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Preface 

Andrew Arnold 

The past several years have been a time of intense excitement and have 
brought major advances in the understanding and treatment of endocrine 
neoplasms. This is therefore an excellent point at which to undertake a broad­
based overview of the state of the art in endocrine neoplasia for the Cancer 
Treatment and Research series. Because of the wide and interdisciplinary 
readership of this series, our aim for each chapter has been to provide ample 
background for those not highly familiar with the topic, while emphasizing the 
most recent advances. Furthermore, the chapters have been written with the 
clinician in mind, whether she or he is an oncologist, endocrinologist, surgeon, 
generalist, pathologist, or radiologist. As such, the authors' mission has been 
to focus on clinically relevant issues and to present the scientific basis of 
current or potential future advances in a manner easily digestible to the 
nonexpert. 

Endocrine tumors often cause problems for the patient by virtue of their 
hormonal activity, which may frequently (but certainly not always) over­
shadow the adverse consequences related to their mass per se. In fact, it is 
important to keep in mind that endocrine tumors can manifest two biologically 
separable but often intertwined properties, namely, increased cell mass and 
abnormal hormonal function. These need not go hand in hand, and their 
distinction has definite clinical relevance in, for example, the increasingly 
recognized problem of incidentally discovered adrenal or pituitary masses. 
Endocrine tumors can also pose relatively unique problems to the clinician 
and pathologist because the histopathologic distinction between benign and 
malignant neoplasia may not be straightforward, and there can be wide vari­
ability in the clinical aggressiveness of even a clearly malignant or metastatic 
tumor. Therefore, depending on the specific situation, therapy may be most 
appropriately directed against the tumor cell mass, its hormonal activity, or the 
secondary consequences of either. 

The organization of this volume reflects both the organ-specific and more 
generalized aspects of endocrine tumorigenesis. Some chapters are focused on 
tumors of specific endocrine glands, for example, the pituitary, parathyroid, 
thyroid, and adrenal glands. More general themes in pathogenesis, diagnosis, 
and treatment are also addressed, for example, in chapters on radiation-



induced tumors, somatostatin analogs and receptors, persistent hyper­
insulinemic hypoglycemia of infancy, and paraneoplastic hypercalcemia. Fi­
nally, special issues of importance to the understanding and management of 
the familial endocrine tumor syndromes MEN-I and MEN-II are separately 
discussed. Certainly, there are other topics that could have reasonably been 
included in this volume, but space constraints mandated a degree of arbitrary 
selectivity. 

I would like to express my most sincere gratitude to each of the contributors 
for providing such timely reviews of new information in a manner designed to 
appeal to the interdisciplinary readership of the Cancer Treatment and Re­
search series. Finally, the administrative assistance of Ms. Helen Basilesco and 
Ms. Kate Vallan in my office, and Ms. Rose Antonelli at Kluwer Academic 
Publishers, is gratefully acknowledged as is the production assistance of Ms. 
Stephanie Granai at Kluwer. 

xiv 



1. Growth hormone- and growth-hormone-releasing 
hormone-producing tumors 

Han Shimon and Shlomo Melmed 

Acromegaly, a clinical syndrome of disordered somatic growth and propor­
tion, is usually caused by the unrestrained secretion of growth hormone (GH) 
by a pituitary adenoma and rarely may result from GH-releasing hormone 
(GHRH) secretion by an extrapituitary tumor. The disease was first described 
more than a century ago and was the earliest pituitary disorder to be recog­
nized. The clinical features of acromegaly are caused by elevated GH and 
insulin-like growth factor-I (lGF-I) levels. 

Physiology of the GHRH-GH-IGF-I axis 

The human GH gene, located on the long arm of chromosome 17 [1], codes 
for a 22-kD single-chain polypeptide hormone containing 191 amino acids. 
Approximately 10% of pituitary GH is secreted as a 20-kD variant lacking 
amino acids 32-46 [2,3], probably arising as a result of an alternate splicing 
mechanism. The GH gene is expressed and the hormone synthesized, stored, 
and secreted by somatotrope cells. These acidophilic cells comprise 40-50% of 
pituitary cells and are located in the lateral wings of the gland. GH secretion 
is pulsatile, with undetectable basal levels occuring between peaks and maxi­
mum GH secretory peaks detected within 1 hour of deep-sleep onset. GHRH, 
a 44-amino acid hypothalamic hormone, binds to specific receptors on 
somatotrope cells, increases intracellular cyclic AMP, and selectively stimu­
lates transcription of GH mRNA [4] and GH secretory pulses [5]. 

IGF-I, the target hormone of GH, participates in feedback regulation 
of GH by inhibiting both GH mRNA expression and GH secretion [6]. 
Somatostatin secreted from the hypothalamus suppresses basal GH secretion 
without altering GH mRNA levels [7]. Somatostatin appears to be the 
primary regulator of GH pulses in response to physiologic stimuli. Estrogens 
enhance GH secretion, glucocorticoid excess suppresses its release, and 
in hypothyroidism the GH response to GHRH and insulin-induced hypo­
glycemia is blunted. Thyrotropin-releasing hormone (TRH) does not stimu­
late GH secretion in normal subjects but induces GH release in patients with 
acromegaly. 

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9. 
All rights reserved. 



The liver contains the highest concentrations of GH receptors, but other 
tissues also express these receptors, which may circulate as soluble GH bind­
ing proteins (GHBPs). These 60-kD circulating receptor fragments are identi­
cal to the extracellular domain of the hepatic receptor [8] and bind half of 
circulating GH. They prolong GH plasma half-life by decreasing the GH 
metabolic clearance rate and also inhibit GH binding to surface receptors by 
ligand competition [9]. GH acts both directly, via its own receptors, and 
indirectly, via IGF-I, a 70 amino-acid protein, on peripheral target tissues. 
Longitudinal bone growth-promoting actions on epiphyseal growth-plate 
chondrocytes are probably stimulated indirectly by GH through local as well 
as hepatic-derived circulating IGF-1. GH itself has chronic anti-insulin effects, 
resulting in glucose intolerance, and the hormone increases muscle volume 
and lean body mass, and significantly decreases body fat when administered to 
GH-deficient adults [10]. 

Plasma IGF-I is associated with specific IGF binding proteins (IGFBPs). 
Six structurally distinct IGFBPs have been cloned, and IGFBP-III is the most 
abundant in adult circulation. Serum IGFBP-III levels correlate with IGF-I 
levels and appear to be GH responsive, that is, they double in acromegaly and 
are reduced in hypopituitarism. In contrast, IGFBP-I levels are elevated in 
hypopituitarism and decreased in acromegaly, probably reflecting their depen­
dence on circulating insulin and somatostatin levels. 

