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Growth hormone (GH)
production is controlled
by an array of hypotha-
lamic peptides, intra-
pituitary factors, and sys-
temic hormones. Johan-
nes D. Veldhuis, MD, of
the Division of Endocrin-
ology, Diabetes, Metab-
olism, and Nutrition at
Mayo Clinic in Roches-
ter, explains: “Three pep-
tides are critical players:
GH-releasing hormone (GHRH, cloned from a
human pancreatic tumor), somatostatin (cloned
from sheep hypothalamus), and the GH-releasing
peptide (GHRP) ghrelin (cloned from rat stomach).
The existence of ghrelin was postulated in 1978 by
Cy Bowers at Tulane University; the ghrelin recep-
tor was cloned in 1996 by scientists at Merck labo-
ratories; and the ghrelin gene was isolated in 1999
by Kojima and colleagues in Osaka, Japan.” The
key features of ghrelin are listed in Table 1.

Ghrelin is a 28—amino acid Ser3-octanoylated
peptide expressed ubiquitously, including in hypo-
thalamic neurons, the pituitary gland, stomach and
upper gastrointestinal (GI) tract, kidney, and car-
diovascular system. The acyl (octanoyl or decanoyl)
group is critical for endocrine activity (Figure 1). Dr
Veldhuis adds: “A subset

Johannes D. Veldhuis, MD

Multifaceted Ghrelin: Growth Hormone Secretagogue,
Appetitive Peptide, and Insulin Suppressor

Table 1. Key Features of Ghrelin

e Widely expressed: stomach, brain, pituitary,
pancreas

* Receptors: nearly ubiquitous

® First acylated bioactive peptide identified in
mammals

e Potent GH secretagogue
* 50% homology with motilin

e Enhances appetite, reduces insulin secretion,
and stimulates Gl tract motility

and 5- to 20-fold in vivo. The multifold-greater in
vivo effects reflect ghrelin’s stimulation of hypo-
thalamic GHRH release and inhibition of somato-
statin action. Ghrelin contributes to fasting GH out-
put in the rodent, since transgenic silencing of the
central nervous system ghrelin receptor in the
female mouse reduces GH secretion and insulinlike
growth factor 1 concentrations, and an antagonist
of the ghrelin receptor decreases GH pulse size in
the male rat. In humans, mutations of the ghrelin
receptor are associated with short stature. Con-
versely, bolus injection and continuous intra-
venous infusion of ghrelin or GHRPs stimulate
pulsatile GH secretion dose-dependently and
synergize markedly with r-arginine or GHRH
(Figure 2). Thus, combined ghrelin/L-arginine or

of gastric oxyntic cells,
originally termed X/a-like
cells because of their un-

Amino Acid Sequence of Human Ghrelin

known granule content, are

|o=|c-(c|-|2)6-c|-|3|

now known to be ghrelin
and motilin cosecreting
cells. Ghrelin and synthet-
ic GHRPs act via the type
Ia secretagogue receptor

n-octanoyl group

to stimulate GH secretion
by about 2-fold in vitro

Figure 1. Ghrelin structure. The fatty-acyl moiety esterified to the third serine residue
is usually octanoic acid, but may be decanoic or decenoic acid.
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Figure 2. Potentiation of ghrelin-stimulated GH secretion

in postmenopausal women by prior L-arginine infusion.
Adapted with permission from J Clin Endocrinol Metab

91:2441-2446, 2006.

nally directed assays.
Starvation, fasting be-
tween meals, on-going
weight loss after gastric-

Table 2. Potential
Applications of Ghrelin
Analogs

Ghrelin agonists

* Increase anabolism in cachec-
tic states (eg, HIV wasting)

e Stimulate GI tract motility in
patients with motility disorders
(eg, gastroparesis, ileus)

* Promote appetite in patients
with anorexia (eg, anorexia
nervosa, chemotherapy)

