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--.- survival of 80 to 90% for low—grade lesions. More in-
kstologically poorly differentiated tumors are more likely

Itzlly and tnetastasize. Metastatic disease is treated with the
- used in bladder cancer. and the outcome is similar to

‘c transitional cell cancer of bladder origin.

IEADING

- :- BLADDER CANCER Mara-Awttvsis COLLABORATION: NeoaCl-
faennotlterapy in invasive bladder cancer: A systematic review and
'_\si.s. Lancet 36t:1927, 2003

Howard 1. Seller

~ - . s _' of both benign and malignant changes in the prostate
with age. Autopsies of men in the eighth decade of life show

. «.-.2. changes in >90% and malignant changes in >70% of
"' The high prevalence of these diseases in an elderly pop-

rizl-.» competing causes of morbidity and mortality mandates a
- .-- I approach to diagnosis and treatment. This can be achieved
.- - -I ' g these diseases as a series of states. Each state represents
.- clinical milestone for which interventionis) may be recom-

— based on the presence or risk of developing symptoms or death
..--. ' in a given time frame (Fig. 81-1). Forbenign proliferative

symptoms of urinary frequency, infection, and potential for
. 1 are weighed against the side effects and complications of

- or surgical therapy. For prostate malignancies. the risk of de-
' - the disease. symptoms, or death from cancer are balanced

T‘ the morbidities of interventions recommended and preexisting
- —-- conditions.

§3I|-1. around 330.000 prostate cancer cases were diagnosed. of
29.900 succumbed. The absolute number of prostate cancer

ha decreased in the past 5 years; ti1is has been attributed by

D the widespread use of detection strategies based on monitoring
- * cific antigen (PSA). However, screening has not been

- to improve survival in prospective randomized trials. The par-
as‘ management is that although the disease remains the second

‘ _ cause of cancer deaths in men. the almost 8:1 ratio in incidence
yraze ca.ncer—specific mortality shows that the majority of men

- die of their disease.

AND PATHOLOGY

pcstate is located in the pelvis and is surrounded by the rectum.
éhdder. the periprostatic and dorsal vein complexes that are re-

jsible for erectile function. and the urina.ry sphincter that is re-

fitting tubuloalveolar glands arranged in lobules and surrounded
b_ 1 scroma. The acinal unit includes an epithelial compartment made
. if qaithelial. basal. and neuroendocrine cells and a strornal com-
ment that includes fibroblasts and smooth-muscle cells. The com-
?-ents are separated by a basement membrane. PSA and acid phos-
‘je (ACP) are produced in the epithelial cells. Both cell types
fiess androgen receptors and depend on androgens for growth. Tes-
nicrone. the major circulating androgen. is converted by the enzyme
5-: reductase to dihydrotestosterone in the gland. Changes in prostate
1 occur during puberty and after the age of 55 in the periurethral
pump of the gland. Most cancers develop in the peripheral zone.
film can often be palpated by a digital rectal examination (DRE).

 

  

 

  

 

Clinical
metastases:
Nortcastraie

Clinically
localized
disease  

Clinical states of prostate cancer. PSA, prostate-spetltit antigen.

 

'§§ble for passive urinary control. The prostate is composed of

ill llgperplaslic and Malignant Diseases of the Prostate S43

BURDEN LS JR et al: Bladder cancer. Curr Opin Oncol 15:227. 2003
LINEBAN WM et al: The genetic basis of cancer of the kidney. J Urol l'i'[l:

2163. 2003
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HYPERPLASTIC AND MALIGNANT DISEASES OF THE PROSTATE

Nonmalignant growth occurs predominantly in the transition zone
around the urethra.

EP|DElt‘|l|.'ll.DliY

The development of a prostate cancer involves a multistep process.
Hyperrnethylation of the GSTPI gene promoter, leading to a loss of
function of a gene that detoxifies carcinogens, is one early change.
Epidemiologic studies show that the risk of being diagnosed with pros-
tate cancer increases by a factor of 2 if one first-degree relative is
affected and by 4 if two or more are affected. Current estimates are
that 40% of early-onset and 5 to 10% of all cancers are hereditary and
follow a Mendelian inheritance pattern. Prostate cancer affects ethnic

groups differently. Matched for age, the prostates of African-American
males have both a greater number of precursor prostatic intraepitheliai
neoplasia (PIN) lesions and larger tumors than white males. possibly
related to the higher levels of testosterone seen in African-American
males. These lesions are highly unstable. and typically multifocai.
Polymorphic variants of the androgen receptor gene. the cytochrome
P450 Cl"! gene, and the steroid SCI’-l'BdLll'.'.IflSC type Ii (SRD5A2l gene
have also been implicated in the variations in incidence. The incidence
of autopsy-detected cancers is similar around the world. while the
incidence of the clinical disease varies. Thus. environmental factors

may play a role. H.igh consumption of dietary fats, such as or-linoleic
acid. or polycyclic aromatic hydrocarbons that form when red meats
are cooked is believed to increase risk. Similar to breast cancer in
Asian women. the risk of prostate cancer in Asian males increases

when they move to western environments. Protective factors include
the isofiavinoid gcnistein (which inhibits 5Ctl—l'BEll.lCT.3Sf!_l. cruciferous
vegetables that contain isothiocyanate sulfuraphane. retinoids such as
lycopene (in pizza and tomatoes). and inhibitors of cholesterol bio-
synthesis. The antioxidant or-tocopherol (vitamin E) and selenium may
also reduce risk.

DlAGND5|S AND TREATMENT El‘ CLINIEAL STATE

The clinical states framework considers the risk of morbidity front an

enlarging but nonmalignant gland; the probability that a clinically sig-
nificant cancer is present in an individual with or without urinary
symptoms; or, for those with a prostate cancer diagnosis; the proba-
bility of developing symptoms or dying from disease. At any point in
time, a patient resides in one state and remains there until the disease
has progressed to the next state. Applying this paradigm, a patient with
localized prostate cancer who has had all cancer removed surgically
remains in the state of localized disease as long as the PSA remains
undetectable. The time within a state becomes a measure of the impact
of an intervention on the natural history of disease. be it benign or

malignant in etiology, recognizing that the impact may not be assess-
able for years. It also allows a distinction between r.‘ttrc—the- elimi-
nation of all cancer cells, the primary therapeutic objective when treat-

ing most cancers—and cancer com‘:-oi’. in which the tempo of the
illness is modulated and symptoms controlled until the patient dies of
other causes. It is the concept of cancer control that makes the man-
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agement of prostate cancer unique. Even when a rccttrrcncc is docu-
mented. immediate therapy is not always necessary. Rather, as at the
time of diagnosis. the need for intervention is based on the tempo of
the illness as it unfolds in the individual. relative to the riskzreward
ratio of the therapy being considered.

llll EAHEER DIAGNIJSIS I Symptoms The need to pursue a diagnosis of
prostate cancer is based on symptoms, an abnormal DRE, or an ele-
vated serum PSA. The urologic history should focus on symptoms of
outlet obstruction, continence. potency. or a change in ejaculatory pat-
tern. Benign proliferative disease may produce hesitancy, intemtittent
voiding, a diminished stream. incomplete emptying. and postvoicl
leakage. The severity of these symptoms can be quantitated with the
self-administered American Urological Association (AUA) Symptom
it-rde.t' (Table 81-ll recognizing that the degree of symptoms does not
always relate to gland size. Resistance to urine flow reduces bladder
compliance. leading to nocturia. urgency, and, ultimately, to retention.
Infection, tranquilizing drugs. antihistamines. or alcohol can precipi-
tate urinary retention. Prostatitis often produces pain or induration.
Symptoms of metastatic disease include pain secondary to osseous
metastases, although many are asymptomatic despite extensive spread.
Less common are symptoms related to marrow compromise (myo-
lopltthisis), a coagulopathy. or spinal cord compression.

Physical Examination The DRE focuses on the size, consistency, and
abnonnalities within or beyond the gland. Many cancers occur in the
peripheral zone and can be palpated on DRE. Carcinomas are char-
acteristically hard. nodular. and irregular. while induration may be due
to benign prostatic hypertrophy (BPH_l or to calculi or tumor. Overall,
20 to 25% of men with an abnormal DRE have cancer.

PlilJ5TATE~SPEClF|E ANTIGEN

PSA is a lcallikrcindike setine protease that causes liquefaction ol'sern-
inal coagulum. It is produced by both nonmalignant and malignant
epithelial cells. PSA is prostate specific, not prostate cancer specific,
and increases may occur from pros-tatitis, nonmalignant enlargement
of the gland {BPI-I}, prostate cancer, and prostate biopsies. The level
is not affected by the performance of a DRE. It circulates in the blood
as an inactive complex with the protease inhibitors o-,-antichymo-
trypsin and ,3:-macroglobulin and has an estimated half-life in the
senim of 2 to 3 days. Levels should be undetectable if the prostate has
been removed. PSA irnmunostaining is used to establish it prostate
cancer diagnosis.

I-‘SA testing was approved for early detection in 1994. it is rec-
ommend on an annual basis along with a DRE for men over age 50

(with an anticipated survival of >10 years; this includes rnen up to
age 76 years). For African Americans and men with a family history,
testing is advised to begin at age 40. The normal range of PSA is 0 to
4 nglrnL. For values >4. the sensitivity for prostate cancer detection
is 57 to 79%. the specificity is 59 to 68%, and the positive predictive
value is 40 to 49%.

The PSA-based criteria used to tccommend a diagnostic prostate

biopsy have evolved over time. PSA values may fluctuate for no ap-
parent reason; thus, an isolated ahnorrnal value should be confirmed
before proceeding with further testing. These evolving criteria aim to
increase the sensitivity of the test for younger men more likely to die
of the disease and to reduce the frequency of detecting cancers of low
malignant potential in elderly men more likely to die of other causes.
Age-specific reference ranges apply a lower "upper“ limit of normal
for younger males and higher "upper" limit for older individuals. Dif-
ferent thresholds alter sensitivity and specificity of detection. The
threshold for performance of a biopsy is now 2.6 ngi‘mL for men under
age 60. Prostate-specific antigen density [PSAD) measurements were
developed to correct for the contribution of BPH to the total PSA level.
PSAD is calculated by dividing the serum PSA by the estimated pros-
tate weightcalculated by transrectal ultrasound (TRUS). Values <0. 10
are ctmsistent with BI‘!-I, while those 250.15 suggest cancer. PSA 1'?’
Ioriry is the rate of change in PSA levels over time. it is particularly
useful for men with values that are rising in the seemingly “norrnaJ"
range. Rates of rise >U.?S ng/ml. per year suggest cancer. As an ex-
ample, an increase from 2.5 to 3.9 in a 1-year period would warrant
further testing. Free and cotnplexed PSA measurements are used when
levels are between 4 and ID ngftnl. to decide who needs a biopsy. in
cancer, the level of free PSA is lower. The ratios of free to total,
complexed to total, and free to complexed PSA have also been used.
In one series, specificity improved by 20% using a normal range of
free;’total >0.l5; complexedltotal <.0.70_: and lreefcomplexed >025.
A diagnostic algorithm based on the DRE and PSA findings is illus-
trated in Fig. 81-2. In general. it biopsy is recommended it‘ the DRE
or PSA are abnonnal.

Prostate Biopsy A diagnosis of cancer is established by a TRUS-guided
needle biopsy. Direct visualization assures that all areas of gland are
sampled. A minimum of six separate cores, three from the right and
three from the left. are advised, as is a separate biopsy of the transition
zone. if clinically indicated. Performance of a biopsy is not advised in
at patient with prostatitis until a course of antibiotics has been admin-
istered. Thc positive predictive value of an abnormal DRE is 21%,
while 25% of men with a PSA '9 4 ng,fn1L and an abnormal DRE. and
17% of men with a PSA of 2.5 to 4.0 ng!mL and normal DRE, have
cancer. Those with an abnormal PSA and negative biopsy are advised
to undergo a repeat biopsy.

TABl.E BI-I AHA System index
AJJA Symptom Score ftirrie I Number an End‘: tine)

less than t Less than About Half More than Almost

Questions to Be Answered Hot at All Time in 5 Half the Time the Time Half the time Always
Over the past month, how often you have had a sensation of not 0 l 2 3 4 5

emptying your bladder completely after you finished urinating?Over the past month, how often have you had to urinate again less than 0 1 2 3 4 5
2 h after you finished urinating?

Over the past month, how often have you found you stopped and started D 1 2 3 4 5
again several times when you urinated‘?Over the past month, how often have you found it difficult to postpone 0 1 2 3 4 5
urination?

Over the past month, how often have you had a weak urinary stream‘? 0 1 2 3 4 3
Over the past month, how often have you had to push or strain to begin 0 1 2 3 4 5

urination?

Over the past month, now many times did you most typically get up to (None) (1 time) (2 times) (3 times) (4 times) (5 times)
urinate from the time you went to bed at night until the time you got
up in the morning?

Sum of 7 circled numbers [AUA Symptom Score):

Note: ALIA. American Urological Association. Source: Barry MJ et 31: I Urul l48:|549. I992. Used with perrnission.
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='

FIEURE fl1~2 Algorithm for diagnostic evaluation at man based on digital rectal examination and pro5late—5petific antigen levels.

Patlinlnga The noninvasive proliferation of epithelial cells within
ducts is termed prosratic i'rirraepirht=i.='al rieoplasia. PIN is a precursor
of cancer, but not all PIN lesions develop into invasive cancers. Of
the cancers identified, >959}: are adenocarcirtornas; the remaining are
squamous. transitional cell tumors, and rarely, carcirtosarcomas. Me-
tastases to the prostate are rare, but in some cases, transitional cell

tumors of the bladder or colon cancers invade the gland by direct
extension. Each core of the biopsy is examined for the presence of
cancer. and the amount of cancer present is quantified. A measure of
bistologit: aggressiveness is also assigned using the Gleason grading
sjrsrem, in which the dominant and secondary glandular histologic pat-
terns are scored from 1 (well differentiated) to 5 (undifferentiated) and
summed to give a total score of 2 to it] for each tumor. The most
poorly differentiated area of tumor (i.c.. the area with the highest his-
tologic grade} often determines biologic behavior. The presence or
absence of perineurol invasion and extracapsular spread are also re-
corded.

PSA-based detection strategies have changed the clinical spectrum
of the disease. Now. 95 to 99% of newly diagnosed cancers are clin-
ically localized. 40% are not palpable. and, of these. 70% are patho-
logically orgarhconfined. The downside of widespread use is the de-
tection and treatment of cancers with such a low malignant potential
that they would not have shortened survival or produced symptoms
during the patient‘s lifetime. The side effects of treatment. including
impotence, incontinence, and bowel dysfunction. are unacceptable for
these cases. Formal clinical trials to assess the value of screening on
prostate cancer morbidity and mortality are ongoing. Until the results
of these studies are available, men are advised to make an inforrned

decision about whether to undergo testing.

Prevention it is difficult to identify individuals who are at risk for
developing :1 cancer that is clinically significant. The Prostate Cancer
Prevention Trio] is a double-blinded. randomized 1”tlIJlllC8l'llErIl'l:1ldC—

signed to investigate the ability of finastetide, a Swreductase inhibitor.
to prevent the development of prostate. cancer in men age 255 years.

The prostate cancer detection rate was 18.4% (803 of 4364) for fines-
teride and 24.4% (1147 of 4692) for placebo-trculcti men. However.
more of the cancers detected in the tinasteride group were high-grade
[3799 (280 of 757') vs. 22% (237 of 1068 cancers} for the placebo].
No effect on survival was detected. Vitamin E and selenium {the SE-
LECT study) are also being tested as preventive agents.

Treatment of Benign Disease Asymptomatic patients do not require treat-
ment regardless of the size of the gland. while those with an inability
to urinate, gross hematuriu, recurrent infection. or bladder stories may
require surgery. Typically. obstruction does not occur and the symp-
toms remain stable overtime. In these cases. urollowmctry can identify
patients with normal ilow rates who are unlikely to benefit" from treat-
ment nnd those with high postvoid residuals who may need other in-
terventions. Pressure-flow studies detect primary bladder dysfunction.

- Cystoscopy is recommended if hentaluria is documented and to assess
the urinary outflow tract before surgery. Imaging ofthe upper tracts is
advised for patients with lietnaturia. :3 history of calculi, or prior uri—
nary tract problems. Therapies such as finasteride. which blocks the
conversion of testosterone to dihydrotcstoslerortc, have been shown to
dect‘ea.se prostate size, increase urine flow rates. and improve symp~
toms. They will also lower baseline PSA levels by 50%, an important
consideration when using PSA to guide biopsy recommendations.
o—Adrenergic blockers such as terazosin act by relaxing the smooth
muscle of the bladder neck and increasing peak urinary flow rates. No
data show that these agents influence the progression of the disease.
Surgical approaches include :1 transurethral resection of the prostate
(TURF), transurethral incision, or removal of the gland via 21 retro-
pubic, suprapttbic or perineal approach. TULIP {transurcthral ultra-
sound-guidecl laser-induced prostatecloniy}. coils. stents. and hyper-
thertnia are also utilized.

Pllt'.l5TJl‘l£ CANCER STii[illlfi The TN M staging sys.-tern includes catego-
ries for cancers that are palpable on DRE. those identified solely on
the basis of an abnormal PSA {Tic}, those that are palpable but clin~



MYLAN PHARMS. INC. EXHIBIT 1025 PAGE 16

54b Part ll llntelngy and Hematology

ically confined to the gland (T2), and those that have extended outside
or the gland (T3 and T4} (Table 81-2). The assessment of disease

extent based on DRE alone is inaccurate with respect to the extent of

the disease within the gland, the presence or absence of capsular in-
vasion. involvement" of seminal vesicles. and extension of disease to

lymph nodes. This led to a modification of the staging system to in-
clude the results of imaging studies on the assignment of T stage.
Unfortunately. no single test‘ has proven to predict the pathologic stage
accurately. be it the presence of orgamconfined disease. seminal ves-
ical involvement, or lymph node spread.

TRUS is most frequently used to assess the primary tumor. but no

consistent finding predicts cancer with certainty. TRUS is used pri-
marily to direct prostate biopsies. Computed tomography (CT) scans
lack sensitivity and specificity to detect etttraprostalic extension and
are inferior to magnetic resonance imaging (MRI) in visualization of
lymph nodes. MRI specificity is improved with an endorectal coil and
aids in planning radiation therapy. Tl—weighted images demonstrate
the periprostatic fat, periprostatic venous plexus, perivesicular tissues.
lymph nodes, and bone marrow. T2-weighted images demonstrate the
internal architecture of the prostate and seminal vesicles. Most cancers

have a low signal. while the normal peripheral zone has a high signal,
although the technique lacks sensitivity and specificity.

Radionuclide bone scans are used to evaluate spread to osseous
sites. This test is sensitive but relatively nonspecific because areas of
increased uptake are not always related to metastatic disease. Healing
fractures, anhritis, Paget's disease, and otherconditions will also show
abnormal uptake. True-positive bone scan results are rate if the PSA

<8 ngi’mL and uncommon when the PSA <5 10 ngfmL unless the
tumor is high grade. When the. PSA <10 ngi’mL, a positive bone scan

is usually falsely positive, which in turn. leads to additional low~yie|cl
testing.

[l|ll|ElllLY LDCALIIED IIISEASE Localized prostate cancers are clinically
confined to the prostate, Patients with localized disease are managed
by radical surgery, radiation therapy, or watchful waiting. Data from
the literature do not provide clear evidence for the superiority of any
one treatment. Choice of therapy needs consideration of several fac-

TAEIE 31-2 Comparison of Clinical Stage by the Tllitl fisssifiratian
Eystem and the Whitmure-Jewel: Staging System

 
lllltl Wltltnrore-lewett

Stage Description Stage Description

Tla Nonpalpable, with 5% or Al Well differentiated
less of resected tissue tumor on few chips
with cancer from 1 lobe

Tlb Nonpalpable, with 36% A2 Involvement more
" of resected tissue with diffirse

cancer

Tlc Nonpalpable. detected
due to elevated serumPSA

'[‘2a Palpable, half of one BIN Palpable, < one
lobe or less lobe, surrounded

by normal tissue
'T‘2b Palpable, > half of one Bl Palpable, -< one lobelobe but not both lobes

T2c Palpable, involves both B2 Palpable. one entire
lobes lobe or boL'l'1 lobes

T3a Palpable, unilateral Cl Palpable, outside
extraeapsular extension capsule. not into

seminal vesicles
T3b Palpable. bilateral

extracapstiiar extension

T3c Tumor invades seminal C2 Palpable. seminal
vesiclelsl vesicle involved

MI Distant metastases D Metastatic disease 

Source: Adapted from F Scltroder et al: TNM classification of prostate cancer. Prostate
{Suppl} 4: I29. I992; and American Joint Committee on Cancer. 1992.

tors: the presence of symptoms. the probability that the untreated tu-
mor will adversely affect the pntient during his lifetime and thus

require treatment, and whether the tumor can be cured by single-mo-
dality therapy directed at the prostate or requires both local and sys-
temic therapy to achieve cure. As most of the tumors detected are

deemed clinically significant. most men undergo treatment.
Cornparing the outcomes of various forms of therapy is limited by

the lack of prospective trials. referral bias, and differences in the out-
comes used. The primary outcomes are cancer control and treatment-

related morbidities. These benchmarks of success or failure vary by
modality. Often. PSA relapse— free survival is used because an effect

on metastatic progression or survival may not be apparent for years.
Based on a half~life in the blood of 3 days, PSA should be undetectable

in the blood -'1 weeks after all prostate tissue has been removed by
radical surgery. If PSA remains detectable, the patient is considered
to have persistent disease. In contrast, the PSA does not become un-

detectable after radiation therapy because the remaining nonmalignant
elements of the gland continue to produce PSA even if all cancer cells
have been eliminated. Similarly. there is no adequate cancer control
definition for a patient treated with watchful waiting because PSA
levels will continue to rise in the absence of therapy. Other outcomes
are the time tu objective pmgression (local or systetnic) and cancer-

spccitic and overall survival: however, these outcomes may take yearsto define.

The more advanced the disease, the lower the probability of local
control and the higher the probability of systemic relapse. More im-
portant is that within the categories of T1. T2. and T3 disease are
tumors with a range of prognoses. Seine T3 tumors are curable with
therapy directed solely at the prostate. and some T1 lesions have a
high probability of systemic relapse that requires the integration of
local and systemic therapy to achieve cure. Tlc tumors particularly
require the use of other factors to predict outcomes and select treat-
ment. Many groups have developed prognostic models based on a
combination of the initial T stage, Gleason score. and baseline PSA.
Some are based on discrete cut points (PS/-‘t < I0 or 2 I0; Gleason
score of 5.6. 7. or 28). Others are nomograms that use PSA and
Gleason score as continuous variables. These algorithms are used to
predict disease extent: organ confined vs. nonorgan confined, node
negative or positive, and the probability of success using 3 PSA—based
definition of failure specilic to the local therapy under consideration.
Exactly what cut-off value would lead It patient to accept one form of
therapy vs. another is an area of active debate. One notnogram to
predict PSA relapse—free survival following radical surgery is illus-
trated in Fig. 31-2. Specific nomograms have been developed for rad~
ical prostatectomy, external-beam radiation therapy. and brachyther-
apy (seed irnplantation). These are being refined continually to
incorporate other clinical parameters and biologic determinants. Sur-
gical technique. radiation therapy rlclivery, and criteria for watchful
waiting continue t.o be refined and improved; the year treatment was

given affects outcomes independent of other factors. The impt'0ve~
inents make treatment decisions a dynamic process.

The frequency of adverse events for the different modalities is

highly variable. Of greatest concerrt to patients are the effects on con-
tinence. sexual potency. and bowel function. Part of the variability
relates to the definition used for El specific complication and whether

the patient or physician is reporting the event. Incontinence figures
range from 2% to 47% and impotence rates range from 25% to 89%
following radical prostatectomy. The time of the assessment is also

important. After surgery, impotence is immediate but may reverse over
time, while with radiation therapy, impotence is not immediate but
may develop overtime.

Radical ltetrupuhit Prostatectomu (REP) The goal of radical pro:-:taIec—
tomy is to excise the cancer completely with a clear margin, to main-
tain continence by preserving the external sphincter. and to preserve
potency by sparing the autonomic nerves in the neurovascular bundle.

l<l<.P is advised for patients with a life expectancy of >10 years and
is performed using a retropubic, perineal. or Iaparoscopic approach.
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Outcomes can be predicted using postoperative nornograms that con-
sider pretreatment factors and the pathologic findings at surgery. PSA
failure is defined as a detectable value of 0.2 or 0.4 ngi’mL. although
the exact definition varies among series. The techniques continue to
improve as the ability to localize the tumor within or beyond the pros-
tate are refined with different biopsy algorithms and with imaging. Tlte
result is better case selection and surgical planning, which in tttm have
led to more rapid recovery and higher rates ofcontirtence and potency.
Factors associated with incontinence include older age. shorter urethra
length, surgical technique, preservation of neurovascular bundles. and
development" of an anastomotic stricture. Surgical experience is also a
factor. In one series. 6% of patients had mild stress urinary inconti-
nence (SUI) (requiring l padfday:-. 2% moderate SUI (>1 padrdayl.
and 0.3% severe SUI (requiring an artificial urinary sphincter]. At 1
year. 92% were completely continent. in contrast. the results in :3 Med-
icare population treated at multiple centers showed that at 3, I2. and
2-1 months following surgery, 58. 35. and 42% wore pads in their
underwear, and 24. II, and [596 reported "ct lot" of urine leakage.
Factors associated with recovery of erectile function include younger
age. quality erections before surgery. and the absence of damage to
the neurovascular bundles. Erectile function returns in :-1 median of 4

to 6 months if both bundles are preserved. Potency is reduced by hall’
if at least one nerve bundle is sacrificed. in cases where cancer control

requires the removal of both bundles, sural nerve grafts are being ex-
plored. Overall. with the availability of drugs such as sildenafil. in-
rraurethral inserts of ttlprostadil. and inlracavernosal injections of va-
sodilators. many patients recover satisfactory sexual function.