Molecular pathogenesis of somatotrope adenomas 

Using chromosomal inactivation analysis, the monoclonality of GH-cell pitu­
itary adenomas was confirmed in female patients heterozygous for variant 
alleles of hypoxanthine phosphoribosyltransferase and phosphoglycerate ki­
nase [11]. This observation suggests that a somatic somatotrope cell mutation 
gives rise to clonal expansion and tumor formation. The G proteins are a 
group of guanosine triphosphate (GTP)-binding proteins that are involved in 
transmembrane signal transduction and the regulation of adenylyl cyclase. A 
subset of GH-secreting human pituitary adenomas with constitutive activation 
of GS-(l protein, persistent activation of adenylyl cyclase, and high levels of 
intracellular cyclic AMP was described [12]. As GHRH signaling is mediated 
by cyclic AMP, this G-protein activation bypasses the somatotrope require­
ment for GHRH-receptor activation and leads to sustained constitutive GH 
hypersecretion. These tumors harbor somatic point mutations in two sites, 
arginine 201 replaced by cysteine or histidine, and glutamine 227 replaced with 
arginine (Table 1), which activate the GS-(l protein by inhibiting its intrinsic 
GTPase activity and convert it into an oncogene (gsp) [13]. 

These activating gsp somatic mutations are present in up to 40% of GH­
secreting adenomas and, compared with nonmutant tumors, the gsp-bearing 
adenomas are smaller, have mildly lower GH levels and enhanced 
intratumoral cyclic AMP, and do not respond briskly to GHRH [14]. More-

2 



Table 1. Somatic Gs-a mutations in somatotrope adenomas: Cyclic AMP is enhanced in tumors 
bearing these mutations 

Adenylyl cyclase 
(pmol cAMP/mg/min) Encoded amino acids 

Tumor Basal Codon 201 

Group 1 1 13 Arg 
2 6 Arg 
3 16 Arg 
4 43 Arg 

Group 2 5 170 Arg (2)/Cys (3) 
6 480 Arg (O)/His (4) 
7 190 Arg (O)/Cys (3) 
8 180 Arg 

Arg = arginine, Gin = glutamine, Cys = cysteine, His = histidine. 
Adapted from Landis et al. [13], with permission. 

Codon 227 

Gin 
Gin 
Gin 
Gin 
Gin 
Gin 
Gin 
Gin (O)/Arg (3) 

over, similar somatic mutations in codon 201 of the Gs-a were identified in 
various tissues of patients with McCune-Albright syndrome, including GH­
producing pituitary adenomas [15]. Recently, the phosphorylated and, hence, 
activated cyclic AMP-regulated factor CREB was implicated as the bio­
chemical intermediate in the mechanism by which cyclic AMP stimulates 
somatotrope proliferation in GH-secreting pituitary adenomas [16]. Further­
more, in a study of sporadic pituitary adenomas, allelic deletions involving 
chromosome 11 were found in a few GH-producing tumors [17]. 

Thus, there is intriguing evidence for both an activating as well as an 
inactivating mutation in acromegaly. GHRH may also act as a pituitary 
trophic factor. It induces somatotrope DNA synthesis [18], and patients har­
boring ectopic GHRH-secreting tumors may also develop pituitary adenomas. 
Recently, an autocrine or paracrine mechanism of GHRH action on 
somatotrope proliferation has been suggested by the finding of GHRH gene 
expression in GH-secreting adenomas themselves [19]. 

Etiology of acromegaly 

Benign pituitary adenoma accounts for over 98% of patients with acromegaly 
(Table 2). GH-secreting adenomas are relatively rare, with a prevalence of 40-
70 cases per million and an annual incidence of three to four new cases per 
million (Table 3). These sellar adenomas are epithelial tumors that derive 
from and consist of adenohypophyseal cells. Pure somatotrope tumors exclu­
sively producing GH occur in 60% of these cases. These tumors are either slow 
(densely granulated, as seen on electron microscopy) or rapidly growing 
(sparsely granulated). The former tumors contain large amounts of stored GH 
and lead to an insidious clinical progression over many years. Sparsely granu-

3 



Table 2. Etiology of acromegaly 

Excess GH secretion 
Pituitary 

Densely or sparsely granulated GH-cell adenoma 
Mixed GH-cell and PRL-cell adenoma 
Mammosomatotroph cell adenoma 
Acidophil stem-cell adenoma 
Plurihormonal adenoma 
GH-cell carcinoma 
Empty sella 

Ectopic pituitary tumors 
Sphenoid or parapharyngeal sinus 

Extrapituitary tumor 
Pancreas, carcinoid, lung, ovary, breast 

Excess GHRH secretion 
Central 

Hypothalamic hamartoma 
Peripheral 

Carcinoid tumor, pancreatic-cell tumor, small-cell lung cancer, 
adrenal adenoma, pheochromocytoma 

Excess growth-factor secretion or action 
Acromegaloidism 

Miscellaneous 
McCune-Albright syndrome 
Multiple endocrine neoplasia 

GH = growth hormone; GHRH = growth hormone-releasing 
hormone; PRL = prolactin. 
Adapted from Melmed [42], with permission. 

Table 3. Worldwide epidemiology of acromegaly 

Annual incidence: 3-4 per million 
Population prevalence: 40-70 per million 
Mean age at death, ca. 60 years 
Mortality 

2-3 x expected rate 
Primarily vascular and malignant disorders 

Data from Molitch [31], Bengtsson et al. [34], Rajasoorya et al. 
[35], and Bates et al. [51]. 

lated adenomas are locally invasive and are usually associated with suprasellar 
extension. Mixed GH-cell and prolactin (PRL)-cell adenomas [20] 
(bimorphous tumors, 25%) cause acromegaly associated with moderately el­
evated serum PRL levels. In contrast, monomorphous mammosomatotrope 
cell adenomas (10%) arise from a single cell expressing both GH and PRL, 
and are believed to be related to the more primitive acidophil stem cells. 

Clinical features of acromegaly may also occur in patients with either 
monomorphous or plurimorphous plurihormonal tumors that express GH 
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with any combination of PRL, thyroid-stimulating hormone (TSH), adreno­
corticotrophic hormone (ACTH), or a-subunit [21]. GH-cell adenoma causing 
scromegaly is a well-documented component of the autosomal dominant 
multiple endocrine neoplasia-I (MEN-I) syndrome (including hyperpara­
thyroidism, pancreatic islet-cell tumors, and pituitary adenomas) and has been 
diagnosed in several patients with sporadic McCune-Albright syndrome 
(polyostotic fibrous dysplasia, cutaneous pigmentation, precocious puberty, 
and hypersecretory polyendocrinopathy, including acromegaly). 