® Increase linear growth in
patients with short stature
when GHRH is present

* Decrease diastolic afterload in
patients with heart failure

Ghrelin antagonists

® Increase glucose-induced
insulin secretion in patients
with type 2 diabetes mellitus

bypass surgery, end-
stage liver and kidney disease, mal-
nutrition, and cachexia elevate
bioactive ghrelin concentrations.
Conversely, nutrient intake (carbo-
hydrate > protein > fat), obesity,
hypogonadism, insulin, and somat-
ostatin reduce plasma ghrelin levels.
Dr Veldhuis continues: “Ghrelin is
the only systemically active appeti-
tive hormone known. Esurient
effects can be dissociated from stim-
ulation of GH secretion by using
nonpeptidyl ghrelin mimetics. Appe-
tite enhancement is antagonized by
inhibitors of neuropeptide Y, agouti-
related peptide, and orexin (a pep-
tide that also enhances wakefulness)
and potentiated by inhibitors of the

High-Value Diabetes Care

In this election year, debate continues about the
preferred solution for health care delivery in the
United States. Steven A. Smith, MD, of the Division
of Endocrinology, Diabetes, Metabolism, and
Nutrition at Mayo Clinic in Rochester, explains:
“There are concerns about the viability of our pres-

anorexigenic peptides, melanocortin or corti-
cotropin-releasing hormone. Given the interlinked
and adaptive nature of the anorexigenic/orexigenic
neuronal network, it is not yet clear whether ghrelin-
receptor agonists will be able to sustain increased
food intake in cachetic states, such as AIDS,
chronic obstructive pulmonary disease, cancer,
and anorexia nervosa (Table 2).”

Ghrelin and GHRPs inhibit insulin secretion
acutely. Conversely, ghrelin-receptor blockers
enhance insulin secretion and improve glucose con-
trol in experimental models of type 2 diabetes mel-
litus. Intrapancreatic ghrelin is produced in islet
epsilon cells, which constitute as much as 10% of
the mass of prenatal pancreatic islets. The possibili-
ty exists that fetal ghrelin regulates islet replication,
since ghrelin is antiapoptic to other cells (eg, car-
diomyocytes, endothelia, preadipocytes).

In humans and animals, ghrelin stimulates
upper Gl tract motility by eliciting a type IIl migrat-
ing motor complex in the stomach and proximal
small bowel. Ghrelin analogs are under evaluation
as prokinetic agents for treatment of gastroparesis
and postoperative ileus.

Dr Veldhuis notes: “Ghrelin also inhibits fat oxi-
dation, induces weight gain, reduces diastolic
blood pressure, and increases cardiac output. Thus,
other exploratory therapeutic applications of ghre-
lin include frailty associated with aging and con-
gestive heart failure (Table 2). Despite the potential
for diverse therapeutic uses, physiologic regulation
of the production and metabolism of the acylated
(putatively bioactive) peptide remains poorly
understood. Recent cloning of the acyl transferase
that octanoylates ghrelin and the deacylase that
removes n-octanoic acid from ghrelin should lead
to better understanding of these points.”

ent system, which has greatly increased the cost
burden for our country and has not provided con-
sistent, high-value patient-centered care.”

In 2006, the Mayo Clinic National Symposium
on Health Care Reform (http://www.mayoclinic.
org/healthpolicycenter/2006-symposium.html)
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concluded that it was imperative that all people

have access to appropriate care and health care

insurance and that

e Adequate financial resources exist within the
total system to accomplish this task.

e The optimal systems of care, delivery of care, and
reimbursement are identified and designed to
achieve these results.

Dr Smith continues: “It is well known that dia-
betes mellitus is a chronic disease that is expensive
to treat; however, it is even more expensive not to
treat. The population of patients with type 2
diabetes mellitus is growing, and these patients
are experiencing increased challenges because of
complex treatment regimens and the number of
comorbid conditions. Treatment prioritization in
these patients is increasingly important to improve
the value of the money spent on diabetes care.”

