in dose to the seminal vesicles.
These patients are identified using existing models for probabil-
ity of seminal vesicle involvement defined by clinical factors.

It has been shown before [10–12] that, in addition to being
an efficient optimization structure, the rectal wall also serves as
a clinical predictor for risk of side effects to the rectum. Thus,
constraints for the rectal wall should be implemented instead
of, or in addition to, constraints for the rectal lumen.
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