In rare cases acromegaly may be caused by ectopic somatotrope cell 
adenoma arising in pituitary tissue remnants in the sphenoid or para­
pharyngeal sinuses [22], reflecting the embryologic origin of the adeno­
hypophysis from Rathke's pouch. GH-cell pituitary carcinomas with well­
documented extracranial metastases are exceedingly rare, aggressive, and rap­
idly growing tumors [23,24]. Their clinical presentation is initially similar to 
that of a benign adenoma, and malignancy is diagnosed when distant meta­
static tumor is found. Rarely a functional metastasis may account for clinical 
hypersomatotrphism [24]. 

Ectopic GH-secreting tumor with clinical evidence of acromegaly, GH gene 
expression by the tumor tissue, marked arteriovenous gradient in GH levels 
across the ectopic source, and a rapid fall of GH and IGF-I after tumor 
resection have been documented in a single patient with a GH-producing 
pancreatic islet-cell tumor [25]. In several other tumors, including lung, breast, 
and gastric carcinomas, and bronchial carcinoids, GH immunoreactivity was 
demonstrated. However, in these cases clinically excessive GH secretion was 
not proven and no evidence of acromegaly was demonstrated. 

Somatotrope hyperplasia is difficult to differentiate histologically from a 
GH-producing adenoma and usually is associated with acromegaly due to 
stimulation by ectopic GHRH-secreting tumors. This rare cause of 
acromegaly, indistinguishable clinically from acromegaly due to a pituitary 
adenoma, has been reported in patients with bronchial carcinoid tumors [26] 
(50--60% of patients with GHRH-secreting tumors), pancreatic islet-cell tu­
mors [27], and small-cell lung cancers (see Table 2), and also adrenal 
adenomas, pheochromocytomas, medullary thyroid, endometrial, and breast 
cancers have rarely been described to express GHRH and to cause 
acromegaly. The structure of GHRH was originally elucidated from extracts 
of pancreatic islet-cell tumors removed from patients with this syndrome. 
Some ectopic tumors may secrete GHRH with reduced biologic activity due to 
chemical modifications of the hormone, while others synthesize GH but se­
crete it inefficiently. GHRH-producing tumors may also contain somatostatin. 
Some patients with GHRH-secreting pancreatic tumors have hyperpara­
thyroidism or familial disease suggestive of MEN-I syndrome. 

Eutopic hypothalamic GHRH-secreting tumors, including hamartomas, 
choristomas, gliomas, and ganglioneuromas, may directly induce pituitary 
somatotrope hyperplasia or adenoma and resultant acromegaly [28,29]. 
Rarely, a clearly acromegalic patient will be encountered with 
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acromegaloidism, presenting as acromegaly without demonstrable pituitary or 
extrapituitary tumor. GH and IGF-I levels are not elevated, and some of these 
patients may produce an erythroprogenitor growth factor, distinguishable 
from other growth factors [30] and demonstrated by bioassay techniques. 

Clinical presentation (Table 4) 

Acromegaly is insidious, and the mean delay from disease onset until diagnosis 
is estimated to be 8-10 years [31]. Rarely, excess GH secretion preceeds 
epiphyseal closure of the long bones in children, resulting in gigantism. About 
one quarter of acromegalic patients are found to harbor microadenomas (di­
ameter <lOmm), while most patients have macro adenomas, many of them 
with parasellar invasion at the time of diagnosis [32]. Headaches are common, 
and visual-field defects and hypopituitarism occurring secondary to the large 
tumor mass correlate well with tumor size. Hyperprolactinemia is found in 
about one third of patients, and in most cases is caused by cosecretion of 
PRL with GH by the tumor (mixed somatotrope-Iactotrope tumor, mam­
mosomatotrope or plurihormonal adenomas). However, immunohistochemi­
cal staining for PRL is observed in the majority of somatotrope adenomas. 
Pituitary stalk compression by large GH-cell macro adenomas may also lead 
to hyperprolactinemia. Amenorrhea or impotence are common, and galac­
torrhea may be present even in patients with normal PRL levels, when el­
evated GH levels behave as an apparent agonist for PRL receptors in the 
breast. 

Acral and soft-tissue overgrowth results in increased hand, foot, and heel­
pad thickness, with increased shoe or glove size, and ring tightening. Skeletal 
overgrowth leads to mandibular enlargement with prognathism, frontal boss­
ing, characteristic coarse facial features with wide spacing of the teeth, and 
a large, fleshy nose. Patients present with voice deepening, arthropathy, 
kyphosis, carpal tunnel syndrome, proximal muscle weakness and fatigue, oily 
skin, hyperhidrosis, acanthosis nigricans, skin tags, and depression. General­
ized visceromegaly with enlargement of the tongue, thyroid, salivary glands, 
heart, and soft organs occur commonly. 

Cardiovascular disease occurs in about a third of patients and consists of 
coronary heart disease, cardiomyopathy with arrhythmias, left ventricular 
hypertrophy, decreased diastolic function, and hypertension. Upper airway 
obstruction, diagnosed in 70% of male and 25% of female acromegalic pa­
tients [33], has been attributed to macroglossia and laryngeal soft-tissue over­
growth. Sleep apnea occurs in about 60% of patients, and a third of them, in 
fact, harbor central sleep apnea [33]. Patients with central sleep apnea have 
significantly higher GH and IGF-I levels than those with obstructive sleep 
apnea. 

GH is a major peripheral antagonist of insulin, and glucose intolerance is 
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Table 4. Risks of long-term exposure to elevated growth hormone 

Arthropathy 
Unrelated to age of onset or to GH levels 
Usually occurs with long duration 
Reversibility 

Rapid symptomatic improvement 
Irreversibility of bone and cartilage lesions 

Neuropathy 
Peripheral nerves 

Intermittent anesthesias, paresthesias 
Sensorimotor polyneuropathy 

Reversibility 
Onion bulbs (whorls) do not regress 

Cardiovascular disease 
Cardiomyopathy 

LV diastolic function decreased 
LV mass increased; arrhythmias 
Fibrous connective tissue hyperplasia 

Hypertension 
Exacerbates cardiomyopathy 

Reversibility 
May progress, even with normalized GH 

Respiratory disease 
Upper-airway obstruction 

Soft-tissue overgrowth 
Reversibility 

Improves with reduction in GH 
Malignancy 

Increased risk 
Increased soft-tissue polyps 
Reversibility 

Effect of therapy on risk unknown 
Carbohydrate intolerance 

25% diabetes 
Reversibility 

Improves with reduced GH 

LV = left ventricular; GH = growth hormone. 
Adapted from the Acromegaly Therapy Consensus Development 
Panel [49], with permission. 

present in about 50% of patients. Frank diabetes is diagnosed in 25% of 
patients, and most of these have a family history of diabetes. Metabolic dis­
turbances as hypertriglyceridemia or hypercalciuria are found frequently in 
acromegaly. 