Victor M. Montori, MD, of the Division of
Endocrinology, Diabetes, Metabolism, and Nutrition
at Mayo Clinic in Rochester, notes: “It is not possi-
ble for us in the health care system to define value
for our patients. People should reach their own
conclusions about the value we offer by determin-
ing how likely it would be for them to be better off
if they got our care and what would that take in
terms of burden of treatment, the experience of
receiving care (including inconvenience and dis-
comfort), and costs.”

There has been an increasing emphasis on eval-
uating provider performance for offering evidence-
based care. Dr Smith notes, however: “The per-
formance measures used in such evaluations
assume ‘one size fits all,” but these measures do not
account for changing needs and preferences of
patients. Thus, it is often difficult for primary care
and specialty clinicians to prioritize interventions
for patients with diabetes mellitus when attempt-
ing to account for patient preferences and simulta-
neously responding to external quality measure-
ment requirements (eg, achieving a glycosylated
hemoglobin of 7%). Failure to account for patient
preferences may be expressed through patients’
nonadherence or discontinuation of important
medications and nonattendance to scheduled
appointments.”

Mayo Clinic in Rochester—in collaboration with
North Carolina State University and the University
of Colorado—has a dedicated team of clinicians,
health services researchers, systems engineers, and
health economists who seek to bridge the gaps in
the care of people with diabetes mellitus by
advancing knowledge about how to optimally treat
this disorder over the course of a patient’s lifetime.

Victor M. Montori, MD, Steven A. Smith, MD, and Nilay D. Shah, PhD

Nilay D. Shah, PhD, of the Department of Health
Care Policy & Research at Mayo Clinic in Rochester,
explains: “This strategy considers multiple criteria,
including a patient’s quality-adjusted lifespan,
adherence to treatment, the costs of treatment, and
the cost of diabetes-related complications to the
health system.” These efforts have included the fol-
lowing;:

e The development of a natural history model for
type 2 diabetes mellitus based on longitudinal
analysis of parameters of clinical care and opti-
mization modeling for specific treatment deci-
sions (eg, when to initiate medications to control
cholesterol and blood pressure).

e The study of clinician-patient interaction for
identification of determinants of treatment
choice.

e The development of a model of shared treatment
decision making for diabetes and other chronic
diseases.

e The design, evaluation, and implementation of
decision aids in practice.

e The implementation and evaluation of new
models of care (eg, the impact of decision aids,
patient-specific tailored evidence-based mes-
sages, and telemetric specialty advice for med-
ication management during the clinical
encounter).

The collaborators” ultimate goal is to reduce the
costs of diabetes care—measured not only in health
care dollars but, more importantly, in terms of
human suffering and patient outcomes. For exam-
ple, in October 2007, these investigators reported at
the annual meeting of the Society for Medical
Decision Making in Pittsburgh, Pennsylvania, the
predicted impact on comorbid conditions of the
introduction of multiple cholesterol and blood
pressure treatments, based on varying national and
international practice guidelines. For each of the
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Health

Professionals
including clinicians,

health services + Empowered
researchers, system Patients
engineers, and health
economists

therapies commonly considered, these investiga-
tors estimated the proportional change in the rele-
vant metabolic factor and time to first cardiovascu-
lar event or death from other causes, in relation to
total treatment costs. While there did not appear to
be differences between these various guidelines for
the prediction of cardiovascular death, there were
significant differences between the longest and the
shortest expected time to first cardiovascular event
and the total expected cost of treatment. This
observed discrepancy in predicted outcomes sug-
gests that there are potential differences in impor-
tant patient outcomes, even when adhering to cur-
rent guidelines.

Dr Smith adds: “We believe that the traditional
system of delivery of diabetes care and reimburse-
ment is obsolete and that a new system that fosters
collaboration between health professionals, includ-
ing clinicians, health services researchers, system

Informed and

Quality,
f— Evidence-Based
and Cost-effective
Diabetes Care

engineers, and health economists, and informed
and empowered patients may provide the best
opportunity to deliver evidence-based and cost-
effective diabetes care. Regulating an obsolete sys-
tem will not improve the quality of care and out-
comes for people with diabetes.

“Health professionals should be the architects in
the care delivery for people with chronic disease
such as diabetes. For this to happen, there will need
to be a change in national health policy and legisla-
tion. If the purpose of a system of delivery of dia-
betes care is to provide appropriate access to care
and decrease bad outcomes—costs in lives, suffer-
ing, disability, and health care dollars—then new
metrics of productivity and reimbursement will be
necessary. This system should provide valid evi-
dence-based diabetes care to all patients with dia-
betes in the community.”

Novel Therapies for Type 2 Diabetes Mellitus

As understanding of the underlying pathophysiol-
ogy and metabolic abnormalities leading to the
development of type 2 diabetes mellitus has
increased, novel pharmacologic approaches have
been developed to better manage this disease.
Roger L. Nelson, MD, of the Division of Endo-
crinology, Diabetes, Metabolism, and Nutrition at
Mayo Clinic in Rochester, says: “Since it has been
shown that improved glycemic control reduces
long-term microvascular complications, more
stringent glycemic targets are sought. To achieve
these targets, a combination of various agents or
classes of drugs has become a necessity in many
patients.”

Incretin Therapies

Incretins are insulinotropic peptides—secreted by
enteroendocrine cells in the gastrointestinal tract in
response to a meal—that augment insulin secre-

tion and suppress glucagon secretion. M. Regina
Castro, MD, of the Division of Endocrinology,
Diabetes, Metabolism, and Nutrition at Mayo
Clinic in Rochester, explains: “They also slow gas-
tric emptying and suppress appetite by a central
hypothalamic effect. Glucagon-like peptide 1
(GLP-1) is the incretin with dominant biological
activity. The effects of GLP-1 on glucagon secretion
and insulin secretory responses are glucose-
dependent, but counterregulatory release of
glucagon in response to hypoglycemia is pre-
served even in the presence of pharmacologic con-
centrations of GLP-1.”

Plasma levels of GLP-1 are low in the fasted
state but increase rapidly after eating. However,
GLP-1 is inactivated by the enzyme dipeptidyl
peptidase IV (DPP 1V) within 1 to 2 minutes. The
rapid degradation of GLP-1 limits its clinical appli-
cability as a pharmacologic agent.
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GLP-1 Analogs

Exenatide (Byetta; Amylin Pharmaceuticals, Inc,
San Diego, California) is an injectable GLP-1 agonist
that mimics the effects of naturally occurring GLP-1
but is resistant to the action of DPP IV. It was
approved by the US Food and Drug Administration
(FDA) in April 2005 for use in patients taking met-
formin, sulfonylureas, or thiazolidinediones who
have not achieved glycemic goals. Dr Nelson com-
ments: “Hypoglycemia can occur in patients also
taking a sulfonylurea, but reduction in the dose of
sulfonylurea reduces potential for hypoglycemia.
One of the major advantages of exenatide is its abil-
ity to induce weight loss. Recently, the FDA issued a
warning after 30 postmarketing reports associated
the use of exenatide with development of acute pan-
creatitis. Therefore, patients taking exenatide who
experience symptoms of pancreatitis should discon-
tinue the drug and not restart it, unless an alterna-
tive cause for this problem is identified.”

Two GLP-1 analogs are currently under investi-
gation in phase 3 clinical trials. Long-acting release
(LAR) exenatide shows sustained, dose-dependent
glycemic control in animal studies for up to 28
days after a single subcutaneous injection. Prelim-
inary experience with this drug in 45 patients with
type 2 diabetes mellitus indicates a much greater
reduction in fasting glucose concentration and
hemoglobin A;. (HbA,.) after once-weekly admin-
istration for 15 weeks, compared with exenatide
twice daily. Compared with twice-daily exenatide,
LAR exenatide seems to offer a more convenient
administration schedule, improved glycemic con-
trol, and minimal adverse effects.

Liraglutide (Novo Nordisk US, Princeton, New
Jersey) is another GLP-1 analog that is currently
under investigation and shows good efficacy and
beneficial effects on weight.

DPP IV Inhibitors

Dr Castro explains: “The observation that GLP-1
levels in plasma fall shortly after eating as a result of
rapid degradation by DPP 1V led to the develop-
ment of DPP IV inhibitors aimed at prolonging the
half-life of endogenous GLP-1. DPP 1V inhibitors
mimic many of the actions of GLP-1 agonists. These
agents reduce serum DPP 1V activity by more than
80% after a single oral dose, with some inhibition
maintained 24 hours after administration. They dif-
fer from GLP-1 receptor agonists in that they are
oral medications, are generally weight neutral, and
have a lower incidence of gastrointestinal adverse
effects—presumably because postprandial levels of
GLP-1 seen with DPP IV inhibitors are lower than

M. Regina Castro, MD, and Roger L. Nelson, MD

those seen with GLP-1 analogs. They appear to
reduce HbA, similar to GLP-1 receptor agonists.”

Sitagliptin (Januvia; Merck & Co, Inc, White-
house Station, New Jersey) was approved by the
FDA in October 2006 for use either as monotherapy
or in combination with metformin or thiazolidine-
diones. Given as a single daily dose of 100 mg, it has
been shown to be well tolerated, without severe
hypoglycemia or weight gain. When used in combi-
nation with metformin, it resulted in notable reduc-
tions in HbA;, (0.5%-1.0%), fasting and postprandi-
al plasma glucose levels, and fasting serum insulin
levels.

Dr Castro continues: “More than 5,000 patients
are currently enrolled in phase 3 trials involving
vildagliptin (Novartis, Basel, Switzerland) in the
United States. In the initial studies, vildagliptin has
resulted in statistically significant reductions of
HbA,—ranging from 0.5% to 0.9% for 50-mg and
100-mg daily doses, respectively. As with sitagliptin,
this agent appears to be weight neutral, well tolerat-
ed, and associated with low incidence (<1%) of
hypoglycemia. Vildagliptin was recently approved
in Europe as add-on therapy for patients who have
failed to achieve their glycemic targets on other oral
antidiabetic drugs.”

Amylin Analog

Pramlintide (Symlin; Amylin Pharmaceuticals, Inc,
San Diego, California) is a synthetic analog of
amylin, approved by the FDA for use as adjuvant
therapy in patients with type 1 and type 2 diabetes
mellitus who are treated with insulin. Amylin is a
37-amino acid peptide cosecreted with insulin in
response to meal ingestion. It is virtually absent in
patients with type 1 diabetes mellitus, but as with
insulin, its concentrations may be normal or
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increased above normal in patients with type 2 dia-
betes mellitus. Pramlintide has been modified
to prevent formation of amyloid fibrils that occur
with native amylin within the pancreatic B-cell. Like
exenatide, it decreases appetite, slows gastric emp-
tying, and reduces glucagon secretion. In some
patients, pramlintide has been associated with con-
siderable weight loss. It is administered as an addi-
tional subcutaneous injection before meals but
should never be mixed with insulin. Insulin require-
ments are usually reduced by 10% to 50%, and post-
prandial glycemic excursions are reduced as well.
Abdominal bloating and nausea are common
adverse effects seen with the initiation of treatment
and with dose escalation.

Dr Nelson notes: “The initial dose of pramlintide
in patients with type 1 diabetes mellitus is 15 mcg
administered subcutaneously before each meal, and
the dose should be increased gradually up to 30 and
60 mcg, depending on tolerance. For patients with
type 2 diabetes mellitus, the starting dose is 60 mcg

Research Corner

6

administered subcutaneously before meals, and the
dose may be increased to 120 mcg. Pramlintide is
contraindicated in patients with gastroparesis or
hypoglycemia unawareness. The mean HbA,,
reduction obtained with adjuvant pramlintide is
approximately 0.6%.”

Conclusions

Dr Castro summarizes: “The costs and benefits of
these newer agents should be weighed against the
older and much less expensive medications. For
example, the daily cost for metformin and the
generic sulfonylureas is $0.15 to $0.25 versus $6.00
to $7.50 for the newer agents. In addition, the
HbA, -lowering effect of these new agents is proba-
bly less than that of the older agents. It is also impor-
tant to note that long-term studies specifically eval-
uating outcomes related to micro- and macrovascu-
lar complications with these new agents are not
available.”

Rituximab in the Treatment of

Graves” Ophthalmopathy

Graves’ ophthalmopathy (GO), the inflammatory
eye disease associated with Graves’ hyperthy-
roidism, is characterized by proptosis, eye pain,
periorbital edema, and extraocular muscle
dysfunction. The signs and symptoms of GO are
detectable in the majority of patients with Graves’
disease, with severe and potentially sight-threat-
ening disease being present in 5% of patients. The
natural history of GO is one of deterioration dur-
ing the active phase, followed by gradual
improvement over months to years. Some patients
experience severe, active disease for several years
with significant negative impact on their quality of
life. Current therapeutic options—including sys-
temically administered corticosteroids, orbital
radiation, and surgery—are of limited efficacy or
carry with them serious morbidity. Recent experi-
mental evidence suggests that autoimmunity
directed against the thyrotropin receptor (TSHR)
and B-cell-produced TSHR autoantibodies are
central to the pathophysiology of GO. Based on
this work, endocrinologists and ophthalmologists
at Mayo Clinic in Rochester are studying the effi-

cacy of rituximab, an anti-CD20 monoclonal anti-
body that induces transient B-cell depletion and
impacts antigen presentation, in the treatment of
moderate to severe, active GO.

Thirty patients will be enrolled in a double-
blind, randomized, controlled study. Fifteen
patients will receive rituximab (1,000 mg adminis-
tered intravenously twice at a 2-week interval),
and 15 patients will receive 2 saline infusions. All
patients will return to Mayo Clinic in Rochester 4
additional times during the subsequent year for
blood and ocular testing.

Inclusion Criteria: men and women, ages 18 to
75 years, affected by active ophthalmopathy (clin-
ical activity score >4) of moderate to severe degree.

Exclusion Criteria: contraindications to therapy
with rituximab, including HIV, hepatitis B, hepati-
tis C, denied consent to HIV or hepatitis testing,
inactive or mild GO, absolute neutrophil count
less than 1.5x10°/L, allergy to diphenhydramine.

To refer a patient with GO for this research
study, please contact Rebecca S. Bahn, MD, at 507-
284-3707, or Marius N. Stan, MD, at 507-284-2463.
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Upcoming Education Opportunities

Mayo Clinic Nutrition in Health and Disease, October 9-10, 2008, Chicago, Illinois. This
course, designed for physicians, dietitians, nurses, and pharmacists, will provide a full-spectrum,
in-depth overview of challenging nutritional issues that clinicians encounter in the ambulatory
and hospital settings. For more information about this course, please call 800-323-2688 or visit

www.mayo.edu/cme/endocrinology.html.

12th Mayo Clinic Endocrine Course,

March 16-20, 2009, on the Big Island of Hawaii.
This course, created for endocrinologists and
interested internists and surgeons, will present
the latest material on the diagnosis and treat-
ment of endocrine disorders. The 5-day course
(7:30 AM to 12:30 PM daily) will span the full
spectrum of endocrinology. The course will be
held at the Hapuna Beach Prince Hotel.
Located at the Mauna Kea Resort complex on
the Kohala Coast of the Big Island of Hawaii,

| this spectacular resort is a 30-minute drive

from the Keahole-Kona Airport. For more
information about this course, please visit
http:/ /endocourse. mayo.edu.

Highlights
From the
2008 Mayo
Clinic
Endocrine
Course

The 11th Mayo Clinic Endocrine Course—held
April 16-19, 2008, Palma de Mallorca, Spain—
brought together 392 physicians from 48 coun-
tries. Simultaneous Spanish translation was
provided. Other unique aspects of the course

included short lectures, case-based debates,
clinical pearls sessions, computer-based clin-
icopathologic case presentations, and “case
snappers” presented by course attendees. The
opening reception was held at Bellver Castle.
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2008 Graduating Endocrine Surgery Fellow

John R. Porterfield, MD (right), and his program director,
Clive S. Grant, MD. Dr Porterfield has joined the Department
of Surgery at the University of Alabama at Birmingham to
build a comprehensive endocrine surgical practice.

Interested in receiving Mayo Clinic
updates on patient care, research
and education in your inbox?

Go to www.mayoclinic.org/medicalprofs/
to sign up for Mayo Clinic’s new Physician
Update e-mail newsletter.

March 2008
Regional News

+ Mayo Clinic in Arizona
. Mayo Clinic in Florida
. Mayo Clinic in Minnesota

Clinical Trials

Glinical Trials Open to Patient

Recruitment

Referring a Patient

Arizona Referrals
(866) 629-6362
Florida Referrals

(800) 634-1417

Minnesota Referrals

(800) 533-1564

See Medical Professionals

@ MAYO CLINIC

his newsletter will
\he first issue of Physician Update o-mail newsletter. Thi
Welcome to the

lus other items of
o aticles from the Clinical Update print publication, pl
offer access

generalnterest o a physican audience
Patient Care

Inpatient Video-EEG Monitoring for Ep‘llul‘)jeyse‘mre Fp—
1) helps local
_EEG monitoring (inpatien
Continuous video-E!

th intractable:
 seizures in patients Wi

fify the number of
seizure type, and quan!

izure diagnosis.
1 seizures and those with an unconfirmed 5e%
recurrer

Optimizing the Functional Performance of Cancer survb‘v‘or‘s
There is a growing understanding of the: mportance of exercise and renabilte jon for
i i

fients manage the
ecialists can help pat

hysical Medicine Sp
cancer sunvivors. P!

and obtain a more
\ong-term sequelae of cancer and s treatments
negative long-t

satisfying, high-quality recovery:

joscopi o o therapy appears to be a safe and fective treatment
effectiv

doscopic ultrasound-guided therapy 2P ars to be a safe an

Endoscol

ventional therapies
15 with severe gastrointestinal bleeding for whom con
for patient

Medical Editor
Flillizres B Vo, 1y BAID)

Endocrinology Update

Endocrinology Update Editorial Board

Produced by M. Regina Castro, MD

Mayo Clinic Bart L. Clarke, MD

200 1st Street SW Maria L. Collazo-Clavell, MD
Rochester, MN 55905

Clive S. Grant, MD

Publication Manager
Brook A. Suri

Art Director
Ron O. Stucki

Production Designer
Connie S. Lindstrom

Manuscript Editor
Jane C. Wiggs

Media Support Services
Contributing Artists
Joseph M. Kane
Malgorzata Weivoda

Endocrinology Update is written for
physicians and should be relied upon
for medical education purposes only. It
does not provide a complete overview
of the topics covered and should not
replace the independent judgment of a
physician about the appropriateness or
risks of a procedure for a given patient.

If you would like to be removed from the Mayo Clinic Endocrinology Update mailing list, please send an e-mail with your request

to endocrineupdate@mayo.edu. However, please note this opt-out only applies to Mayo Clinic Endocrinology Update. You may con-
tinue to receive other mailings from Mayo Clinic in the future. Thank you.

W MAYO CLINIC

200 First Street SW

Rochester, Minnesota 55905

www.mayoclinic.org

© Mayo Foundation for Medical Education and Research (MFMER). All rights reserved.
MAYO, MAYO CLINIC and the triple-shield Mayo logo are trademarks and service marks of MFMER.

MC5810-0908





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.25000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.25000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.16667
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF documents best suited for on-line Mayo Intranet. Socrates \(Internal\) and Aristotle \(External\).)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (U.S. Web Coated \(SWOP\) v2)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


