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Acute radiation effects on pelvic organs are well known to radiation oncologists, medical
oncologists, and persons caring for cancer patients being treated for diseases of the pelvic organs.
By understanding the toxicity of irradiation to pelvic organs, as observed in clinical radiotherapy,
the reader can apply this knowledge to understanding radioisotope concentration in the bladder
or partial body irradiation effects on the pelvis (for example, a total body exposure where the
lower abdomen and pelvis is exposed while the rest of the body is shielded) during a radiation
accident or radiation terrorist event.

Most patients receive a combination of external beam radiotherapy and brachytherapy (Defined
as implantation of ionizing irradiation emitting sources into the organs themselves — or radiation
from the inside out.). Gynecological Oncology patients treated for cancer of the cervix,
endometrium, vulva, or vagina are at risk for acute radiation side effects very similar to male
patients being treated for cancer of the prostate. In all patient groups receiving radiotherapy to
the pelvis, there are bladder and rectal complications that can cause serious concern and risks
must be minimized.

The general principles of radiation oncology apply to analysis of acute side effects for all pelvic
organs, namely, total radiation dose, fraction size, and overall treatment time. Sophisticated
treatment planning techniques became available in the 1990s, with the advent of 3-dimensional
conformal radiotherapy treatment planning (1-2). During this same decade, the expansion of
proton radiotherapy services (3) made available treatment planning techniques to conform
radiation beam to target volume structures with even more normal tissue sparing. The use of
Intensity Modulated Radiotherapy (IMRT) for photon/x-ray radiotherapy facilitated treatment
planning volumes very similar to those shown for proton radiotherapy (4). Clinical investigators
analyzing the side effects from radiotherapy and using each of these “modern” external beam
treatment modalities have appropriately placed increased emphasis on analysis of late effects.
These analyses point to the increased cure rate for patients presenting with cancer of the pelvic
organs and recent publications have focused on long-term follow-up (5-6, 23).

Finally, for brachytherapy techniques, low dose rate radium and Cesium implants to the pelvic
organs have been largely replaced by high dose rate (HDR) brachytherapy techniques, which are
uncommon (7). Using HDR brachytherapy sources are not left in the patient with prolonged
hospitalizations (50 hours or more). Rather, there is use of after-loading techniques, such that
HDR brachytherapy sources including Iridium are periodically delivered through catheters
placed into the target organ for short intervals of minutes to one hour, and then removed
allowing patients to return to hospital rooms, or and in many cases remain ambulatory. The lack
of need for 50 hours bedrest reduces the risk of thrombosis (blood clots).

This chapter will summarize acute radiation side effects from ionizing irradiation to pelvic
organs and define methods for study of mechanisms.

Acute Radiation Effects on the Bladder

The bladder represents the pelvic organ with the greatest capacity for change in anatomic
position and volume over time. Depending on fluid intake by the patient, kidney functions, the
bladder expansion capacity may be significant. The bladder tissue is moved by expansion
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superiorly when filled with urine and moves outside a radiotherapy treatment volume. For
example, treating a patient to a target volume that focuses on the prostrate low in the pelvis can
be achieved with reduced bladder toxicity by keeping the bladder full, and thus, a significant
portion of the bladder will be out of the radiation field. In contrast, bladder emptying before
radiotherapy of bladder cancer would be managed to produce the opposite effects. There would
be a requirement to reduce the volume of the target organ, the bladder, and confine it within a
small treatment target-volume low in the pelvis. A key principle in bladder cancer radiotherapy
is to minimize external beam dose to organs in the transit volume including small intestine,
rectum, prostate (in males), uterus, and ovaries (in females), and, of course, the surface
area/volume of skin in the radiotherapy treatment field.