In children, GH hypersecretion is associated with pituitary gigantism. In 
up to 20% of these cases McCune-Albright syndrome is diagnosed with 
somatotrope hyperplasia, or less often with a pituitary adenoma. 

Increased overall mortality in acromegaly, about threefold higher in male 
patients, has been reported [31,34] due to cardiovascular and cerebrovascular 
disorders, malignancy, and respiratory disease (Table 5). Survival of these 
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Table 5. Acromegaly: Causes of death 

Cardiovascular 
Respiratory 
Malignancy 

38-62% 
0-25% 
9-25% 

Compiled from, Nabarro [32], Bengtsson [34], Bates [51], and 
Rajasoorya [35]. 

Table 6. Survival determinants in 151 acromegalic patients 

Last known growth hormone 
Hypertension 
Cardiac disease 
Symptom duration 

Adapted from Rajasoorya et al. [35], with permission. 

p < 0.0001 
P < 0.02 
P < 0.03 
p < 0.04 

Table 7. Common cancers in 1041 acromegalic male patients with­
out evidence of cancer at diagnosis 

1190 males 

1 ----. 149 (18% prevalent 
lOll gastrointestinal cancer 

cicers Expected DIE 

All 116 72 1.6 
Colon 13 4.2 3.1 
Esophagus 7 2.3 3.1 
Stomach 4 1.6 2.5 
Melanoma 3 0.9 3.3 

DIE = observed/expected. 
Adapted from Ron et al. [38], with permission. 

patients is reduced an average of 10 years compared with the non­
acromegalic population [35] and correlates negatively with higher levels of 
GH at diagnosis (p < 0.001; Table 6). Other important determinants of mor­
tality are the presence of cardiovascular disease at diagnosis (p < 0.03), 
diabetes mellitus (p < 0.03), and hypertension (p < 0.02) [35]. In fact, patients 
with cardiac disease already present at the time of diagnosis of acromegaly 
do not survive longer than 14 years [35], and only 30% of acromegalic 
patients who already have diabetes at diagnosis appear to survive more than 
20 years. 

Acromegaly increases the risk of malignancy and tissue polyps. This may be 
associated with the role of the GH-IGF-I axis in pathways that regulate 
cellular proliferation of both malignant and normal cells [36]. In contrast, 

8 



hypophysectomy appears to protect against neoplasia in both animal models 
as well as in several earlier human studies. About 10% of patients develop 
a malignancy, most commonly colonic, gastric, and esophageal adenocarc­
inomas [37,38], occurring in acromegalic patients with a two- to threefold 
increase, and melanoma (Table 7). Adenomatous colonic polyps are present in 
up to one third of acromegalic patients [39,40]. Colonoscopy is helpful in the 
diagnosis of these premalignant lesions and differentiates them from the hy­
pertrophic mucosal folds occasionally found in these patients. 

Diagnosis of acromegaly 

The clinical diagnosis is usually clear cut in long-standing cases but may be 
difficult in the early stages of the disease. The biochemical diagnosis of 
acromegaly is based on the demonstration of excess GH and IGF-I secretion 
with failure to suppress circulating GH levels by a glucose load. Random 
serum GH measurements are not helpful in the diagnosis of GH hypersecre­
tion because of the pulsatile nature of pituitary GH release and its relatively 
short circulating half-life (about 22 minutes). Therefore, integrated measure­
ments over time (at least every 20 minutes) are required. In addition, GH 
levels may also be elevated in uncontrolled diabetes, malnutrition, anorexia 
nervosa, cirrhosis, renal failure, and states of physical and emotional stress. 
Many laboratories consider 51lgl1 the upper limit of normal basal morning GH 
levels, using radioimmunoassay (RIA), but this criterion is no longer accept­
able. Normal subjects have basal values ranging between 0.25 and 0.7Ilgll, 
which are below the sensitivity of most GH RIAs, and the probability of 
acromegaly is high if morning levels are higher than 10llg/1. 

A random GH level is not an absolute criterion for the diagnosis or exclu­
sion of acromegaly and correlates poorly with disease severity. Accordingly, 
random morning levels are not cost effective for screening. When GH is 
sampled every 5 minutes, levels are undetectable in about half of samples 
collected from healthy individuals, while in acromegaly all samples collected 
over 24 hours contain detectable GH levels (>2Ilgll) [41). GH immun­
oradiometric assays (IRMAs), employing a double monoclonal antibody sand­
wich system, are now widely used because of their sensitivity and accuracy, 
compared with RIAs. These new IRMAs indicate normal integrated GH 
levels of less than O.5llg/l. 

Oral glucose tolerance test (OGTT) 

This classic method is essential to establish the diagnosis of active acromegaly. 
Oral glucose load (50-100g; after overnight fasting) normally suppresses GH 
levels to <11lgl1 within 1-2 hours, but acromegalic patients do not show 
this suppression [42], and 20% of patients have a paradoxic rise after 30-60 
minutes. This dynamic test is also useful in monitoring the response to therapy. 
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IGF-I levels 

Serum IGF-I levels are invariably high in acromegaly [43], correlate well with 
24-hour GH secretion, and correlate better with the clinical manifestations of 
hypersomatotropism than single random GH measurements [44,45]. IGF-I 
clearance from the circulation takes hours (half-life 12-15 hours in association 
with the IGFBP-3 complex), and its levels do not fluctuate during the course 
of the day and are not affected by stress or physical exercise. Thus, single 
elevated IGF-I level measured by a commercial RIA is highly specific for 
diagnosing acromegaly and may also be helpful in monitoring the progress of 
therapy. IGF-I levels reach a plateau when GH is above 40JlglI, and at higher 
GH concentrations the IGF-I increase is not linear. IGF-I levels are affected 
by nutritional status, age, and estrogens. Pregnancy and late puberty are 
associated with elevated levels, while values are normally low in infants and 
elderly subjects. 

IGFBPs 

IGFBP-III levels correlate well with IGF-I levels and are significantly elevated 
in acromegaly [46], even in patients with normal GH suppression in response 
to glucose. The utility of IGFBP-III as a sensitive diagnostic test of acromegaly 
needs confirmation. IGFBP-I levels are low in acromegaly, are inversely cor­
related with GH levels, and may be useful in determining responses to therapy 
[47]. 

TRH and gonadotropin-releasing hormone (GnRH) tests 

In 50% of acromegalic patients, intravenous administration of TRH [48] or 
GnRH increases GH levels, unlike normal subjects, who have no induced GH 
response. GH response to TRH may indicate the presence of adenomatous 
tissue after unsuccessful trans-sphenoidal surgery. However, this test is not 
specific, because TRH may also stimulate GH release in renal failure, liver 
disease, anorexia nervosa, and depression. 

The recommended strategy for diagnosis and subsequent post-therapy 
monitoring of acromegaly is to measure plasma IGF-I level and the GH 
response to OGTT [49]. 

DitJerential diagnosis of acromegaly (Fig. 1) 

Magnetic resonance imaging (MRI) of the pituitary, with the paramagnetic 
contrast agent gadolinium, should identify the GH-secreting adenoma in pa­
tients with pituitary acromegaly. True acromegaly with normal GH and 
IGF-I levels and no evidence for extrapituitary tumor probably represents 
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Figure 1. Differential diagnosis of acromegaly. (Adapted from Melmed [42], with permission.) 

'burned out' acromegaly associated with an infarcted previously active pitu­
itary adenoma. 

If tumor is not evident, the rare possibility of ectopic secretion of GHRH 
with somatotrope hyperplasia should be considered. An enlarged pituitary is, 
however, often found on MRI of patients with ectopic GHRH-secreting tu­
mors. Excess GHRH secretion leading to pituitary hyperplasia may result in 
subsequent somatotrope adenoma formation. Imaging of the hypothalamic 
region is mandatory to exclude the presence of hypothalamic GHRH­
secreting tumor. Plasma GHRH levels are usually elevated as much as 3-10 ng/ 
ml in patients with peripleral GHRH-secreting tumors [50] compared with 
barely measurable concentrations «30pg/ml) in patients with pituitary 
acromegaly. However, hypothalamic GHRH-secreting tumors do not raise 
peripheral GHRH leves because excess eutopic hypothalamic GHRH is prob­
ably secreted into the hypophyseal portal system. 

Unique clinical features and biochemical markers related to carcinoid syn­
drome (respiratory wheezing, flushing), islet-cell tumors (peptic ulcers and 
hypergastrinemia, hypoglycemia, and hyperinsulinemia), or small-cell lung 
cancer (hypercortisolism) may be associated with extrapituitary acromegaly 
and should be an indication for localization of a secreting tumor by abdominal 
[computed tomography (CT), MRI, arteriography, endoscopic ultrasound] or 
chest (x-ray, CT, bronchoscopy) imaging. Radiolabeled octreotide scan may 
be helpful to visualize ectopic GHRH-producing tumors or their metastases, 
as has been demonstrated in somatostatin receptor-positive endocrine tu­
mors, including carcinoid tumors. 

11 



Treatment 

Long-term exposure to high levels of GH and IGF-I reduces the quality of life 
by causing chronic pain, discomfort, and disfigurement, and shortens life ex­
pectancy. In addition, large pituitary tumors may compress and destroy adja­
cent structures and result in visual decompensation and hypopituitarism. Thus, 
to improve patient outcome the disease should be diagnosed early and medical 
intervention undertaken [51], even in the presence of mild GH excess with 
minimal signs and symptoms. The source of excess GH secretion should be 
identified, and the goal of management is either to remove it or suppress its 
activity. Effective treatment should restore soft-tissue overgrowth, and the 
other classic symptoms and biochemical derangements should be ameliorated. 
GH (after a glucose load) and IGF-I levels should ideally be normalized, and 
the pituitary tumor should be selectively resected or shrunken with preserva­
tion of residual anterior pituitary function. Criteria for biochemical cure of 
acromegaly include GH reduction to <1 J.l.g11 after glucose load and IGF-I 
normalization [49]. Furthermore, restored circadian rhythm and appropriate 
responses of GH to provocative stimuli, including arginine, L-dopa, and exer­
cise, should ideally be achieved to ensure that acromegaly is cured. Unfortu­
nately, none of the three therapeutic modes currently available - surgery, 
irradiation, and medical treatment - alone fulfills all these comprehensive 
biochemical criteria, and acromegaly has in many patients been 'controlled' 
but not 'cured.' 

Surgical management 

Well-localized GH-secreting pituitary adenoma should be resected by an ex­
perienced neurosurgeon using a selective trans-sphenoidal surgical approach 
[52-55]. This procedure has yielded high success rates at major neurosurgical 
centers, with the use of accurate MRI localization, microinstrumentation, and 
sophisticated head-immobilization techniques. Residual pituitary function is 
usually preserved after resection of well-encapsulated tumors with no 
extrasellar extension. A transfrontal pituitary operation is rarely reserved for 
patients harboring large tumors with suprasellar extension or contiguity with 
blood vessels or the optic tract. Signs of preoperative tumor compression and 
compromised trophic hormone secretion are often restored by surgery. Soft­
tissue swelling and metabolic dysfunction start improving immediately after 
successful tumor resection, GH levels usually return to normal within 1 hour, 
and IGF-I levels are normalized after 1 week but may remain elevated for 
several months, even when GH levels are in remission. In contrast to soft­
tissue swelling, the hard-tissue changes induced by the acromegaly are 
irreversible. 

Precise interpretation of surgical results in acromegaly is difficult, because 
most reports do not provide results of postglucose GH levels or IGF-I mea­
surements. In addition, long-term data are often not reported in these series. 
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(black bars) in different series (A) after trans-sphenoidal surgery and (8) 10 years after radio­
therapy. (Adapted from Melmed et al. [56], with permission.) 
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In patients with intrasellar microadenomas, 72% had postglucose GH levels of 
<2~gJI (81 % had basal levels of <5 ~g/l) in the early postoperative period [53], 
while only 50% of all-sized macroadenomas had GH levels <2 ~g/l after 
glucose load [53]. In most large surgical series, 60% of acromegalic patients 
had postoperative random GH levels <5 ~gJI [52-56] (Fig. 2A), and the suc­
cess rate was significantly lower for macroadenomas. However, many patients 
with postoperative random GH levels of <5 ~gJI had increased IGF-I levels, or 
increased GH secretion when retested a year or more after the operation. 
Acromegaly may recur several years after surgery in 5-10% of operated 
patients despite normal dynamic GH shortly after the operation. This prob­
ably reflects the incomplete resection of the tumor, and if residual tumor is 
documented by MRI, reoperation is indicated with less favorable results than 
for primary resection. 

Postoperative anterior pituitary failure and the need for lifelong hormonal 
replacement is found in up to 15% of patients [52,53], and the risk is increased 
in patients operated for large invasive tumors. Permanent diabetes insipidus 
occurs in 2.6% of patients [52], and other complications, including cerebrospi­
nal fluid rhinorrhea, meningitis, and central nervous system damage, are rare. 
A mortality rate of about 1 % or less may be encountered in association with 
resection of large invasive tumors. 

The therapy of choice for ectopic acromegaly is surgical removal of 
GHRH- or GH-producing tumors if feasible and after accurate localization of 
the secreting tumor [57]. Cure is achieved when GHRH, GH, and IGF-I are 
normalized, together with GH suppressibility to glucose. Alternative thera­
peutic strategies are used in patients with inoperable metastatic disease 
(i.e., lung cancer), including pituitary surgery (ineffective in most GHRH­
producing tumors) and octreotide administration (see later). 

Radiotherapy 

External-beam irradiation for acromegaly should be considered as adjuvant 
therapy when surgery or medical therapy has failed to control the disease. 
Maximal tumor irradiation with minimal normal tissue damage are achieved 
with precise MRI tumor localization, highly reproducible simulation, and 
isocentral rotational techniques. Conventional x-irradiation, proton beam 
(heavy-particle) therapy (performed in a limited number of centers), and 
gamma-knife excision (available in a few centers) can be used. The conven­
tional megavolt age radiotherapy generated by cobalt-60 and linear accelera­
tors is the common method of treatment. The recommended total dose is 
4500-5000rad given over 5-6 weeks in treatment fractions not exceeding 
180rad/day [57]. In addition to a high rate of late complications, the slow rate 
of response is the main disadvantage of radiotherapy, and many patients 
continue to be exposed to unacceptably high levels of circulating GH and 
IGF-I for several years after irradiation. Thus, radiotherapy is an inappropri­
ate option for young patients with progressive physical deformities. The 
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reduction in GH levels is more rapid with proton-beam therapy (the recom­
mended dose is 15,OOOrad), compared with conventional radiotherapy, and 
hormone levels begin falling gradually during the first year after treatment. 
GH levels drop to less than 10 J,lgll after 5-10 years, and values <5 J,lg/l are 
encountered 10-15 years after treatment, with up to 77% of patients falling 
below 5 J,lgll after 15 years [58-60] (Fig. 2B). Tumor growth is arrested, and 
over 95% of GH-cell adenomas shrink and headaches improve [58,61]. 

Proton-beam therapy is contraindicated in patients with suprasellar exten­
sion of their tumors because the optic tract can be exposed to the radiation 
field. Stereotactic ablation of GH-secreting adenomas by gamma-knife 
radiosurgery is highly promising but is performed only in specialized centers, 
and long-term results are not yet available. About half of acromegalic patients 
receiving radiotherapy develop hypopituitarism within 10 years after treat­
ment [58], and the incidence increases thereafter. Hypocortisolism and 
hypogonadism are the common trophic hormone deficits (40-50%), and iso­
lated hypothyroidism occurs in 10% of irradiated patients. Thus, many pa­
tients will require replacement of gonadal steroids, hydrocortisone, and 
thyroid hormone. Other postirradiation complications, including cranial-nerve 
palsies, vision loss, memory deficits, and cerebral necrosis, are very rare and 
are usually associated with larger doses than currently recommended. Second­
ary brain tumors occuring within the radiation field following treatment have 
been reported in 1.3-1.7% of irradiated patients during the first 10 years after 
therapy [62,63]. These include astrocytoma, glioma, meningioma, and rarely 
meningeal sarcoma [62,63]. The relative risk of developing such a second 
tumor has been estimated as 9-16 times greater than that of the normal 
population. 

Medical treatment 

Bromocriptine. Bromocriptine, an ergot-derivative dopamine agonist, sup­
presses GH secretion by neoplastic somatotropes and has therefore been 
used as a primary or adjuvant therapy for acromegaly, in combination with 
octreotide or irradiation, or before surgery. Usually patients require up to 20-
30mglday, higher than the dose required to suppress PRL secretion in patients 
with prolactinoma. In addition, the duration of GH suppression is shorter in 
acromegaly, compared with the effect on PRL in prolactinoma, necessitating 
three to four daily doses instead of two. Among 549 patients from 31 different 
series treated with bromocriptine, random GH levels decreased to <10 J,lg/l 
in 53% and to <5 J,lgll in 20% [64]. IGF-I levels were normalized in 10% of 
treated patients, and the drug resulted in minimal tumor shrinkage in less than 
20% of patients. However, the majority of patients in this retrospective analy­
sis experienced subjective clinical improvement while taking the drug, includ­
ing decreased soft-tissue swelling, fatigue, perspiration, and headache. Thus, it 
has been suggested that bromocriptine may have a beneficial peripheral effect 
by impairing GH bioactivity unrelated to the direct effect on somatotrope 
secretion. 
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Bromocriptine does not reduce GHRH levels in patients with GHRH­
producing tumors and fails to significantly lower serum GH and IGF-I levels in 
most of these patients. At the initiation of therapy, bromocriptine may cause 
gastointestinal upset, nausea, postural hypotension, and dizziness. Most of 
these side effects resolve with continued drug use. Other side effects, including 
nasal suffiness, depression, nightmares, and hallucinations, are reversible after 
decreasing the drug dose. 

Octreotide. The somatostatin analog, octreotide, inhibits GH secretion with 
at least 40-fold greater potency than the naturally occuring hypothalamic 
somatostatin, but with only mild suppressive effect on insulin secretion. This 
eight amino-acid analog is relatively resistant to enzymatic degradation, with 
a circulating half-life of approximately 2 hours after subcutaneous injection, 
compared with the short duration of action of human somatostatin (serum 
half-life, about 3 minutes). Furthermore, rebound GH hypersecretion seen 
following somatostatin infusion is not encountered after octreotide, and pro­
longed use of the analog is not associated with desensitization. Cultured GH­
secreting tumor cells respond in a qualitatively normal way to somatostatin, 
and this inhibitory effect is mediated via specific membrane receptors on the 
tumor cells [65]. Circulating GH suppression after octreotide administration 
closely correlates with the density of somatostatin receptors on the tumor 
tissue removed [66] and with the presence of receptors demonstrated by 
radiolabeled octreotide scan [67]. Acute lowering of GH levels in response to 
a test dose of octreotide was demonstrated only in patients with pituitary 
uptake of the labeled analog, while patients who do not respond to octreotide 
do not have visible in vivo receptors. Recently, expression of somatostatin 
receptor subtypes 2 and 5 was demonstrated in GH-secreting tumors [68,69]. 

Figure 3. Effect of low-dose (100 Ilg every 8 hours, n = 50) and high-dose octreotide (250llg every 
8 hours, n = 54) on integrated OR and IOF-I levels in acromegalic patients treated with subcuta­
neous octreotide for 6 months. ***p < 0.001 versus baseline. (Adapted from Ezzat et al. [71], with 
permission. ) 
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Octreotide exerts its GH-suppression effect predominantly through these re­
ceptor subtypes. 