High-risk patients are those with a predicted high probability of
failure with surgery alone based on pretreatment factors. In these sit-
uations, nomograrns and predictive models can only go so far. Exactly
what probability of success or failure would lead a physician to rec-
ommend and a patient to seek alternative approaches is controversial.
For example, it may be appropriate to recommend radical surgery for
3 younger patient with at low probability of cure. To improve the out-
comes of surgery for high-risk patients. neoadjuvant hormonal therapy
has been explored. The results of several large trials testing 3 or 8
months of androgen ablation before surgery showed that serum PSA
levels decreased by 96%. prostate volumes reduced by 34%, and mar-
gin positivity rates declined from 4| to 17%. Unfortunately, hormones
ii-d not produce an improvement in PSA relapse~free survival. Thus,
neoacljuvant homtonal therapy is not recommended.

Iaéiatittn Therapy Radiation therapy is given by external beam. the
-implantation of radioactive sources into the gland. or a combination
-:-f both. Contemporary external beam radiation techniques now use
free-dimensional conformal treatment plans to maximize the admin-
éstered dose to the tumor and to minimize the exposure of the sur-
;-c-unding normal structures. The addition of intensity modulation
-i_\lRT) has allowed further shaping of the isodose curves and the
klivery of higher doses to the tumor and a further reduction in normal
'3'.-isue exposure. These advances have allowed the safe administration
-1' doses 380 Gy, higher local control rates, and fewer side effects.
0'-'er'a||. radiation therapy is associated with :1 higher frequency of
ms‘-"cl complications (mainly diarrhea) than surgery. Measures of can-
ce-: control include the proportion of patients who show a decline in
PSA to <0.5 or 1 ng/mL. the proportion with “ttonrising" PSA values,
3: the proportion with a negative biopsy of the prostate 2 years after
eontpletion of treatment. PSA relapse is defined as three consecutive
2-'.s.'e1g PSA values from the nadir value. with the time to failure as the
ip-oint between the nadir and first rising value.

Radiation dose is important. A PSA nadir of <l.t1l ngfml. was
otrs-—;'n'ed in 90% of patients receiving 75.6 or SLO Gy vs. 76 and 56%
it those receiving 70.2 Gy and 64.8 Gy. respectively. The positive

rates at 2.5 years were 4% for those treated with 8] Gy. vs. 36
ad 27% for those receiving 70.2 or 75.6 Cry. The frequency of rectal
cceriplications relates directly to the volume ofthe anterior rectal wall
.-eteiving full—dose treatment. Grade 3 rectal or urinary toxicities were
2-.=.-:1 in 2.1% of cases at a median dose of 75.6 Gy. Grade 3 urethral
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strictures requiring dilatation developed in l% of cases. all of whom
had undergone a TURF. Pooled data show that the frequency of grade
3 to 4 toxicities is 6.9 and 3.5%, respectively. for patients who received
>70 Gy. The frequency of erectile dysfunction is related to the quality
of erections pretreatment, the dose administered, and the time of as-
sessment. The etiology is related to a disruption of the vascular supply
and not the nerve fibers.

Neoadjuvitnt homtone therapy has also been studied in combina-
tion with radiation therapy to increase local control rates. decrease the
size of the prostate so that the exposure of normal tissues to full-dose
radiation is reduced, and decrease the rate of systemic failure. Short-
term homtone exposures can reduce toxicities and improve local con-
trol rates, but long—I.erm [2 to 3 years] treatment is needed to prolong
the time to PSA failure and the development of metastatic disease. The
impact on survival has been less clear.

Brachytherapy involves the direct implantation of the prostate with
radioactive sources. It is based on the principle that the deposition of
radiation energy in tissues decreases exponentially as a function of the
square of the distance from the source. The goal is to deliver intensive
irradiation to the prostate, minimizing the exposure of the surrounding
tissues. Techniques have evolved from intraoperative manual insertion
methods to the current standard, in which customized templates based
on CT and ultrasonograpltic assessment of the tumor are used for seed
placement based on computer-optimized dosimetry to achieve more
homogeneous dose distributions. The implants themselves are now
performed transperirteally, without an open procedure, with real-time
imaging. The result is a marked reduction in local failure rates with
fewer complications. In a series of 197 patients followed for a median
of 3 years, 5-year actuarial PSA relapse—free survival for patients with
pretherapy PSA levels of O to 4, 4 to It], and >l0 ,ug;’rnL were 93.
90 and 89%, respectively. in a separate report of 201 patients who
underwent postrneaunent biopsies, 80% were negative. 17% indeter-
minate, and 3% were positive. The results did not change with longer
follow-up. Nevertheless, many physicians feel that implantation is best
reserved for patients with good or intenrtediate prognostic features.
The procedure is well tolerated, although most patients experience

urinary frequency and urgency that can persist for several months.
Incontinence has been seen in 2 to 4% of cases. Higher complication
rates are observed in patients who have undergone a prior TURP or
who have obstructive symptoms at baseline. Proctitis has been reported
in <'.'-.'% of patients.

Watchful waiting, or deferred therapy, is a policy of no therapeutic
intervention(s) until the tumor progresses. Progression can be based
on PSA changes. local tumor growth, the development of symptoms.
or metastatic disease. The practice evolved from studies of predomi-
nantly elderly men with wellvclifferentiated tumors in whom clinically
significant progression could not be demonstrated for protracted pe-
riods, during which a significant proportion died of irttercutrent dis-
case. In a structured literature review of patients treated by radical
surgery, a deferred approach, or external beam radiation, the 10-year
mean survivals were 93% for radical prostatcctomy. 8-1%'for defened
treatment. and 74% for external beam radiation. Risk of progression
was related to grade. Men with grade 1 or 2 umors had a 13% risk of
death and 19% risk of metastases at 10 yoars; those with grade 3
tumors had 63 and 74% risks, respectively.

Case selection is critical, and the criteria to select those to whom

watchful waiting can be applied safely are under intense study. In a
recent prostatectomy series, it was estimated that 10 to 15% of patients
had “irtsignificant" cancers. Given the rnultifocality of the disease, a
concern is the limited ability to predict pathoiogic findings on the basis
of a needle biopsy, even when multiple cores are obtained. Arguing
against this approach is the result of a randomized trial of radical
prostatectomy vs. watchful waiting from Sweden. With a median fol-
low-up of 6.2 years, their treated by radical surgery had a lower risk
of prostate cancer death relative to watchful waiting patients (4.6 vs.
3.9%) and a lower risk of metastatic progression. hazard ratio .63.
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FIGURE Ill-3 Sites of action of different hormone therapies.

Nevertheless. it can be anticipated that more patients may be candi-
dates for a deferred approach as PSA testing is applied more widely
and earlier.

Rl5lllfi PSA This state includes patients in whom the sole manifests
tion of disease is a rising PSA after surgery andlor radiation tltcrapy.
By definition, no evidence of disease is found on scan. For these pa-
tients the central issue is whether the rise in PSA is the result of per-

sistent disease in the primary site. :1 systemic recurrence. or both. In
theory, disease that persists or has recurred in the primary site may be
curable by additional local treatment. For patients who had undergone
surgery. the question is whether external beam radiation therapy to the
prostate bed can eliminate the disease and lead to an undetectable PSA.
For radiation therapy—treated patients, the question is whether a pros-
tatectomy would achieve cure.

The decision to recommend radiation therapy is often made on

clinical grounds. as imaging studies such as CT and bone scan are
typically uninfonnative. Some recommend a Prostascint scan: imaging
with a radiolabeled antibody to prostate-specific membrane antigen
(PSMA). which is highly expressed on prostate epithelial cells. Anti-
body localization to the prostatic fossa suggests local recurrence; lo-
calization to extrapelvic sites predicts failure of radiation therapy. Oth~
ers recommend that a biopsy of the tuethrovesical anastamosis be
obtained before considering radiation. Factors that predict for response

to salvage radiation are a positive surgical margin. :1 lower Gleason
grade. :1 long interval from surgery to PSA failure. a slow PSA dou-
bling time. and a low (-<t"l.5 to 1.0 ngfmL} PSA value at the time of
treatment. Radiation is generally not recommended if the PSA was
persistently elevated after surgery (indicating that disease-free status
was not achieved).

For patients with a rising PSA after radiation therapy, a salvage
prostatcctomy can be considered if the disease was “curable" at the
onset. persistent disease has been documented by a biopsy of the pros-
tate, and no metastatic disease is seen on imaging studies. Unfortu-

nately. case selection is poorly defined in most series. and morbiditics
are significant. As currently performed. virtually all patients are im-
potent. and ~45 % have either total urinary incontinence or stress in
continence. Major bleeding, bladder neck contrdctures. and rectal in-
jury are not uncommon.

In the majority of cases, the rise in PSA indicates systemic disease.
In these cases. the need for treatment should consider the probability

of developing clinically detectable disease on scan and in what time
frame. That immediate therapy is not required was shown in a series

where patients did not receive systemic therapy until metastatic disease
was documented. Overall, the median time to metastatic progression

was 8 years and 63% of the patients with rising PSA values remained

= Progestationalantiandrogans

Adrenal Glands

free of metastases at 5 years. Factors associated
with progression include Gleason grade. time
to recurrence. and PSA doubling times. For
those with Gleason grade 28 tumors, the prob
ability of metastatic progression was 37, 51.
and 'r'l% at 3, 5, and 7 years. respectively. if
the time to recurrence was <2 years and PSA
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_ inhibition doubling time was long (> 10 months). the

-E llgggggfgjgsfi proportion with metastatic disease was 23. 32,
and 53% vs. 47. 69. and 'l9% if the doubling
time was short (< 10 months) during the same
time intervals. These models continue to be re-

fined. A difliculty making these predictions is
that most patients with a rising PSA receive
some form of therapy before the development
of metastases.

METASTATIE DISENEE: ll[lllDlt5Tl-'t.llil'E Metastatic

disease nom'o.m'ate refers to patients with tu-
mors visible on an imaging study and noncasw
trate levels of testosterone. The patient may be
newly diagnosed or have recurrent disease after
treatment for localized disease. Standard treat-

ment is to block androgen action or decrease androgen production by

medical or surgical rneuns. Over 90% of male hortnones originate. in
the testes; <l0% are synthesized in the adrenal gland. Surgical or-
chiectomy is the "gold standar “ approach but is least acceptable by
patients. Medical therapies can be divided into those that lower tes-
tosterone levels, e.g.. gonadotropimrcleasing hormone (GnRH) ago-
nists and antagonists. estrogens and progestational agents, and the an-
tiandrogens that bind to the androgen receptor but do not signal (Fig.
8 I-3). Ketoconazole inhibits adrenal androgen synthesis and is used
after first-line castration is no longer effective. in this setting, the ad-

renal glands may contribute up to 40% of the active androgens in the
prostate.

GnRH analogues (leuprolide acetate and goserelirt acetate) initially
produce a rise in luteinizing hormone and follicle-stimulating hormone
(FSH). followed by a downregulation of receptors in the pituitary

gland. which effects a chemical castration. They were approved on the
basis of randomized comparisons showing an improved safety profile

(specifically. reduced cardiovascular toxicities) relative to diethylstil—
bestrol (DES). with equivalent potency. The initial rise in testosterone
may result in a clinical flare of the disease. As such. these agents are
contraindicated in men with significant obstructive symptoms. cancer-

related pain. or spinal cord compromise. Estrogens such as DES also
lower testosterone levels but have fallen out of favor due to the risk

of vascular complications such as fluid retention. phlebitis, emboli.
and stroke.

In contrast, nonsteroidal antiandrogens such as tlutamide. bicalu—
tamide. or nilutamide block the binding of androgens to the receptor.
Given alone, testosterone levels remain the same or increase. These

agents were approved initially to block the tiara associated with the
initial rise in testosterone that results following Go RH administration.

They have also been studied as part of a combined androgen blockade
(CAB) or maximal androgen blockade (MAB) and as monothcrapy.

The concept of CAB was developed to inhibit testicular and adrenal
ttnclrogens at the outset. and it preoccupied the field for many years.
It is achieved clinically by combining an antiandrogen with a GnRH

agonist or surgical orchiectomy. Cumulative results of randomized
comparisons involving thousands of patients showed no advantage for
combining an antiandrogen with surgical orchiectomy, while separate
analyses of trials combining an antiandrogen with a GnRH analogue
have shown a modest (_<l0%) survival advantage. Meta—analysis of

all combined androgen blockade trials concluded that there was no

benefit to the approach. In practice. most patients treated with GnRH
analogue therapy receive an antiandrogen for the first 2 to 4 weeks oftreatment.

The anti—prostate cancer effects of agents that lower serum testos-
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E.."'D!'le levels are similar. and the clinical course is predictable: an
Eiial response, a period of stability in which the cells are domtant
rd not proliferating, followed by regrowth after :1 variable period of
Ee as a hormone-independent tumor. Androgen ablation is not cu-
-.::-l:ire. Cells that survive castration are present when the disease is first
ézgnosed. Considered by disease manifestation, PSA levels return to

samal in 60 to 70% of cases and measurable disease regression occurs
'1: 50%; while improvements in bone scan occur in 25% of cases. the
giority remain stable. Survival is inversely proportional to disease
client. Agents that lower testosterone are associated with an androgen-
ar_:ri\'ation syndrome that includes hot flushes, weajcness, fatigue. isn-
pcsence, loss of muscle mass. changes in personality, anemia. depres-
vmt; and a reduction in bone density. The bone changes can be
patented by treatment with bisphosplionates along with vitamin D
net calcium supplementation.

A question often asked is whether antiandrogens. which are asso-
isged with fewer hot flashes, less of an effect on libido, less muscle
curing. fewer personality changes. and less bone loss. can he used

ficne without compromising outcomes. Gynecomastia remains a sig-
éz-ant problem but can be alleviated in part with the addition of
Ecxrifen. Most reported randomized trials suggest that the cancer-
glixific outcomes are inferior. Even a comparison of bicalutamide.
:10 mg (three times the recommended close of 50 mg). versus surgical
castration showed a shorter time to progression and inferior survival
in: patients with established metastatic disease. Nevertheless. some
nan may accept the trade-off of a potentially inferior cancer outcome
in’ an improved quality of life.

Another question is whether hormones should be given early, in
.!:adjuvant setting or at the time recurrence is first documented. or

It. when metastatic disease or symptoms are manifest. Trials in sup-
p:rt of early therapy have often been underpowered relative to the “net
inerit" reported or have been criticized on methodologic grounds. in
me. although a survival benefit was shown for patients treated with
a:!é.:u:ion therapy and 3 years ofandrogen ablation relative to radiation
dose. the trial was criticized for the poor outcomes for the control
group. Another showing a survival benefit for patients with positive
laces randomized to medical or surgical castration compared to ob-
I5‘-noon (p = .02) was criticized because the confidence intervals

nomad the 5- and 3-year survival distributions overlapped between the
G-3 groups. A large randomized study comparing early to late hor-
nne treatment (orchiectomy or GnRH analogue) in patients with lo-
iy advanced or asymptomatic metastatic disease showed that pa-
in: treated early were less likely to progress from MD to M1 disease,
ti-elop pain. and die of prostate cancer. This trial was criticized be-

ars: therapy was delayed “too long“ in the late-treatment group.
3'33; patients treated by radical surgery. radiation therapy, or watchful
vaiflng were randomly assigned to receive bicalutamide. I50 mg. or

hormone treatment produced tl significant reduction in the
poptnion of patients who developed osseous metastases at 2 years
91': for bicalutamide; 13.8% for placebo}. This result has not gained

l:'=r_.Ita.nce in part because too many "good-risk“ patients were treated
xii because no effect on survival was demonstrated. These criticisms

at '-alid: however, the net influence on survival from early homione
Erention is similar to that observed in patients with breast cancer
j adjuvant hormonal therapy is routinely given.

Another way to reduce the side effects of androgen ablation is to
imister hormones on an intermittent basis. This was proposed as a
cg: to prevent the emergence of castration—resistant cells by "forcing"
It cells that survive androgen ablation into a normal differentiation
gs-:~a_\' by repleting testosterone. Theoretically. surviving cells that
:1: siiowed to proliferate in the presence of androgen will retain sen-
stsfry to androgen ablation. The duration of treatment varies from 2
5 f- months beyond the point of maximal response. Unce therapy is

endogenous testosterone levels increase. and the symptoms
ineciated with androgen ablation abate. PSA levels also begin to rise.
mi at some level, androgen ablation is restarted. Using this approach,
§?i;)le cycles of regression and proliferation have been documented
': ;~a.:i.ividual patients. It is unknown whether the intermittent approach
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increases, decreases. or does not change the overall duration of sensitivity
to androgen ablation. A trial to address this question is ongoing.

METASTATIE DISEASE: EASTRATE Castratiomresistant disease can be man-

ifest in many ways. For some it is a rise in PSA with no change in
radiographs and no new symptoms. In others, it is at rising PSA and
progression in bone, with or without symptoms ofdisease. Still others
will show soft tissue disease with or without osseous metastases. and

others have a pattern of visceral spread. The prognosis, highly variable.
can also be predicted using nomograms designed for this cohort. The
important distinction is that despite the failure of first-line honnone
treatment, the majority of these tumors remain sensitive to second-
and third-line honnonal treatrne-tits. Castration resistance does not in-

dicate hormonal resistance. The rising PSA is an indication of contin—
Lied signaling through the androgen receptor axis.

The ntanifestations of disease in this patient group hinder the de-
velopment of dntgs and treatment standards because the traditional

measures of outcome such as tumor regression do not apply. No PSA—
based outcomes are true surrogates for a survival benefit, and assessing
changes in osseous disease using bone scans is notoriously inaccurate.
It is essential to define tlterapeulic objectives before initiating treat-
ment. as standards of care have changed on the basis of randomized
comparisons that provide clinical benefits without prolonging life.
These endpoints include the relief of symptoms and delaying metas-
tases or the time to the development of new symptoms of disease.

The management of these patients requires first that the castrate
status be documented. Patients receiving an antiandrogen alone who
have elevated levels of serum testosterone should be treated first with

a GnRH analogue or orcltiectomy and observed for response. Patients
on an anti—androgen in combination with a GnRH analogue should
have the antiandrogen discontinued. as ~30% will respond to the with-
drawal of the antiandrogen. Any response occurs within weeks of stop-
ping fltttamide, but may take 8 to 12 weeks with nilutamide and bi-
calutamidc (they have a long tenninal half-life). At the time of
progression. a different antiandrogen can be given as these agents are
not cross—resistant. Other hormones that may be active include estro-
gens, progestins. ketoconazoie, and glucocorticoids. Those who re-
spond to estrogens or progestins should also be evaluated for a with-

drawal responsc at the time of progression. Cytotoxic ti gents are
considered when hormone responses stop.

No chemotherapy regimen has been proven to prolong life in these
patients. However, responses to chemotherapy that improve symptom
control are not uncommon. Drugs directed at the tumor cell cytoskel-
eton such estramustine {Emcyt) and a taxane such as paclitaxel or
docetaitel can induce responses in 250% using measurable disease
regression as the endpoint. Seventy percent will show :1 ‘>SO% decline
in PSA from baseline. Studies evaluating survival effects are nearly
done.

Management of pain is a critical part oftherapy. Optimal palliation
requires assessing whether the symptoms and metastases are focal or
diffuse and whether disease threatens the spinal cord. the cauda equina.
or the base of the skull. Neurologic symptoms require emergent eval-
uation because loss of function may be pennanent if not addressed in
a timely manner. Single sites of pain or areas of neurologic involve-
ment are best treated with external beam radiation. As the disease is

often diffuse. palliation at one site often leads to the emergence of
symptoms at another. An important principle of management was es-
tablished in two randomized trials of mitoxantrone and prednisone vs.
prednisone alone. In both studies, mitoi-tantrone—treated patients had a
greater reduction in pain. used fewer narcotics. were more mobile, and
had less fatigue. No survival benefit was shown.

Given the bone—dominant nature of prostate cancer spread, bone-
directed therapies may be usesful if! patients with diffuse disease. Two
bone-seelting raclioisotopes, “Sr (rnetastron) and ‘5-‘Sm-EDTMP
(quadramet). are approved for palliation of pain although they have
no effect on PSA or on survival. Fewer patients treated with an isotope
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developed new areas of pain or required additional radiation therapy 
compared to patients receiving external beam radiation therapy alone. 
Addition of zoledronate to "standard therapy" in patients with castra
tion-resistant disease resulted in fewer skeletal events relative to pla
cebo-treated patients. The bone events included development of new 
pain, need for radiation therapy, and microfractures. Finally, patients 
randomly assigned to a combination of 89Sr and doxorubicin after in
ducation chemotherapy had fewer skeletal events and longer survival 
than patients treated with doxorubicin alone. Confirmatory studies are 

ongoing. 

82 TESTICULAR CANCER 
Robert J. Motzer, George J. Bosl 

Primary germ cell tumors (GCTs) of the testis, arising by the malignant 
transformation of primordial germ cells, constitute 95% of all testicular 
neoplasms. Infrequently, GCTs arise from an extragonadal site, in
cluding the mediastinum, retroperitoneum, and, very rarely, the pineal 
gland. This disease is notable for the young age of the afflicted pa
tients, the totipotent capacity for differentiation of the tumor cells, and 
its curability; about 95% of all newly diagnosed patients will be cured. 
Experience in the management of GCTs leads to improved outcome. 

INCI DENCE AND EPIDEMIOLOGY Nearly 9000 new cases of testicular GCT 
were diagnosed in the United , States in 2004; the incidence of this 
malignancy has increased slowly over the past 40 years. The tumor 
occurs most frequently in men between the ages of 20 and 40. A 
testicular mass in a man 2:50 years should be regarded as a lymphoma 
until proved otherwise. GCT is at least four to five times more common 
in white than in African-American males, and a higher incidence has 
been observed in Scandinavia and New Zealand than in the United 
States. 

ETIOLOGY AND GENETICS Cryptorchidism is associated with a severalfold 
higher risk of GCT. Abdominal cryptorchid testes are at a higher risk 
than inguinal cryptorchid testes. Orchiopexy should be performed be
fore puberty, if possible. Early orchiopexy reduces the risk of GCT 
and improves the ability to save the testis. An abdominal cryptorchid 
testis that cannot be brought into the scrotum should be removed . 
About 2% of men with GCTs of one testis will develop a primary 
tumor in the other testis . Testicular feminization syndromes increase 
the risk of testicular GCT, and Klinefelter's syndrome is associated 
with mediastinal GCT. 

An isochromosome of the short arm of chromosome 12 [i(l 2p)] is 
pathognomonic for GCT of all histologic types. Excess I 2p copy num
ber either in the form of i(J2p) or as increased 12p on aberrantly 
banded marker chromosomes occurs in nearly all GCTs, but the 
gene(s) on 12p involved in the pathogenesis are not yet defined. 

CLINICAL PRESENTATION A painless testicular mass is pathognomonic for 
a testicular malignancy. More commonly, patients present with testic
ular discomfort or swelling suggestive of epididymitis and/or orchitis. 
In this circumstance, a trial of antibiotics is reasonable. However, if 
symptoms persist or a residual abnormality remains, then testicular 
ultrasound examination is indicated. 

Ultrasound of the testis is indicated whenever a testicular malig
nancy is considered and for persistent or painful testicular swelling. If 
a testicular mass is detected, a radical inguinal orchiectomy should be 
performed. Because the testis develops from the gonadal ridge, its 
blood supply and lymphatic drainage originate in the abdomen and 
descend with the testis into the scrotum. An inguinal approach is taken 
to avoid breaching anatomic barriers and permitting additional path
ways of spread. 

Back pain from retroperitoneal metastases is common and must be 
distinguished from musculoskeletal pain . Dyspnea from pulmonary 
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metastases occurs infrequently. Patients with increased serum levels 
of human chorionic gonadotropin (hCG) may present with gyneco
mastia. A delay in diagnosi s is associated with a more advanced stage 
and possibly worse survival. 

The staging evaluation for GCT includes a determination of serum 
levels of a fetoprotein (AFP), hCG , and lactate dehydrogenase (LDH). 
After orchiectomy, a chest radiograph and a computed tomography 
(CT) scan of the abdomen and pelvis should be perfonned. A chest 
CT scan is required if pulmonary nodules or mediastinal or hilar dis
ease is suspected . Stage l disease is limited to the testis , epididymis, 
or spermatic cord. Stage lI disease is limited to retroperitoneal (re
gional) lymph nodes. Stage Ill di sease is disease outside the retro
peritoneum, involving supradiaphragmatic nodal sites or viscera. The 
staging may be Hclinical"-defined solely by physical examination, 
blood marker evaluation, and radiographs-or "pathologic" - defined 
by an operative procedure. 

The regional draining lymph nodes for the testis are in the retro
peritoneum, and the vascular supply originates from the great vessels 
(for the right testis) or the renal vessels (for the left testis). As a result, 
the lymph nodes that are involved first by a right testicular tumor are 
the interaortocaval lymph nodes just below the renal vessels. For a left 
testicular tumor, the first involved lymph nodes are lateral to the aorta 
(para-aortic) and below the left renal vessels. ln both cases, further 
nodal spread is inferior and contralateral and, less commonly, above 
the renal hilum. Lymphatic involvement can extend cephalad to the 
retrocrural, posterior mediastinal , and supraclavicular lymph nodes. 
Treatment is detem1ined by tumor histology (seminoma versus 11011-

seminoma) and clinical stage (Table 82-1 ). 

PATH OLO GY GCTs are divided into nonseminoma and seminoma sub
types. Nonseminomatous GCTs are most frequent in the third decade 
of life and can display the full spectrum of embryonic and adult cellular 
differentiation. This entity comprises four histologies: embryonal car
cinoma, teratoma, choriocarcinoma, and endodermal sinus (yolk sac) 
tumor. Choriocarcinoma, consisting of both cytotrophoblasts and syn
cytiophoblasts, represents malignant trophoblastic differentiation and 
is invariably associated with secretion of hCG. Endodermal sinus tu
mor is the malignant counterpart of the fetal yolk sac and is associated 
with secretion of AFP. Pure embryonal carcinoma may secrete AFP 
or hCG, or both; this pattern is biochemical evidence of differentiation. 
Teratoma is composed of somatic cell types derived from two or more 
germ layers (ectoderm, mesodenn, or endodenn). Each of these his
tologies may be present alone or in combination with others. Nonsem
inomatous GCTs tend to metastasize early to sites such as the 
retroperitoneal lymph nodes and lung parenchyma. One-third of pa
tients present with disease limited to the testis (stage I), one-third w.ith 
retroperitoneal metastases (stage II), and one-third with more extensive 
supradiaphragmatic nodal or visceral metastases (stage llJ). . 

Seminoma represents about 50% of all GCTs. has a median age :i 
the fourth decade, and generally follows a more indolent chn1c% 
course. Most patients (70%) present with stage I disease, about 20 ~ 
with stage lI disease, and 10% with stage lll disease; lung or othe; 
visceral metastases are rare. Radiation therapy is the trearrnent 0 
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cy, and 20% nondiagnostic or yielding
fficient material for diagnosis. Char-

ristic features of malignancy mandate
\- cry. A diagnosis of follicular neoplasm

. . also warrants surgery. as benign and malig-
!_:;-: t lesions cannot be distinguished based

I .'-I cytopathology or frozen section. The
" gernent of patients with benign le-

___ons is more variable. Many authorities ad-
. iocate TSH suppression, whereas others

.§..n-I a itor nodule size without suppression.
' " ith either approach. thyroid nodule size
. . uld be monitored, either by palpation or

- I : und. Repeat FNA is indicated if a
ule enlarges. and a second biopsy

_ ould be performed within 2 to 5 years to

._-o firm the benign status of the nodule.
Nondiagnostic biopsies occur for many

: ons. including a fibrotic reaction with
iatively few cells available for aspiration.
cystic lesion in which cellular compo-

.»-‘:-« ts reside along the cyst margin, or a
' ule that may be too small for accurate

tration. For these reasons. ultrasound-
'ded FNA is useful when the FNA is re»

- - - . Ultrasound is also increasingly
. for initial biopsies in an effort to enhance nodule localization
.,2r3l d the accuracy of sampling.

The evaluation of a thyroid nodule is stressful for most patients.
'_ - y are concerned about the possibility of thyroid cancer, whether
' rbaliaed or not. It is constructive, therefore. to review the diag-
it u tic approach and to reassure patients when malignancy is not
'_-n d. When a suspicious lesion or thyroid cancer is identified, an
: lanation of the generally favorable prognosis and available
.‘:_= = - ent options should be provided.

DISORDERS OF THE A_DllEllAl CORTEX
tittrtlott ll. I’/illltlllls, Rotten‘ ti. Dlttlty

"U l|ElollSTlll' AND PHYSIOLOGY

'_r.~ adrenal cortex produces three major classes of steroids: (1) glu-
f 'rticoids. (2) mineralocorticoids. and (3) adrenal androgens. Con-
"--uently. normal adrenal function is important for modulating

ediary metabolism and immune responses through gIucocorti-
; blood pressure, vascular volume, and electrolytes through min-

__ _ ocorticoids; and secondary sexual characteristics {in females)
It androgens. The adrenal axis plays an important role in the
“- response by rapidly increasing cortisol levels. Adrenal disorders
"lode hyperfunction (Cushing’s syndrome) and hypofunction (ad-
7 ' insufficiency), as well as a variety of genetic abnonnalities of

idogenesis.

_ll||J llllIIlEllI|.ATl.|liE The basic structure of steroids is built upon a
Z -- ring nucleus (Fig. 321-1). The carbon atoms are numbered in a
.—- ence beginning with ring A. Adrenal steroids contain either I9 or
carbon atoms. The C,., steroids have methyl groups at C-18 and C-

. C19 steroids with a ketone group at C-I? are termed l7-kerosre-
-Tm : Cm steroids have predominantly androgenic activity. The C3,
' ids have a 2-carbon side chain (C-20 and C-21) attached at po-

l7 and methyl groups at C-18 and C-19; C2, steroids with a
xyl group at position 17 are termed I7-hydraxycorricosrerords.
C2. steroids have either glucocorticoid or rnineralocorticoid prop-

es.

Consider
T4 suppression

Monitor by US

nodule‘

guided biopsy
Follow by US

Surgery it further growth or suspicious cytology

FIGURE 320-I3 Approach to the patient with a thgroid nodule. ‘There are mang exceptions to the suggested
options. See text and references for details. ‘About one—third of nodules are cgstlt: or muted Solid-Eustlt. US.
ultrasound; TSH, thuroid-stimulating hormone; FHA, fine-needle aspiration.
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pan m Lt-.t1.-_-.r_.-.;..;.\t-mi am: ME[3|]|j||5.||| formation of each type of steroid: aldosterone synthase is no = - ~
expressed only in the outer (glomerulosa) cell layer. whereas 2l- = u_-_ -

Ill|SYllTilESI5 llF Allllillfll. 5TEll|)lIl5 Cholesterol, derived from the diet I7-hydroxylase are expressed in the (inner) faciculata-reticularis _
and from endogenous synthesis. is the substrate for steroidogenesis. layers. which are the sites of cortisol and androgen biosynthesis.
Uptake of cholesterol by the adrenal cortex is mediated by the low- spectively.
density lipoprotein (LDL) receptor. With long-term stimulation of the .
adrenal cortex by adrenocorticotropic hormone (ACTH), the number STEROID TRANSPORT Cortisol circulates in the plasma as free corti.--r
of LDL receptors increases. The three major adrenal biosynthetic protein-bound cortisol. and cortisol metabolites. Free cortisol’ is
pathways lead to the production of glucocorticoids (cortisol), min» physiologically active hormone that is not protein-bound and the - --
eralocorticoids (aldosterone). and adrenal androgens (del1ydro- can act directly on tissue sites. Normally. <5% of circulating co -:--
epiandrosterone). Separate zones of the adrenal cortex synthesize is free. Only the unbound cortisol and its metabolites are filterable:
specific hormones (Fig. 321-2). This zonation is accompanied by the the glomerulus. Increased quantities of free steroid are excreted in 91
selective expression of the genes encoding the enzymes unique to the urine in states characterized by hypersecretion of cortisol, because [5,

Androgen
pathway
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Fllillllf 321-2 Binsgnthetic pathwags foradrenal steroid prnduttitm; major pathnags to mineralucorticntds. glucotartitnids.
and androgens. 3:3-HSD. 38-hgdroxgsteruid tleltgdrngenase.
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unbound fraction of plasma conisol rises. Plasma has two conisol-
binding systems. One is a high-affinity. low-capacity up-globulin
termed transcorrin or cortisol-binding globulin {CBC}. and the other
is a low-affinity, high-capacity protein, albumin- Cortisol binding to
CBG is reduced in areas of inflammation. thus increasing the local
concentration of free cortisol. When the concentration of cortisol is

I >700 nmol,-‘L (25 ,u.gjdL). pan of the excess binds to albumin, and a
greater proponion than usual circulates unbound. C130 is increased in
high-estrogen states (e.g.. pregnancy. oral contraceptive administra-
tion). The rise in CBG is accompanied by a parallel rise in protein-
lrottnd cortisol. with the result that the total plasma cortisol
concentration is elevated. However, the free cortisol level probably
remains normal. and manifestations of glucoconicoid excess are ab-
sent. Most synthetic glucocorticoid analogues bind less efficiently to
CBG {~"r'0% binding). This may explain the propensity of some syn-

lhetic analogues to produce cushingoid effects at low doses. Cortisol
_.prerabo1r're.r are biologically inactive and bind only weakly to circu-
Iating plasma proteins.

Aldosterone is bound to proteins to a smaller extent than cortisol.
and an ultrafiltrate of plasma contains as much as 50% of circulating
ttldosteronc.

.5lllllllD METABOLISM MID Ellillfllllll I Elucocorticoirls The daily secre-

tion of cortisol ranges between 40 and 80 pmol (15 and 30 mg: 8-— I0
-mg{m3l. with a pronounced circadian cycle. The plasma concentration
.of conisol is determined by the rate of secretion, the rate of inactiva-
tion, and the rate of excretion of free cortisol. The liver is the major

.organ responsible for steroid inactivation. A major enzyme regulating

cortisol metabolism is I 1,6-hydroxysteroid dehydrogenase (1 IB-
'.l-ISD). There are two isoforms: I I8-HSD I is primarily expressed in
‘-the liver and acts as a reductase. converting the inactive conisone to

‘the active glucocorticoid, conisol; the IIIB-I-[SD ll isoform is ex-
Ipressed in a number of tissues and converts cortisol to the inactive
‘metabolite. cortisone. Mutations in the I IBHSDI gene are associated
'-with rapid conisol turnover, leading to activation of the hypothalamic-

pituitary-adrenal (I-{PA} axis and excessive adrenal androgen produc-
,tion in women. In animal models, excess omental expression of
=lll9-I-ISD l increases local glucocorticoid production and is associated
with central obesity and insulin resistance. The oxidative reaction of
113-I-{SD I is increased in hyperthyroidism. Mutations in the
HBHSD2 gene cause the syndrome of apparent mineralocorricoid

‘excess, reflecting insufficient inactivation of cortisol in the kidney,
'. ltllowing inappropriate conisol activation of the mincralocorticoid re-
ceptor (see below).

1 Iefllntorticolds In individuals with normal salt intake, the average

daily secretion of aldosterone ranges between 0.1 and 0.7 umol (50
' - 250 pg). During a single passage through the liver. ?75% of

'_' ulating aldosterone is normally inactivated by conjugation with
\: ucuronic acid. However. under certain conditions. such as congestive
_'lure. this rate of inactivation is reduced.

. ~ Ital Androgens The major androgen secreted by the adrenal is de-
l_: droepiandrosterone (DHEA) and its sulfuric acid ester (DHEAS).
__ roximately l5 to 30 mg of these compounds is secreted daily.
Sn ller amounts of androstenedione, lI5-hydroxyandrostenedione.

-u testosterone are secreted. DHEA is the major precursor of the
__ I7-ketosteroids. Two-thirds of the urine 17-ketosteroids in the

n= e are derived from adrenal metabolites. and the remaining one-
.r - comes from testicular androgens. In the female, almost all urine
-, fl-ltetosteroids are derived from the adrenal.

, Steroids diffuse passively through the cell membrane and bind to

51- = ellular receptors (Chap. 31?). Glucoconicoids and mineralocor-
ids bind with nearly equal affinity to the mineralo-corticoid receptor

). However. only glucocorticoids bind to the glucocorticoid re-
or (GR). After the steroid binds to the receptor. the steroid-receptor
plex is transponed to the nucleus. where it binds to specific sites
steroid—regulatcd genes. altering levels of transcription. Some ac-

- of glucocorticoids (e.g.. anti-inflarnrnatory effects} are mediated

GR-mediated inhibition of other transcription factors. such as ac-

321 lJlsnrclEr:.r:':ultt:r- I-'ldlEll.1lll.l'lrl['l

tivating protein-I (AP-I) or nuclear factor kappa B (NFKB). which
normally stimulate the activity of various cytokine genes. Because
conisol binds to the MR with the same affinity as aldostcrone. min-
eralocorticoid specificity is achieved by local metabolism of cortisol
to the inactive compound conisone by I IB-HSD II. The glucoconicoid
effects of other steroids. such as high-dose progesterone, conelate with
their relative binding affinities for the GR. Inherited defects in the GR
cause glucocorticoid resistance states. Individuals with GR defects
have high levels of cortisol but do not have manifestations of hyper-
cortisolism.

Atlll PllY5|lJl.lJfil' ACTH and a number of other peptides (lipotropins,
endorphins, and melanocyte-stimulating honnonesl are processed
from a larger precursor molecule of 3l,0U0 moi wt—proopiomelan-
ocortin (POMC) (Chap. 318). POMC is made in a variety of tissues,
including brain, anterior and posterior pituitary. and lymphocytes. The
constellation of POMC-derived peptides secreted depends on the tis-
sue. ACTH. a 39-amino-acid peptide. is synthesized and stored in ba-
sophilic cells of the anterior pituitary. The N-terminal I8-amino-acid
fragment of ACTH has full biologic potency, and shorter N-terminal
fragments have partial biologic activity. Release of ACTH and related
peptides from the anterior pituitary gland is stimulated by cor1icotro-
pin-releasing honnone (CRH). a 41-amino-acid peptide produced in
the median eminence of the hypothalamus (Fig. 321-3]. Uroconin. a
neuropeptide related to CRH. mimics many of the central effects of
CRH (e.g., appetite suppression, anxiety), but its role in ACTH reg-

Stress
Circadian (physical. emotional.
regulation hypoglycemia)

\ /W
Neurotransrnirters:

/' peptides
Hypothalamlc cortlcotropln

releasing center .

Plasma conisol
concentration

Epinephrine
Norepinephrirre

Fllillllfi 321-3 The hgpothalarnir:-pituitarg-adrenal axis. The main sites for feedback
control by plasma cortisol are the pituitary gland (1) and the hgpothalamlc corticdtro—
pin-releasing center (2). Feedback control by plasma cortisol also occurs at the locus
coerrrlelts/sympathetic sgstem (3) and mag involve higher nerve centers (4) as well.
There mar; also be a short feedback loop involving inhibition of cort1'cotropin— releasing
hormone (ERH) by adrenocortitotropic hormone (arm) (5). Hupothalamic neurotrans-
mitters lnfluenre CRH release; serotoninergic and rholinerglc sustems stimulate the
secretion of [RH and AETH; cradrenergic agonists and 1;-aminohutgnc acid (anon)
probablg inhibit [RH release. The opioid peptides ,8-endorphin and enkephalin inhibit,
and vasopressin and angiotensin ll augment. the secretion ol (RH and ACTH. ,3-LPT.
El-lipotropin; POMC, pro-opiorneianocortin; LE, locus coeruleus; NE, norepinephrine.
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Inflammatory
cytokines (IL-1 01.
IL-t|3. IL-6. TNF}

9

e

Mediators oi inflammation
(eieosanoids. serotonin.

PAP. bradykinin)

F|lil.lllE 321-4 The imrnune—atirenal axis. Cortisol has antl—inflammatory properties
that include reflects on the microvasculature, cellular actions, and the suppression of
inflammatory cgroltines (the so—calleti immune—atlrenal axis). A stress such as sepsis
increases adrenal secretion. and cortisol in turn suppresses the immune response via
illl'5 sgstern. -. suppression; +, stimulation; CRH, corticotropin-releasing hormone;
ACTH, adrerrocortlctttropic hormone; IL interleukin; TNF, tumor necrosis factor: PAF,
platelet activating factor.

ulation is unclear. Some related peptides such as B-lipotropin (B-LPT)
are released in equimolar concentrations with ACTH, suggesting that
they are cleaved enzymatically from the parent POMC before or during
the secretory process. However. ,6-endorphin levels may or may not
correlate with circulating levels of ACTH. depending on the nature of
the stimulus.

The major factors controlling ACTH release include CRH, the free
cortisol concentration in plasma. stress. and the sleep-wake cycle (Fig.
32 l -3). Plasma ACTH varies during the day as a result of its pulsatile
secretion. and follows it circadian pattern with a peak just prior to
waking and a nadir before sleeping. If a new sleep-wake cycle is
adopted. the pattem changes over several days to conform to it. ACTH
and cortisol levels also increase in response to eating. Stress (e.g..
pyrogens, surgery, hypoglycemia. exercise. and severe emotional
trauma) causes the release of CRH and arginine vasopressin (AV?)
and activation of the sympathetic nervous system. These changes in
tum enhance ACTH release. acting individually or in concert. For

example, AVP release acts synergistically with CRH to amplify ACTH
secretion: CRH also stimulates the locus coeruleusfsympatltetic sys-

Circulating blood

/7 volume\
Renal Renal IN3

potassium retention

excretion I
Aldosterone

release cells

\ Angicitensinogen /Potassium _ _ .
balance Angiotensin II Room release

convening enzyme /\Angiotensin I

Renal
perfusion

Fllil.I|lE 321-5 The interrelationship oi the volume and potassium feedback loops on aiticsterone secretion.
Integration of signals from each loop determines the level of aldosterone secretion.

pressure

‘r /
Juxtaglomerular

tern. Stress-related secretion of ACTH abolishes the circadian r '_'
icity of ACTH levels but is, in turn. suppressed by prior hi ;
glucocorticoid administration. The nonnal pulsatile. circadian -
of ACTH release is regulated by CRH; this mechanism is the - u
open feedback loop. CRH secretion, in turn. is influenced by ll II'i
lamic neurotransmitters including the serotoninergic and cltoli '

pathways. The immune system also influences the HPA axis (Fig. _
4}. For example, inflammatory cytoltines [tumor necrosis '
(TNF)-£1‘. interleukin (IL) Ia. IL-13. and IL-6] produced by man
increase ACTH release by stimulating secretion of CRH andfor
Finally. ACTH release is regulated by the level of free corti

plasma. Cortisol decreases the responsiveness of pituitary conic - - _'
cells to CRH; the response of the POMC mRNA to CRH is also
hibited by glucoconicoids. In addition. glucoconicoids inhibit the
cus coemleusfsytnpalhetic system and CRH release. The
servomechanism establishes the primacy of cortisol in the con u: -
ACTH secretion. The suppression of ACTH secretion that re
adrenal atrophy following prolonged glucocoriicoid therapy is -=
primarily by suppression of hypothalamic CRH release. as exo
CRH administration in this circumstance produces a rise in p
ACTH. Cortisol also exerts feedback effects on higher brain -l
(hippocampus, reticular system. and septum) and perhaps on that
renal cortex (Fig. 321-4).

The biologic half-life of ACTH in the circulation is £10 min. if
action of ACTH is also rapid; within minutes of its release. the -at
centration of steroids in the adrenal venous blood increases. Flt

stimulates steroidogenesis via activation of adenyl cyclase. Aden "

3’.5’-monophosphate (cyclic AMP). in turn. stimulates the t»=~._7
of protein kinase enzymes. thereby resulting in the phosphorylati u.-’_
proteins that activate steroid biosynthesis. '

llEll||l-MlfiIOTEil5Il| PHYSIOLBEY Renin is a proteolytic enzyme s..'
produced and stored in the granules of the juxtaglomerular cells ;,

rounding the afferent arterioles of glorncruli in the kidney. Renin- -,:
on the basic substrate angiotensinogen (a circulating or:-globulin --- "
in the liver) to fonrt the decapeptidc angiotensin I (Fig. 321-5}.

giotensin l is then enzymatically transformed by angiotensin-con -1".
ing enzyme (ACE), which is present in many tissues {particulari
pulmonary vascular endothelium). to the octapeptitie angiotensin I
the removal of the two C-terminal amino acids. Angiotensin II -'
potent pressor agent and exerts its action by a direct effect on : I‘-a '
smooth muscle. In addition. angiotensin II stimulates produc «-5
aldosterone by the zona glomerulosa of the adrenal cortex; the

tapepticle angiotcnsin IH may also stimulate aldosterone prod =-'3'
The two major classes of angiotensin receptors are termed AT! I
AT2: ATI may exist as two subtypes tr and ,6. Most of the eff ri-
angiotensins II and [II are mediated by the ATI receptor. A .'

sinases rapidly destroy angiotensin II (ha]f—Iife. --l min), while
half-life of renin is more prolonged (10 to 20 min). In addi
circulating renin-angiotensin. many tissues have a local renin

tensin system and the ability to produce
tensin 1]. These tissues include the

placenta. vascular tissue, heart. brain. and.
ticularly, the adrenal cortex and kidney;
though the role of locally generated angl
II is not established. it may modulate the
and function of the adrenal cortex and v -H
smooth muscle. 1

The amount of rcnin released rel’lecl8j'-1'
combined effects of four interdependent "
The juxraglomerular cells, which are -
‘tzed myoepithelial cells that cuff the :
arterioles, act as miniature pressure transd
sensing renal perfusion pressure and v
spending changes in afferent arteriolar s-4'7"
sion pressures. For example. a lit"

circulating blood volume leads to a on em -=j
ing reduction in renal perfusion presstue

Cetecholamlnes

Macula clensa
'faedbac:lt"
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_ afferent arteriolar pressure (Fig. 321-5). This change is perceived by
_ the juxtaglomerular cells as a decreased stretch exened on the afferent
uteriolar walls. and the juxtaglomerular cells release more renin into
the renal circulation. This results in the formation of angiotensin I.
which is convened in the kidney and peripherally to angiotensin H by
ACE. Angiotensin II influences sodium homeostasis via two major
htechanisms: it changes renal blood flow so as to maintain a constant

’g'lomerular filtration rate. thereby changing the filtration fraction of
"um. and it stimulates the adrenal cortex to release aldosterone.

pa. teasing plasma levels of aldosterone enhance renal sodium reten-
iv:-.: and thus result in expansion of the extracellular fluid volume,

_ ‘ch, in turn, dampens the stimulus for renin release. In this context.
_ renin-angiotensin-aldosterone system regulates volume by modi-

' . g renal hemodynamics and tubular sodium transport.
' A second control mechanism for renin release is centered in the

ttia densa cells. a group of distal convoluted tubular epithelial cells
- tly opposed to the juxtaglomerular cells. They may function as

_ .- oreceptors, monitoring the sodium (or chloride) load presented
a__ the distal tubule. Under conditions of increased delivery of filtered

' "um to tlle rnacula densa. a signal is conveyed to decrease juxta-
I rular cell release of renin. thereby modulating the glomerular

'on rate and the filtered load of sodium.

_ The sympathetic nervous system regulates the release of renin in

- - se to assumption of the upright posture. The mechanism is either
1 direct effect on the juxtaglomerular cell to increase adenyl cyclase
-,.-«vity or an indirect effect on either the juxtaglornerular or the macula

',.a. : cells via vasoconstriction of the afferent arteriole.
Finally. circulating factors influence renin release. Increased di-

intake of potassium decreases renin release. whereas decreased
ium intake increases it. The significance of these effects is un-

.Angt‘otettsitt ll exerts negative feedback control on renin release
is independent of alterations in renal blood flow. blood pressure.

'; Jtlldosterone secretion. Atria! rtarrittretic peptides also inhibit renin
-t Thus. the control of renin release involves both introrenol

-- receptor and macula densa) and extrarenai (sympathetic ner-
;_'= W system, potassium. angiotensin. etc.) mechanisms. Steady-state

levels reflect all these factors. with the intrarenal mechanism

minating.

‘II lllfllllll l|llYSllJlllIil' The division of adrenal steroids into glu-
I. nu ‘coids and mineralocorticoids is arbitrary in that most glucocor-

- have some mineralocorticoid-like properties. The descriptive
-in gltu'ocorric0id is used for adrenal steroids whose predominant
.--:t is on intennediary metabolism. Their overall actions are di-

i.’« I at enhancing the production of the high-energy fuel. glucose.

.; reducing all other metabolic activity not directly involved in that
'_.-...- Sustained activation. however. results in a pathophysiologic

e.g.. Cusl'ting's syndrome. The principal glucocorticoid is cor-
‘gu (hydrocortisone). The effect of glucocorticoids on intermediary

' lisrn is mediated by the GR. Physiologic effects of glucocor-

include the regulation of protein. carbohydrate, lipid. and nu-
"- acid metabolism. Glucocorticoids raise the blood glucose level

Ztagonizing the secretion and actions of insulin. thereby inhibiting
: glucose uptake. which promotes hepatic glucose synthesis

. neogenesis) and hepatic glycogen content. The actions on pro-
"metabolism are mainly catabolic. resulting in an increase in pro-
l.l:realtdown and nitrogen excretion. In large part. these actions

a mobilization of glycogenic amino acid precursors from pe-

" supporting structures. such as bone. skin, muscle. and con-
_. tissue. due to protein breakdown and inhibition of protein
' . is and amino acid uptake. Hyperaminoacidemia also facilitates

== .:-.u genesis by stimulating glucagon secretion. Glucocorticoids
- ly on the liver to stimulate the synthesis of certain enzymes,

,. tyrosine aminotransferase and tryptophan pyrrolase. Gluco-
.. ' regulate fatty acid mobilization by enhancing the activation

tllar lipase by lipid-mobilizing hormones (e.g., catecholamines

'tary peptides).
" tr actions of conisol on protein and adipose tissue vary in dif-

321 l.ll5tll'[lEl"E-oflllE.fltlt‘EI1ElCl.ll'lE!

ferent parts of the body. For example. pharrnacologic doses of cortisol
can deplete the protein matrix of the vertebral column itrabecular
bone). whereas long bones (which are primarily compact bone) are
affected only minimally: similarly. peripheral adipose tissue mass de-
creases, whereas abdominal and interscapular fat expand.

Glucocorticoids have anti—inflanimatory properties. which are prob-
ably related to effects on the microvasculature and to suppression of
inflammatory cytokines. In this sense. glucocorticoids modulate the
immune response via the so-called immune-adrenal axis (Fig. 321-4).
This “loop“ is one mechanism by which a stress. such as sepsis. in-
creases adrenal hormone secretion. and the elevated cortisol level in

turn suppresses the immune response. For example. cortisol maintains
vascular responsiveness to circulating vasoconstrictors and opposes
the increase in capillary penneability during acute inflatrunation. Glu-
cocorticoids cause a leultocytosis that reflects release from the bone

marrow of mature cells as well as inhibition of their egress through
the capillary wall. Glucocorticoids produce a depletion of circulating
eosinophils and lymphoid tissue. specifically T cells. by causing a
redistribution from the circulation into other compartments. Thus. cor-
tisol impairs cell-mediated immunity. Glucocorticoids also inhibit the
production and action of the mediators of inflammation. such as the
lymphokines and prostaglandins. Glucocorticoids inhibit the produc-
tion and action of interferon by T lymphocytes and the production of
IL-1 and IL-6 by macrophages. The antipyretic action of g|ucocorti-
coids may be explained by an effect on IL-1, which appears to be an
endogenous pyrogen (Chap. 16). Glucocorticoids also inhibit the pro-
duction of T cell growth factor (IL-2) by T lymphocytes. Glucocorti-
coids reverse macrophage activation and antagonize the action of
migration-inhibiting factor (MIF). leading to reduced adherence of

macrophages to vascular endothelium. Glucocorticoids reduce pros-
taglandin and leukotriene production by inhibiting the activity of phos-
pholipase A2. thus blocking release of arachidonic acid from
phospholipids. Finally. glucocorticoids inhibit the production and in-
flammatory effects of bradykinin. platelet-activating factor. and sem-
tonin. It is probably only at pharmacologic dosages that antibody
production is reduced and Iysosomal membranes are stabilized. the

latter effect suppressing the release of acid hydrolases.
Conisol levels respond within minutes to stress. whether physical

(trauma. surgery. exercise). psychological (anxiety. depression), or
physiologic (hypoglycemia. fever). The reasons why elevated gluco-
corticoid levels protect the organism under stress are not understood.
but in conditions of glucocorticoid deficiency. such stresses may cause
hypotension, shock. and death. Consequently. in individuals with ad-
renal insufticiency. glucocorticoid administration should be increased
during stress.

Conisol has major effects on body water. It helps regulate the ex-
tracellular fluid volume by retarding the migration of water into cells
and by promoting renal water excretion. the latter effect mediated by

suppression of vasopressin secretion. by an increase in the rate of
glomerular filtration. and by a direct action on the renal tubule. The
consequence is to prevent water intoxication by increasing solute-free
water clearance. Glucocorticoids also have weak mineralocorticoid-

like propenies, and high doses promote renal tubular sodium reab-
sorption and increased urine potassium excretion. Glucocorticoids can
also influence behavior; emotional disorders may occur with either an
excess or a deficit of cortisol. Finally, cortisol suppresses the secretion

of pituitary POMC and its derivative peptides (ACTH. 3-endorphin,
and l3—LPT) and the secretion of hypothalamic CRH and vasopressin.

MIllEllllllJElIliTIClllD l'l|\'5llJllJfiY Mineralocorticoids modify function in
two classes of cells—epithelia| and nonepithelial.

Effects on Epititella Classically, mineralocorticoids are considered ma-
jor regulators of extracellular fluid volume and are the major deter-
minants of potassium metabolism. These effects are mediated by the
binding of aldosterone to the MR in epithelial cells. primarily the prin-
cipal cells in the renal cortical collecting duct. Because of its electro-
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chemical gradient. sodium passively enters these cells from the urine
via epithelial sodium channels located on the luminal membrane and
is actively extruded from the cell via the Na.t‘K-activated ATPase (“so-
dium pump") located on the basolateral membrane. The sodium pump
also provides the driving force of potassium loss into the urine through
potassium—se1ective Iuminal channels. again assisted by the electro-
chemical gradient for potassium in these cells. Aldosterone stimulates
all three of these processes by increasing gene expression directly (for
the sodium pump and the potassium channels) or via a complex pro«
cess (for epithelial sodium channels) to increase both the number and
activity of the sodium charmels. Water passively follows the trans-
ported sodium, thus expanding intra- and extravascular volume.

Because the concentration of hydrogen ion is greater in the lumen
than in the cell. hydrogen ion is also actively secreted. Mineralocor-
ticoids also act on the epithelium of the salivary ducts, sweat glands,
and gastrointestinal tract to cause reabsorption of mium in exchange
for potassium.

When normal individuals are given aldosterone. an initial period
of sodium retention is followed by natriuresis, and sodium balance is
reestablished after 3 to 5 days. As a result, edema does not develop.
This process is referred to as the escape phenomenon. signifying an
“escape" by the renal tubules from the sodium-retaining action of al-
dosterone. While renal hemodynarnic factors may play a role in the
escape, the level of atrial natriuretic peptide also increases. However,
it is important to realize that there is no escape from the potassium-
losing effects of mineralocorticoids.

Effect llll lltrnepithelisl Cells The MR has been identified in a number
of nonepithelial cells. e.g.. neurons in the brain, myocytes, endothelial
cells, and vascular smooth-muscle cells. In these cells, the actions of

aldosterone differ from those in epithelial cells in several ways:

I. They do not modify sodium-potassium homeostasis.
2. The groups of regulated genes differ. although only a few are

known; for example, in nonepithelial cells. aidosterone modifies
the expression of several collagen genes andlor genes controlling
tissue growth factors, e.g., transforming growth factor (TGF) ,8
and plasminogen activator inhibitor. type I (PAI-l J.

3. In some of these tissues (e.g., myocardium and brain), the MR is
not protected by the IIB-HSD ll enzyme. Thus. cortisol rather
than aldosterone may be activating the MR. In other tissues (e.g..
the vasculatttre), l 1,8-HSD II is expressed in a manner similar to
that of the kidney. Therefore, aldosterone is activating the MR.

4. Some effects on nonepithelial cells may be via nongenomic mech-
anisms. These actions are too rapid—occurring within I to 2 min
and peaking within 5 to 10 min— to be considered genomic. sug-
gesting that they are secondary to activation of a cell-surface re-
ceptor. However, no cell-surface MR has been identified, raising
the possibility that the same MR is mediating both genomic and
nongenomic effects. Rapid. nongenomic effects have also been
described for other steroids including estradiol, progesterone, thy-
roxine, and vitamin D.

5. Some of these tissues—the myocardium and vasct1lature—may
also produce aldosterone, although this theory is controversial.

Regulation of Aldosteronl Secretion ‘Three primary mechanisms control
adrenal aldosterone secretion: the renin-angiotensin system, potas-
sium. and ACTH (‘Table 321-] ). Whether these are also the primary
regulatory mechanisms modifying nonadrenal production is uncertain.
The renin~angiotensin system controls extracellular fluid volume via
regulation of aldosterone secretion (Fig. 321-5). in effect, the renin-
angiotensin system maintains the circulating blood volume constant
by causing aldosterone-induced sodium retention during volume de-
ficiency and by decreasing aldosterone-dependent sodium retention
when volume is ample. There is an increasing body of evidence in-
dicating that some tissues, in addition to the kidney. produce angio-
tensin I1 and may participate in the regulation of aldosterone secretion
either from the adrenal or extraadrenal sources. lntriguingly. the ad-
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renal itself is capable of synthesizing angiotensin II. What role(s .
extrarenal production of angiotensin II plays in nonnal physio!
still largely unknown. However, the tissue renin-angiotensin s .r-r-i
activated in utero in response to growth and development andfor I '_
in life in response to injury. '_

Potassium ion directly stimulates aldosterone secretion, i 1
dent of the circulating renin-angiotensin system. which it s - - .,
(Fig. 32l-5). In addition to a direct effect. potassium also m".'_
aldnsterone secretion indirectly by activating the local renin-an 14 i i.
sin system in the zona glomerulosa. This effect can be blocked ‘
administration of ACE inhibitors that reduce the local product:
angiotensin fl and thereby reduce the acute aldosterone res
potassium. An increase in serum potassium of as little as 0.1 .

increases plasma aldosterone levels under certain circumstances.

potassium loading therefore increases aldosterone secretion, p ___
levels. and excretion.

Physiologic amounts of ACTH stimulate aldosterone ‘
acutely, but this action is not sustained unless ACTH is adrnt
in a pulsatile fashion. Most studies relegate ACTH to a minor

the control of aldosterone. For example. subjects receiving hi _
glucocorticoid therapy. and with presumed complete suppre -1
ACTH, have normal aldosterone secretion in response to m
striction.

Prior dietary intake of both potassium and sodium can «'3
magnitude of the aldosterone response to acute stimulation. This
results from a change in the expression and activity of al
synthase. Increasing potassium intake or decreasing sodium

sensitizes the response of the glomerulosa cells to acute stim
by ACTH, angiotensin II, andlor potassium. '

Neurotransmitters (dopamine and serotonin) and some --F]:
such as atrial natriuretic peptide. 'y-melanocyte-stimulating --n"j_=
(y-MSH), and B—endorphin, also participate in the regulation .5"-._

dosterone secretion (Table 321-1). Titus. the control of 1-: m.-
secretion involves both stimulatory and inhibitory factors. '

Allllllllliill PHYSIOLOGY Androgens regulate male secondary .-
characteristics and can cause virilizing symptoms in women (bf
44). Adrenal androgens have a minimal effect in males whose --

characteristics are predominately determined by gonadal stero' us-
tosterone}. In females, however, several androgen-like '-~-:-;_
sexual hair. are largely mediated by adrenal androgens. The u n.-'-'

adrenal androgens are DHEA, androstenedione, and ll-hy ...:~.;
drostenedione. DHEA and androstenedione are weal: an - 3-: '1
exert their effects via conversion to the potent androgen test I_

in extraglandular tissues. DHEA also has poorly understood 4' .-.-1
the immune and cardiovascular systems. Adrenal androgen I n
is regulated by ACTH. not by gonadotropins. Adrenal an I:-'
suppressed by exogenous glucocorticoid administration. -

 
 



MYLAN PHARMS. INC. EXHIBIT 1025 PAGE 27

LAIURATUIIV EVALUATION Ill‘ ADIIENUCOIITIEAL FUNCTION

A basic assumption is that measurements of the plasma or urinary level
of a given steroid reflect the rate of adrenal secretion of that steroid.
However. urine excretion values may not truly reflect the secretion
rate because of improper collection or altered metabolism. Plasma lev-
els reflect the level of secretion only at the time of measurement. The

plasma level (PL) depends on two factors: the secretion rate {SR} oi
the hormone and the rate at which it is metabolized. i.e.. its metabolic
clearance rate (MCR}. These three factors can be related as follows:

SR

PL— MGR or SR—MCR><PL

Illlllll LEVELS I Peptides The plasma levels of ACTH and angiotensin
II can be measured by immunoassay techniques. Basal ACTH secre-
tion shows a circadian rhythm. with lower levels in the early evening
titan in the morning. However, ACTH is secreted in a pulsatile manner.

leading to rapid fluctuations superimposed on this circadian rhythm.
ifingiotensin II levels also vary diumally and are influenced by dietary
sodium and potassium intakes and posture. Both upright posture and
indium restriction elevate angiotensin II levels.

5 Most clinical determinations of the renin-angiotensin system, how-
ever. involve measurements of peripheral plasma r-enirt activity (PRA)

_' which the renin activity is gauged by the generation of angiotensin

ilduring a standardized incubation period. This method depends on the
~: scnce of sufficient angiotensinogen in the plasma as substrate. The

-.- rated angiotensin I is measured by radioimmunoassay. The PRA

pends on the dietary sodium intake and on whether the patient is
I =-- bulatory. In nonnal humans, the PRA shows a diurnal rhythm char-

rized by peak values in the morning and a nadir in the afternoon.
" . alternative approach is to measure plasma active renin, which is

er and not dependent on endogenous substrate concentration. PRA
.« active renin correlate very well on low-sodium diets but less well

. high-sodium diets.

I. hit Cortisol and aldosterone are both secreted episodically. and
'2'.‘ els vary during the day, with peak values in the morning and low

_- els in the evening. in addition, the plasma level of aldosterone, but
of cortisol, is increased by dietary potassium loading, by sodium

.=.-- » 'ction. or by assumption of the upright posture. Measurement of

._.. sulfate conjugate of DHEA may be a useful index of adrenal an-
‘fir gen secretion. as little DHEA sulfate is formed in the gonads and
?_ use the half-life of DHEA sulfate is '2' to 9 h. However, DHEA
" ate levels reflect both DHEA production and sulfatase activity.

. - E l.E‘t'ELS For the assessment of glucocorticoid secretion, the urine
‘:-‘--hydroxycorticosteroid assay has been replaced by measurement of

I" = free cortisol. Elevated levels of urinary free cortisol correlate
1.: states of hypercortisolism. reflecting changes in the levels of un-

'__r I-I physiologically active circulating conisol. Normally. the rate
excretion is higher in the daytime (7 A.M. to 7 RM.) than at night

'_'.M. to 7 A.M.).
Unnaty I7—ketosteroids originate in either the adrenal gland or the

. In normal women, 90% of urinary I7-ketosteroids is derived
1n the adrenal. and in men 60 to 70% is of adrenal origin. Urine 1'.-'-

values are highest in young adults and decline with age.

g_ carefully timed urine collection is a prerequisite for all excretory
_'_.- inations. Urinary creatinine should be measured simultaneously

fl _ ine the accuracy and adequacy of the collection procedure.

., 1' llllllll TESTS Stimulation tests are useful in the diagnosis of hor-

. deficiency states.

‘_ If Elutocartitold lleserve Within minutes after administration of
I . cortisol levels increase. This responsiveness can be used as an

of the functional reserve of the adrenal gland for production of
l. Under maximal ACTH stimulation, cortisol secretion in-

tenfold, to 800 pmolld (300 mgfd), but maximal stimulation
__ t achieved only with prolonged ACTH infusions.

_'_- screening test (the so-called rapid ACTH stimulation test) in-
'_"---. the administration of 25 units (0.25 mg} of cosyntropin intra-

Elil £I:=.nrtlr-r-=..-':l1l1r.= t'+:lrt=n.:'i| Emir":

venously or intrarnuscularly and measurement of plasma cortisol levels
before administration and 30 and 60 min after administration. the test

can be performed at any time of the clay. The most clear-cut criterion
for a normal response is a stimulated cortisol level of >500 nmol,u"L
(>18 p.gldL). and the minimal stimulated normal increment of cortisol
is >200 nmolfl. (>7 ,ug)‘t.lL) above baseline. Severely ill patients with
elevated basal cortisol levels may show no further increases following
acute ACTH administration.

Tests of Mlneralntzttrticttitl Reserve and Stimulation of the llertin-Angiutensin

System Stimulation tests use protocols designed to create a pro-
grammed volume depletion, such as sodium restriction, diuretic ad-
ministration. or upright posture. A simple. potent test consists of severe
sodium restriction and upright posture. After 3 to 5 days of a 10-mrnolfd
sodium intake. rates of aldosterone secretion or excretion should in-

crease two— to threefold over the control values. Supine morning
plasma aldosterone levels are usually increased three- to sixfold, and
they increase a further two— to fourfold in response to 2 to 3 h of upright
posture.

When the dietary sodium intake is normal, stimulation testing re-
quires the administration of a potent diuretic, such as 40 to 80 mg
furosemide, followed by 2 to 3 h of upright posture. The normal re-

sponse is a two— to fourfold rise in plasma aldosterone levels.

SUPPRESSION TESTS Suppression tests to document hypersecretion of
adrenal hormones involve measurement of the target hormone re-
sponse after standardized suppression of its tropic hortnone.

Tests of Piutitary-Adrenal Suppressibility The ACTH release mechanism
is sensitive to the circulating glucocorticoid level. When blood levels

of glucocorticoid are increased in normal individuals. less ACTH is
released from the anterior pituitary and less steroid is produced by the
adrenal gland. The integrity of this feedback mechanism can be tested

clinically by giving a glucocorticoid and judging the suppression of
ACTH secretion by analysis of urine steroid levels andlor plasma cor-
tisol and ACTH levels. A potent glucocorticoid such as dexamethasone
is used. so that the agent can be given in an amount small enough not
to contribute significantly to the pool of steroids to be analyzed.

The best s'r:reenr'rig procedure is the overnight dexamethasone sup-
pression test. This involves the measurement of plasma cortisol levels
at 8 A.rvI. following the oral administration of 1 mg dexamelhasone
the previous midnight. The 8 A.M. value for plasma cortisol in normal
individuals should be < 140 nmol.’L (5 ngr'dL).

The definitive test of adrenal suppressibility involves administering
0.5 mg dexarrtethasone every 6 h for two successive days while col-
lecting urine over a 24-h period for determination of creatinine and
free cortisol andfor measuring plasma cortisol levels. In a patient with
a normal hypothalarnit:-pituitary ACTH release mechanism. a fall in
the urine free cortisol to <80 nmolld (30 ttgld) or of plasma cortisol

to €140 nmo1.lL (5 pig/dL) is seen on the second day of administration.
A normal response to either suppression test implies that the glu-

cocorticoid regulation of ACTH and its control of the adrenal glands
is physiologically nonrtal. However. an isolated abnonnal result. par-
ticularly to the overnight suppression test, does not in itself demon-
strate pituitary andlor adrenal disease.

Tests of Mineralnturtltzoid Suppressibillty These tests rely on an expansion

of extracellular fluid volume, which should decrease circulating
plasma renin activity and decrease the secretion and/or excretion of
aldosterone. Various tests differ in the rate at which extracellular fluid

volume is expanded. One convenient suppression test involves the
intravenous infusion of 500 ml..fl1 of nomtal saline solution for 4 h.

which normally suppresses plasma aldosterone levels to <20 pmolll
(<8 ng,*'dL) from a sodium-restricted diet or to‘ < 140 prnollL (<5 ngl
dL) from a normal sodium intake. Alternatively, a high-sodium diet
can be administered for 3 days with 0.2 mg fludrocortisone twice daily.
Aldosterone excretion is measured on the third day and should be <28

nmol/d (10 ttgfd). These tests should not be perfonned in potassium-
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depleted individuals since they carry a risk of precipitating hypolta—
lemia.

TESTS OF l'l'llllTAllY-Alli-iEllAL llE5PDllSI‘l'EllE5S Stimuli such as insulin-

induced hypoglycemia, AW’. and pyrogens induce the release of
AC!‘H from the pituitary by an action on higher neural centers or on
the pituitary itself. insulin-induced hypoglycemia is particularly use-
ful. because it stimulates the release of both growth hormone and
ACTH. ln this test, regular insulin (0.05 to 0.! Ufkg body weight) is
given intravenously as a bolus to reduce the fasting glucose level to
at least 50% below basal. The normal cortisol response is a rise to
>500 nmol;'L (I8 ,ttg.l'dI..). Glucose levels must be monitored-during
insu|in—induced hypoglycemia. and it should be tenninated by feeding
or intravenous glucose. if subjects develop symptoms of hypoglyce-
mia. This test is contraindicated in individuals with coronary artery
disease or a seizure disorder.

Metyrapone inhibits llfl-hydroxylase in the adrenal. As a result.
the conversion of ll-deoxycortisol (compound S) to cortisol is im-
paired. causing ll~deox)/cortisol to accumulate in the blood and the
blood level of cortisol to decrease (Fig. 321-2). The hypothalarnic-
pituitary axis responds to the declining cortisol blood levels by re-
leasing more ACTH. Note that assessment of the response depends on
both an intact hypothalamic-pituitary axis and an intact adrenal gland.

Although modifications of the original metyrapone test have been
described. a commonly used protocol involves administering 750 mg
of the drug by mouth every 4 h over a 24-h period and comparing the
control and postmetyrapone plasma levels of l l-deoxycortisol. coni-
sol, and ACTH. In normal individuals. plasma llwdeoxycorlisol levels
should exceed 210 nmol;'L. (7 ;.t.g;'dL) and ACTH levels should exceed
17 pmo|,lL (75 pglml.) following metyrapone administration. The me-
tyrapone test does not accurately reflect ACTH reserve if subjects are
ingesting exogenous glucocorticoids or drugs that accelerate the me-
tabolism of metyrapone (e.g.. phenytoin).

A direct and selective test of the pituitary corticotrophs can be
achieved with CRH. Tile bolus injection of ovine CR1-I (corticorelin
ovine trifiutate: I ugfkg body weight) stimulates secretion of ACTH and
B—LP'T in normal human subjects within 15 to 60 min. In normal indi-
viduals. the mean increment in ACTH is 9 pmolfL (40 pg_!'mL). How-
ever. the magnitude of the ACTH response is less than that produced
by insulin-induced hypoglycemia. implying that additional factors (such
as vasopressin} augment su'ess-induced increases in ACTH secretion.

The rapid ACTH test can often distinguish between primary and
secondary adrenal insufficiency. because aldosterone secretion is pre-
served in secondary adrenal failure by the renin-angiotensin system
and potassium. Cosyntropin (25 units) is given intravenously or intra-
muscularly, and plasma cortisol and aldosterone levels are measured
before and at 30 and 60 min after administration. The cortisol response
is abnormal in both groups. but patients with secondary insufficiency
show an increase in aldosterone levels of at least 140 pmol;'L (5 ng,-'
d.L). No aldosterone response is seen in patients in whom the adrenal
cortex is destroyed. Alternatively, ACTH at a physiologic dose (1 pg).
the sovcalled low4:lose ACTH test, may be used to detect secondary
adrenal insufficiency. An abrtonnal response is similar to that in the
rapid ACTH test. However. levels need to be measured at 30 min. and
the ACTH needs to be directly injected intravenously because it can
be absorbed by plastic tubing. Because the use of a bolus of exogenous
ACIH does not invariably exclude a diagnosis of secondary adrena-
cortical insufficiency. direct tests of pituitary ACTH reserve [rnetyra-
pone test. insulin-induced hypoglycemia) may be required in the
appropriate clinical setting.

llYPElll‘|lll[l'lllll OF THE Allllflllll. EllllTEX

Excess cortisol is associated with Cushing’s syndrome; excess aldos-
terone causes aldosteronism; and excess adrenal androgens cause ad-
renal virilism. These syndromes do not always occur in the “pure"
form but may have overlapping features.

Cl|5HIlll3'5 SYNDROME I Etlttlttgy Cushing described a syndrome
acterized by truncal obesity. hypertension. fatigability and w :

amenorrhea. hirsutism. purplish abdominal striae. edema. glucos '
osteoporosis. and a basophilic tumor of the pituitary. As awareness,
this syndrome has increased. the diagnosis of Cushing's syndrome
been broadened into the classification shown in Table 321-2. Re

less of etiology. all cases of endogenous Cushing's syndrome are n:
to increased production of cortisol by the adrenal. in most cases -
cause is bilateral adrenal hyperplasio due to hypersecretion of p
tary ACTH or ectopic production of ACTH by a nonpituitary o -
The incidence of pituitary-dependent adrenal hyperplasia is three ' '
greater in women than in men. and the most frequent age of onset "
the third or fourth decade. Most evidence indicates that the p n u._-
defect is the de novo development of a pituitary adenoma, as u.-_'
are found in >90% of patients with pituitary-dependent adrenal I j,;

perplasia. Alternatively. the defect may occasionally reside in the Ir
pothalamus or in higher neural centers. leading to release of U‘;
inappropriate to the level of circulating cortisol. This primary -
leads to hyperstirnulation of the pituitary. resulting in hyperpl '
tumor formation. In surgical series. most individuals with hype -- .
tion of pituitary ACTH are found to have a rnicroadenoma (<10
in diameter; 50% are 55 mm in diameter). but a pituitary i.
enoma (>10 mm) or diffuse hyperplasia of the corticotrope cells _
be found. Traditionally. only an individual who has an ACTH-

ducing pituitary tumor is defined as having Cuslt.t'ng’s disease, w a -
Cushing's syndrome refers to all causes of excess conisol: ex '_r.:.=
ACTH tumor. adrenal tumor. pituitary ACTH-secreting tumor. or ; '-
cessive glucocorticoid treatment. .

The ectopic ACTH syndrome is caused by nnnpituitary tumors i-"
secrete either ACTH andfor CRH and cause bilateral adrenal it. _'
plasia (Chap. 86). The ectopic production of CRH results in c ' -, '_'
biochemical. and radiologic features indistinguishable from n.»"'
caused by hypersecretion of pituitary ACTH. The typical signs
symptoms of Cushing‘s syndrome may be absent or minimal
ectopic ACTH production. and hypokalemic alkalosis is a p -I '
manifestation. Most of these cases are associated with the p ' . .

small cell (oat cell) type of bronchogenic carcinoma or with carc' -=7"
tumors of the thymus, pancreas, or ovary; medullary carcinoma of "I,
thyroid; or bronchial adenomas. The onset of Cushing’s syndrome n;__-.
be sudden. particularly in patients with carcinoma of the lung. and. F5-
feature accounts in part for the failure of these patients to exhibit’
classic manifestations. On the other hand. patients with carcinoitlj
roots or pheochromocytomas have longer clinical courses and :
exhibit the typical cushingoid features. The ectopic secretion ofA '_-
is also accompanied by the accumulation of ACTH fra '-In. ‘
plasma and by elevated plasma levels of ACTH precursor mo1ec_

'-__—"5_.}‘._' "r"". ;«

Nate: ACTH. sdrenoconicorropic hormone: CRH. cortlcotropin-releasing
gastric inhibitory peptide.

3.\
.
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Because such tumors may produce large amounts of ACTH. baseline
steroid values are usually very high and increased skin pigmentation
may be present.

Approximately 20 to 25% of patients with Cushing‘s syndrome
have an adrenal neoplasm. These tumors are usually unilateral. and
about half are malignant. Occasional ly. patients have biochemical fea-
tures both of pituitary ACTH excess and of an adrenal adenoma. ‘These
individuals may have nodular ltyperplar.-r'a of both adrenal glands. of-

ten the result of prolonged ACTH stimulation in the absence of a
pituitary adenoma. Two additional entities cause nodular hyperplasia:
a familial disorder in children or young adults {so-called pigmented
Inicronodular dysplasia; see below) and an abnormal cortisol response
to gastric inhibitory polypeptide or luteinizing hormone. secondary to
ectopic expression of receptors for these hormones in the adrenal
cortex.

The most common cause of Cushing‘s syndrome is iatrogenic ad-
ministration of steroids for a variety of reasons. Although the clinical
features bear some resemblance to those seen with adrenal tumors.

.-these patients are usually distinguishable on the basis of history and

laboratory studies.

=llllnlral Signs, Sgmptums. and laltoratunj Findings Many of the signs and
E-symptoms of Cushing’s syndrome follow logically from the known
action of glucocorticoids [Table 321-3}. Catabolic responses in pe-

ripheral supportive tissue causes muscle weakness and fatigability.
osteoporosis. broad vinlaceous cutaneous striae. and easy bnlisability.

e latter signs are secondary to weakening and rupture of collagen
-libers in the dermis. Osteoporosis may cause collapse of venebral bod-

and pathologic fractures of other bones. Decreased bone mineral-

tion is particularly pronounced in children. Increased hepatic
filtlconeogenesis and insulin resistance can cause impaired glucose tol-
- r ce. Oven diabetes mellitus occurs in <20% of patients. who prob-
"ly are individuals with a predisposition to this disorder.

-typercortisolism promotes the deposition of adipose tissue in char-
ristic sites. notably the upper face (producing the typical "moon“
es}. the interscapular area (producing the "buffalo hump"). supra-

vicular fat pads. and the mesenteric bed (producing “truncal“ obe-
) (Fig. 321-6}. Rarely. episternal fatty tumors and mediastinal

"ening secondary to fat accumulation occur. The reason for this
liar distribution of adipose tissue is not known. but it is associated
insulin resistance andlor elevated insulin levels. The face appears

tltoric, even in the absence of any increase in red blood cell con-
- tration. Hypertension is common. and emotional changes may be

- found. ranging from irritability and emotional labillty to severe
ression. confusion. or even frank psychosis. In women. increased
15 of adrenal androgens can cause acne. hirsutism, and oligome-

ea or arnenorrhea. Some signs and symptoms in patients with
rcortisolism-—i.e.. obesity, hypertension. osteoporosis, and dia-
—are nonspecific and therefore are less helpful in diagnosing the

tion. On the other hand. easy bruising. typical striae, myopathy,
virilizing signs (although less frequent) are. if present, more sug-

_ e of Cushing‘s syndrome (Table 32l—3).
»_Except in iatrogenic Cushing‘s syndrome, plasma and urine cortisol
- ls are elevated. Occasionally. hypokalemia. hypochloremia. and
'bolic alkalosis are present. particularly with ectopic production of

is The diagnosis of Cushing's syndrome depends on the dem-
. tion of increased conisol production and failure to suppress cor-

_..-= secretion nonnally when dexamethasone is administered (Chap.
' J. Once the diagnosis is established. further testing is designed to
'_-"-. ine the etiology (Fig. 321-‘? and Table 321-4].
"For initial screening. the overnight clexamethasone suppression test

" - ommended (see above). In difficult cases [e.g.. in obese or de-
-- patients). measurement of a 24«h urine free cortisol can also

used as a screening test. A level >l4U nmol/d (50 rigid) is sug-
'1-2 of Cushing‘s syndrome. The definitive diagnosis is then estab-
='..-a by failure of urinary cortisol to fall to less than <25 nmolftl (10

' _. ) or of plasma conisol to fall to <14!) nmoli‘L (5 ,u.gi’dL) after a_m.._.

'1?! [l|‘.:[Irllt"I’S of lhr n:.‘lrt'na| Cr_1:tt=:

DIME 321-3 Fmttttnry of Signs and Syutptotrts in rustling’: Syndrome

Eign or Symptom Percent of Patients

Trpicalhabttustce-wipers! ozbesityr 97
Increased body 94
Fatigahil1ty' and weakness‘ 87

(blood pressure >l5t}l90) . 82

I . I. .,
Broad violaoaolls cutaneous string’

Eochyntnser
Proximal I31,Yfa7tatl1y" ‘
Edema

P°1.Wrifl'» polrditnin
Hypo-trophy of clitoris

" Features more specific for Cushing's syndrome.

standard low-dose dexarnethasone suppression test (0.5 mg every 6 h
for 48 h). Owing to circadian variability. plasma conisol and. to 21
certain extent. ACTH determinations are not meaningful when per-
formed in isolation. but the absence of the normal fall of plasma cor-
tisol at midnight is consistent with Cushing‘s syndrome because there
is loss of the diurnal conisol rhythm.

The task of determining the etiology of Cushing's syndrome is
complicated by the fact that all the available tests lack specificity and
by the fact that the tumors producing this syndrome are prone to spon-
taneous and often dramatic changes in hormone secretion (periodic
hormonogenesis}. No test has a specificity >95%. and it may be nec-
essary to use a combination of tests to am‘ve at the correct diagnosis.

Plasma ACTH levels can be useful in distinguishing the various
causes of Cushing's syndrome. particularly in separating ACTH-de-
pendent from ACTH—independent causes. in general. measurement of
plasma ACTH is useful in the diagnosis of ACTH—independent etiol-
ogies of the syndrome. since most adrenal tumors cause low or un-
detectable ACTH levels [<2 pmol.i'l_. (10 pgfmL)I. Furthermore.
ACTH-secreting pituitary macroadonomas and ACTH—producing
nonendocrirte tumors usually result in elevated ACTH levels. ln the
ectopic ACTH syndrome. ACTH levels may be elevated to fil I0
pmoli"L (500 pgr‘mL). and in most patients the level is >40 pmol;'L
(200 pg;’mL). In Cushing‘s syndrome as the result of a microadenoma
or pituitary-hypothalarnic dysfunction. ACTH levels range from 6 to
30 prnoi;’L (30 to £50 pg_tn'tL) lnorrnal. <l4 ptnoUL (<60 pgfmL)|.

Fll3l.||lE 321-6 A woman

with Cushing's sgntlrnme due
to a right adrenal cortical ad-
enoma. A. One month prior to
surgery, age 20. B. One gear
alter Surgerg, age 21.
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Pan :riI'-.-' tntiunu-—.-:s.:.qq and "-‘lI."lr.br.1ll"iill A useful step to distinguish patients with an ACTH-secreting '
tuitary microadenoma or hypothalamic-pituitary dysfunction
those with other fomis of Cushing's syndrome is to determine

Slant and 8it|'|'|Pl0|'|'|8 response of cortisol output to administration of high-dose dc :

gffigggrfiglms fiiergggégdgpgfiignormea sone (2 mg every 6 h for 2 days}. An alternative 8-mg. overnight I
Diastolic hypertension close dexamethasone test has been developed; however, this test I - _

lower sensitivity and specificity than the standard test. When the‘ '

scmenlng um agnosis of Cushing‘s syndrome is clear~cut on the basis of - "
plasma 0°.-gjso| 3; 3 am 3. 140 nmom_ (5 llg_(d|_) urinary and plasma assays. the high—dose deitamethasone sup
film” "*9 d°*3""°“"3$°“° al midnight: Urine - test may be used without performing the preliminary low-dose
"99 mmsol 3' 140 "mow [50 "gm pression test. The high-dose suppression test provides close to l

specificity if the criterion used is suppression of urinary free nu

DUIHWGWBWHB IHPPTGIGIOFI W!‘ by >90%. Occasionally, in individuals with bilateral nodular Ii
c°""5°' '°5p°”5° °" ad day“ °‘5'“9q6h " plasia andfor ectopic CRH production. steroid output is also

pressed. Failure of low- and high-dose dexamethasone adrnini
to suppress cortisol production (Table 321-4) can occur in -

‘?:'::fi::1'F":i'3'yn”pdm°':n'e° with adrenal hyperplasia secondary to an ACT!-I-secreting an _
macroadenonia or an ACTH-producing tumor of noncndocrine - . 1'

Cgglllsg: a::l3":l"’::f:';s§2:n and in those with adrenal neoplasms.
la mg Q ah‘) Because of these difficulties. several additional tests have a

vocated, such as the metyrapone and CR]-I infusion tests. The =
underlying these tests is that steroid hypersecretion by an 5.dl'\‘.‘l!|Il'
nior or the ectopic production of ACTH will suppress the h =--5"

 
 
 

 

 
 
 
 

 
 

 
 
 

 
 
 

 

 

 

 

 

 

 

 
 

 

 
 

 
 

 
 
 

 
 

 

S I‘ N°r°5P°"'5° ... . .. .
Aflflfiflmfigmlma naranai hyparplasia lamic-pituitary axis so that inhibition of pituitary ACTH release
secondary to secondary to be demonstrated by either test. Thus. most patients with pi '
pituitary ACTH secretion ACTH-producing tumor

Adrenal neoplasm hypothalamic dysfunction andlor a microadenoma have an in
steroid or ACTH secretion in response to metyrapone or CRH :--
istration, whereas most patients with ectopic ACTH-producing - I-«'5 -

do not. Most pituitary macroadenomas also respond to CRH, but 1 '

géfirlal lasia response to metyrapone is variable. However. fa|se~positive and '_ -
sewndaryllgrp Adrenal neoplasia negative CRH tests can occur in patients with ectopic ACTH mi‘
Ac1*H.p,°duclng tumor Urinary,1?-KS or tuitary tumors. _

DHEA The main diagnostic dilemma in Cushing‘s syndrome is to -.--"
: ' guish those instances due to microadenomas ofthe pituitary from

due to ectopic sources (e.g., carcinoids or pheochromocytonia) i'
HI h Normal-low produce CRH andfor ACTH. The clinical manifestations are

Agjengml ll‘;;:'a'|'l unless the ectopic tumor produces other symptoms. such as nan ‘i _
carcinoma adenoma and flushing from a carcinoid tumor or episodic hypertension -if

pheochrornocytorna. Sometimes. one can distinguish between - " -

and pituitary ACTH production by using metyrapone or CR!-1 =:-»-_--

Fllilllli 321-7 Diagnostic flowchart for evaluating patients suspected ofhaving Cusl1- n9le.d above" In. these situations‘ Computigd tomography (CT)
ing's sgndrcme. *This group probalilg includes some patients with pituitary-hgptitha- Plfuuafy 8'3-Nd 15 Usually T10|'m3l- Magnetic 1'3‘-50113-H08 111338133 . "'
lamic dgsfunction and some with pituitarg microatienonias. In some instances. a with the enhancing agent gadolinium may be better than CI‘ for
mirroaiiennrna may be visualized by pituitary magnetic resonance scanning. 1?- KS, 1?- purpose but demonstrates pituitary mic;-oadenomas in only half n

ketusteroids: DHEA, deliudrcepiandrnsterone: ACTH, adrenutnrticmropi: hormone; ET, fiems with cu5h'mg'5 diseaw Because micmadgnomas ca,-lbe .
computed mmflgmphu‘ in up to 10 to 20% of individuals without known pituitary di _

_ _ _ ‘ positive imaging study does not prove that the pituitary is the --
with half of values falling 111 the normal range. However. the main of Aclvpl ex,:eSs_ In llwse wllh negallve imaging sludlesl ._._'_;
problem with the use of ACTH levels in the differential diagnosis of Pelmsal Sinus venous Sampling for AC-l-l.l is new used in many .,l_-‘_
Cushing’s syndrome is that ACTH levels may be similar in individuals cenlem ACTH levels are measumd at baseline 2 5 and lo min .,'l_

with ‘hypothalarnic-pituitary dysfunction. pituitary microadenomas. Wine CRH ll llykg W) in]-gcli0ns_ peak pelrosallperlpheml .l.__
ectopic CRH production. and ectopic ACTH production (especially rallos of ;.3 confirm the presence of 3 pilulmy ACTl.l_5°n.e- ll-I

 
Carcinmd ”'""°’5) (Table 32' ‘4)- mor. In centers where petrosal sinus sampling is perfonnedf -.. ."

it has proved highly sensitive for distinguishing pituitary and

3131; 33:4 pgm,,,g¢ 155 N 1-9,, of cmwr, gwgmm tuitary sources of ACFH excess. However, the catheterization _
“ dure is technically difficult, and complications have occurred.

E“°"”‘ Thd' ‘f ‘lod‘did ‘
NW C lfl.gl105IS O 3. ('0!'rlS0 -pf’ Itrcmg fl T6’?-la EHORICI III».-
flugm- ,\fl(m- gr my adrenal gested by low ACTH and disproportionate elevations in baseline

fest irderrarmi aiienrmir Production Tumor free cortisol levels with only modest changes in urinary 17- «'n‘," 

roids or plasma DHEA sulfate. Adrenal androgen secretion is -"'3"

reduced in these patients owing to the cortisol-‘induced suppress’
ACTH and subsequent involution of the androgen—produc'uig in
ticularis.

The diagnosis of adrenal’ carcinoma is suggested by a --= .
'9‘-9.9 <10 _ <10 abdominal mass and by markedly elevated baseline values r2’:'

. . , ' ' , ' urine 17-ketosteroids and plasma DHEA sulfate. Plasma and -_"

No“, ,._C—l-H_ admnmonlcmmplc human“ CRll_ cmlwmplngmlmlng llama“: cortisol levels are variably elevated. Adrenal carcinoma is usual]
N. non-mil; t. elevated: 1. decreased. See text for definition at a response. sistant to both ACTH stimulation and dexamethasone suppressi - -'_

 

 

ls-:.t't=' _Nt_oT Twill l
j -._ '9; <10 <101»  
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.l

filmed adrenal androgen secretion often
hails to virilization in the female. Estro-

I -producing adrenocortical carcinoma
: ly presents with gynecomastia in

_'l'.i. and dysfunctional uterine bleeding in
' en. These adrenal tumors secrete in-

.— amounts of androstenedione,

"ch is convened peripherally to the

I.-"1 u ens esrrone and estradiol. Adrenal
---I inomas that produce Cushing‘s syn-

- I e are often associated with elevated
els of the intermediates of steroid bio-

3.‘ thesis (especially ll-deoxycortisol}.

‘ esting inefficient conversion of the
"mediates to the final product. This

re also accounts for the characteristic

'_ rise in l7—l-retosteroids. Approxi-
ely 20% of adrenal carcinomas are not
i iated with endocrine syndromes and

presumed to be nonfunctioning or to
Lice biologically inactive steroid pre-

.- rs. In addition. the excessive produc-
of steroids is not always clinically
nt {e.g., androgens in adult men}.

I - ‘at Diagnosis I PSEl.lflti'-El.l5lllNE'5
' tour Problems in diagnosis include
' ents with obesity. chronic alcoholism.

ssion. and acute illness of any type.
lreme obe.sr't_v is uncommon in Cush-

s syndrome; furthermore. with exog-
ll‘ 5 obesity. the adiposity is gen-
ized. not truncal. On adrenoconical

.. 'ng. abnormalities in patients with ex-
W -- ous obesity are usually modest. Basal

I steroid excretion levels in obese pa-
" is are also either normal or slightly el-

ed. and the diurnal pattern in blood
urine levels is normal. Patients with rt‘l'l'.l"(J!l'li‘.' alml:oli.srii and those

it I de'pre.rsi‘oii share similar abnormalities in steroid output: modestly
ated urine cortisol. blunted circadian rhythm ofcortisol levels. and
tance to suppression using the overnight dexantethasone test. in

t to alcoholic subjects. depressed patients do not have signs and
ptoms of Cushing's syndrome. Following discontinuation of al-

'»i l andfor improvement in the emotional status. results ot‘ steroid
' g usually return to normal. One or more of three tests have been

_—r to differentiate mild Cushing's syndrome and pseudo-Cushing's
: me. The serum cortisol level following the standard 2-day low-
- tlexamethasone test has very high sensitivity and specificity. Al-
glt the CRH test alone is less useful. in combination with the
-dose ciexameihasone test. there is nearly complete discrimination
' een these two conditions. Finally. a midnight cortisol level ob-
--- in awake patients may have similar predictive value as the low-

- dexamethasone test if a cut-off of 210 nmo|,’L (7.5 ,u.g,t‘dL} is
- Patients with ariite ilt'm=.r.r often have abnormal results on lab-

in tests and fail to exhibit pituitary-adrenal suppression in re-
- to dexameihasone. since major stress (such as pain or fever}
pts the normal regulation of ACTH secretion. Iatrogenic Cush-

-s syndrome. induced by the administration of glucoconicoids or
_ steroids such as megestrol that bind to the glucoconicoid recep-

is indistinguishable by physical findings from endogenous adre-
.. '_-in "cal hyperfunction. The distinction can be made. however. by

- ring blood or urine cortisol levels in a basal state; in the iatro-
syndrome these levels are low secondary to suppression of the

n= -adrenal axis. The severity of iatrogenic Cushing‘s syndrome
ted to the total steroid dose, the biologic half—life of the steroid.

the duration of therapy. Also. individuals taking afternoon and
g doses of glucocorticoids develop Cushing's syndrome more

FIEU RE 321-ll Computed tomography (CT) is the preferred method for visualizing the adrenal glands (arrows). A. The
normal right adrenal gland is adjacent to the inferior vena cars (it) where it emerges from the liver. Approximatelg 90°23
of right adrenal glands appear as linear structures extending posteriorlg from the inferior vena cava into the space between
the right lobe of the liver and the crus of the diaphragm. The normal left adrenal gland is lateral to the left crus oi the
diaphragm and below the stomach. Most left adrenal glands are shaped like an inverted V or t’. El. Adrenal ET scan of a
patient with ectopic ltClH production. Both adrenal glands (arrows) are enlarged (compare with ill). In contrast, onlg 50%
of patients with bilateral adrenal ligperplasia seconoarg to pituitarg AETH hgper5ecretion show enlargement of the adrenals
when imaged tug CT scan. E. El scan of a patient with Eushing‘s sgndrome with biochemical evidence onlg of cortisol
overproduction. The left adrenal has been replaced bg a racquet-shaped 2-cm tumor (arrow). Attenuation of the tumor
is low because of its high lipid content. 0. CT scan in a patient with Eu5ning's sgndrome and biochemical evidence of an
adrenal carcinoma. In contrast to the tumor in C, the right-sided mass in this patient is large and has a heterogeneous
appearance—u5ual characteristics of an adrenal carcinoma.

readily and with a smaller total daily dose than do patients taking
morning doses only.

llatliologii: Evaluation for tu5|iing's Syndrome The preferred radiologic
study for visualizing the adrenals is a CT scan of the abdomen (Fig.
321-8). CT is of value both for localizing adrenal tumors and for di-
agnosing bilateral hyperplasia. All patients believed to have hyperse-
cretion of pituitary ACTH should have a pituitary MRI scan with
gadolinium contrast. Even with this technique. small microadenomas
may be undetectable: alternatively. false-positive masses due to cysts
or nonsecretory lesions of the normal pituitary may be imaged. In
patients with ectopic ACTH production. high-resolution chest CT is a
usefui first step.

Evaluation of flisgrnptririiatir Adrenal Masses With abdominal CT scanning.
many incidental adrenal masses (sn—called incidentalornas) are discov-
ered. This is not surprising. since ii) to 20% of subjects at autopsy
have adrenocortical adenomas. The first step in evaluating such pa-
tients is to dctennine whether the tumor is functioning by means of
appropriate screening tests. e.g.. measurement of 24-it urine catechol-
amines and metabolites and serum potassium and assessment of ad-
renal cortical function by dexamethasone-suppression testing.
However. 90% of incidentalornas are nonfunctioning. If an extra-
adrcnal malignancy is present. there is a 30 to 50% chance that the
adrenal tumor is a metastasis. If the primary tumor is being treated and

there are no other metastases. it is prudent to obtain a iine—needle
aspirate of the adrenal mass to establish the diagnosis. In the absence
of a known malignancy the next step is unclear. The probability of
adrenal carcinoma is -’.0.0l%. the vast majority of adrenal masses
being benign adenomas. Features suggestive of malignancy include
large size (a size 3- 4 to 6 cm suggests carcinoma}: irregular margins:
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and inhomogeneity, soft tissue calcifications visible on CT (Fig. 32]-
8), and findings characteristic of malignancy on a chemical-shift MRI
image. Ifsurgery is not performed, a repeat CT scan should be obtained
in 3 to 6 months. Fine—needle aspiration is not useful to distinguish
between benign and malignant primary adrenal tumors.

TREMMENT
Adrenal Neoplasm When an adenorna or carcinoma is diagnosed. ad-

renal exploration is perforrned with excision of the tumor. Adenomas
may be rcsccled using laparoscopic techniques. Because of the pos-
sibility of atrophy of the contralateral adrenal, the patient is treated
pre- and postoperatively as if for total adrenalectomy, even when a
unilateral lesion is suspected, the routine being similar to that for an
Addisonian patient undergoing elective surgery (see Table 32l-8).

Despite operative intervention, most patients with adrenal carci-
noma die within 3 years of diagnosis. Metastases occur most often to
liver and lung. The principal drug for the treatment of adrenocortical
carcinoma is mitotane (o,p’—DDD), an isomer of the insecticide DDT.
This drug suppresses cortisol production and decreases plasma and
urine steroid levels. Although its cytotoxic action is relatively selective
for the glucocorticoid-secreting zone of the adrenal cortex. the zona
glomerulosa may also be inhibited. Because mitotane also alters the
extraadrenal metabolism of cortisol, plasma and urinary cortisol levels
must be assessed to titrate the effect. The drug is usually given in
divided doses three to four times a day, with the dose increased grad~
ually to tolerability (usually <6 g daily). At higher doses, almost all
patients experience side effects, which may be gastrointestinal (ano-
rexia. diarrhea, vomiting) or neuromuscular (lethargy, sorrtnolencc,

dizziness). All patients treated with ntitotane should receive long-term
glucocorticoid maintenance therapy. and, in some, mirteralocorticoid
replacement is appropriate. In approximately one-third of patients,
both tumor and metastases regress, but long—lern'i survival is not al-
tered. In many patients, mitotane only inhibits stcroidogcnesis and
does not cause regression of tumor metastases. Osseous metastases are
usually refractory to the drug and should be treated with radiation
therapy. Mitotane can also be given as adjunctive therapy after surgical
resection of an adrenal carcinoma, although there is no evidence that
this improves survival. Because of the absence of a long—term benefit
with mitotane, alternative chemotherapeutic approaches based on plat~
inum therapy have been used. However, there are no data presently
available indicating a prolongation of life.

liltillfitxlt HYPERPLASM Patients with hyperplasia usually have a relative
or absolute increase in ACTH levels. Since therapy would logically
be directed at reducing ACTH levels, the ideal primary treatment for
ACTI-l— or CR!-l—producing tumors, whether pituitary or ectopic, is
surgical removal. Occasionally (particularly with ectopic ACTH pro-
duction) surgical excision is not possible because the disease is far
advanced. In this situation, “medical” or surgical adrenalectomy may
correct the hypereortisolistn.

Controversy exists as to the proper treatment for bilateral adrenal
hyperplasia when the source of the ACTH overproduction is not ap-
parent. In some centers, these patients [especially those who suppress
after the administration of a high—dose dexamethasone test) undergo
surgical exploration of the pituitary via a transsphenoidal approach in
the expectation that a rrticroadertorna will be found (Chap. 318). How-
ever, in most circumstances selective petrosal sinus venous sampling
is recommended, and the patient is referred to an appropriate center if
the procedure is not available locally. If a microadenoma is not found
at the time of exploration, total hypophysectomy may be needed. Com-
plications of transsphenoidal surgery include cerebrospinal fluid rhi-
norrhea, diabetes insipidus, panhypopituitarism, and optic or cranial
nerve injuries.

In other centers. total adrenalectomy is the treatment of choice. The
cure rate with this procedure is close to 100%. The adverse effects
include the certain need for lifelong mineralocorticoid and glucocor-

ticoid replacement and a II] to 20% probability of a pituitary tumor
developing over the next 10 years (Nelsons syndrome; Chap. 318). It
is uncertain whether these tumors arise de novo or if they were present
prior to adrenalectomy but were too small to be detected. Periodic
radiologic evaluation of the pituitary gland by MRI as well as serial
ACTH measurements should be performed in all individuals after bi—
lateral adrenalectomy for Cushing‘s disease. Such pituitary tumors
may become locally invasive and impinge on the optic chiasm or ex—
tend into the cavernous or sphenoid sinuses.

Except in children, pituitary irradiation is rarely used as primary
treatment. being reserved rather for postoperative tumor recurrences.
In some centers, high levels of gamma radiation can be focused on the
desired site with less scattering to surrounding tissues by using ster-
eotactic techniques, Side effects of radiation include ocular motor
palsy and hypopituitarism. There is a long lag time between treatment
and remission. and the remission rate is usually <50%.

Finally, in occasional patients in whom a surgical approach is not
feasible. “medicaI" adrenalectomy may be indicated [Table 321-5).
Inhibition of stcroidogcnesis may also be indicated in severely cush-
ingoid subjects prior to surgical itttervetttion, Chemical adrenalectomy
may be accomplished by the administration of the inhibitor of steroid-
ogenesis ltetoconazole (600 to 1200 mgfd). In addition. ntitorane (2 or
3 gfd) andror the blockers of steroid synthesis aminoglutethimidc
ll gfd) and metyrapone [2 or 3 gfd] may be effective either alone or
in combination. Mitotane is slow to take effect (weeks). Mifepristone,
a competitive inhibitor of the binding of glucocorticoid to its receptor,
may be a treatment option. Adrenal insttfficiency is a risk with all these
agents, and replacement steroids may be required.

ALDOSTEROHISM Aldosteronisrn is a syndrome associated with hy-

persecretion of the mirteralocorticoid aldosterone. In pl"fmc2!’_'l’ aldos-
teronism the cause for the excessive aldosterone production resides
within the adrenal gland: in secondary aldosteronism the stimulus is
cxtraadrertal.

Primary Aldtisternnism In the original descriptions of excessive and in-
appropriate aldosterone production, the disease was the result of an
uidosterone-prodttcing adrenal adenontn (Conn's syndrome}. Most
cases involve I1 unilateral adcnoma, which is usually small and may
occur on either side. Rarely. primary aldosteronism is due to an adrenal
carcinoma. Aldosteronisrn is twice as common in women as in men,

usually occurs between the ages of 30 and S0, and is present in —- I as
of unselected hypertensive patients. However, the prevalence may be
as high as 5%, depending on the criteria and study population. In many
patients with clinical and biochemical features of primary aldoster-
onism, a solitary adenoma is not found at surgery. Instead, these pa-
tients have biintcral cortical’ nodular hyperpIa.sio. In the literature, this
disease is also termed idiopathic hvperaIdosreront‘sm, and/or rtodnlrrr
h_vperp.-'usr'tt. The cause is unknown.

stalls AND EYMFFOMS Hypersecretion of aldosterone increases the renal
distal tubular exchange of intratubular sodium for secreted potassium
and hydrogen ions, with progressive depletion of body potassium and
development of hypokalemia. Most patients have diastolic hyperten-
sion, which may be very severe, a.nd headaches. The hypertension is
probably due to the increased sodium reabsorption and extracellular
volume expansion. Potassium depiction is responsible for the muscle

TABl.E 321-5 Treatment Modalities for Patients tuirl: Adrenal
Hyperplusisr Setttndurg to Pittrilory ANN Hypersecrcttiiln

Treatments to reduce pituitary ACTH production
Tmnssphenoidal resection of nrticroadenorna
Radiation therapy

Ti-eatrnents to reduce or eliminate adrenocortical cortisol secretion

Bilateral adrenalectomy
Medical adrenalectomy (metyrapone, ntitotane, arninoglutethimide,

loetoconazole}°

” Not curative but effective as long as chronically administered in selected patients.
Note: ACTH. adrenocorticotropic honttone.
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weakness and fatigue and is due to the effect of potassium depletion
on t.he muscle cell membrane. The polyuria results from impairment
of urinary concentrating ability and is often associated with polydipsia.
However, some individuals with mild disease, particularly the bilateral
hyperplasia type, may have normal potassium levels and therefore
have no symptoms associated with hypokalemia.

Electrocardiographic and roentgenographic signs of left venoicular
enlargement are. in part. secondary to the hypertension. However, the
left ventricular hypertrophy is disproportionate to the level of blood
pressure when compared to individuals with essential hypertension,

and regression of the hypertrophy occurs even if blood pressure is not
reduced after removal of an aldosteronoma. Electrocardiographic signs
of potassium depletion include prominent U waves, cardiac arrhyth-
rnias, and premature contractions. In the absence of associated con-

gestive heart failure, renal disease, or preexisting abnormalities (such
as thrombophlebitis), edema is characteristically absent. However,
structural damage to the cerebral circulation, retinal vasculature, and
kidney occurs more frequently than would be predicted based on the
level and duration of the hypertension. Proteinuria may occur in as
many as 50% of patients with primary aldosteronism, and renal failure

occurs in up to 15%. Thus, it is probable that excess aldosterone pro-
duction induces cardiovascular damage independent of its effect on
blood pressure.

Ltllfltlllllflllll’ FlltlllNd5 Laboratory findings depend on both the duration
and the severity of potassium depletion. An overnight concentration
test often reveals impaired ability to concentrate the urine. probably
secondary to the l‘Iypol<a.lemia_ Urine pH is neutral to alkaline because
of excessive secretion of ammonium and bicarbonate ions to compen-
sate for the metabolic all-talosis.

Hypolrrrlerrricr may be severe (<3 mrno],fL} and reflects body po-
tassium depletion. usually >300 mmol. In mild fortns of primary al-
dosteronisrrt. potassium levels may be normal. Hyperntm'emt'a is
infrequent but may be caused by sodium retention, concomitant water
loss from polyuria. and resetting of the osmostat. Metabolic alkalosis

and elevation of serum bicarbonate are caused by hydrogen ion loss
into the urine and migration into potassium—depleted cells. The alka-
Iosis is perpetuated by potassium deficiency. which increases the ca-
pacity of the proximal convoluted tubule to reabsorb filtered
bicarbonate. If hypokalemia is severe, serum magnesium levels are
also reduced.

DlAGNU5lS The diagnosis is suggested by persistent hypoltalemia in a
nonedematous patient with a normal sodium intake who is not receiv-
ing potassium-wasting diuretics (furosemide. cthacrynic acid, thia-
zides). If hypokulemia occurs in a hypertensive patient taking a
potassium—wasting diuretic, the diuretic should be discontinued and

the patient should be given potassium supplements. After 1 to 2 weeks.
the potassium level should be remeasurcd, and if hypokalernia persists.
the patient should be evaluated for a mineraloconicoid excess syn-
drome (Fig. 321-9).

The criteria for the diagnosis of primary aldosteronism are [1] di-
astolic hypertension without edema. (2) hyposecretion of renin (as
judged by low plasma renin activity levels) that fails to increase ap-
propriately during volume depletion (upright posture, sodium deple-
tion}, and (3) hypersecretion of aldostcrone that does not suppress
appropriately in response to volume expansion.

Patients with primary aldosteronism characteristically do not have
edema, since they exhibit an “escape" phenomenon from the sodium-
retaining aspects of mineralocorticoids. Rarely, pretibial ederna is
present in patients with associated nephropathy and azoternia.

The estimation of plasma renin activity is of limited value in sep-
arating patients with primary aldosteronisrn from those with hyperten-
sion of other causes. Although failure of plasma renin activity to rise
nomtally during volume—dep|etiort maneuvers is a criterion for a di-
agnosis of primary aldosteronism. suppressed renin activity also oc-
cuts in --25% of patients with essential hypertension.

Although a renin measurement alone lacks specificity. the ratio of
serum aldosterone to plasma renin activity is a very useful screening
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Diastolic hypertension with hypokalemla

Stop diuretics KCI supplement X 10 days

Repeat serum K* determlnatlon

Nonmoltalernia’
Normal response
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Mlrtoralocorticold excess
states

check for Iloorlce or
earbenoxolone ingestion

Absent
Measure plasma renin
activity
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Discontinue agent
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or renin tumor

 
LOW
MBESIHB plasma BIUOS-!EfDI1Elevel 
Normal or high
Measure plasma aldosterone
level before and after saline

loading?

LOW
Look tor nonaldosterone
rnlnoralocortiooid-i

 
  High and nonsuppressible

Perform adrenal CT or MFII  

  

 

Complete suppression
Not primary aldosteronisrn

Tumor seen
Surgery  

No tumor seen
Measure plasma aldosterono
level after tlexarnetnosone
administration  

 
 
 

 
  

No suppression
Idiopathic hyperplasia

Profound suppression
Screen for BRA genotype 
 
 

FIGURE 321-9 Diagnostic flowchart for evaluating patients with suspected prirnart
aldosterontsrn. *Serum l(- mag be normal in some patients with huperaldosteronism
who are taking potas5ium—span'ng diuretics (soironolanonc, triarr-terene) or who have
a low sodium intake and a high potassium intake. tlhis step should not he taken if
hgpertension is severe ldlastolit pressure 2> 115 mmhgl or if cardiac failure t5 present.
Also, serum potassium levels should be corrected before the intrusion of saline solution.
Alternative methods that produce Comparable suppression of aldosterone secret1onin—
clude oral sodium loading (200 mmolxdl and the administration of lludrocortisonc, ll.2
mg bid, for 3 days. *For example, Liddlrfs sgndrntne, apparent mtneralocortitoid excess
syndrome, or a domturortlrosterone-secreting tumor. (Gllll, glul:ototlltoid—tEmedlal1le
aldosleronlsm; El, computed lomographu; MRI, magnetic resonance imaging.)

test. A high ratio (>30), when aldosterone is expressed as ngl'dL and
plasma renin activity as ng;’rnL per hour, strongly suggests autonomy
of aldosterone secretion. Aldosterone levels need to be >500 pmoiflu
(>15 ng/dL) when salt intake is not restricted. In some centers, the
aldosteronefplastna renin activity ratio is used as a primary screen test
in all normokalemic, difficult-to-control hypertensive patients. in addi-
tion to those with hypokalemiut Ultimately, it is l"lE(‘.t’..'-l.\‘.Fl|‘y to demon-

strate a lack of aldosterone suppression to diagnose primary
aldosteronism (Fig. 321-9). The autonomy exhibited in these. patients
refers only to the resistance to suppression of secretion during volume
expansion; aldosterone can and does respond in a normal or above-
normal fashion to the stimulus of potassium loading or ACTH infusion.
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Once hyposecrction of renin and failure of aldosterone secretion
suppression are demonstrated. aldosterone-producing adenomas
should be localized by abdominal CT scan, using a high-resolution
scanner as many aldosteronomas are <1 cm in size. If the CT scan is
negative. percutaneous transfcrnoral bilateral adrenal vein catheteri-
ration with adrenal vein sampling may demonstrate a two- to threefold
increase in plasma aldosterone concentration on the involved side. In
cases of l'typeraldosteronism secondary to cortical nodular hyperplasia.
no lntcralization is found. It is important for samples to be obtained
simultaneously if possible and for cortisol levels to be measured to
ensure that false localization does not retiect dilution or an ACTH— or
stress-induced rise in aldostcrone levels. In a patient with an adenoma.
the aldosteronefcortisol ratio lateralizes to the side of the lesion.

flTFF£RE:l'Thll omtnnsts Patients with hypertension and hypoltalemia

may have either primary or secondary hyperaldostcronism (Fig. 321-
10). A useful maneuver to distinguish between these conditions is the
measurement of plasma renin activity. Secondary hyperaldosteronism
in patients with accelerated hypertension is due to elevated plasma
renin levels: in contrast, patients with primary alclosteronism have sup-

pressed plasma renin levels. Indeed, in patients with a serum potassium
concentration of <2.5 mmolfL, it high ratio of plasma aldostcrone to

plasma renin activity in a random sample is usually sufficient to es-
tablish the diagnosis of primary aldosteronism without additional test-
ing. Ectopic ACTH production should also be considered in patients
with hypertension and severe hypokalemia.

Primary aldosiemnism must also be distinguished from other hy-
permirreralotv;-r'ricoid stores. Nonaldosterone rnineralocorticoid states
will have suppressed plasma renin activity but low aldosteronc levels.
The most common problem is to distinguish between hyperaldosterw
onism due to an adcnoma and that due to idiopathic bilateral nodular

hyperplasia. This distinction is important because hypertension asso-
ciated with idiopathic ltyperplasia does not usually benefit from bilat-
eral adrenalectomy, whereas hypertension associated with al-
dosterone-produeing tumors is usually improved or cured by removal
of the adenorna. Although patients with idiopathic bilateral nodular

hyperplasia tend to have less severe hypokalemia, lower aldosteront:
secretion. and higher plasma renin activity than do patients with pri-
mary aldosteronism, differentiation is impossible solely on clinical
andlor biochemical grounds. An anomalous postural decrease in

plasma aldosterone and elevated plasma I8-hydroitycorticosterone
levels are present in most patients with a unilateral lesion. However,
these tests are also of limited diagnostic value in the individual patient.
because some adenoma patients have an increase in plasma aldosterone
with upright posture. so~called renin-responsive aldosterononta. A de-
finitive diagnosis is best made by radiographic studies. including bi-
lateral adrenal vein cntheterization. as noted above.

In a few instances, hypertensive patients with hypokalemic alka-
losis have adenomas that secrete deoxycorticosterone. Such patients
have reduced plasma renin activity levels. but aldosterone levels are

Primary Secondary
aldosteronlsm aldosleronisrn

/{vol\ /fvo..\
{Nat Flenin fNa* lfienin

& / K ’/§ Aldo‘ 1' Aldo »-’/
‘initiating event

FIGURE 321-10 Responses of the ren1n—aldosIerone volume control loop in ptirllatg
versus secondary aldosteronism.

  

either normal or reduced, suggesting the diagnosis of tnineralocorti—
eoid excess due to a hormone other than aldosterone. Several inherited
disorders have clinical features similar to those of primary aldostcr-
onism (see below).

TREATMENT
Primary rrldosteronisrn due to an ztdenoma is usually treated by surgical
excision of the adenorna, Where possible :1 laparoscopic approach is
favored. However. dietary sodium restriction and the administration
of an aldosterone antagonist—e.g.. spironolactone—are effective in

many cases. Hypertension and hypol-talemia are usually controlled by
doses of 25 to 100 mg spironolactone every 8 h. in some patients
medical management has been successful for years. but chronic ther-
apy in men is usually limited by side effects of spironolactone such
as gynecontastia. decreased libido. and impotence.

When idiopathic bilateral hyperplasia is suspected. surgery is in-
dicated only when significant. symptornatic hypokolernia cannot be
controlled with medical therapy, i.e.. by spironolactonc, triarnterene,
or arniloride. Hypertension associated with idiopathic hyperplasia is
usually not benefited by bilateral adrenalectomy.

Secondary AllItl5tEl'tll1l5I11 Sctfondury al'd0s'teT'rrnisnT refers to an appro-

priately increascd production of aldosterone in response to activation
of the renin—angiotensin system (Fig. 321-10). The production rate of
aldosterone is often higher in patients with secondary aidosteronism
than in those with primary aldosteronism. Secondary aldosteronism
usually occurs in association with the accelerated phase of hyperten-
sion or on the basis of an underlying edema disorder. Secondary al-
dosteronism in pregnancy is a normal physiologic response to
estrogen-indttced increases in circulating levels of renin substrate and
plasma renin activity and to the anti-aldosterone actions of progester-
gens.

Secondary aldosteronism in hypertensive states is due either to a
primary overproduction of renin (primary reninism) or to an overpro-
duction of renin secondary to a decrease. in renal blood flow andfor

perfusion pressure. (Fig. 321-10]. Secondary hypersecretion of renin
can be due to a narrowing of one or both of the major renal arteries
by atherosclerosis or by fibrornuscular hypcrplasia. Overprodtiction of
renin from both kidneys also occurs in severe aneriolarnephroselerosis
("malignant hypertension) or with profound renal vasoconstriction(tl1c
accelerated phase of hypertension). The secondary aldosteronism is
characterized by hypokalemic alkalosis, moderate to severe increases
in plasma renin activity. and moderate to marked increases in aldos-
ternne levels.

Secondary aldosteronism with hypertension can also be caused by
rare renin—produeing tumors (primary reninism). In these patients. the
biochemical characteristics are of renal vascular hypertension, but the

primary delect is renin secretion by a juxtagiomerular cell tumor. The
diagnosis can he made by demonstration of nonnal renal vasculttture
andfor demonstration of a space-occupying lesion in the kidney by
radiographic techniques and documentation of a unilateral increase in
renal vein renin activity. Rarely. these. tumors arise in tissues such as
the ovary.

Secondary aldosteronism is present in many forms of cdamrr. The
rate of aldosterone secretion is usually increased in patients with

edema caused by either cirrhosis or the nephrotic syndrome. in con-
gestive heari failure, elevated aldosterone secretion varies depending
on the severity of cardiac failure. The stimulus for aldosterone release
in these conditions appears to be or-re:-for liypovolemia andlor hypo-
tension. Thiazides and furosemide often exaggerate secondary aldos-

teronisrn via volume depletion; hypoltalemia and. on occasion,
all-talosis can then become prominent features. On occasion secondary

hyperaldosteronism occurs without edema or hypertension (Banter and
Gitelman syndromes. see below).

Altlosrerone and Eardiovasnllar Damage Although many studies have in-

vestigated the role of angiotensin II in mediating cardiovascular dam-
age. additional evidence indicates that aldosterone has an important
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role that is independent of angiotensin II. Patients with primary al-
dosteronism (in which angiotensin II levels are usually very low) have
a higher incidence of left ventricular hypertrophy (LVH). albuminuria,
and stroke than do patients with essential hypertension. Experimental
animal models mimicking secondary aldosteronism (angiotensin in-
fusion) or primary aldosteronism (aldosterone infusion) reveal a com-
mon pathophysiologic sequence. Within the first few days there is

activation of proinflammatory molecules with a histologic picture of
perivascular macrophage. infiltrate and inflammation. followed by cel-
lular death. fibrosis, and ventricular hypertrophy. These events are
prevented if an aldosterone receptor antagonist is used or if adrena-
lectomy is perfonned initially. The same pathophysiologic. sequence
is seen in animals with average aldosterorte levels and cardiovascular
damage. i.e.. diabetes mellitus, or genetic hypertensive rats. Impor-
tantly, the level of sodium intake is a critical co-factor. If salt intake
is severely restricted, no damage occurs eve.n though the aldosteronc
levels are markedly elevated. Thus. it is not the level of aldosterone
per se that is responsible for the damage, but its level relative to the
volume or sodium status of the individual.

Four clinical studies support these experimental results. In the
RALES trial, patients with class IUIV heart failure were randomized
to standard care or a low dose of the tnineralocorticoid receptor an-
tagonist. spironolztctone. There was a 30% reduction in all-cause mor-
tality and cardiovascular mortality and hospitalizations after 36
months. Two studies in hypenensive subjects addressed the question
of the relative importance of a reduction of angiotensin II formation
versus blockade of the MR in mediating cardiovascular damage. Sub-
jects were randomized to eplerenone {an MR antagonist). enalapril (an
ACE inhibitor"). or both agents. In the tirsl study the subjects had LVH.
with the end point being a reduction in LVI-l. In the second. the sub-
jects had diabetes mcllitus and proteinuria, with the end point being ti
reduction in proteinuria. ln both studies all three treatment arms sub-

stantially reduced the primary end point: however, the most potent
effect occurred in the combination anns of the studies. In the mono-

therapy LVH anns. the reduction in LVH was similar. while in the
proteinuria study. eplerenone produced a greater reduction than did
enalapril. The final study was the. EPHESUS trial. where individuals
who developed congestive heart failure after an acute. myocardial in-
farction were randornized to standard—of—care treatment with or without

a small dose of cplcrcnonc. Eplerenone administration produced a sig-
nificantly greater reduction in mortality (15 to 17%) and in cardiovas-

cular—related hospitalizations than the placebo arm. Thus. these four
clinical studies provide strong support to the hypothesis that MR
blockade has a significant added advantage over srandard—of—care. ther-
apy in reducing cardiovascular mortality and surrogate end points.
However, rc-gutatory approval is pending.

SYN DROME5 BF ADRENM. ANBROGEH EXCESS Adrenal androgen excess re-
sults from excess production of DHEA and androstencdione.- which
are convened to testosterone in extraglandular tissues; elevated tes-

tosterone levels account for most of the virilization. Adrenal androgen
excess may be associated with the secretion of greater or smaller
amounts of other adrenal hormones and may, therefore, present as
"pure" syndromes of virilization or as “mixed" syndromes associated
with excessive glucocorticoids and Cushing‘s syndrome. ‘"5or fur-
ther discussion ofirirstttism and trititization, see Chap. 44'.

HYPOFUNETHJN BF THE ADRENAI. CORTEX

Cases of adrenal insufficiency can be divided into two general cate-
gories: (1) those associated with primary inability of the adrenal to
elaborate sufficient quantities oi’ hormone. and (2) those associated
with a secondary failure due to inadequate ACTH formation or release
{Table 321-6).

PRIMARY ADRENOCBETIEAL DEFIEIENCY (AIJDISIJWS DISEASE) The original
description of Addison’s disease—“general languor and debility, fee-
bleness of the heart’s action, irritability of the stomach, and a peculiar
change of the color of the skin"—summarizes the dominant clinical
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Til Elf 321-5 Clussifirution of Adrenal lnsufiiriedry

PRJMMIY Allltllflitll. lN5llF.FlClEt'u'Cl'

Anatomic destruction of gland (chronic or acute)
“ldiopathic“ atrophy (autoi1'rn'rrune. adrenoleukodystrophy}
Surgical removal
Infection (tuberculous, fungal. vii-al—espccialJy in AIDS patients)
Hemorrhage
Invasion: metastatic

Metabolic failure in hormone production
Congenital adrenal hyperplasia
Enzyme inhibitors (metyra.porto,katDG0lJ1t2£Jle. arninoglutethhnide)
Cytotoxic agents [mitotane)

ACTH-blocking antibodies
Mutation in ACTH receptor gene
Adrenal hypoplasia congenita

SEEGNDARV ADRE-‘W. INSUFFICIENCY

Hypopituitnrism "due to hypothzdarnic-pitIflta.I'y disease
Suppression of hypothalarnic-pituitary axis

By exogenous steroid
By endogenous steroid from tumor

Note: ACTH. adrenocorticotropic hormone.

features. Advanced cases are usually easy to diagnose. but recognition
of the early phases can be a real challenge.

Incidence Acquired forms of primary insufficiency are relatively rare.
may occur at any age, and affect both sexes equally. Because of the
common therapeutic use of steroids. secondary adrenal insufficiency
is relatively common.

Etiology and Pathogenesis Addison's disease results from progressive
destruction of the adrenals, which must involve >909? of the glands
before adrenal insufficiency appears. The adrenal is a frequent site for
chronic granulomatous diseases. predominantly tuberculosis but also
histoplasmosis. coccidioidomycosis, and cryptococcosis. In early se-
ries. tuberculosis was responsible for 70 to 90% ofcases, but the most
frequent cause now is idiopatlzir‘ atrophy, and an autoimmune meeti-
anisrn is probably responsible. Rarely, other lesions are encountered,
such as adrenoleulaodystrophy, bilateral hemorrhage. tumor metasta-
ses. HIV, cytorriegalovirus (CMV). amyloidosis. adrenomye|oneu-
ropathy, familial adrenal insufficiency, or sarcoido-sis.

Although half of patients with idiopathic atrophy have circulating
adrenal antibodies. autoimmune destruction is probably secondary to
cytotoxic '1' lymphocytes. Specific adrenal antigens to which autono-
tibodies may be directed include 21-hydroxylase {CYP2lA2) and side
chain cleavage enzyme, but the significance of these antibodies in the
patlmgenesis of adrenal insufficiency is unknown. Some antibodies
cause adrenal insufficiency by blocking the binding of ACTH to its
receptors. Some patients also have antibodies to thyroid. parathyroid.
and/or gonadal tissue tChap. 330). There is also an increased incidence
of chronic lymphocytic thyroiditis, premature ovarian failure, type 1
diabetes mellitus, and hypo- or hyperthyroidism. The presence oftwo
or more of these autoimmune endocrine disorders in the same person
defines the polyglandular autoimmune syndrome type II. Additional
features include pernicious anemia. vitiligo. alopecia. nontropical
sprue, and myasthenia gravis. Within families, multiple generations
are affected by one or more of the above diseases. Type II polyglan-
dular syndrome is the result of a mutant gene on chromosome 6 and
is associated with the HLA alleles B8 and DR3.

The combination of parathyroid and adrenal insufficienc:-' and
chronic mucocutaneous candidiasis constitutes type I poiyglandular
autoimmune syndrome. Other autoimmune diseases in this disorder

include pernicious anemia. chronic active hepatitis, alopecia. primary
hypothyroidism, and premature gonadal failure. There is no HLA as-
sociation; this syndrome is inherited as an autosomal recessive trait.
It is caused by mutations in the autoimmune polyendocrinopathy can-
didiasis ectoderrrtal dystrophy (APECEDl gene located on chromo-
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some 2lq22.3. The gene encodes a transcription factor thought to be
involved in lymphocyte function. The type I syndrome usually pres-
ents during childhood. whereas the type II syndrome is usually man-
ifested in adulthood.

Clinical suspicion of adrenal insufficiency should be high in pa-
tients with AIDS (Chap. 173). CMV regularly involves the adrenal
glands t'so—cal|ed CMV necrotizing adrenalitisl. and involvement with
Mycobncleriitriz :2vitrm-inrracreiitriztrc, Cryptococcrt.-r, and Kaposi's sar-
coma has been reported. Adrenal insufficiency in AIDS patients may
not be manifest. but tests of adrenal reserve frequently give abnormal

results. When interpreting tests of adrenocortical function. it is im-

portant to remember that medications such as rifampin. phenytoin.
ketoconazole, megcstrol, and opiates may cause or potentiate adrenal
insufficiency. Adrenal hemorrhage and infarction occur in patients on
anticoagulants and in those with circulating anticoagulants and hyper-
coagulable states, such as the antiphospholipid syndrome.

There are several rare genetic causes of adrenal insufficiency that

present primarily in infancy and childhood (see below).

Clinical Signs and Symptoms Adrenocortical insufficiency caused by

gradual adrenal destruction is characterized by an insidious onset of
fatigability, weakness. anorexia, nausea and vomiting, weight loss,
cutaneous and mucosal pigmentation, hypotension. and occasionally
hypoglycemia (Table 321-7"). Depending on the duration and degree
of adrenal liypofunction. the manifestations vary from mild chronic
fatigue to fulminating shock associated with acute destruction of the
glands. as described by Waterhouse and Friderichscn.

Astiterrio is the cardinal symptom. Early it may be sporadic. usually
most evident at times of stress; as adrenal function becomes more im-

paired. the patient is continuously fatigued. and bed rest is necessary.
Hyperpigrrtertlttriorr may be striking or absent. Itcommonly appears

as adiffuse brown, tan, or bronze darkening of pans such as the elbows
or creases of the hand and of areas that normally are pigmented such
as the areolae about the nipples. Bluish-black patches may appear on
the mucous membranes. Some patients develop dark freckles. and ir-

regular areas of vitiligo may paradoxically be present. As an early sign,
tanning following sun exposure may be persistent.

Arterial’ hyporension with postural accentuatiott is frequent, and
blood pressure may he in the range of 30/50 or less.

A bnor'ntnIin‘t>s of gastrc-irrtc.rrt‘rial function are often the presenting
complaint. Symptoms vary from mild anorexia with weight loss to
fulminating nausea, vomiting, diarrhea, and ill-defined abdominal
pain, which may be so severe as to be confused with an acute abdomen.
Patients may have personality changes, usually consisting of excessive
irritability and restlessness. Enhancement of the sensory modalities of
taste, olfaction. and hearing is reversible with therapy. Axillary and

pubic hair may be decreased in women due to loss of adrenal andro-
gens.

Laboratory Findings In the early phase of gradual adrenal destruction,
there may be no demonstrable abnonttalities in the routine laboratory

 

TABLE 321-? Frequency of Symptoms and Signs in Adrenal lnsnfficienry

Sign or Symptom Percent of Patients 

Weakness 99
Pigmentation of skin 98
Weight loss 97
Anorexia, nausea, and vomiting 90
Hypotension ((110m)) 37
Pigmentation of mucous membranes B2
Abdominal pain 34
Salt craving 22
Diarrhea 20

Constipation 19
Syrteope 16
Vitiligo 9 

parameters, but adrenal reserve is decroased—that is, while basal ster-
oid output may be normal, a subnorrnal increase occurs after stress.
Adrenal stimulation with ACTH uncovers abnormalities in this stage

of the disease, eliciting a subnorrnal increase of cortisol levels or no
increase at all. In more advanced stages of adrenal destruction, serum
sodium. chloride, and bicarbonate levels are reduced, and the serum

potassium level is elevated. The hyponatrornia is due both to loss of
sodium into the urine [due to aldosterone deficiency) and to movement

into the intracellular compartment. This extravascular sodium loss de-
pletes extracellular fluid volume and accentuates hypotension. Ele-
vated plasma vusopressin and angiotensin II levels may contribute to
the hyponatremia by impairing free water clearance. Hyperltalerrtia is
due to it combination of aldosterone deficiency. impaired glomerular
filtration. and acidosis. Basal levels of cortisol and aldosterone are

subnormal and fail to increase following ACTH administration. Mild

to moderate hypercalcernia occurs in 10 to 20% of patients for unclear
reasons. The electrocardiogram may show nonspecific changes, and
the electroencephalogram exhibits a generalized reduction and slow~
ing. There may be it norrnocytic anemia. :1 relative lymphocytosis, and
a moderate eosinophilia.

Diagnosis The diagnosis of adrenal insufficiency should be made only
with ACTH stimulation testing to assess adrenal reserve capacity for

steroid production (see above for ACTH test protocols}. In brief, the
best screening test is the conisol response 60 min after 250 ug of
cosyntropin given intramusculatly or intravenously. Cortisol levels
should exceed 495 t1l‘n0l,"L (18 ,ug,l’dLl. If the response is abnormal,
then primary and secondary adrenal insufficiency can be distinguished
by measuring aldosterone levels from the sarne blood samples. In sec-
ondary, but not primary, adrenal insufficiency the aldosterone incre-
ment will be normal [33 l 50 pmolfl (5 ng!dL_l]. Furthermore. in primary
adrenal insufficiency. plasma ACTH and associated peptides (,B—LFI‘)
are elevated because of loss of the usual cortisol-hypothalamic—pitui-

tary feedback relationship, whereas in secondary adrenal insufficiency.
plasma ACTH values are low or “inappropriately" nortnal (Fig.
321-] 1).

Signs and symptoms
Weakness
Hypotension
Weight loss
1 Hyperpigrnentatlon

Screening test
Plasma cortisol 30-60 min

after 250 pg cosyntropin
IM or IV

Subnormal
Possible adrenal insufficiency

(primary or secondary)

Plasma ACTH andior plasma
aldosterone (aldol Increment
3:] min after 250 pg cosyntropin
IM or IV

High ACTH; subnorrnal
aldo increment

Primary adrenal insufficiency

Low-normal ACTH; normal
aldc increment

Secondary adrenal insufficiency
Normal

FIGURE 321-ll Diagnostic flowchart for evaluating patients with suspected adrenal
insufficiency. Plasma adreootortltotroplc hormone (ACTH) levels are low in secondary
adrenal insufficiency. In adrenal insufficiency secondary to pituitary tumors or idio-
pathic panhupopituitarlsrn, other pituitary hormone deficiencies are present. on the
other hand, AETH deficlenru may be isolated, as seen following prolonged use of
exogenous glucotorticoids. Because the isolated blood levels obtained in these screen-
ing tests may not he definitive, the diagnosis may need to be confirmed by a continuous
24-h ACTH infusion. Normal subjects and patients with secondary adrenal insufficiency
may be I1lST.il'lgUlShEtl bu insulin tolerance or meturaoone testing.
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Differential Diagnosis Because weakness
and fatigue are common, diagnosis of

Tfillllf 321-H Steroid Therapy Schedule for tr Patient urttlt Adrenal insufficiency Undergoing Surgery-'

Hydrutnrttsnne (Orally)
early adrenocortical insufficiency 111:1)’ Hydmcanistme lnfusian, Fludrric.-Jrtisane
be difficult. However, the combination Continuous. my/ll 8 Met. 4 Mt. (Orally). 8 AM.

of mild gastrointestinal distress, weight Routine daily mfidicafion 20 10 OJ
loss, anorexia. and a suggestion of 111- Day before operation 20 10 DJ
creased pigmentation makes it manda— Day of operation to
tory to perform ACTH stimulation Day 1 5-7.5

testing to rule out adrenal insufficiency, D33’ 3 5-5 "5 40 2 ]
particularly before steroid treatment is 3:3 E: 40 23
begun. Weight loss is useful in eva|u— Day 5 40 -20 OJ
ating the significance of weakness and Day 6 20 20 0.]
malaise. Racial pigmentation may be a D3)’ 7 30 1° 0-‘
problem, but a rer_'ertt and progressive
increrrse in pigmentation is usually re-
ported by the patient with gradual ad-
renal destruction. Hyperpigmentation is usually absent when adrenal
destruction is rapid, as in bilateral adrenal hemorrhage. The fact that
hyperpigmentation occurs with other diseases may also present a prob-
lem, but the appearance and distribution of pigment in adrenal insuf-
ficiency are usually characteristic. When doubt exists, measurement of
ACTH levels and testing of adrenal reserve with the infusion of ACTH
provide clear-cut differentiation.

TREATMENT
All patients with adrenal insufficiency should receive specific hormone
replacement. These patients require careful education about the dis-
ease. Replacement therapy should correct both glucocorticoid and
mineralocorticoid deficiencies. Hydrocortisone (cortisol) is the main-
stay of treatment. The dose for most adults {depending on size) is 20
to 30 rngld. Patients are advised to take glucocorticoids with meals or.
if that is impractical, with mill; or an antacid. because the drugs may
increase gastric acidity and exert direct toxic effects on the gastric
mucosa. To simulate die normal diurnal adrenal rhythm, two-thirds of
the dose. is taken in the morning. and the remaining one-third is taken
in the late afternoon. Some patients exhibit insomnia, irritability, and
mental excitement after initiation of therapy: in these, the dosage
should be reduced. Other sintations that may necessitate smaller doses
are hypertension and diabetes mellitus. Obese individuals and those
on unticonvulsive medications may require increased dosages. Mea-

surements of plasma ACTH or cortisol or of urine cortisol levels
do not appear to be useful in determining optimal glucocorticoid dos-
ages.

Since the replacement dosage of hydrocortisone does not replace
the mineral ocorticoid component of the adrenal hormones. mineralo-
corticoid supplementation is usually needed. This is accomplished by
the administration of'0.{]5 to 0.1 mg fludrocortisone per day by mouth.
Patients should also be instructed to maintain an ample intake ol'_so—
dium {3 to 4 g/d).

The adequacy of minerttlocorticoid therapy can be assessed by
measurement ofblood pressure and serum electrolytes. Blood pressure
should be normal and without postural changes; serum sodium, potas-
sium, creatinine, and urea nitrogen levels should also be normal. Meas-
urement of plasma renin levels may also be useful in titrating the dose.

In female patients with adrenal insutT1cie-rtcy. androgen levels are
also low. Thus, some physicians believe that daily replace-rrtent with
25 to 50 mg of DHEA orally may improve quality of life and bone
mineral density.

Complications of glucocotticoid therapy, with the exception of gas-
tritis, are rare at the dosages recommended for treatment of adrenal
insufficiency. Complications of mineralocorticoid therapy include hy-
pokalemia, hypertension, cardiac enlargement. and even congestive
heart failure due to sodium retention. Periodic measurements ol body

weight. serum potassium level, and blood pressure are useful. All pa-
tients with adrenal insufficiency should carry medical identification.
should be instructed in the parenteral selfladministralion of steroids.
and should be registered with it medical alerting system.

 

" All steroid doses are given in milligrams. An alternative approach is to give IOU mg hyrzlro-cortisone as an itltravcnous bolus
injection every 3 h on the day of the operation {see text].

Spatial Therapeutic Problems During periods of imercurrent illness, es-
pecially in the setting of fever. the dose of hydrocortisone should be
doubled. with severe illness it should be increased to 75 to 150 mg!
d. When oral administration is not possible. parenteral routes should
be employed. Likewise. before surgery or dental extractions, supple-
mental glucocorlicoids should be administered. Patients should also
be advised to increase the dose of lludroconisone and to add salt to

their otherwise nomtal diet during periods of strenuous exercise with
sweating. during eittremely hot weather, and with gastrointestinal ups
sets such as diarrhea. A simple strategy is to supplement the diet one
to three times daily with salty broth (2 cup of beef or chicken bouillon
contains 35 mmol of sodium"). For a representative program of steroid
therapy for the patient with adrenal insufficiency who is undergoing
major surgery, see Table 321-8. This schedule is designed so that on
the day of surgery it will mimic the output of cortisol in normal in-
dividuals undergoing prolonged major stress (10 mg/“h, 250 to 300 rug!
cl). Thereafter, if the patient is improving and is afebrile, the dose of
hydrocortisone is tapered by 20 to 30% daily. Mineralocorlicoid ad-
ministration is unnecessary at hydrocortisonc doses >100 mg/d be-
cause of the tnineralocorticnid effects of hydrocortisone at such
dosages.

Sitllllllilllf Al.lllElllJElJRT|t’.AL IN5llFF|ClEllCY ACTH deficiency causes
set‘o-ndary adrenocottical insufliciency: it may be a selective defi-
ciency, as is seen following prolonged administration of excess glu-
cocorlicoids, or it may occur in association with deficiencies of
multiple pituitary hormones (panhypopituitarisnt) (Chap. 318). Pa-
tients with secondary adrenocortical ltypofunction have tnany symp-
toms and signs in common with those having primary disease but are
not l-r_t;nerp.r'gnirrrted, since ACTH and related peptide levels are low.
In fact. plasma ACTH levels distinguish between primary and second-
ary adrenal insufliciency. since they are elevated in the former and
decreased to absent in the latter. Patients with total pituitary insuffi—
ciency have manifestations of multiple hormone deficiencies. An ad-
ditional feature distinguishing primary adrcrtoconical irtsufficiency is
the near—norntol level ofctldosrcronc set‘:-er.-'r3rt sccn in pituitary and!
or isolated ACTH deficiencies (Fig. 32]-ll). Patients with pituitary
insufficiency may have hyponalremia, which can be dilutiortul or sec-
ondary to a subnormal increase in aldostcrone secretion in response to
severe sodium restriction. However, severe delrydrctl£orr_ h_vpwtarrc-
mic. and lr_}’pcrl‘aler.-tt’a are characteristic of severe mineralocorticoid
insufficiency and favor a diagnosis of primary adrenocortical insuffi-
ciency.

Patients receiving long—term steroid therapy, despite physical find-
ings of Cushing's syndrome. may develop adrenal insufficiency be~
cause of prolonged pitttitary—hypotha]arnic suppression and adrenal
atrophy secondary to the loss of endogenous ACTH. These patients
have two dctictts, a loss of adrenal responsiveness to ACTH and a
failure of pituitary ACT]-I release. They are cltaractenzed by low blood
cortisol and ACTH levels. a low baseline rate ofstcroid excretion. and

abnonrial ACTH and metyrupone responses. Most patients with ster-
oid-induced adrenal insufficiency eventually recover normal HPA re-
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sponsiveness, but recovery time varies from days to months. The rapid
ACTH test provides a convenient assessment of recovery ofl-IPA func-
tion. Because the plasma cortisol concentrations after injection of co-
syntropin and during insulin-induced hypoglycemia are usually
similar. the rapid ACTH test assesses the integrated I-IPA function (see
“Tests of Pituitary-Adrenal Responsiveness." above). Some investi-
gators suggest using the low-dose (1 ug) ACTH test for suspected
secondary ACTH deficiency. Additional tests to assess pituitary
ACTH reserve include the standard metyraponc and insulin-induced
hypoglycemia tests.

Glucocorticoid therapy in patients with secondary adrenocortieal
insufficiency does not differ from that for the primary disorder. Min-
eralocoriicoid therapy is usually not necessary. as aldostcrone secre-
tion is preserved.

M.l.|'l'E li.D|iEll0Cl}llTlCl'lL INS|.|Fl’lClEllCY Acute adrenocortical insuffi-

ciency may result from several processes. On the one hand. (J'Ell"f_’tld.l
cl‘f.ilS may be a rapid and overwhelming intensification of chronic
adrenal insufficiency. usually precipitated by sepsis or surgical stress.
Alternatively, acute hemorrhagic destruction of both adrenal glands
cull occur in previously well individuals. In children. this event is
usually associated with septicemia with Pst='udomo.=ios or meninge-
coccernia (Waterhouse—Friderichscn syndrome). In adults. anticoagu-
lant therapy or ti coagulation disorder may result in bilateral adrenal
hemorrhage. Occasionally. bilateral adrenal hemorrhage in the new-
born results from birth trauma. Hemorrhage has been observed during
pregnancy, following idiopathic adrenal vein thrombosis. and as a
complication of vcnography le.g.. infarction of an adenoma). The third
and most frequent cause of acute insufficiency is the rapid withdrawal
of steroids from patients with adrenal atrophy owing to chronic steroid
administration. Acute adrcnocortical insufficiency may also occur in

patients with congenital adrenal hyperplasia or those with decreased
adrenocortical reserve when they are given drugs capable of inhibiting
steroid synthesis fmitotane. ltetoconazole) or of increasing steroid me-
tabolism (phenytoin. rifampin}.

lltlrenal Crisis The long-term survival of patients with adrenoconical
insufficiency depends largely on the prevention and treatment of ad-
renal crisis. Consequently, the occurrence of infection. trauma (in-
cluding surgery). gastrointestinal upsets. or other stresses necessitates
an immediate increase in hormone. in untreated patients, preexisting
symptoms are intensified. Nausea. vomiting. and abdominal pain may
become intractable. Fever may be severe or absent. Lethargy deepens
into somnolence, and hypovolemic vascular collapse ensues. In con-
trast. patienls previously maintained on chronic glttcocorticoid therapy
may not exhibit dehydration or hypotension until they are in a preter-
minal state, since mincralocorticoid secretion is usually preserved. in
all patients in crisis. a precipitating cause should be sought.

TREATMENT
Treatment is directed primarily toward repletion of circulating gluco-
corticoids and replacement of the sodium and water deficits. Hence an
intravenous infusion of 5% glucose in normal saline solution should
be started with a bolus intravenous infusion of IDO mg hydrocortisonc

followed by a continuous infusion of hydrocortisone at a rate of ti}
mgfh. An alternative approach is to administer 21 IOU-mg bolus of
hydrocortisonc intravenously every 6 h. However. only continuous
infusion maintains the plasma cortisol constantly at stress levels [>830
nrnol;’L (30 ,ug.ldL)]. Effective treatment of hypotension requires glu-
cocorticoid replacement and replctlon of sodium and water deficits. if
the crisis was preceded by prolonged nausea, vomiting. and dehydra-
tion, several liters of saline solution may be required in the first few
hours. Vasoconstrictive agents (such as dopamine) may be indicated
in extreme conditions as adjuncts to volume replacement. Willi large
doses of steroid, i.e.. 100 to 200 mg hydrocortisonc, the patient re-
ceives a maximal mine-ralocortieoid effect, and supplementary min-

eralocorticoid is superfluous. Following improvement, the steroid

  

dosage is tapered over the next few days to maintenance levels. and
rnineralocorticoid therapy is reinstituted if needed (Table 32l—8).

iutnnut cultttcot lllSllFFIElElllZY Ill AIZIITELY Ill PATIENTS The physiology
of the HPA axis is dramatically altered during critical illnesses such
as trauma, surgery, sepsis, and shock. In such situations cortisol levels
rise l'our- to sixfold. diurnal variation is abolished. and the unbound

fractions of cortisol rise in the circulation and in target: tissues. Inad-
equate cortisol production during critical illness can result in hypoten-
sion. reduced systemic vascular resistance, shock, and death.

A major area of controversy in presumably normal individuals is
the correlation of clinical outcomes with the cortisol levels measured

during critical illness. Subnormal cortisol production during acute se-
vere illness has been termed ‘‘functional'’ or “relative“ adrenal insuf-

ficiency. Conceptually. the elevated cortisol levels that are observed
are viewed as insufficient to control the inflammatory response and
ntaintain blood pressure. it‘ such patients can be identified, treatment
with supplementary cortisol could be beneficial.

A level of cortisol in a critically ill patient below which replace-
ment glucocorticoids may improve prognosis is not firmly established.
although many have accepted a level of 544! nmol,lL ([5 pg,/dL). On
the other hand, a random cortisol >938 nmol,lL (34 ,u,g!dL) in the

setting of critical illness is unlikely to be associated with relative ad-
renal insulliciency. In patients who have random cortisol levels be-
tween 4-H and 938 nmolll. (I5 and 34 ;.tg.’dL). a cosyntropin
stimulation test may identify patients with diminished adrenal reserve
[increment <255 nmo|l’L (9 ttg/dL)] who may benefit from supple-
mentary cortisol treatment. If the diagnosis of relative or functional
adrenal insufficiency is considered in an acutely ill, hypotensive pa-
tient. treaiment with supplementary cortisol should be initiated
promptly following the measurement of a random cortisol level and!
or performing :1 cosyntropin stimulation test. Supplemental cortisol
may be particularly beneficial in patients with septic shock where glu-
cocorticoids have been reported to reduce mortality and the duration

of vasopressor therapy. Such patients should be treated with 50 to 75
mg of intravenous hydrocortisone every 6 h as bolus treatment or the
same amount as a continuous infusion. Treatment can be terminated
if the cortisol levels obtained at the outset are normal. 0!! the other

hand. those patients with abnonnal testing should be treated for 1 week
and then tapered. In surviving patients, adrenal function should be
reevaluated after resolution of the critical illness.

|l‘lPUALDDSTERlJNl5M

Isolated aldosterone deficiency accompanied by normal cortisol pro-
duction occurs in association with hyporeninisrn, as an inherited

biosyttthctic defect, postoperatively following removal of al-
dostcrone-secrcting adenomas. during protracted heparin administra-
tion. in pretectal disease of the nervous system, and in severe postural
ltypotcnsion.

The feature common to all fomts of hypoaldosteronism is the in-
ability to increase aldosterone secretion appropriately in response to
salt restriction. Most patients have unexplained hyperkalemia, which
is often exacerbated by restriction of dietary sodium intake. In severe
cases. urine sodium wastage occurs at a nonnal salt intake. whereas
in milder forms. excessive loss of urine sodium occurs only with salt
restriction.

Most cases of isolated hypoaldostcronisrn occur in patients with a
deficiency in renin production (_so—called hyporeninernic hypoaldo-
steronism). most commonly in adults with diabetes mellitus and mild
renal failure and in whom hyperkalemia and metabolic acidosis are
out of proportion to the degree of renal impairment. Plasma rcnin
levels fail to rise normally following sodium restriction and postural
changes. The pathogenesis is uncertain. Possibilities include renal dis-
ease (the most likely), autonomic ncuropathy, extracellular fluid vol-
ume expansion. and defective conversion of renin precursors to active
renin. Aldosterone levels also fail to rise normally after salt restriction
and volume contraction; this effect is probably relaterl to the hy1_,1oren—
inism. since biosynthetic defects in aldosterone secretion usually can-
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not be demonstrated. In these patients, aldosterone secretion increases
promptly after ACTH stimulation, but it is uncertain whether the mag-
nitude of the response is normal. On the other hand. the level of al-
dosterorte appears to he subnormal in relationship to tlte hyperkalemia.

Hypoaldosteronism can also be associated with high rertin levels
and low or elevated levels of aldosterone (see below). Severely ill

patients may also have hyperrertinemic hypoaldosteronisnt; such pa-
tients have a high mortality rate (80%). Hyperkalemia is not present.
Possible explanations for the hypoaldosteronism include adrenal ne-
crosis (uncommon) or a shift in steroidogenesis from rni1'teralocorti-
coids to glucoconicoids, possibly related to prolonged ACTH
stimulation.

Before the diagnosis of isolated hypoaldosteronism is considered
for a patient with hyperkalernia. “pseudohyperkaletnia” (e.g., hemol—
ysia. thrornbocytosis) should be excluded by measuring the plosnta
potassium level. The. next step is to demonstrate a homo! conisol
response to ACTH stimulation. Then. the response of renin and al-
dosterone levels to stimulation (uptight posture. sodium restriction)
should be measured. Low renin and aldosterone levels establish the

diagnosis of hyporenirtemic hypoaldosteronism. A combination of
high renin levels and low aldosterone levels is consistent with an al-
dostcrone hiosynthetic defect or a selective unresponsiveness to an-
giotensin II. Finally. there is a condition that clinically and
biochemically mimics hypoaldosteronism with elevated renin levels.
However, the aldosterone levels are not low but high-—so—called pseu-

dohypoaldosteronism. This inherited condition is caused by a mutation
in the epithelial sodium channel (see below}.

TREATMENT
The treatment is to replace the mineralocorticoid deficiency. For prac-
tical purposes. the oral administration of 0.05 to 0. I5 mg fludrocorti-
sone daily should restore electrolyte balance if salt intake is adequate
[e.g., 150 to 200 mmolltl). However. patients with hyporeninemic hy-
poaldosteronisrn may require higher doses of mineralocorticoid to cor-
rect hyperkalernia. This need poses rt potential risk in patients with
hypertension. mild renal insufficiency, or congestive heart failure. An
altentative approach is to reduce salt intake and to administer furoserrI-
ide. which can ameliorate acidosis and hyperl-talemia. Occasionally. a
combination of these two approaches is efficacious. 

EtEtlEt|tEONS|DEHAI|ONS tilutocortitoid Diseases 3 rttvnt-‘t.'ttv't
'.’{l eittfilttvlt Hl'PERPt»l5lr1 Congenital adrenal hyperplasiu (CAH) is
the consequence of recessive mutations that cause one of several dis-
tinct enzymatic defects (see below). Because conisol is the principal
adrenal steroid regulating ACTH elaboration and because ACTH stim-
ulates adrenal growth and function. a block in cortisol synthesis may
result in the enhanced secretion of adrenal androgens andlor miner-
alocorticoids depending on the site. of the enzyme block. In severe
congenital virilizing hyperplasia. the adrenal output of cortisol may be
so compromised as to cause adrenal deficiency despite adrenal hyper-
plasia.

CAH is the most common adrenal disorder of infancy and child-
hood (Chap. 328). Partial enzyme deficiencies can be expressed after
adolescence. predominantly in women with hirsatism and oligotne-
norrhea but minimal virilization. Late-onset adrenal hyperplasia may
account for 5 to 25% of cases of hirsutism and oligomenorrhea in

women. depending on the population.

Er.‘t.-tt:;t~t,- Enzymatic defects have been described in 2]-hydroxylase
(CYPZIAZ). 17:1-ttydroxylasctl17.20-lyase (CYPI7), l l,B-hydroxy-
lase (CYPI lBl). and in (3.3-HSD2} (Fig. 32l-2). Although the genes
encoding these enzymes have been cloned. the diagnosis of specific
enzyme deficiencies with genetic tecltniqties is not practical because
of the large number of different deletions and missense mutations.
CYMIAE deficiency is closely linked to the HLA-B locus of chro-
mosome 6 so that HLA typing andlor DNA polymorphism can be used
to detect the heterozygous carriers and to diagnose affected individuals
in some families (Chap. 296). The clinical expression in the different

'32: Disorders in the ttttmtat llortex 2145

disorders is variable. ranging from virilizatiott of the female (CYP2!
A2) to feminization of the male (313-HSD2) (Chap. 328).

Adrenal virilizatlon in the female at birth is associated with am-

biguous external genitalia (fetttale psettdoltermapht'odf.risnt_). Viriliza-
tion begins after the fifth month of intrauterine development. At birth
there may be enlargement of the clitoris. partial or complete fusion of
the labia, and sometimes a urogenital sinus in the female. If the labial
fusion is nearly complete. the female infant has external genitalia re-
sembling a penis with hypospadias. In the postnatal period. CAH is
associated with virilization in the female and isosexual prccocity in
the male. The excessive androgen levels result in accelerated growth.
so that bone age exceeds chronologic age. Because epiphyseal closure
occurs early. growth stops. but truncal development continues. the
characteristic appearance being a short child with a well—developed
trunk.

The most common fonrt of CAH (95% of cases) is a result of im-

pairment of CYP2lA2. In addition to conisol deficiency. aldosterone
secretion is decreased in approximately one-third of the patients. Thus.
with CYM 1A2 deficiency, adrenal virilization occurs with or without a
salt-losing tendency due to aldosterone deficiency (Fig. 321-2).

CYPI [Bl deficiency causes a “hypertensive" variant of CAH. Hy-
pertension and hypokalcrnia occur because of the impaired conversion
of l 1-deoxycorticosterone to corticosterorte. resulting in the accumu-
lation of I l—deoxyconicostcrone. a potent mineralocorticoid. The de-
gree of hypertension is variable. Steroid precursors are shunted into
the androgen pathway.

CYP1? deficiency is characterized by hypogonadisrn, hypokale-
mia. and hypertension. This rare disorder causes decreased production
of conisol and shunting of precursors into the mitteralocorticoid path-
way With hypokalemic alkalosis. hypertension, and suppressed plasma
renin activity. Usually. I l-deottycorticosterone production is elevated.
Because CYPU ltydroxylation is required for biosyntltesis of both
adrenal androgens and gonadal testosterone and estrogen. this defect
is associated with sexual immaturity. high urinary gonadotropin levels.
and low urinary 17-ketosteroid excretion. Female patients have pri-
mary amenotrhea and lack of development ofsccondary sexual char-
acteristics. Bectiuse of deficient androgen production, male patients
have either zunbiguous external genitalia or a female phenotype (male
psettdnhermopltmditfsnt}. Exogenous glucocorticoids can correct the
hypertensive syndrome. and treatment with appropriate gonadal ster-
oids results in sexual maturation.

With 38-l-ISD2 deliciency. conversion of pregnenolone to proges-
terone is impaired. so that the synthesis of both cortisol and a!doster-
one is blocked, with shunting into the adrenal androgen pathway via
l7o:—hydroxypregncnolone and DHEA. Because DHEA is El weak an-
drogen. and because this enzyme deficiency is also present in the go-
nad. the genitalia of the male fetus may be incompletely vlrillzed or
feminized. Conversely. in the female. overproduction of DHEA may
produce partial virilization.

{tt'ttgttust's The diagnosis of CAH should be considered in infants hav-
ing episodes of acute adrenal insufficiency or salt—wasting or hyper~
tension. The diagnosis is further suggested by the finding of

hypertrophy of the clitoris. fused labia. or a urogenital sinus in the
female or of isosexual precocity in the male. In infants and children
with a CYP?.lA’.! defect. increased urine l7—ltetosteroitl excretion and

increased plasma DHEA sulfate levels are typically associated with an
increase in the blood levels of 17-hydroxyprogesterone and the excre-
tion of its urinary metabolite pregnanetriol. Demonstration of elevated
levels of 17-hydroxyprogesteronc in amniotic fluid at 14 to 16 weeks
of gestation allows prenatal detection of affected female infants.

The diagnosis of 3 raft-losittg form of CAH due to defects in
CYP2 I A2 is suggested by episodes of acute adrenal insufficiency with
liyponatremia. hyperkalemitt. dehydration. and vomiting. These infants
and children often crave salt and have laboratory findings indicating
deficits in both cortisol and aldosterone secretion.
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With the lt)'per'rerisive form of CAH due to CYPI lBl deficiency,
] Ldcoxycorlicostcrone and l l-deoxycortisol accumulate. The diag-
nosis is confinned by demonstrating increased levels of ll-deoxycoo
tisol in the blood or increased amounts of tetrahydro-1 l-deoxycortisol
in the urine. Elevation of l7-hydroxyprogesterone levels does not im-
ply a coexisting C'.YP2IA2 deficiency.

Very high levels of urine DHEA with low levels of pregnanetriol
and of cortisol metabolites in urine are characteristic of children with

3 ,8-HSD2 deficiency. Marked salt-wasting may also occur.
Adults with late--onset r1dr‘r3rTal' )'ryperpla.t."a (partial deficiency of

CYPEIAZ. CYP] 1131. or 3,8-HSD2) are characterized by normal or
moderately elevated levels of urinary 17-ketosteroids and plasma
DHEA sulfate. A high basal level of :1 precursor of cortisol biosyrl-
thesis {such as I?-hydroxyprogesterone, l'.t'—hydroxypregnenolone, or
1 l -dcox yconisol '1, or elevation of such a precursor after ACTH stim-
ulation, conlirrns the diagnosis of a partial deficiency. Measurement
of steroid precursors 60 min after bolus administration of ACTH is
usually sufficient. Adrenal androgen output is easily suppressed by the
standard low-dose (2 mg) dexarnethasone test.

TREATMENT
Therapy in CAH patients consists of daily administration of gluco-
corticoids to suppress pituitary ACTH secretion. Because of its low
cost and intermediate half—lifc, prcdnisone is the drug of choice except
in infants. in whom hydrocortisone is usually used. In adults with late-
onset adrenal hyperplasia, the smallest single bedtime dose of a long-
or intermediate—acting glucocorticoid that suppresses pituitary ACTH
secretion should be administered. The amount of steroid required by
children with CAH is approximately ] to 1.5 times the normal cortisol
production rate of 27 to 35 pmol (10 to 13 mg] of cortisol per square
meter of body surface per day and is given in divided doses two or
three times per day. The dosage schedule is governed by repetitive
analysis of the urinary I7-ketosteroids, plasma DHEA sulfate. andfor
precursors of cortisol biosynthesis. Skeletal growth and maturation
must also be monitored closely. as overtreatrnent with glucocorticoid
replacement therapy retards linear growth.

 

Receptor Mutations Isolated glrnomrricoid deficr'errt'_v is a rare auto-
somal recessive disease secondary to a mutation in the ACTH receptor.
Usually mincralocorticoid function is normal. Adrenal insufficiency is
manifest within the first 2 years of life as hyperpigmentation, convul-
sions. andfor frequent episodes of hypoglycemia. In some patients the
adrenal insufficiency is associated with achalasia and i1lacrima—-—All-
groves or triple A, syndrome. However. in some triple A syndrome
patients. no mutation in the ACTH receptor has been identified. sug-
gesting that a distinct genetic abnonnality causes this syndrome. Ad-
renal J'r_vpo_nl'a.-tit: cnrrgcnira is a rare X-linked disorder caused by a
mutation in the DAX 1' gene. This gene encodes an orphan nuclear
receptor that plays an important role in the development of the adrenal
cortex and also the hypothalamic—pituitary—gona.dal axis. Thus. patients
present with signs and symptoms secondary to deficiencies of all three
major adrenal steroids—- cortisol, aidosterone, and adrenal andro-
gcns—as well as gonadotropin deficiency. Finally a rare cause of hy-
percortisolism without cushingoid Stigmata is pr'r‘rnorj= cortisol
r'e.t'r'.r.'arTr‘e clue to mutations in the glucocorticoid receptor. The resis-
tance is incomplete because patients do not exhibit signs of adrenal
insufficiency.

Miscellaneous Conditions Atlrenolcukodystrophy causes severe demye-

lination and early death in children. and adrenomyeloneuropathy is
associated with 21 mixed motor and sensory neuropathy with spastic
paraplegia in adults; both disorders are associated with elevated cir-
culating levels of very long chain fatty acids and cause adrenal insuf-
liciency. Autosornal recessive mutations in the steroidogenic acute
regulatory (STAR) protein gene cause congenital lipoid adrenal hy-
pcrplasia (Chap. 328), which is characterized by adrenal insufficiency

and defective gonadal steroidogenesis. Because STAR mediates cho-
lesterol transport into the rnitochondrion, mutations in the protein
cause massive lipid accumulation in steroidogenic cells. ultimately
leading to cell toxicity.

Mlllilblllllilllllllilllll DISEASES Some. forms of CAI-I have a mineralo-

corticoid component (see above). Others are caused by a mutation in
other enzymes or ion channels important in mediating or mimicking
aldosterone‘s action.

Hupennlneralotonicoidism II war PMSMA li‘ENlN nrnvnr Rarely. hyper-
mineraloconicoidism is due to a defect in cortisol biosynthesis, spe-
cifically ll- or 1'7-hydroxylation. ACTH levels are increased. with a
resultant increase in the production of the mineralocorticoid ll-de-
oxyconicosterone. Hypertension and hypoltalernia can be corrected by
glucocorticoid administration. The definitive diagnosis is made by
demonstrating an elevation of precursors of cortisol biosvnthesis in the
blood or urine or by direct demonstration of the genetic defect.

Glucocorticoid administration can also ameliorate hypertension or
produce nonnotension even though a hydroxylase deficiency cannot
be identified (Fig- 321-9). These patterns have normal to slightly ele-
vated aldosterone levels that do not suppress in response to saline but
do suppress in response to 2 days of dcxamethasone (2 mgld). The
condition is inherited as an autosomal dominant trait and is termed

glucocorlicoid-remedrable aldosreronfsm (GRA). This entity is sec-

ondary to a chimeric gene duplication whereby the 11-3 hydroxylase
gene promoter (which is under the control of ACTH) is fused to the
aldosterone synthase coding sequence. Thus, aldosterone synthase ac-
tivity is ectopically expressed in the zona fasciculata and is regulated
by ACTH, in a fashion similar to the regulation of cortisol secretion.
Screening for this defect is best performed by assessing the presence
or absence of the chimeric gene. Because the abnorntal gene may be
present in the absence of hypokalemia, its frequency as a cause of
hypertension is unknown. Individuals with suppressed plasma renin
levels and juvenile-onset hypertension or a history of early-onset hy-
pertension in first-degree relatives should be screened for this disorder.
Early hemorrhagic stroke also occurs in GRA-affected individuals.

GRA documented by genetic analysis may be treated with gluco-
corticoid administration or antimineralocorticoids, i.e.. spironolactone.
triamterene. or amiloride. Glucocorticoids should be used only in small
doses to avoid inducing iatrogenic Cushing‘s syndrome. A combina-
tion approach is often necessary.

lllfill Plrl5lvlrl llftlllll rfltTllI'lIl’ Bartrer syndrome is characterized by severe
hyperaldosteronisrn (hypokalemic alkalosis) with moderate to marked
increases in renin activity and hypercalciuria. but normal blood pres-
sure and no edema; this disorder usually begins in childhood. Renal
biopsy shows juxtaglomerular hyperplasia. Bartter syndrome is caused
by a mutation in the renal Na-K-2Cl co-transporter gene. The patho-
genesis involves a defect in the renal conservation of sodium or chlo-
ride. The renal loss of sodium is thought to stimulate renin secretion
and aldosterone production. I-lyperaldosteronism produces potassium
depletion, and hypoltalemia further elevates prostaglandin production
and plasma renin activity. In some cases, the hypokalemia may be
potentiated by a defect in renal conservation of potassium.

Girelrnan syndrome is an autosomal recessive trait characterized by
renal salt wasting and as a result, as in Banter syndrome, activation

of the renin-angiotensin-aldosterone system. As a consequence af-
fected individuals have low blood pressure. low serum potassium. low
serum magnesium, and high serum bicarbonate. In contrast to Banter
syndrome. urinary calcium excretion is reduced. Gitelman syndrome
results from loss-of-function mutations of the renal thiazide-sensitive

Na-Cl co-transponer.

Increased Mineralotortitaid action Liddle syndrome is a rare aulosornal
dominant disorder that mimicks hyperaldostemnism. The defect is in
the genes encoding the 3 or 1; subunits of the epithelial sodium chan-
nel. Both renin and aldosterone levels are low, owing to the consti-
tutively activated sodium channel and the resulting excess sodium
reabsorption in the renal tubule.
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TABLE" 321-9 A ffterltlist fur Use Prior to the Administration
of filurotortitnids in Pfiarnrurulnglr Doses

Presence of tuberculosis or other chronic infection {chest it-ray.
tuberculin test)

Evidence of glucose intolerance or history of gestational diabetes me-llirus
Evidence of preexisting osteoporosis {bone density assessment in organ

transplant recipients or postmenopausal patients)
History of peptic ulcer. gastritis. or esophagitis (stool guaiac test)
Evidence of hypertension or cardiovascular disease
History of psychological disorders

A rare autosotnal rcces.<.-ive cause of hypokalemia and hypertension
is 11,6-HSD II deficiency, in which cortisol cannot be convened to
cortisone and hence binds to the MR and acts as a mineralocorticoid.

This condition. also terrned nppnrerit minerolocorticoid t-‘xcess syn-

drome, is caused by a defect in the gene encoding the renal isoform
of this enzyme, llfi-HSD ll. Patients can be identified either by doc-
urrterrtirrg arr irrcreased ratio uf cortisol to cortisone lit the urine or by
genetic analysis. Patients with the I l,t3-HSD deficiency syndrome can
be treated with small doses of dexarnethasonc, which suppresses
ACTH and endogenous cortisol production but binds less well to the
mirteralocorticoid receptor than does conisol.

The ingestion of candies or chewing tobacco containing certain
forms of licorice produces a syndrome that mimics primary aldoslcr-
onism. The component of such agents that causes sodium retention is
glycyrrhizinic acid, which inhibits l 1,3-HSD 11 and hence allows cor-
tisol to act as a mirteralocorticoid. The diagnosis is established or eit-
cluded by a careful history.

Decreased Mineraluctmicaid Prutlurtlun or Action In patients with a defi~
ciency in uldosterone biosynthesis, the transformation of corticoster-
one into aldosterone is impaired, owing to at mutation in the
aldosterone synthase (CYPIIBE) gene. These patients have low to
absent aldostcrone secretion, elevated plasma renin levels, and ele-
vated levels of the intermediates of aldosterone biosynthesis (corti-
costerorre and l8-hydroxycorricosteroneji.

Pseudohypoaldostcronism type I (PHA-I} is an autosomal recessive
disorder that is seen in the neonatal period and is characterized by salt
wasting, hypotension, hyperkalemia. and high rcnin and aldosterone
levels. In contrast to the gain-of-function mutations in the epithelial
sodium channel in Liddle syndrome. mutations in PHA-I result in loss

of epithelial sodium channel function.

PHARMACULUEIC CLlNlEAl USES OF ADRENAL STERlllDS

The widespread use of glucocorticoids emphasizes the need for a thor-
ough understanding of the metabolic effects of these agents. Before
adrenal honnone therapy is instituted, the expected gains should be
weighed against undesirable effects. Several important questions
should be addressed before initiating therapy. First, how serious is the
disorder {the more serious, the greater the likelihood that the risk,-’
benefit ratio will be positive)? Second. how long will therapy be re-
quired (the longer the therapy. the greater the risk of adverse side
effects)? Third. does the individual have preexisting conditions that
glucocorticoids may exacerbate {Table 321-9)? If so, then a careful
riskfbenefit assessment is required to ensure that the ratio is favorable
given the increased likelihood of harm by steroids in these patients.
Supplementary measures to minimize undesirable metabolic effects
are shown in Table 321-10. Fourth, which preparation is best‘?

THERAPEUTIC CONSIDERATIONS The following considerations should be
taken into account in deciding which steroid preparation to use:

i. The biologic harfltfe. The rationale behind alternate—day therapy
is to decrease the metabolic effects of the steroids for a significant

part of each 43 h period while still producing a pharrnacologic
effect durable enough to be effective. Too long a half-life would
defeat the first purpose, and too short a half-life would defeat the
second. In general. the more potent the steroid, the longer its bio-
logic half-life.
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Tfilfllf 321-Ill Supplementary Measures to Minimize undesirable
Metabolic Efferls of Elutornrriraids

Monitor caloric intake to prevent weight gain.
Restrict sodium intake to prevent edema and minimize hypertension and

potassium loss.
Provide supplementary potassium if necessary.
Provide antacid, H2 receptor antagonist, andlor H’.K‘—ATPase inhibitor

therapy.
Institute alternate-clay steroid schedule if possible. Patients receiving

steroid therapy over a prolonged period should be protected by an
appropriate increase in honnone level during periods of acute stress.
A rule of thumb is to double the maintenance dose.

Minimize osteopcnia by '
Adrninistering gonadal hormone replacement therapy: 0.62S— 1.25 mg

conjugated estrogens given cyclically with progesterone, unless the
uterus is absent; testosterone replacement for hypogonadal men

Ensuring high calcium intake (should be approximately 1200 mgfd}
Administering supplemental vitamin I) if blood levels of calciferol or

1,25(OI-{)2 vitamin D are reduced
Administering bisphosphonate prcphylncticnlly, orally or parenterally, in

high-risk patients

2. The miner‘o[at'or‘t£t-aid €fl't’£’:'S ofthe steroid. Most synthetic ster-
oids have less mineralocorticoid effect than hydtocortisone (Table
32}-l I ).

3. The bi()f0giL'aH_‘.-' acttr-'t' form of the steroid. Cortisone and pred-
nisone have to be converted to biologically active metabolites be-
fore a.nti-irtflarnrnatory effects can occur. Because of this, in a
condition for which steroids are known to be effective and when

an adequate dose has been given without response. one should
consider substituting hydrocortisone or prcdnisolonc for cortisorte
or prednisonc.

4. The cost of the merit:-ariozt. This is a serious consideration if
chronic administration is planned. Prednisone is the least expen-
sive of available steroid preparations.
The type o}"fi:rnrtrlotiorr. Topical steroids have the distinct advan-
tage over oral steroids in reducing the likelihood of systemic side
effects. In addition, some inhaled steroids have been designed to
minimize side effects by increasing their hepatic inactivation if
they are swallowed (Chap. 236). However, all topical steroids can
be absorbed into the systemic circulation.

"Jl

TABLE 321-Ll filurnrorttraid Preparatmns

Estimated Frttentyl’

 

 

 

 

Cr.-mtnanty User! Name" filururarttcaid Minerulatartirnid

SHHRT-AETTHG

Hydroconisone 1 l
Cortisone 0.8 0.8

INTERMEDIATE-ACHHE

Prednisone 4 0.25
Precluisolone 4 0.25

Medrytprednisolone 5 <0.01
Triamcinolone S <0.0l

{EH6-ACTING

Paratnethasone 10 -£0.01
Betamerhasorre 25 ‘£0.01
Dexamethasone 30-40 <Ztl.0 I

" The steroids are divided into three groups according to the duration of biologic activity.
Slrurt-acting preparation.-2 have a biologic half-Iifc -5. I2 h: long-acting. 348 h; und in-
Icrrnediate. between I? and 36 ll. TI'i:m‘tCinEtlone has the longest half-life of the inter-
rncdiaicvactlng preparations.

" Relalivt: rnillignitrt comparisons with hytlrocortisorrc, trotting tlrc glucoctrnicoid and min-
cralocorticoid properties of hydrocortisone as l. Sodium retention is insignificant for
commonly ernployed doses of methylprudnisolone. triamcinolone. psramcrlrarnne,
belarncthtlsone, untl dc:-turnctharone.
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ALTERNATE-DAY STEllllI|'.| THERAPY The most effective way to minimize
the cushingoid effects of glucocorticoids is to administer the total 48-
h dose as a single dose of intennedfare-acting steroid in the morning.
every other day. If symptoms of the underlying disorder can be con-
trolled by this technique, it offers distinct advantages. Tl1ree consid-
erations deserve mention: (1) The altemate-day schedule may be
approached through transition schedules that allow the patient to adjust
gradually; (2) supplementary nonsteroid medications may be needed
on the “off” day to minimize symptoms of the underlying disorder‘,
and (3) many symptoms that occur during the off day (e.g.. fatigue.
joint pain, muscle stiffness or tenderness, and'_l"ever) may represent
relative adrenal insufficiency rather than exacerbation of the underly-
ing disease.

The altemate-day approach capitalizes on the fact that cortisol se-
cretion and plasma levels normally are highest in the early morning
and lowest in the evening. The nonnal pattern is mimicked by admin-
istering an intermediate-actirtg steroid in the morning {7 to 8 A.lvl.)
(Table 321 -I 1}.

Initially. the steroid regimen often requires daily or more frequent
doses of steroid to achieve the desired anti—inflan1matory or immunity-
suppressing action. only after this desi:-ed eyffect is achieved is an
attempt made to .s'wt'tr.-it to an aIterrtate—day program. A number of
schedules can be used for transferring from a daily to an altemate—day
program. The key points to be considered are flexibility in arranging
a program and the use of supportive measures on the offday. One may
attempt a gradual transition to the altemate-day schedule rather than
an abrupt changeover. One approach is to keep me steroid dose con-
stant on one day and gradually reduce it on the alternate day. Alter-
natively, the steroid dose can be increased on one day and reduced on
the alternate day. In any case, it is important to anticipate that some
increase in pain or discomfort may occur in the 36 to 48 h following
the last dose.

32

Pheochromocytomas produce. store. and secrete catecholamines. They
are usually derived from the adrenal medulla but may develop from
chromaffin cells in or about sympathetic ganglia (extraadrenal phea-
chromocytomas or paragangliomas). Related tumors that secrete cat-
echolamines and produce similar clinical syndromes include chemo-
dectomas derived from the carotid body and ganglioneuromas derived
from the postgangl ionic sympathetic neurons.

The clinical features are due predominantly to the release of cate-
cholamines and. to a lesser extent. to the secretion of other substances.

Hypertension is the most common sign. and hypertensive paroxysms
or crises. often spectacular and alarming. occur in over half the cases.

Pheochromocytoma occurs in approximately 0.1 % of the hyperten-
sive population but is, nevenheless. an important correctable cause of
high blood pressure. Indeed, it is usually curable if diagnosed and
treated. but it may be fatal if undiagnosed or mistreated. Postmortem
series indicate that most pheochromocytomas are unsuspected clini-
cally. even when the tumor is related to the fatal outcome.

PHEOCHROMOCYTOMA

tents ttuutslterg, James 8. Voting

PATHOLOGY I location and Morphology In adults. approximately 30% of
pheochromocytornas are unilateral and solitary, l{)% are bilateral, and
10% are extraaclrenal. In children. a fourth of tumors are bilateral. and

an additional fourth are extraadrenal. Solitary lesions inexplicably fa-
vor the right side. Although pheochromocytomas may grow to large
size {>3 kg). most weigh <lO0 g and are <10 cm in diameter. Phea-
chrornocytomas are highly vascular.

The tumors are made up of large, polyhedral, pleomorphic chro--
maffin cells. Fewer than 10% of these tumors are malignant. As with

WITIIIJIIAWAI. llf lillIClJClJllT1COIDS f0ll.lJWIllfi Llilllti-TERM USE It is -

ble to reduce a daily steroid dose gradually and eventually to n .
tinue it. but under most circumstances withdrawal of steroids :

be initiated by first implementing an alternate-day schedule. nu
who have been on an alternate-day program for a month or more
perience less difliculty during termination regimens. The ..
gradually reduced and finally discontinued after a replacementd
has been reached (e.g.. 5 to 7.5 mg predrtisone). Complications
ensue unless undue stress is experienced. and patients should It _-

stand that for 21 year after withdrawal from long-term high-dose :-=‘-.=
oid therapy. supplementary hormone should be given in the e a
a serious infection, operation. or injury. A useful strategy in . =
with symptoms of adrenal insufficiertcy on a tapering regimen .

measure plasma cortisol levels prior to the steroid dose. A level <_' _
nmol,t‘L {S p.g,’dL) indicates suppression of the pituitary-adrenal
and implies that a more cautious tapering of steroids is 1nd1cated._

In patients on high-dose daily steroid therapy. it is advised to "_
duce dosage to -20 mg prednisone daily as a single morning
before beginning the transition to altcmate-day therapy. If it
cannot tolerate an altemate-day program. consideration shotll
given to the possibility that the patient has developed primary =n
insufficiency.
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several other endocrine tun1ors. malignancy cannot be dete ||,'.
from the histologic appearance; tumors that contain large num — __
aneuploid or tetraploid cells. as determined by flow cytometry __

more likely to recur. Local invasion of surrounding tissues or Iv"
metastases indicate malignancy. "

E).'TRMlJR£lt.&l. PHEO£HROMlJEt'lDMA5

usually weigh 20 to 40 g and are <5 cm in diameter. Most are l "
within the abdomen in association with the celiac. superior mesen
and inferior mesenteric ganglia. Approximately 10% are in the
1% are within the urinary bladder. and <3% are in the neck.
in association with the sympathetic ganglia or the ex .
branches of the ninth or tenth cranial nerves.

tateclielamine Suntltesls. Storage, and Release Pheochromocytomas-:~j;
thesize and store catecholamines by processes resembling thoseoi -_
normal adrenal medulla. Little is known about the mechanisms of‘
echolarnine release from pheochromocytomas. but changes in «
flow and necrosis within the tumor may be the cause in some in -<
These tumors are not innervated. and catecholamine release does -

result from neural stimulation. Pheoehromocytomas also store ' m-'-'.

Crete a variety of peptides. including endogenous opioids. a -.u '
dullin. endothelin, erythropoietin. parathyroid hot‘mone—relatet'l

tein. neuropeptide Y. and chromagranin A. These peptides con __'
to the clinical manifestations in selected cases. as noted below.

EPTNEPHRTNE, HOREPlh‘EPHRlHE. AND DDPA.Il'lh'f

produce both norepinephrine and epinephrine. and the percett
norepinephrine is usually greater than in the normal adrenal. -

Extraadrenal pheochromoc ____

Most pheochromoc u: I

extraadrenai pheochromocytomas secrete norepinephrine exclttsi '-._3_
Rarely. plteochromocytornas produce epinephrine alone, .; la

in association with multiple endocrine neoplasia (MEN). Al ...::.