Radiotherapy techniques for the management of bladder cancer have changed significantly over
the past several decades. The current standard Platinum compounds in chemotherapy of bladder
cancer, as well as, Taxol, Etoposide, and other relatively new (and toxic) chemotherapy agents
have facilitated reduction of bladder cancer volume for radiotherapy. Treatment of suspected
positive or at-risk pelvic lymph nodes can be achieved with reduced radiotherapy dose to both
nodes and the bladder if these “new” chemotherapy drugs are used (9). Early chemotherapy
approaches included installation into the bladder of chemotherapy drugs such as Thiotepa (10).
However, this therapeutic approach was limited to patients with superficial cancers of the
transitional cell epithelium in the bladder, and could not be widely applied to tumors with a
relatively large volume (10). Another change in management of bladder cancer in recent
decades has been attention to new surgical techniques, which may remove a portion of the
bladder(not a complete cystectomy) during the diagnosis and staging procedure (11).
Brachytherapy techniques utilizing implantation of radium or Cesium needles as: ionizing
radiation emitting sources were pioneered in the 1970s (11). These surgical techniques have
been largely replaced by new external beam radiotherapy techniques. However, concern in
radiotherapy of bladder cancer, also found in the radiotherapy approach to other pelvic organs, is
the dose to the rectum (9). In all treatment decisions, careful attention to treatment planning is a
major principle.

Radiotherapy doses of 50 Gy delivered in conventional fraction of 1.8 Gy to 2.0 Gy per fraction
over 5-6 weeks are commonly used in patients, who are candidates for treatment of bladder
cancer (9). The volume of tissue in the field is minimized by having patients void urine prior to
each radiotherapy fraction (9). Finally, brachytherapy using high dose rate after-loading
techniques can minimize the external beam dose and reduce the size of the normal tissue transit
volumes thus reducing overall dose to normal tissues.

Common side effects of bladder cancer radiotherapy including: inflammation of the urethra,
producing burning on urination, proctitis resulting from inflammation of the rectum, leading to
painful bowel movements, and radiation dermatitis primarily in the inguinal folds of skin in the
treatment volume (9).

Radiotherapy of bladder cancer in women also necessitates attention to treatment planning to
minimize radiotherapy dose to the vulva and vagina by optimally reducing the risk of radiation
dermatitis in these anatomic sites (9).



Acute Side Effects of Ionizing Irradiation to the Rectum

There has been a significant change in the management of both rectal cancer and anal cancer
since the 1990s.

Combination chemotherapy regimens including: 5-Fluorouracil and Mitomycin-C (12) are
highly effective for both local control and managing regional pelvic lymph nodes in patients with
anal cancer. Combined modality treatments including: radiation and new chemotherapy drugs
(12) have obviated the need for whole pelvis irradiation and in many cases, eliminated the need
for brachytherapy of anal cancer (13). Surgical techniques have minimized the need for
extensive resection, because of the advances in chemotherapy and the requirement for lower
radiation doses.

As with female patients presenting with vulvar cancer, aggressive lymph node dissection for
staging of inguinal lymph nodes and regional pelvic lymph nodes in anal cancer patients has
been largely replaced by PET scanning (Positron Emission Tomography), which can identify
positive nodes and allow staging without the need for aggressive surgical exploration (12). Anal
cancer like vulvar cancer is commonly of squamous cell in morphology (12). Lymphatic
drainage follows the similar routes in both disease categories (13-14).

Rectal cancer, defined as a primary tumor above the dentate line (anatomic separation between
the squamous epithelium of the anus, and the glandular epithelium of the rectum, defines the
diagnosis and the potential radiotherapy target volume. Rectal cancers are more commonly
adenocarcinoma (12) and share a histology common to patients with colon cancer. In fact,
patients are often categorized as having colorectal carcinoma (12). Improvements in
chemotherapy have dictated a change in treatment patterns and protocols for rectal cancer. The
common use of Irinotecan (CPT-11) combined with 5-Fluorouracil has been widely applied in
the management of patients with colon and rectal cancer (15). PET scanning facilitates staging
and decision making without the need for surgical exploration in all patients. For example, if
there are widespread PET positive lymph nodes identified, this can be followed by sampling or
confirmation of one or more positive areas to diagnose advanced stage. In contrast, those
patients, who present with a localized node-negative rectal cancer, may require full pelvic
exploration and biopsy of lymph nodes. Clinical pathways and staging determine whether
patients may require whole pelvis radiotherapy or can be managed by localized excision and
brachytherapy.