A single subcutaneous injection of 50-100/lg octreotide suppresses GH 
secretion for 4-6 hours [70] (Fig. 3). The drug is administered in three daily 
injections (100-200 /lg each), and the daily dose can be increased up to 1500 /lg. 
A long-acting formulation of somatostatin analog (Sandostatin LAR) that 
produces slow release of octreotide from microspheres is currently under 
clinical investigation, and has shown comparable GH suppression in ac­
romegalic patients for as long as 6 weeks after a single 30-mg intramuscular 
injection. Octreotide administered subcutaneously every 8 hours significantly 
suppresses GH levels in over 90% of acromegalic patients [71] (see Fig. 3), 
decreasing the integrated GH levels over 5 hours after injection to <5/lg/1 in 
50% of patients, and to <2/lg/1 in 25%. 

Octreotide normalizes IGF-I levels in 47% of patients treated worldwide 
[56). In patients treated for microadenomas, integrated GH and IGF-I levels 
are almost invariably normalized [71], while the drug is less effective in larger 
adenomas (Table 8). In a recent multicenter follow-up of 103 acromegalic 

Table 8. Factors influencing biochemical and clinical responsive­
ness to octreotide in acromegaly 

Dose 
Delivery mode 
Duration 
Disease severity 

Baseline GH and IGF-I 
Tumor size 

GH = growth hormone; IGF-I = insulin-like growth factor I. 

Table 9. Comparison of treatment modalities for acromegaly: Success rates and complications 

Trans·sphenoidal surgery 

Microadenoma Macroadenoma Radiotherapy 

GH <5~gIl 80% 50-60% 77% (15yr) 
GH <2~gIl 70% 40% n.d. 
Normal IGF-I -50%* n.d. 
Tumor shrinkage >95% 70% 95% 

Disadvantages 
Recurrence 5-10% 
Persistent GHi 40% 

Late response 

Complications 
New hypopituitarism 15% >50% 
Other Diabetes insipidus 2.6% Neurological 

deficits 

n.d. = no data; GH = growth hormone; IGF-I = insulin-like growth factor I. 
a Data derived from our experience. 

Bromocriptine Octreotide 

20% 65% 
n.d. 40% 
10% 50% 
\0% 50% 

Low efficacy 3 s.c. injections/day 

No No 
Nausea, Asymptomatic 

dizziness gallstones 

Data summarized from Fahlbusch et al. [53J. Eastman et al. [58J, laffe et al. [64J, Ezzat [71J, and Newman et al. [72J. 
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patients receiving long-term octreotide treatment, GH levels 2 hours after 
analog injection were s;5 Jlg/I in 65 % of patients and s;2 Jlg/I in 40% [72] 
(Table 9). IGF-I concentrations decrease to normal in 56% of patients [72]. 
Significant tumor shrinkage, as assessed by MRI or CT scan, occurs in up to 
50% of patients [71]. This effect on tumor size is evident within the first 3 
months and is reversible if treatment is stopped. Over 70% of patients experi­
ence rapid and marked improvement in many signs and symptoms within 
several days [71], including soft tissue swelling, hyperhidrosis, headache, 
arthralgia, and paresthesias. 

Combined therapy with bromocriptine and octreotide induces an additive 
suppression of GH and IGF-I compared with separate administration of simi­
lar doses of either drug [73]. Sleep apnea responds dramatically to long-term 
octreotide treatment [74]. However, this improvement is independent of the 
biochemical response of GH or IGF-I to the drug administration, and it does 
not differ in patients who are in biochemical remission or in those who do not 
achieve this remission. In patients with left ventricular hypertrophy, treatment 
with a somatostatin analog results in a rapid decrease of left ventricular mass 
within weeks, associated with reductions of GH and IGF-I levels [75]. How­
ever, the biochemical remission often does not cure the hypertension com­
monly seen in acromegaly. 

Octreotide also suppresses hypersecretion of ectopic GHRH-producing 
tumors, while decreasing the secretion of GH by the pituitary, and can be used 
to treat this unusual form of acromegaly. However, GHRH suppression is 
incomplete and transient, and the drug acts both at the pituitary level and on 
the GHRH-secreting tumor. Octretotide improves the clinical and biochemi­
cal manifestations of acromegaly in these patients [76], and rarely inhibits the 
primary and metastatic carcinoid tumor growth. Symptoms due to other 
hypersecreted hormones (Le., gastrin) can be ameliorated. 

18 

Table ZO. Octreotide side effects 

Gallbladder 
Asymptomatic gallstones or sludge 

Gastrointestinal 
Diarrhea 
Nausea 
Abdominal discomfort 

Glucose levels 
Hypoglycemia 
Hyperglycemia 

Thyroid function 
Hypothyroidism 

Cardiac 
Sinus bradycardia 

Other adverse events 
Pain on injection 
Headache 



Octreotide treatment is indicated in acromegalic patients who have inad­
equately responded to surgery or bromocriptine, or cannot be treated by these 
modalities; to control acromegaly after radiotherapy, as clinical improvement 
is delayed; and to control severe symptoms, including headaches and sleep 
apnea, before trans-sphenoidal adenomectomy. 

Side effects (Table 10). Octreotide is well tolerated in most patients. Most side 
effects are related to the suppression of gastrointestinal motility and secretion 
by the drug, and are often short lived [49]. They include nausea, mild 
malabsorption, loose stools, abdominal discomfort, and flatulence in one third 
of the patients. Mild glucose intolerance may occur due to transient 
suppression of insulin secretion, but insulin requirements in diabetic 
acromegalics are dramatically reduced while receiving octreotide. The most 
significant side effect relates to the gallbladder. Octreotide attenuates 
postprandial gallbladder contractility and delays emptying, and up to 40% of 
long-term treated patients in the United States develop asymptomatic 
cholesterol gallstones or sludge [72], usually during the first year of treatment. 
The incidence of gallstones is geographically variable, with higher rates 
observed in China, Australia, and the United Kingdom. Other side effects 
include asymptomatic bradycardia, headache, hypothyroxinemia, and local 
pain at the injection site. 

Management strategy (Fig. 4) 

Trans-sphenoidal surgery is the primary therapeutic option in pituitary 
acromegaly, both for invasive and noninvasive adenomas. In addition, 
octreotide may be used as the initial treatment in selected patients. 
Preoperative octreotide is commonly tried in patients harboring large invasive 
macroadenomas to shrink the tumor and to improve the postsurgical outcome. 
If GH and IGF-I levels have normalized after surgery, no additional treatment 
is needed. If surgical therapy fails to achieve biochemical remission, medical 
management with bromocriptine and/or octreotide should be initiated. Sellar 
radiotherapy is selected if medical treatment does not normalize GH or IGF-
1. Octreotide treatment should be instituted to control symptoms and to pre­
vent further tissue damage until radiation becomes effective. In the case of 
recurrent disease, octreotide is the best therapeutic option for immediate 
relief of symptoms and reduction of GH hypersecretion. For elderly 
asymptomatic patients, no therapy may be indicated, and for elderly patients 
experiencing morbidity, octreotide is the preferred treatment [49]. 

Follow-up 

The criteria for biochemical cure are suppressed GH of <1 Ilgl1 after glucose 
load and normal IGF-I levels, and patients should be followed quarterly after 
treatment to achieve these goals of therapy. However, even 'cured' 
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Figure 4. Management strategy for acromegaly caused by a pituitary adenoma. 

acromegalic patients usually have abnormal patterns of GH secretion and 
experience most of their secretion as detectable basal GH and not during 
pulses, as do normal subjects. To monitor residual anterior pituitary function, 
hormone evaluation should be performed semiannually, and MRI should be 
repeated every year in the first years following successful therapy. Semiannual 
visual field assessment by perimetry is mandatory in acromegalic patients with 
residual tumor, in those treated with octreotide or bromocriptine, and in 
patients requiring hormone replacement. Frequent colonoscopic examination 
is recommended in patients over 50 years old, and rheumatologic, dental, and 
cardiac evaluations are included in the follow-up. 

Future developments 

Novel somatostatin analogs with longer acting formulations and delivery sys­
tems are currently being developed [77]. Other peptide preparations include 
GH analogs behaving as antagonists. Transgenic mice expressing high levels of 
a mutated bovine GH gene are dwarf and secrete low levels of IGF-I [78]. This 
analog acts as a functional antagonist to the action of endogenous GH at the 
receptor level. This may serve as a model for the future development of human 
GH agonists or antagonists that, hopefully, will block the adverse effects of 
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GH hypersecretion in acromegaly. In addition, GHRH antagonist administra­
tion blocks GHRH activity in the pituitary and hypothalamus, and prevents 
GH secretion and somatic growth in immature animals. These advances will 
provide the treating physician with new nonsurgical therapies for neuroendo­
crine control of acromegaly. 

References 

1. Miller WL, Eberhardt NL. 1983. Structure and evaluation of growth hormone gene family. 
Endocr Rev 4:97-130. 

2. Lewis UJ, Bonewald LF, Lewis VJ. 1980. The 20,DOO-dalton variant of human growth hor­
mone: Location of the amino acid deletions. Biochem Biophys Res Commun 92:511-516. 

3. Baumann G. Growth hormone heterogeneity: Genes, isohormones, variants, and binding 
proteins. 1991. Endocr Rev 12:235-251. 

4. Barinaga M, Yamanoto G, Rivier G, Vale W, Evans R, Rosenfeld MG. 1983. Transcriptional 
regulation of growth hormone gene expression by growth hormone-releasing factor. Nature 
306:84-86. 

5. Fukata J, Diamond DJ, Martin JB. 1985. Effects of rat growth hormone (rGH)-releasing 
factor and somatostatin on the release and synthesis of rGH in dispersed pituitary cells. 
Endocrinology 117:457-467. 

6. Yamashita S, Weiss M, Melmed S. 1986. Insulin-growth factor I regulates growth hormone 
secretion and messenger ribonucleic acid levels in human pituitary tumor cells. J Clin 
Endocrinol Metab 63:730-735. 

7. Herman V, Weiss M, Becker D, Melmed S. 1990. Hypothalamic hormonal regulation of 
human growth hormane gene expression in somatotroph adenoma cell cultures. Endocr 
Pathol 1:236-244. 

8. Leung DW, Spencer SA, Cachianes G, Hammonds RG, Collins C, Henzel WG, Barnard R, 
Waters MJ, Wood EI. 1987. Growth hormone receptor and serum binding protein: Purifica­
tion, cloning and expression. Nature 330:537-543. 

9. Mannor DA, Winer LM, Shaw MA, Baumann G. 1991. Plasma growth hormone (GH)­
binding proteins: Effect on GH binding to receptors and GH action. J Clin Endocrinol Metab 
73:30-34. 

10. Salomon F, Cuneo RC, Hesp R, Sonksen PH. 1989. The effects of treatment with recombinant 
human growth hormone on body composition and metabolism in adults with growth hormone 
deficiency. N Engl J Med 321:1797-1803. 

11. Herman V, Fagin J, Gonsky R, Kovacs K, Melmed S. 1990. Clonal origin of pituitary 
adenomas. J Clin Endocrinol Metab 71:1427-1433. 

12. Vallar L, Spada A, Giannattasio G. 1987. Altered Gs and adenylate cyclase activity in human 
GH-secreting pituitary adenomas. Nature 330:566-568. 

13. Landis CA, Masters SB, Spada A, Pace AM, Bourne HR, Vallar L. 1989. GTPase inhibiting 
mutations activate the a chain of Gs and stimulate adenylyl cyclase in human pituitary 
tumours. Nature 340:692-696. 

14. Landis CA, Harsh G, Lyons J, Davis RL, McCormick F, Bourne HR. 1990. Clinical character­
istics of acromegalic patients whose pituitary tumors contain mutant Gs protein. J Clin 
Endocrinol Metab 71:1416-1420. 

15. Weinstein LS, Shenker A, Gejman PV, Merino MJ, Friedman E, Spiegel AM. 1991. Activat­
ing mutations of the stimulatory G protein in the McCune-Albright syndrome. N Engl J Med 
325:1688-1695. 

16. Bertherat J, Chanson P, Montminy M. 1995. The cyclic adenosine 3' ,5' -monophosphate­
responsive factor CREB is constitutively activated in human somatotroph adenomas. Mol 
EndocrinoI9:777-783. 

21 



17. Thakker RV, Pook MA, Wooding C, Boscaro M, Scanarini M, Clayton RN. 1993. Association 
of somatotrophinomas with loss of alleles on chromosome 11 and with gsp mutations. J Clin 
Invest 91:2815-2821. 

18. Billestrup N, Swanson LW, Vale W.1986. Growth hormone-releasing factor stimulates prolif­
eration of somatotrophs in vitro. Proc Natl Acad Sci USA 83:6854-6857. 

19. Joubert (Bression) D, Benlot C, Lagoguey A, Garnier P, Brandi AM, Gautron JP, Legrand 
JC, Peillon F. 1989. Normal and growth hormone (GH)-secreting adenomatous human 
pituitaries release somatostatin and GH-releasing hormone. J Clin Endocrinol Metab 
68:572-577. 

20. Lloyd RV, Cano M, Chandler WF, Barkan AL, Horvath E, Kovacs K. 1989. Human growth 
hormone and prolactin secreting pituitary adenomas analyzed by in situ hybridization. Am J 
Pathol134:605--613. 

21. Kovacs K, Horvath E, Asa SL, Stefaneanu L, Sano T. 1989. Pituitary cells producing more 
than one hormone. Trends Endocrinol Metab 1:104-107. 

22. Rasmussen P, Lindholm J. 1979. Ectopic pituitary adenomas. Clin Endocrinol11:69-74. 
23. