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Management of Complications
of Prostate Cancer Treatment

M. Dror Michaelson, MD, PhD*; Shane E. Cotter, MD, PhD*; Patricio C. Gargollo, MD*;
Anthony L. Zietman, MD; Douglas M. Dahl, MD; Matthew R. Smith, MD, PhD

ABSTRACT Prostate cancer is the most commonly diagnosed noncutaneous cancer in men

in the United States. Treatment of men with prostate cancer commonly involves surgical, radi-

ation, or hormone therapy. Most men with prostate cancer live for many years after diagnosis

and may never suffer morbidity or mortality attributable to prostate cancer. The short-term and

long-term adverse consequences of therapy are, therefore, of great importance. Adverse effects

of radical prostatectomy include immediate postoperative complications and long-term urinary

and sexual complications. External beam or interstitial radiation therapy in men with localized

prostate cancer may lead to urinary, gastrointestinal, and sexual complications. Improvements

in surgical and radiation techniques have reduced the incidence of many of these complica-

tions. Hormone treatment typically consists of androgen deprivation therapy, and consequences

of such therapy may include vasomotor flushing, anemia, and bone density loss. Numerous

clinical trials have studied the role of bone antiresorptive therapy for prevention of bone density

loss and fractures. Other long-term consequences of androgen deprivation therapy may include

adverse body composition changes and increased risk of insulin resistance, diabetes, and car-

diovascular disease. Ongoing and planned clinical trials will continue to address strategies to

prevent treatment-related side effects and improve quality of life for men with prostate cancer.

(CA Cancer J Clin 2008;58:196–213.) © American Cancer Society, Inc., 2008.

To earn free CME credit for successfully completing the online quiz based on this article, go to
http://CME.AmCancerSoc.org.

OVERVIEW

Prostate cancer is diagnosed in over 186,000 men in the United States and accounts for more than 28,000 deaths
annually.1 Numerous modalities are involved in treating men with this condition, and a multidisciplinary approach to
treatment is often beneficial. For localized prostate cancer, the most common treatments are radical prostatectomy
(RP) or whole prostate radiation therapy. In more advanced disease, medical therapy is often used, and the mainstay
of treatment is androgen deprivation therapy (ADT). The widespread use of each of these approaches has increased
the relevance and importance of characterizing and treating the potential complications of treatment. This article
will focus on management of complications from surgery, radiation, or medical therapy of prostate cancer.

I. SURGICAL COMPLICATIONS IN THE TREATMENT OF PROSTATE CANCER

Introduction

RP is a standard definitive therapy for localized prostate cancer. Surgical techniques have continued to improve,
and technology and surgical training have expanded the urologist’s armamentarium in this arena. Options currently
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include open retropubic, laparoscopic (with or
without robotic assistance),or perineal approaches.
These procedures, in experienced hands, appear
to yield equivalent oncologic outcomes.2–9 The
ultimate decision as to which surgical approach
should be used depends on several factors, includ-
ing surgeon skill and comfort level with a par-
ticular approach; the patient’s body habitus;
comorbidities; previous surgical history; and,
perhaps most importantly, the preoperative
Gleason score and preoperative staging.

In the last 25 years, there have been consid-
erable advances in operative and postoperative
care, as well as significant modifications in the
surgical technique itself. A better understanding
of pelvic anatomy, including the vasculature and
innervation surrounding the prostate, has led to
a significant decrease in the mortality and relative
morbidity for patients undergoing RP.10,11

Furthermore, improved surgical training and the
establishment of centers specializing in mini-
mally invasive surgery have increased the popu-
larity of laparoscopic (or robotic-assisted lapar-
oscopic) radical prostatectomy (LRP) for the
treatment of localized prostate cancer. Minimally
invasive techniques such as LRP have also led to
a decreased length of stay, shorter convalescence,
and improved cosmesis.

Regardless of the surgical approach used, there
are complications inherent to the procedure
itself. Complications inherent to LRP and
laparoscopy itself are beyond the scope of this
review and have been covered in detail else-
where.12 Overall, complications can be divided
into those that occur during and immediately
after surgery (perioperative) and those that occur
late after surgery (postoperative).

Perioperative Complications

Injury During Patient Positioning

Patient positioning during RP requires metic-
ulous attention to detail in order to prevent seri-
ous injury. Potential complications solely related
to prolonged extrinsic compression on tissues
are not uncommon.13 During patient position-
ing, care should be taken to pad all pressure
points, including the sites of the ulnar and com-
mon peroneal nerves. Care should be taken not
to hyperextend the shoulders or hips, as this may

cause brachial plexus or lumbar plexus injuries.14,15

The eyes should also be protected by the anes-
thesia team since corneal abrasions and conjunc-
tivitis from corneal irritation by saliva have been
reported in some series.14

Peripheral Neurological Injuries

The most frequent cause of neurological
injuries during RP, occurring in 0.5% to 1.4%
of cases,12 is direct damage to nerves or traction
injuries from inadequate patient positioning (see
previous section). Injury to the obturator nerve
is a known complication during pelvic lympha-
denectomy in both RP and LRP and may result
in failure of leg adduction. Care must be taken to
identify visually the obturator nerve before lig-
ation and cutting of the inferior aspect of the
node bundle. If the nerve is ligated but not cut,
removal of the clip is all that is necessary, although
most of these patients will be symptomatic from
the crush injury. Transection of the obturator
nerve during RP can be repaired by reapproxi-
mating the nerve sheath with sutures.16

Bowel Complications

Small and large bowel injuries (excluding rec-
tal injuries) are rare during radical retropubic
prostatectomy (RRP) and radical perineal prosta-
tectomy (RPP) since these are “extraperitoneal”
procedures. Bowel injuries leading to perfora-
tion during LRP, however, are more common
(0.5% to 1.5%) and can occur during trocar
placement, during instrument exchange, or dur-
ing tissue dissection; bowel injury can also result
from thermal injury due to electrocautery devices.
In LRP, the lateral large bowel (sigmoid and
cecum) is vulnerable to injury during placement
of the lateral ports and when instruments are
being changed. Thermal tissue damage from a
harmonic scalpel or electrocautery device, as
well as arcing of the monopolar current to adja-
cent organs, is a common etiology of bowel
injury and accounts for more than half of all
laparoscopic bowel injuries.17 The most impor-
tant aspect regarding bowel injuries is that they
need to be identified intraoperatively. Failure to
recognize these injuries when they occur can
have significant morbidity and mortality. In fact,
in a large study of laparoscopic entry access
injuries, Chandler et al showed that delayed
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recognition and diagnosis of these injuries, along
with age greater than 59 years, were significant
predictors of fatal outcomes.18 They also noted
that unrecognized bowel injuries were signifi-
cantly more likely to cause death than injuries to
major retroperitoneal vessels. If bowel injury is
suspected in a postoperative patient, abdominal
pelvic computed tomography (CT) with oral
contrast is a reliable method for diagnosis.19

Alternatively, a diagnostic laparoscopy can be
performed with high diagnostic accuracy in 92%
to 97% of cases.20,21

Rectal Injury

Injury to the rectum is a specific type of bowel
injury that should be considered separately. Rectal
injury during RP has been reported in 0.3% to
3.8% of cases.10,22 During RRP and RPP, most
rectal injuries occur while transecting the rec-
tourethralis muscle.23,24 In a series of 1,000 LRP,
Guillonneau et al reported 13 rectal injuries, 10
of which occurred during dissection of the pos-
terior surface of the prostate at the apex.23 These
types of injuries can also occur from thermal or
electrical injury to the rectum at any point dur-
ing an LRP. The main point, as in other bowel
injuries, is that these need to be recognized at
the time they occur in the operating room in
order to minimize morbidity. Once these injuries
are diagnosed, the edges of the defect should be
clearly identified and closed in 2 layers.25,26

Although there is no clear evidence for this, a
diverting colostomy should be considered in
cases of gross fecal spillage, previous radiation,
a urethrovesical anastomosis under tension, or
in a patient who is chronically treated with
steroids.27,28 The consequences of a missed rec-
tal injury or of inappropriate repair can have sig-
nificant morbidity and are covered elsewhere.25,29

Bleeding

Some degree of bleeding can be expected for
any surgical procedure, and at which point oper-
ative bleeding becomes a “complication” is sub-
ject to debate. Obviously, an unplanned or
unrecognized injury to a blood vessel or an injury
that requires any additional intervention beyond
that planned during a procedure constitutes a
complication. During LRP, inadvertent injury
to vessels usually occurs during trocar placement,

during pelvic lymphadenectomy,or during instru-
ment exchange. Although these types of injuries
are rare in contemporary series, ranging from 0%
to 1%,30–33 recognition of vessel injury during
surgery is very important. A theoretical advantage
of minimally invasive surgery is decreased bleed-
ing. A reliable description of bleeding as a com-
plication may be blood transfusion rates. Both
estimated blood loss (EBL) and transfusion rates
vary widely in reported LRP series, with EBL
ranging from 150 mL to 1100 mL and transfu-
sion rates ranging from 0% to 31%.31,34–40 Despite
these differences, the average EBL and average
transfusion rates for LRP seem to be less than
those of RRP.41 Furthermore, the EBL seems to
decrease with the surgeon’s experience.31

The 2 major sites of bleeding during RP are
from the dorsal venous plexus and from the pro-
static pedicles. Adequate ligation of the former
and meticulous hemostasis during the pedicle
dissection will obviate most serious hemorrhage.
Unrecognized venous bleeding during LRP may
lead to pelvic hematoma formation. Larger
hematomas may lead to recurrent fevers, infection,
voiding symptoms,urinary retention,pelvic pain,
anastomotic disruption, and bladder neck con-
tracture.42,43 In these instances, it may be appro-
priate to drain these hematomas either through
a percutaneous approach or through a small
infraumbilical incision. Although not technically
a bleeding complication, lymphocele is a recog-
nized complication of lymphadenectomy as part
of RP and has been noted to occur in 0.1% to 1%
of patients.44 If these lead to infection with symp-
toms such as pain or fever,percutaneous drainage
is also a good treatment modality.

Ureteral Injury

Ureteral complications have been reported
in 0% to 1% of patients undergoing LRP22,45

and are even less common during RRP and
RPP. The ureter may be injured by thermal or
electrical injury14 or by suture placement near
or through the ureteral orifice at the time of
urethrovesical anastomosis.

Ideally, ureteral injuries should be recognized
at the time they occur. In these cases, the ureter
can be repaired primarily over a ureteral stent,
or a ureteroneocystostomy can be performed.
Both of these techniques have been performed
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laparoscopically.46,47 Unrecognized ureteral ori-
fice obstruction or damage will usually require
anastomotic revision or temporary percutaneous
nephrostomy tube placement. The clinical pic-
ture of an unrecognized ureteral injury depends
on the extent of the injury and may include
nonspecific signs and symptoms such as nausea,
fever, or abdominal pain. If the ureter is inad-
vertently ligated, the corresponding kidney will
be obstructed, leading to hydronephrosis, flank
pain, decreased urine output, and a rise in the
serum creatinine. If the ureter is divided or an
injury leads to ureteral perforation,urinary ascites
will ensue, resulting in abdominal pain, peritoni-
tis, azotemia from peritoneal absorption of urine,
or an increase in fluid output from the surgical
drain. If a urine leak is suspected, the fluid from
the drain may be analyzed for creatinine. A 2-fold
or greater increase in the drain creatinine as com-
pared with serum creatinine may indicate that
a urine leak is present.

Bladder Injury

Bladder injuries are rare in RRP and RPP
and occur almost exclusively in LRP during the
dissection of the retrovesical space to gain access
to the seminal vesicles or during dissection of
the retropubic space during a transperitoneal
approach. In their series of 567 patients,Guillon-
neau et al reported 9 bladder injuries, all of which
occurred during dissection of the retropubic
space.48 These were identified intraoperatively
and repaired without sequelae. Bladder injury
during retropubic dissection is a particular risk
if the patient has undergone a previous laparo-
scopic prosthetic mesh inguinal herniorrhaphy.49

Thromboembolic Complications

Deep venous thrombosis and pulmonary
embolus are infrequent but serious complica-
tions of RP. Perioperative prophylaxis with low-
molecular weight heparin and/or pneumatic
compression stockings, as well as early postoper-
ative ambulation, have decreased the frequency
of these complications even further. Early series
of RRP reported the rate of these complica-
tions to be as high as 5%.50 Current LRP series
report the frequency of these complications at 0%
to 1%. In cases where thromboembolic events
were reported, patients were usually confined to

bed for prolonged periods of time,usually because
of other complications (bleeding, peritonitis,
anastomotic leak).31

Mortality

Mortality after RP is low and has been esti-
mated at 0.5% in recent series.51 It seems likely
that the implementation of routine prostate-spe-
cific antigen testing has led to prostate cancer
diagnoses in younger and healthier men who
would be less prone to having serious cardiovas-
cular complications. Mortality rates seem to be
directly correlated to patient classification by the
American Society of Anesthesiologists system.52

Anastomotic Complications

Urine leak into the pelvis (or the peritoneum,
depending on surgical approach) from the ure-
throvesical anastomosis can be observed as an
early or late complication. Although it is seen
in up to 13%12 of patients after LRP, it is less
common in RRP and RPP. The best method
to prevent a leak from the anastomosis is to ensure
intravesical positioning of the bladder catheter and
to test the anastomosis for watertightness with
saline irrigation intraoperatively. If a leak is
detected postoperatively, this should be man-
aged by continuing the closed suction drain and
bladder drainage until the leak closes.

Bladder neck contracture is usually a late com-
plication of RP and has been reported in approx-
imately 0.5% to 2% of LRP patients and 0.5% to
17.5% of RRP patients.53 Prior transurethral
resection of the prostate, excessive intraopera-
tive blood loss, and urinary extravasation at the
anastomotic site seem to be risk factors for blad-
der neck contracture.54 Most anastomotic stric-
tures require cold-knife incision and/or periodic
dilation to maintain adequate urine flow.

Urinary and Sexual Function

Perhaps the 2 most feared complications of RP
from a patient’s perspective are urinary complica-
tions and impotence. One difficulty in assessing
these complications is that there are no precise
definitions of incontinence or impotence in the lit-
erature. Furthermore,centers have obtained their
outcomes data by widely divergent methods,
including questionnaires, telephone interviews,
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or surgeon assessment. Lastly, continence and
potency rates are improved when the patient
population is highly selected (younger and with
fewer comorbidities).

Urinary incontinence can be a devastating
complication following prostatectomy. Given
the difficulty in measuring this clinical outcome,
however, continence results in the literature vary
widely. Most centers with a high-volume expe-
rience in this procedure report continence rates
between 80% and 95% (Table 1).

Several studies have examined the factors
associated with improved postoperative conti-
nence.61–63 In multivariate analyses of pre- and
postoperative factors, significant factors that
improved chances of postoperative continence
were younger age, preservation of both neu-
rovascular bundles, absence of an anastomotic
stricture, preservation of functional urethral
length, eversion of the bladder neck, and a smaller
prostate volume.61,64–68 If incontinence is pres-
ent, pelvic floor exercise, as well as biofeedback,
may be beneficial.69 Improvement in urinary
continence may occur 1 or even 2 years follow-
ing surgery. Therefore, invasive treatments for
incontinence should be delayed for at least 1
year after prostatectomy.70 Once incontinence
is noted to persist, several modalities, including
cystoscopy, uroflow, and urodynamics, can be
implemented to diagnose the cause and exclude
potentially treatable etiologies. Final treatment
decisions can then be based on findings from
these studies. Surgical and conservative options
for postprostatectomy incontinence are covered
elsewhere.71,72

Before the development of an anatomic
approach to RP, virtually all patients developed
impotence following RP. The realization that
impotence arose from damage to an anatomi-
cally distinct network of autonomic nerves to
the corpora cavernosa led to modifications in
surgical technique,with vastly improved potency
outcomes.11 In 1991, Quinlan evaluated the
recovery of sexual function in 600 consecutive
men.73 Of the 503 patients who were potent
preoperatively and followed up for a minimum
of 18 months, 68% were potent postoperatively.
Three factors were identified that correlated
with return of sexual function: younger age,
lower clinical and pathologic stage, and surgical
technique (preservation or excision of the neu-
rovascular bundle). Of note, patients who are
immediately impotent after surgery may develop
erections adequate for intercourse up to 24 to
48 months after surgery.74 Furthermore, with
the use of phosphodiasterase inhibitors such as
sildenafil citrate, up to 80% of men who had no
erections after RP will eventually recover.75 In
a questionnaire study,Walsh et al found that the
recovery of sexual function occurred gradually
after surgery, with 38% of patients potent at 3
months, 54% at 6 months, 73% at 12 months,
and 86% at 18 months.76 The recovery of sex-
ual function also correlated with the age of the
patient at the time of surgery and was 100% in
men aged 30 to 39 years, 88% in men aged 40 to
49 years, 90% in men aged 50 to 59 years, and
75% in men aged 60 to 67 years. These obser-
vations, they concluded, were secondary to the
fact that in this era of prostate-specific antigen

TABLE 1 Continence Rates in Contemporary Laparoscopic Radical Prostatectomy and Retropubic
Prostatectomy Series

Approach Patients (n) Continence Rate at 12 Months (%) Reference

RRP 500 92 Lepor H, Kaci L, Xue X55

RRP 50 64 Artibani W, Grosso G, Novara G, et al56

LRP 71 40 Artibani W, Grosso G, Novara G, et al56

LRP 550 82 Guillonneau B, Gupta R, El Fettouh H, et al23

LRP 235 90 Salomon L, Anastasiadis AG, Katz R, et al57

LRP 500 84 Rassweiler J, Schulze M, Teber D, et al45

LRP 300 90 Stolzenburg JU, Truss MC, Bekos A, et al58

LRP 106 85 Erdogru T, Teber D, Frede T, et al59

LRP 200 95 Eden CG, King D, Kooiman GG, et al60

Abbreviations: RRP, radical retropubic prostatectomy; LRP, laparoscopic radical prostatectomy.
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screening,more men are presenting at a younger
age with organ-confined tumors that are amenable
to nerve-sparing surgery.

Here we present the published data for both
of these parameters in contemporary series of
RRP and LRP.8,55–60,76–80 Table 1 shows urinary
continence rates for RRP and LRP, defined as
no need for any pads or “protection.” Table 2
shows the sexual potency rates. As can be seen,
the rates of potency and continence are com-
parable for both techniques, especially when the
mean patient age is considered. Essentially, post-
operative results regarding continence and sex-
ual potency are multifactorial and depend on
preoperative function, coexisting disease, and
social habits (tobacco and drug use).

The fundamental principles of meticulous
tissue handling and avoiding electrocautery dur-
ing the neurovascular dissection hold true for
both RRP and LRP and should minimize injury
to these structures, hopefully resulting in optimal
potency and continence rates.

II. COMPLICATIONS OF RADIATION THERAPY
FOR PROSTATE CANCER

Introduction

Radiation administration is an effective means
of prostate cancer treatment that provides cure
rates comparable with those of RP. While treat-
ment outcomes may be similar, radiation therapy

possesses its own unique set of side effects.
Additionally, the side-effect profiles differ depend-
ing on the method of radiation administration,
namely external beam radiation therapy (EBRT)
or interstitial brachytherapy (IB or radioactive
seed implantation). While most published assess-
ments of morbidity have used physician reports
of significant side effects,more recent studies have
focused on patient-driven indices of morbidity.
Their analysis has been given greater power by
the recent use of health-related quality-of-life
(HRQOL) tools. No longer are these side effects
viewed in abstraction,but rather they are viewed
in the context of the individual whom they affect,
painting a clearer picture of the nature and con-
sequences of radiation-associated morbidity.

This section focuses on the side-effect pro-
files of EBRT and IB as separate entities and
concludes with recent quality-of-life analyses
relating to these modalities. Medical innovation
continues to improve the overall quality and
accuracy of radiation treatment. Mature data
focuses its lens on therapies that have since been
refined and improved. With this in mind, it is
hoped that these advances will lessen the mor-
bidity experienced by men treated today.

EBRT

EBRT for prostate cancer consists of the
administration of ionizing radiation produced by
a linear accelerator. The head of the accelerator

TABLE 2 Sexual Potency Rates in Contemporary Laparoscopic Radical Prostatectomy and Retropubic Prostatectomy Series

Follow Up Mean Patient Potency Nerve
Approach Patients (n) (Months) Age (Years) (%) Definition Sparing Reference

LRP 5,824 12 64 53 N/A Bilateral Rassweiler J, Stolzenburg J,
Sulser T, et al76

LRP 200 12 62 71 Erections N/A Eden CG, King D, Kooiman GG, et al72

LRP 177 12 N/A 76 Intercourse Bilateral Su LM, Link RE, Bhayani SB, et al80

LRP 26 12 63 65 N/A Bilateral Roumeguere T, Bollens R,
Vanden Bossche M, et al8

RRP 33 12 64 55 N/A Bilateral Roumeguere T, Bollens R,
Vanden Bossche M, et al8

LRP 143 12 64 88 Erections Bilateral Katz R, Salomon L, Hoznek A, et al74

RRP 64 18 57 86 Intercourse Bilateral Walsh PC61

RRP 1,291 18 63 44 Intercourse Bilateral Stanford JL, Feng Z, Hamilton AS, et al78

Abbreviations: LRP, laparoscopic radical prostatectomy; RRP, radical retropubic prostatectomy; N/A, not available.
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rotates around the patient, allowing the radiation
beam multiple angles of entry. The resultant
effect is an intersection of multiple radiation
beams at a specific site within the body. Planning
of therapy begins with a CT scan that allows the
physician to map out the prostate, seminal vesi-
cles, and draining lymph nodes and to construct
a 3D anatomic model. This map guides the plan-
ner in the best beam arrangement to provide
adequate dose to the sites of disease while
attempting to minimize dose to adjacent nor-
mal structures. Men with early-stage prostate
cancer are treated to the entire prostate and the
caudal portion of the seminal vesicles. Men with
more advanced disease often receive radiation
to the draining pelvic lymph nodes, at the dis-
cretion of the treating physician. Daily prostate
position is usually ascertained by transabdomi-
nal ultrasound or by plain x-rays to identify
implanted, inert, fiducial markers. Accounting
for daily position allows for the use of tighter
radiation fields and reduced normal tissue vol-
umes within the high-dose area.

In order to adequately treat the prostate, adja-
cent normal structures are,by necessity, irradiated.
The bladder neck (superior), penile bulb (infe-
rior), and the anterior rectal wall (posterior) all
receive significant doses of radiation (Figure 1).
In addition, the prostatic urethra and neurovas-
cular bundles lie within the treatment field.
Finally, if pelvic nodes are irradiated, the bladder,
rectum, sigmoid colon, and small bowel all receive
additional doses. The anatomy of the male pelvis,
therefore, dictates morbidity, namely a decline
of sexual function, rectal urgency and bleeding,
and obstructive and irritative voiding symptoms.

Urinary Function

The majority of the acute urinary dysfunc-
tion caused by EBRT relates to inflammation
and mucosal loss at the bladder neck and within
the prostate and prostatic urethra. Symptoms usu-
ally begin 2 to 3 weeks into therapy, when the
mucosa first becomes denuded, and continue for
several weeks until re-epithelialization is com-
plete (Figure 2A). Both irritative and obstruc-
tive urinary symptoms may occur,with a tendency
toward the latter in men with larger prostates.
Pinkawa et al recently addressed acute urinary
toxicity in 204 men treated to �70 Gy with

external beam irradiation with special emphasis
on pretreatment prostate volume.81 Side effects
were measured at completion of treatment,as well
as at 2 and 12 months afterward. One-third of
men reported dysuria, and 37% reported obstruc-
tive symptoms at completion of treatment. By 2
months post-treatment, these symptoms had
returned to baseline. Both dysuria and obstructive

Management of Complications of Prostate Cancer Treatment
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FIGURE 1 Sample Treatment Plan for External Beam
Radiation Therapy to the Prostate. (A) Coronal, (B) sagit-
tal, and (C) axial computed tomographic images of a rep-
resentative plan for low-risk prostate cancer. Isodose
lines depict radiation doses at various distances from
the target tissue. Full dose is contained within the pink
isodose line. Shading of organs of interest is as follows:
prostate (red), bladder (yellow), anterior rectum (light
blue), and posterior rectum (green). The close proximity
of bladder and anterior rectum to the prostate leads to
significant radiation doses to portions of these structures.

A

B

C
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symptoms were more common in the large prostate
group (�43 cm3). Obstructive and irritative uri-
nary symptoms during and after radiation are
often effectively managed with alpha blockers,
such as tamsulosin or terazosin,or by anticholin-
ergics.82 The latter must be used with caution in
men with pre-existing benign prostatic hypertro-
phy because of a risk of acute urinary retention.

Months or years after external radiation, late
sequelae may develop. These are the result of
changes in the small vessels of the irradiated tis-
sues that lead to chronic hypoxia, mucosal thin-
ning, and aberrant vessel development (telangi-
ectasia) (Figure 2B). Patients may experience
painless hematuria, a common though rarely seri-
ous event,or a syndrome similar to chronic inter-
stitial cystitis, with frequency, dysuria, and even
bladder contracture.83 The reported rates of ure-
thral stricture are below 10% but are higher in
men who have had prior transurethral resection.84

Gastrointestinal Side Effects

Irradiation of the anterior rectal wall is the
cause of gastrointestinal sequelae in men with
prostate cancer. During treatment, rectal urgency
and tenesmus may occur. In later years, by sim-
ilar mechanisms to the previously mentioned late
bladder morbidity, men may experience rectal
bleeding or, rarely,ulceration. Men receiving radi-
ation to the pelvic lymph nodes have a larger
volume of bowel irradiated and, consequently,
an increased rate of side effects with a different
profile. Small bowel issues such as cramping,diar-
rhea, and late adhesions are more likely to occur.
Crook et al queried 192 patients treated to the
prostate (���) iliac nodes a mean of 33 months
after treatment completion.85 Two-thirds of these
patients noted either no or mild gastrointestinal
changes. The remaining third with moderate or
severe dysfunction reported hematochezia (9%),
rectal urgency (20%),or the need for transfusion
or laser surgery (4%). The majority of mild to
moderate symptoms are treated effectively with
simple dietary changes, especially fiber,or by the
use of hydrocortisone suppositories or foam. For
the rare patient with persistent bleeding despite
conservative medical management, the abnormal
vessels can be treated electrosurgically by argon
plasma coagulation via an endoscope to prevent
further episodes. Late rectal complications peak

in number and severity in the first 3 years, there-
after often resolving slowly.

Sexual Function

Radiation to both the neurovascular bundles
and penile bulb lead to decreased potency in
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FIGURE 2 Acute and Late Radiation Therapy Side
Effects. (A) Acute inflammation and mucosal loss can
occur in both the bladder and rectum (as pictured).
Desquamation begins 2 to 3 weeks into treatment and
may continue several weeks after treatment is complete.
(B) Mucosal thickening and telangectasias in the anterior
rectal wall following radiation therapy. These findings can
be seen months to years after treatment in both the blad-
der and the rectum. (C) Secondary rectal cancer visual-
ized on colonoscopy. Patients are at a slightly increased
risk of rectal or bladder cancer �10 years after treatment.
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treated men compared with age-matched controls.
There is thought to be a 3-fold pathogenic mech-
anism: penile arterial insufficiency, venous insuf-
ficiency at the level of the penile bulb with
reduced blood trapping, and direct nerve damage
within the neurovascular bundle. Patients who
enter treatment with partial potency,diabetes, or
who receive even a brief course of neoadjuvant
or concomitant ADT are at markedly increased
risk of treatment-induced impotence. Potosky
et al followed 435 men treated with EBRT in
1994/1995. Of these men, 50.3% and 63.5%
were unable to obtain erections sufficient for
intercourse 2 and 5 years after treatment, respec-
tively.86 Phosphodiesterase inhibitors have been
shown to improve function in up to two-thirds
of patients with erectile dysfunction after EBRT.87

Second Cancers

A rare but serious complication of irradiating
normal tissues is the induction of second can-
cers. Brenner et al have looked at all patients with
prostate cancer in the Surveillance,Epidemiology,
and End Results (SEER) database treated by radi-
ation between 1977 and 1993 and found a 1%
additional absolute risk of cancer 10 or more
years later.88 These were mainly bladder and rec-
tal cancers (Figure 2C). While the risk is almost
certainly lower with contemporary techniques,
it will not be reduced to zero and remains a con-
sideration when treating younger men.

EBRT Advances

In the 1970s and 1980s, the majority of exter-
nal treatments were delivered using large fields
and 2D-planning techniques treating significant
volumes of normal tissue. In the 1990s,CT infor-
mation improved the therapeutic ratio, and more
recently, intensity-modulated radiation therapy
(IMRT) has added an additional degree of pre-
cision. IMRT allows the physician to control
the intensity of radiation produced by each indi-
vidual beam, allowing for even greater confor-
mality of dose to tumor. Several studies have
shown a decreased rectal dose with IMRT com-
pared with the 3D conformal technique. As
expected, an associated decrease in chronic gas-
trointestinal morbidity was also noted.89

Proton-beam therapy has recently gained pop-
ularity as an EBRT modality. Based on their

physical characteristics, protons also offer the
potential advantage of reducing morbidity while
providing equivalent levels of cure. Both IMRT
and proton-beam therapy may reduce bladder
and rectal morbidity but are unlikely to reduce
the rates of erectile impotence since the neurovas-
cular bundles running so close to the prostate
remain within the high-dose volume. If these
techniques are used to deliver increased radiation
doses, the potency rates may even decline further.

IB

IB consists of the introduction of radioactive
sources (“seeds”) into the prostate itself. These
seeds emit ionizing radiation, providing high
doses of radiation to the tumor and surrounding
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FIGURE 3 Serious Complications of Brachytherapy.
(A) Superficial urethral necrosis visualized on cys-
toscopy. Patients who undergo a transurethral resection
of the prostate before treatment or to relieve treatment-
induced retention are at increased risk. (B) Rectal fistula
seen on colonoscopy. Combination external beam radia-
tion therapy and interstitial brachytherapy; inflammatory
bowel disease and severe vascular disease increase the
risk of this rare complication.
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structures. Similar to EBRT, treatment of the
prostate necessitates irradiation of the penile
bulb, neurovascular bundles, anterior rectal wall,
prostatic urethra, and bladder neck. Classically,
low-dose–rate (LDR) emitters such as iodine
and palladium have been used. Recently, tem-
porary high-dose–rate (HDR) brachytherapy
with iridium has seen increasing use.

Brachytherapy procedures begin with a vol-
ume study. A transrectal ultrasound probe is used
to visualize and create a 3D map of the prostate.
With this information, radioactive seed number,
location, and activity can be calculated using a
planning computer. Once a plan is in place, seeds
are loaded into 18-gauge needles and inserted
into the prostate using a perineal approach under
general anesthesia. Transrectal ultrasound is used
to visualize the prostate and determine correct
needle placement during the procedure. Seeds can
be placed homogenously throughout the prostate
or can be concentrated in the prostate periphery.
Peripheral loading prevents the extremely high
central doses and damage to the prostatic ure-
thra caused by a homogenous plan. Peripheral
loading,however, increases the number of sources
in close proximity to bowel and bladder, increas-
ing radiation dose to these tissues. Due to these
considerations, a modified peripheral loading
technique in which peripheral dose can be
decreased by placement of a limited number of
centrally located sources has gained favor.

Urinary Function

Urinary issues are the most common side
effects of seed implantation. A study of 693 con-
secutive patients at Memorial Sloan Kettering
from 1992 to 1997 reported 37% Grade 1 uri-
nary toxicity, 41% Grade 2 toxicity, and 2.2%
Grade 3 toxicity within 60 days of seed place-
ment,by the Radiation Therapy Oncology Group
toxicity scale.90 There is a biphasic pattern to
these effects. The first phase occurs within 24
hours of the procedure due to the immediate
trauma of needle insertion, and the second begins
2 to 3 weeks after seed introduction when a radi-
ation-induced inflammatory prostatitis becomes
evident. Irritative and obstructive symptoms,
namely frequency, urgency, dysuria, incomplete
emptying, and weak stream,peak about 1 month
after seed implantation and generally completely

resolve by 1 year.91 The vast majority of these
symptoms are mild in nature and can be treated
effectively with alpha blockers.92 Preprocedure
gland size and American Urological Association
benign prostatic hypertrophy symptom score
effectively predict the men at higher risk of sig-
nificant urinary side effects.93 Less common side
effects include hematuria and urethral stricture.

Urinary retention requiring catheterization
can occur both directly following as well as 2 to
3 weeks postprocedure. The chance of reten-
tion is directly related to prostate gland size,with
glands �60 cm3 conferring a markedly increased
risk.94 A postoperative course of corticosteroids
decreases the rate of urinary retention.90 It is of
note that men undergoing a transurethral resec-
tion of the prostate either before or following
brachytherapy have a significant risk of a rela-
tively unique complication, superficial urethral
necrosis (Figure 3A). The pathogenesis of this
complication is unclear and usually leads to
incontinence.

Gastrointestinal Side Effects

While far less common than urinary seque-
lae, rectal irritation, urgency, bleeding, and loose
stool are all possible side effects of brachyther-
apy. Shah and Ennis evaluated postimplant rec-
tal toxicity in a cohort of 135 patients, with a
median follow up of 41 months. Diarrhea was
noted in 17.5% of patients in the 6 months after
treatment, although only 0.8% met Grade 2 cri-
teria (by National Cancer Institute Common
Toxicity grading). In addition, urgency, procti-
tis, incontinence, and bleeding were noted in 5%
to 10% of patients. Late toxicity (more than 6
months postprocedure) consists of these same
symptoms, although with decreased frequency.
Radiation proctitis is directly related to the
amount of rectum receiving significant radia-
tion dose. Specifically, increased late toxicity was
noted when greater than 25% of the rectum
received greater than 25% of the prescribed
dose.95 A recent study promotes injection of
hyaluronic acid as a spacer between prostate and
rectal wall to reduce rectal dose and hopefully
mitigate side effects.96

Diarrhea can be effectively managed with
antidiarrheal agents such as loperamide (Imodium),
while proctitis and urgency are often effectively
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treated with dietary modification and/or psyllium
(Metamucil) to add increased bulk. For those
patients with significant rectal irritation, cramp-
ing, and tenesmus, steroid suppositories may pro-
vide relief.

While occurring in less than 1% of patients,
formation of a rectal fistula is a serious compli-
cation (Figure 3B). Men who are at higher risk
for this dreaded complication include those who
receive combined EBRT and IB, those with vas-
cular disease, those with poorly controlled dia-
betes, and those with inflammatory bowel disease.
Postimplantation biopsy also increases this risk.

Sexual Function

Brachytherapy carries a risk of sexual dys-
function similar to EBRT. Merrick et al stud-
ied 128 potent men who received seed implants
between 2001 and 2003. The actuarial rate of
potency preservation was 51% at 3 years. The
median time to loss of potency was 5.4 months
after the procedure.97 Dose to the proximal crura
and marginal potency pretreatment were statis-
tically significant predictors of treatment-induced
impotence. Potters et al noted a 5-year potency
rate of 76% for those receiving seeds as monother-
apy. The addition of EBRT or ADT markedly
decreased potency in this study group.98 In this
study, 62% of impotent patients were able to
achieve erections capable of intercourse with
the addition of sildenafil. Notably, this percent-
age was �80% when men receiving ADT were
excluded.

HDR Brachytherapy

HDR IB has increased in use over the last sev-
eral years. As with standard LDR brachytherapy,
HDR brachytherapy is administered by place-
ment of radioactive sources within the prostate
using a perineal approach. In contrast to LDR,
HDR brachytherapy is administered in 2 or more
large fractions over a period of 24 to 48 hours
and requires hospitalization during administra-
tion. HDR is traditionally used in combination
with EBRT for men with advanced local disease.

Limited data are available comparing HDR
brachytherapy with other radiotherapy options.
A single study compared standard LDR brachy-
therapy with HDR monotherapy in 149 men with

early-stage prostate cancer.99 In this study, HDR
resulted in decreased dysuria (36% versus 67%),
urinary urgency (54% versus 92%),and rectal pain
(6% versus 20%). There was an increased risk of ure-
thral stricture with HDR (8% versus 3%).

Quality of Life

Recent analysis of patient outcomes has
shifted from simply a list of the prevalence and
incidence of various side effects to a more “holis-
tic” quality-of-life measurement. HRQOL
measures the interplay between the sequelae of
an intervention and the patient’s expectations,
tolerances, personal and professional relationships,
satisfaction, and overall happiness.100

HRQOL is determined using standardized
question sets directly administered to patients.
Several validated disease-specific questionnaires
have been generated for prostate cancer that
address the specific influence of bowel, bladder,
and sexual function on overall quality of life,
including the Expanded Prostate Cancer Index
Composite101 and the Functional Assessment of
Cancer Therapy-Prostate instrument.99 Several
recent studies have used these questionnaires to
compare HRQOL following various treatment
modalities.

Lee et al used the Functional Assessment of
Cancer Therapy-Prostate instrument question-
naire to assess HRQOL at set intervals during
the first year after radiotherapy treatment.102 A
significant decrease in HRQOL was noted among
IB patients at 1 and 3 months post-treatment.
No significant differences compared with pretreat-
ment were noted in either the EBRT group at
any point or the IB group 1 year after therapy.

Clark et al looked at HRQOL in 130 patients
who received EBRT and 16 patients who re-
ceived brachytherapy 12 to 48 months after
treatment completion.103 Significant urinary
obstructive/irritative, bowel, and sexual dys-
function were noted compared with controls.
There was not a significant increase in self-
reported urinary incontinence compared with
controls. These findings correlated with a statis-
tically significant decrease in urinary control,
sexual intimacy, and sexual confidence on qual-
ity-of-life analysis. Marital affection and mas-
culine self-esteem were not lessened.

Management of Complications of Prostate Cancer Treatment
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Wei et al measured HRQOL among 902 sub-
jects treated with RP, EBRT (via a 3D confor-
mal technique),or IB at the University of Mich-
igan with a median follow up of 2.6 years.104 An
additional 114 male volunteers served as age-
matched controls. General HRQOL did not dif-
fer amongst any treatment group and age-matched
controls. IB patients had worse sexual, bowel,
and urinary irritative and obstructive quality of
life than controls. EBRT patients had worse bowel
and sexual quality of life than controls, but com-
parable urinary quality of life. Comparison of
IB and EBRT revealed increased incontinence
and slightly worse bowel quality of life in the IB
cohort compared with EBRT.

Miller et al re-evaluated this patient cohort
at a median of 6.2 years after treatment.105 3D
conformal EBRT patients continued to have
poorer bowel and sexual HRQOL than the con-
trol group. IB patients continued to have poorer
bowel, urinary, and sexual HRQOL compared
with controls. Notably,urinary irritative HRQOL
and bowel HRQOL improved markedly in IB
patients in the study interval, although both were
still substantially worse than the control group.

Provocatively,urinary incontinence HRQOL,
measured as frequent urinary dribbling or pad
requirements, worsened in both the EBRT and
IB groups during the study interval while remain-
ing unchanged in the control population. Further-
more, there was a decreased sexual HRQOL in
the EBRT group, although this was mirrored by
a similar decline in the control group, suggest-
ing an age-related rather than treatment-related
phenomenon.

III. COMPLICATIONS OF HORMONAL TREATMENT
OF PROSTATE CANCER

Introduction

The number of prostate cancer survivors in
the United States is estimated at 2 million, and
approximately one-third of these men are cur-
rently receiving ADT. In addition to a role in the
adjuvant treatment of early, localized prostate
cancer, ADT represents the primary treatment
for recurrent prostate cancer. Once ADT is ini-
tiated for recurrent prostate cancer, therapy typ-
ically continues until the time of death, a period

that may extend over many years. A singularly
effective therapy in treating prostate cancer,ADT
is increasingly recognized to have undesirable
physiologic effects that may result in important
long-term adverse consequences. Awareness of
the potential adverse effects of ADT and the over-
all risk/benefit ratio is important in determining
the suitability of treatment in individual patients.

ADT may be accomplished by either surgi-
cal or chemical castration. GnRH (gonadotropin-
releasing hormone) agonists are the most
commonly used agents for this purpose and effec-
tively result in hypogonadism with reduction in
serum testosterone levels of �95% and in estro-
gen levels of �80%. The adverse effects of ADT
are due to hypogonadism and include vasomo-
tor flushing, loss of libido, decreased bone den-
sity, increased fat mass, and decreased muscle
mass.106 Additionally, long-term ADT is associ-
ated with an increased risk of diabetes and car-
diovascular disease.107

Vasomotor Flushing

Most men treated with ADT will experience
vasomotor flushing, or hot flashes, which may
have substantial impact on quality of life in some
men. Hot flashes are described as unpredictable
episodes of intense warmth in the upper part of
the body and face, accompanied at times by
diaphoresis. A number of “natural remedies”
have been touted to treat hot flashes, including
acupuncture,black cohosh,flax seed,or soy prod-
ucts, but none is demonstrated to help in other
than anecdotal instances.

Transdermal estrogen and megestrol acetate
have been shown to reduce hot flashes, but with
adverse consequences, including breast swelling
and nipple tenderness with estrogens and weight
gain with megestrol.108,109 Selective serotonin
uptake inhibitors are effective in women with
breast cancer and menopausal hot flashes; although
no randomized trials have been carried out in
men, venlafaxine and paroxetine appear to be
occasionally effective in small studies of men
with hot flashes.110,111

Anemia

Androgens promote erythropoiesis by in-
creasing erythopoietin production and by direct
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activation of erythrocyte progenitors.112 GnRH
agonists significantly decrease hemoglobin con-
centrations in men with prostate cancer.113–116

The median decrease in hemoglobin concen-
trations is about 1 g/dL but sufficient to cause ane-
mia in most men.115,116 Treatment-related anemia
is usually mild and not associated with symp-
toms. It is characteristically normochromic and
normocytic. Erythropoietin increases hemoglo-
bin concentrations in men receiving GnRH ago-
nists for prostate cancer,115 although treatment for
anemia in this setting is rarely necessary.

Fatigue

Fatigue is a common and important adverse
effect of ADT. Approximately two-thirds of men
report increases in fatigue after treatment with a
GnRH agonist.117 Changes in body composi-
tion, particularly decreased lean body mass, may
contribute to treatment-related fatigue. Anemia
may also contribute to treatment-related fatigue.

Gynecomastia and Mastodynia

Gynecomastia is defined as benign prolifera-
tion of the glandular subareolar breast tissue.
Mastodynia refers to breast/nipple tenderness.
The incidence of gynecomastia and/or masto-
dynia varies with the type and duration of ADT.
About 10% to 15% of men develop gynecomas-
tia after bilateral orchiectomies or treatment with
a GnRH agonist.118 In contrast, the majority of
men receiving monotherapy with an antiandro-
gen develop gynecomastia.119 Prophylactic breast
irradiation appears the most effective strategy to
prevent or mitigate gynecomastia; treatment after
development of gynecomastia may improve pain
but does not improve enlargement.120,121 Tamox-
ifen is the most effective medical therapy for
gynecomastia and/or mastodynia.122,123 Breast
reduction surgery may benefit the occasional
man with severe breast symptoms that are refrac-
tory to medical treatment.

Osteoporosis and Fractures

Several prospective studies have demonstrated
that ADT results in immediate and sustained
decrease in bone mineral density (BMD) in men
with prostate cancer.124–129 The decrease in BMD
continues at an average rate of 2% to 3% per

year during treatment, and the risk of fracture
and development of osteoporosis therefore appears
to increase steadily with duration of therapy.

The mechanism of BMD decline may relate
to an increase in bone turnover due to ADT.
Bone turnover markers measured in serum and
urine demonstrate increased activity of both
osteoblasts and osteoclasts and reach a plateau
after 6 months of ADT.125,127 Changes in sensi-
tivity of bone to parathyroid hormone might
also contribute to increased osteoclast activation
and decreased BMD.130

Osteoporosis is common in men,with an esti-
mated prevalence of more than 2 million men in
the United States.131 Hypogonadism may be the
most common cause of acquired osteoporosis
in men and together with alcohol abuse and
chronic glucocorticoid therapy accounts for one-
half of all cases of male osteoporosis.132 The
decreased BMD and increased risk of osteoporo-
sis engendered by ADT in men with prostate
cancer is now firmly linked to an increased frac-
ture risk.133–135 In one claims-based analysis, for
example, men with prostate cancer who were
receiving GnRH agonists were 1.4 times as likely
to develop fractures as men with prostate can-
cer who had not received GnRH agonists.133

Management of Treatment-related Osteoporosis

Daily supplementation of calcium and vitamin
D is recommended by the National Institute of
Health at doses of 1200 to 1500 milligrams/day
and 400 IU/day, respectively. Supplementation
with calcium and vitamin D modestly decreases
fracture incidence in men and women over age
65 years.136 However, this is not sufficient to pre-
vent bone loss in men treated with ADT.127

The increased risks of osteoporosis and frac-
tures in men with prostate cancer receiving ADT
have led to randomized controlled trials aimed
at preventing or ameliorating these risks. Bisphos-
phonates, including pamidronate and zoledronic
acid (ZA), are effective at preventing ADT-related
BMD loss.127,129,137 In a study that treated 106
men receiving ADT for nonmetastatic prostate
cancer with ZA versus placebo,ZA administered
at 4 mg every 12 weeks significantly increased
BMD in the hip and lumbar spine by 3.9% and
7.3%,respectively.129 In another randomized study,
a single infusion of ZA resulted in significantly
increased BMD in the hip and spine after 1
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year.138 The differences in BMD between the
men treated with ZA versus placebo were sim-
ilar in the 2 studies, suggesting that annual infu-
sion of ZA might be sufficient to prevent
treatment-related loss of BMD.

Three ongoing randomized controlled tri-
als are assessing the impact of medical therapy
with denosumab, toremifene, or ZA on frac-
ture prevention:
1. Denosumab is a monoclonal antibody that

blocks the activity of receptor activator of
NF-κB ligand (RANKL), a protein that stim-
ulates osteoclast activity. A Phase III trial of
1,468 men receiving ADT for nonmetastatic
prostate cancer is assigning men to either
denosumab or placebo administered every 6
months. The primary objectives are evalua-
tion of fracture risk and BMD.

2. Toremifene is a selective estrogen-receptor
modulator that has been shown to increase
BMD and reduce vasomotor flushing in men
receiving ADT. A Phase III trial of 1,392
men receiving ADT for nonmetastatic prostate
cancer is assigning men to daily toremifene or
placebo.139 The primary objectives are eval-
uation of fracture risk,BMD, lipid levels, and
hot flashes.

3. As described previously,ZA is proven to pre-
vent treatment-related BMD loss. Further,
in hormone-refractory metastatic prostate
cancer,ZA reduces the risk of bone compli-
cations, including fractures.140 A Phase III
cooperative group study of 1,272 men with
early-stage prostate cancer is assigning men
treated with GnRH agonists in combination
with radiation to either ZA or placebo every
3 months. The primary objectives are evalu-
ation of fracture risk and BMD.
Currently,we recommend routine use of sup-

plemental calcium and vitamin D in all men
treated with ADT. Men undergoing long-term
ADT for nonmetastatic prostate cancer should
have assessment of fracture risk by history, lab-
oratory testing, and measurement of BMD. For
men at greatest fracture risk, selective use of drug
therapy should be considered.

Obesity

ADT is accompanied by prompt and often
marked changes in body composition.

Quantitative analysis of men beginning GnRH-
agonist therapy has shown an increase in fat mass
of 9.4% to 11% in 1 year, with a concurrent
decrease in lean body mass of 2.7% to 3.8%.116,141

The increase in fat mass is observed in subcutaneous
rather than intra-abdominal fat. Two other stud-
ies in men with nonmetastatic prostate cancer
found an increase in mean fat mass of 8.5% or
4.3% within 3 months of starting ADT, suggest-
ing that this effect may be important even for
men treated with short courses of ADT.142,143

Because of the association between increased
weight, fat mass, and insulin resistance, further
studies have assessed the relationship between
ADT and insulin resistance.

Lipid Alterations and Insulin Resistance

Treatment-related changes in body composi-
tion are accompanied by adverse metabolic effects.
GnRH agonists increase serum total cholesterol,
low-density lipoprotein cholesterol, and triglyc-
erides.116,144 In a prospective 12-month study,
for example, GnRH agonists increased serum
total cholesterol, low-density lipoprotein
cholesterol, and triglycerides by 9.0%,7.3%, and
26.5%, respectively.142 GnRH agonists increase
fasting plasma insulin level, a surrogate for insulin
resistance.142,145 In a prospective study of non-
diabetic men with prostate cancer initiating
GnRH-agonist therapy, fasting plasma insulin
levels increased by 26%, and the whole-body
insulin sensitivity index decreased by 11%.146

The term “metabolic syndrome” refers to a
clustering of specific cardiovascular disease risk
factors whose pathophysiology appears related
to insulin resistance.147 The National Cholesterol
Education Program’s Adult Treatment Panel
(ATP III) and World Health Organization have
defined the metabolic syndrome using distinct but
related criteria. A recent cross-sectional study
reported a higher prevalence of the metabolic
syndrome (as defined by the ATP III) in 18 men
receiving a GnRH agonist than in age-matched
control groups of untreated men with prostate
cancer and men without prostate cancer.148 Men
receiving GnRH-agonist therapy had greater
prevalence of increased abdominal girth, ele-
vated triglycerides, and elevated fasting plasma glu-
cose—consistent with results of prospective
studies of GnRH-agonist treatment. In contrast
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with the metabolic syndrome, however, prospec-
tive studies have shown that GnRH agonists pref-
erentially increase subcutaneous rather than visceral
abdominal fat and increase rather than decrease
high-density lipoprotein cholesterol.149 In addi-
tion,GnRH agonists increase serum adiponectin
levels in men with prostate cancer, whereas the
metabolic syndrome is associated with low
adiponectin levels. Taken together, these obser-
vations suggest that GnRH agonists cause a pat-
tern of metabolic changes that is distinct from
the classically defined metabolic syndrome.

Cardiovascular Disease and Diabetes

Diabetes and cardiovascular disease are leading
causes of death in men. The adverse treatment-
related changes in weight, body composition,
lipids, and insulin sensitivity raise the possibility
that ADT may increase the risk of these med-
ical conditions. To evaluate the relationship
between ADT and risk for incident diabetes and
cardiovascular disease, Keating and colleagues
conducted a large population-based study using
the SEER-Medicare database.107

This landmark study included 73,196 men
diagnosed with local or locoregional prostate
cancer between 1992 and 1999 with follow up

through 2001. Of the total population,one-third
of men were treated with ADT during the study
period. The analysis was adjusted for both patient
and tumor characteristics. After adjusting for a
variety of covariates, ADT with a GnRH ago-
nist was associated with a significantly greater
risk of incident diabetes (adjusted hazard ratio
1.42,P �.001), coronary heart disease (adjusted
hazard ratio 1.16, P �.001), and admission for
myocardial infarction (adjusted hazard ratio
1.1142, P �.03). A subsequent study using
SEER-Medicare data confirmed the link between
ADT and incident cardiovascular disease.150

SUMMARY

Death rates from prostate cancer have steadily
declined in recent years due to earlier diagnosis
and treatment. The 5-year relative survival from
prostate cancer is 98%.1 Improvements in can-
cer control, however,have been accompanied by
a greater burden of treatment for prostate can-
cer survivors. Recognition of the potential adverse
effects of surgery, radiation therapy, and hormone
therapy and effective strategies to reduce treat-
ment-related morbidity are necessary to decrease
both death and suffering from prostate cancer.
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