Patients, who require external beam radiotherapy of rectal cancer necessitate concern for
radiotherapy side effects to the bladder and skin folds in the pelvis. The situation is somewhat
the opposite of that described above for bladder cancer patients. High dose radiotherapy to the
bladder is accompanied by concern for side effects to the rectum. In contrast, high dose
radiotherapy to the rectum is accompanied by concern for acute side effects to the bladder (15).
The general principles of reducing total dose in pelvic radiotherapy apply for patients with
primary cancers in these pelvic treatment volumes. It is the external beam dose, which causes
most severe side effects (15). Radiation dose can be minimized by reducing the treatment
volume, and dose per fraction. Readers should consult the chapters in this web-based textbook
dealing with basic principles of radiobiology in cancer patient management to understand the
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importance of reducing total volume and fraction size for these patients, who require 5 or 6
weeks of external beam radiotherapy.

Patients, who require management of rectal cancer, and are often treated with external beam
radiotherapy to a relatively small volume of the pelvis, with or without brachytherapy, are at
primary risk for late rectal stricture caused by fibrosis. Decades of experience in managing
patients with rectal carcinoma has provided guidelines for which patients require diverting
colostomy to allow tissues in the pelvis to heal before re-anastomosis (reattachment) of the
proximal and distal margins of resection. Other patients with large bulky cancers may require a
permanent colostomy.

Acute Side Effects of Radiotherapy to the Prostate

Treatment options for patients with prostate cancer have changed significantly over the past
several decades. While there has always been a controversy over whether patients should
receive prostatectomy or radical radiotherapy, there is now a third option. Physicians stive to
increase the number of patients, who can be managed by surveillance (observation) rather than
either interventional modality. The widespread use of PSA (prostate specific antigen), as a
biomarker for cancer, is a serum assay. It has allowed both early diagnosis of prostate cancer,
but also has provided controversy over what level of PSA constitutes a requirement for further
intervention including biopsy and operative staging. Treatment protocols categorize patients by
PSA level, but also the kinetics of increase in PSA levels over time. Patients, who are thought to
have prostate cancer may be diagnosed independent of PSA level by digital rectal exam in which
a nodule or abnormality in the prostate is detected by careful examination through the anterior
rectal usually then have ultrasound guided biopsy of these nodules. The so-called use of “blind”
biopsies (not directed to a palpable node) of all four lobes of the prostate have also been widely
used to diagnose prostate cancer.

After biopsy, physicians use a staging system based on the morphology of cells in the biopsy.
The nucleus may have a pleomorphic structure in the specimen examined under the microscope.
The cell structure has led to the Gleason scoring system in which the diagnostic pathology is
reported with a score and then referred to as the Gleason-grade (17). A combination of the
Gleason-grade and the PSA level (or kinetics) leads physicians to recommend a decision of
whether to give the patient the option of radiotherapy, prostatectomy, or surveillance, which
means regular follow-up visits

The change in philosophy has been guided by analysis of long-term outcome with men feeling
that as high as 95% of patients with a diagnosis of prostate cancers do not die of this illness.
Indolent disease can be safely managed by surveillance, particularly in elderly patients (18). The
diagnosis of metastatic disease by PET scanning to identify regional lymph nodes in the pelvis,
but also distant metastasis, which are commonly found in men with a relatively high Gleason and
PSA score, often lead to decisions to apply androgen deprivation technique (which limits the
growth of prostate cancer) or immediate use of chemotherapy. Patients with a large prostate that
is obstructing urine flow may require surgical intervention or external beam radiotherapy (17).
There is great controversy over the best management approach to patients with “so-called”



intermediate grade compared to high grade prostate cancer. Patients must take an active role in
deciding which treatment modality to use or to adopt a program of surveillance (18).

Surgical techniques for prostatectomy have definitely improved with the common use of “nerve
sparing” prostatectomy that allows the preservation of potency in men electing surgical
prostatectomy (19), a change that has been a great advance in the surgical management, and
replaces radical prostatectomy.

Radiotherapy techniques have also improved in the past 20 years allowing men to have the
decision as to whether to elect brachytherapy techniques with implantation of Gadolinium or
Radio-Iodine seeds directly into the prostate, or to have HDR (High Dose Rate) brachytherapy as
described above for patients with gynecologic cancer or bladder cancer, to have external beam
radiotherapy or a combination of modalities. There has been great interest in the past several
decades for use of proton radiotherapy for patients with prostate cancer owing to the superior
dose distribution and minimal radiation exposure to organs in the transit volume (20).

The major side effects of prostate cancer radiotherapy include: cystitis, and proctitis. The
prostate sits in the pelvis between the bladder and the rectum, and the attempt to minimize dose
to these tissues is paramount. As is the case with description above of preparing the patient for
radiotherapy of bladder cancer, (empty bladder) and attention to the reverse therapeutic
management is recommended for patients getting external beam radiotherapy for prostate cancer
(full bladder). The bladder volume should be expanded out of the lower pelvis, as much as
possible. Patients are urged to consume significant volumes of liquid prior to radiotherapy, and
are imaged prior to external beam treatment (16). Daily documentation of the extension of the
bladder outside the lower pelvic radiotherapy volume is done to minimize bladder dose. Patients
treated for prostate cancer by external beam radiotherapy, who have a full bladder, suffer less
severe cystitis and late radiation fibrosis of the bladder.

New techniques of placement of silicone or other reabsorbable gel into the space between the
prostate and the anterior rectal wall allow dose reduction to the rectum, and, thereby, minimize
the acute side effect of proctitis and late side effect of rectal stricture (21).

Management of Acute Side Effects of Irradiation to the Prostate, Bladder, Rectum, and Other
Pelvic Structures

Acute radiation proctitis, prostatitis, cystitis, as well as acute radiation damage to mucus
membranes of the vagina and squamous tissues in the inguinal folds, as well as vulva, rely upon
basic principles of management of acute radiation side effects in all tissues and organs. Readers
should consult the chapters on mechanism of radiation damage from single fraction and
fractionated irradiation. Single fraction irradiation damage is also relevant to the main purpose
of this textbook, namely, radiation counter-terrorism and design of radiation countermeasures to
reduce side effects of acute radiation exposure.

In the clinical setting of radiation side effects, patients are managed by immobilization of tissues,
and application of non-steroidal anti-inflammatory agents when possible. Pain from radiation
proctitis, prostatitis, and cystitis can be managed by general analgesics, and if necessary, for
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severe pain, use of narcotics (22). Tissue healing from radiation damage is best facilitated by
placing the tissue at rest and allowing healing. In a setting of combined injury, which in the
clinical arena means radiotherapy post-operatively or pre-operatively, represents an added
complication. Patients with an acute irradiation reaction in pelvic organs in the pre-operative
setting usually have a delay in surgical procedure until tissues suffering irradiation damage have
been allowed to heal (23).

The administration of steroids in cases of acute irradiation reaction should be carried out
cautiously with concern that prolonged weaning from steroids may take weeks to months. Since
acute reactions may be suppressed by steroids, they also can recur after steroid withdrawal. In
the case of placing tissues at rest for patients with proctitis, a diverting colostomy may be
necessary to allow healing. The rectal tissues are stretched or aggravated by movement of fecal
material, thus the need for a colostomy. Readers should consult the other chapters in this web-
based textbook on irradiation damage to thoracic and volumes in the head and neck to gain more
information on the availability of locally applied radiation mitigator compounds and ways to
minimize irradiation damage.



References:

1.

10.

Hoskin PJ, Rojas AM, Bownes PJ, Lowe GJ, Ostler PJ, and Bryant L. Randomized trial
of external beam radiotherapy alone or combined with high-dose-rate brachytherapy
boost for localized prostate cancer. Radiotherapy and Oncology, 103(2): 217-222, 2012.

Zietman AL, DeSilvio ML, Slater JD, Rossi, Jr. CJ, Miller DW, Adams, JA, et al.
Comparison of conventional-dose vs. high-dose conformal radiation therapy in clinically

localized adenocarcinoma of the prostate: a randomized controlled trial. JAMA, 294:
1233-1239, 2005.

Bortfeld TR, and Loeffler JS. Three ways to make proton therapy affordable. Nature,
549: 451-456, 2017.

Zelefsky MJ, Fuks Z, Happersett L, Lee HJ, Ling CC, Burman CM, Hunt M, Wolfe T,
Venkatraman ES, Jackson A, Kdwarchuk M, and Leibel SA. Clinical experience with

intensity modulated radiation therapy (IMRT) in prostate cancer. Radiotherapy and
Oncology, 55(3): 241-249, 2000.

Bye A, Trope C, Loge JH, Hjermstad M, and Kaasa S. Health-related quality of life and
occurrence of intestinal side effects after pelvic radiotherapy: evaluation of long-term
effects of diagnosis and treatment. Acta Oncol, 39: 173-180, 2000.

Pollack A, Walker G, Horwitz EM, Price R, Feigenberg S, Konski AA, Stoyanova R,
Movsas B, Greenberg RE, Uzzo RG, Ma C, and Buyyounouski MK. Randomized trial of

hypofractionated external-beam radiotherapy for prostate cancer. J Clin Oncol, 31(31):
3864-3875, 2013.

Dise J, Liang X, Scheuermann J, Anamalayil S, Mesina C, Lin LL, Teo B-KK.
Development and evaluation of an automatic interstitial catheter digitization tool for
adaptive high-dose-rate brachytherapy. Brachytherapy, 14(5): 619-625, 2015.

Boike TP, Lotan Y, Cho LC, Brindle J, DeRose P, Xie X-J, Yan J, Foster R, Pistenmaa
D, Perkins A, Cooley S, and Timmerman R. Phase I dose-escalation study of stereotactic

body radiation therapy for low- and intermediate-risk prostate cancer. J Clin Oncol,
29(15): 2020-2023, 2011.

Mitin T, George A, Zietman AL, Heney NM, Kaufman DS, Uzzo RG, Dreicer R,
Wallace, III HJ, Souhami L, Dobelbower MC, Sandler HM, and Shipley WU. Long-term
outcomes among patients who achieve complete or near-complete responses after the
induction phase of bladder-preserving combined-modality therapy for muscle-invasive
bladder cancer: A pooled analysis of NRG Oncology/RTOG 9906 and 0233. IntJ
Radiation Oncol Biol Phys, 94(1): 67-74, 2016.

Murthy V, Masodkar R, Kalyani N, Mahantshetty U, Bakshi G, Prakash G, Joshi A,
Prabhash K, Ghonge S, and Shrivastava S. Clinical outcomes with dose-escalated

8



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

adaptive radiation therapy for urinary bladder cancer: A prospective study. Int J
Radiation Oncol Biol Phys, 94(1): 60-66, 2016.

Knoedler JJ, Boorjian SA, Kim SP, Weight CJ, Thapa P, Tarrell RF, Cheville JC, and
Frank I. Does partial cystectomy compromise oncologic outcomes for patients with

bladder cancer compared to radical cystectomy? A matched case-control analysis. The
Journal of Urology, 188: 1115-1119, 2012.

Dossa F, Acuna SA, Rickles AS, Berho M, Wexner SD, Quereshy FA, Baxter NN, and
Chadi SA. Association between adjuvant chemotherapy and overall survival in patients

with rectal cancer and pathological complete response after neoadjuvant chemotherapy
and resection. JAMA Oncol, 4(7): 930-937, 2018.

Zilli T, Betz M, Bieri S, Ris F, Roche B, Roth AD, and Allal AS. Elective inguinal node
irradiation in early-stage T2NO anal cancer: Prognostic impact on locoregional control.
Int J Radiation Oncol Biol Phys, 87(1): 60-66, 2013.

Kenter GG, Welters MJP, Valentijn ARPM, Lowik MJG, Berends-van der Meer DMA,
Vloon APG, Essahsah F, Fathers LM, Offringa R, Drijfhout JW, Wafelman AR,
Oostendorp J, Fleuren GJ, van der Burg SH, and Melief CJM. Vaccination against HPV-
16 oncoproteins for vulvar intraepithelial neoplasia. N Engl J Med, 361: 1838-1847,
2009.

Wu J-X, Wang Y, Chen N, Chen L-C, Bai P-G, and Pan J-J. In the era of total
mesorectal excision: adjuvant radiotherapy may be unnecessary for pT3NO rectal cancer.
Radiation Oncology, 9: 159-165, 2014.

Dorth JA, Lee WR, Chino J, Abouassaly R, Ellis RJ, and Myers ER. Cost-effectiveness
of primary radiation therapy versus radical prostatectomy for intermediate- to high-risk
prostate cancer. Int J Radiation Oncol Biol Phys, 100(2): 383-390, 2018.

Wu Z, Aslan M, Lin H, Ko J, Radhakrishnan K, Wells CK, Uchio E, and Concato J.
Trajectories of prostate-specific antigen after treatment for prostate cancer. J Investig
Med, 66: 768-772, 2018.

Wilt TJ, Jones KM, Barry MJ, Andriole GL, Culkin D, Wheeler T, Aronson WJ, and
Brawer MK. Follow-up of prostatectomy versus observation for early prostate cancer. N
Engl J Med, 377: 132-140, 2017.

Foerster B, Pozo C, Abufaraj M, Mari A, Kimura S, D’Andrea D, John H, and Shariat
SF. Association of smoking status with recurrence, metastasis, and mortality among
patients with localized prostate cancer undergoing prostatectomy or radiotherapy. A
systematic review and meta-analysis. JAMA Oncol, 4(7): 953-961, 2018.

Pan HY, Jiang J, Hoffman KE, Tang C, Choi SL, Nguyen Q-N, Frnak SJ, Anscher MS,
Shih Y-C T, and Smith BD. Comparative toxicities and cost of intensity-modulated

9



21.

22.

23.

radiotherapy, proton radiation, and stereotactic body radiotherapy among younger men
with prostate cancer. J Clin Oncol, 36: 1-10, 2018.

Mariados N, Sylvester J, Shah D, Karsh L, Hudes R, Beyer D, Kurtzman S, Bogart J, His
RA, Kos M, Ellis R, Logsdon M, Zimberg S, Forsythe K, Zhang H, Soffen E, Francke P,
Mantz C, Rossi P, DeWeese T, Hamstra DA, Bosch W, Gay H, and Michalski J.
Hydrogel spacer prospective multicenter randomized controlled pivotal trial: Dosimetric
and clinical effects of perirectal spacer application in men undergoing prostate image
guided intensity modulated radiation therapy. Int J Radiat Oncol Biol Phys, 92(5): 971-
977, 2015.

Gaze MN, Kelly CG, Kerr GR, Cull A, Cowie VJ, Gregor A, Howard GCW, and Rodger
A. Pain relief and quality of life following radiotherapy for bone metastases: a
randomized trial of two fractionation schedules. Radiotherapy & Oncology, 45(2): 109-
116, 1997.

Barker CL, Routledge JA, Franell DJJ, Swindell R, and Davidson SE. The impact of

radiotherapy late effects on quality of life in gynaecological cancer patients. British
Journal of Cancer, 100: 1558-1565, 2009.

10



	Chapter IX: Acute Radiation Effects: Organ Specific Organs Dose and Species Differences Section h: Rectum – Bladder – Prostate
	Acute Radiation Effects on the Bladder
	Acute Side Effects of Ionizing Irradiation to the Rectum
	Acute Side Effects of Radiotherapy to the Prostate
	Management of Acute Side Effects of Irradiation to the Prostate, Bladder, Rectum, and Other Pelvic Structures
	References:


