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A controlled prospective randomized study was recently published; comparing pre-and post-operative radiotherapy in
bladder cancer patients ™. This study was the first to compare these radical cystectomy adjunctive radiation methods. For
decades left, both pre-and post-operative radiotherapy in bladder cancer had negative image for genitourinary oncologists.
This unsatisfactory image was either due to insignificant improvement in the published survival rates or due to the fear of
high and unacceptable late complications 2. Abd EI-Moneim et al. ™ achieved 5-year overall survival of 51% as 89% of
their patients belonged to the clinical categories T3 and T4. They showed clearly that there was no difference between the
2 randomized groups; in overall survival, disease-free survival, local control and distant metastasis-free rates. It was clear
from their results that both immediate postoperative complications and late serious gasterointestinal (GIT) sequalae were
similar in both groups and of minimal amplitude. Late bowel complications were reported to be 4.5% in the post-operative
setting and 2% in the pre-operative setting this was nearly similar to the percentages reported previously by Zaghloul
et al. B who reported 4% and 5% grade 3+4 late bowel toxicity in conventional and hyper fractionated postoperative
radiotherapy groups. In another retrospective study, a total of 12% of the patients who received PORT experienced chronic
intestinal complications of different grades compared with 8% in the cystectomy alone group. There were four patients in
each group (5.8% and 3.3%, respectively) that needed surgery for intestinal late complications [*!. On the other hand, much
higher late GIT complications were reported by Reseinger et al. ©*!. They experienced 37% late GIT complications with
22.5% of the irradiated patients suffered from grade 3+4 and required surgery though having similar survival rates to that
of Zaghloul et al. . Such alarming and hindering results were mainly due to the usage of unusually large volume of
irradiation to include the common iliac and lower para-aortic lymph nodes. The safe and similarly effective irradiation
volume restricted in its upper limit to include the internal and external iliac nodes (Just below the bifurcation of the
common iliac vessels) 2. This big difference in radiation volume led to the discrepancy in the reported late GIT and
therefore the hesitancy of the oncology community to re-investigate the value of post-operative radiotherapy after radical
cystectomy. Obviously, Abd El-Moneim et al. ™ emphasized the previously reported mild complication rates ¥ and
concluded that pre-and post-operative radiotherapy was tolerable and safe. This report though being the first comparing
these 2 modalities of radiation, yet it used a conventional 2D technique with 3 fields arrangement. This conventional
technique entails bigger volume of intestine to be exposed to high radiation dose; being unable to conform the planning
volume and minimize the dose to the organs at risk (OAR). Essentially this technique does not necessitate the use of any
type of verification (Port film, Electronic Portal Imaging Device EPID or Cone-beam Computed Tomography CBCT). It is
well known that the bladder cancer has a significant target motion, necessitating the use of margins to account for this. The
continuous bladder filling leads to shape and volume changes. In contrast to prostate cancer, information regarding the
calculation of internal margins in bladder cancer irradiation is sparse. However, the population-based estimation of
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margins of 1.5cm may be inadequate to account for bladder motion in up to 65% of patients © . Bladder wall movement
of more than 1.5cm occurred at least once in 60% of patients with a maximum displacement of 2.7cm . In 33% of
patients this compromised the treatment margin. Furthermore, Pos et al. ! showed that the gross tumor volume (GTV) still
fell outside the planning target volume (PTV) at least once in 65% of patients. Harris and Buchanan ") demonstrated that
40% of patients had bladder wall movement more than 1cm, up to a maximum of 2.5cm, and that this resulted in bladder
movement outside the treatment volume in 20% of cases. Bladder wall displacement of more than 15mm in 40% of
patients, with a maximum displacement of up to 29-36mm was reported in one study '°\. A large variation in the urinary
inflow rate among individuals was illustrated by Lotz et al. ™!, This variation ranged from 2.1 to 15mL/min (Mean: 9 + 3
mL/min). McBain et al. ! assessed the intra-fractional bladder movement using serial MR scans and demonstrated
volume increase of 19%-108% associated with wall movement of up to 2.0cm occurring over a 28-min timeframe. It was
estimated that the greatest bladder motion occurs in the superior direction and at the bladder dome. Large movements are
also observed in the anterior and posterior directions, with the least motion at the inferior boundaries of the bladder ™2,
This magnitude of errors due to organ motion, suggested that anisotropic GTV-CTV margins should be used. Furthermore,
The CTV to PTV margin had to be at least 1cm in any direction %1 Moreover, Meijer et al. reported the need of 2cm in
cranial direction, 1.0cm in the caudal, 0.7cm in the right and left directions, 0.7cm in the anterior and 1.3cm in the
posterior direction . On the other hand, Muren et al. I computed these values as 2.3cm for anterior and 1.8cm for the
posterior directions. It is worth noting that these margins are related to an empty bladder, as this is more reproducible and
more comfortable for the patient. Advances in CBCT technology have led to the ability to view real-time images of soft
tissue and have allowed more precise verification of positioning. CBCT has been studied in bladder radiotherapy as part of
an online plan selection strategy (Adaptive radiotherapy) guided by the CBCT soft tissue delineation. This process may
lead to determining the patient-specific CTV-PTV margin using the first few CBCT . Moreover, the volume resulted
from patient-specific margin was consistently smaller than PTV after adding the usually adopted 2cm margin isotropically
around the CTV, but with equivalent target coverage. Cyber knife, through tumor tracking characteristics offered a safe
decrease in CTV and PTV margins, limiting the OAR volumes that received significantly high doses and optimizing the
dose-volume histograms ™. On-treatment CBCT s usually able to give sufficient resolution to visualize the bladder.
Fiducial markers can be visualized using EPID for IGRT ™" or to aid GTV delineation when considering focal boost.
Cystoscopically inserted lipidol was used to aid tumor delineation and for IGRT 2. Obviously, the problem of bladder
movement and filling is not applicable in post-operative radiotherapy setting. Although, it is recommended to follow the
surgical clips determining the tumor bed and the removed nodal volume, yet the policy of delineation with the aid of a
fused pre-operative CT to determine the empty bladder volume is highly advisable 2. The adoption of the more recent
techniques of conformal, IMRT or adoptive radiotherapy is expected to improve the results tremendously both in terms of
survival and OAR toxicity minimization. We are still in need of more studies to compare pre-and post-operative
radiotherapy to radical cystectomy alone for muscle-invasive bladder cancer using the modern radiotherapy planning and
verification techniques. Careful evaluation of late toxicities in the 3 randomized groups will be of utmost importance in
clearing the myth of deadly high morbidity of post-cystectomy radiation therapy that was mainly related the larger volume
and less precise technique of irradiation.
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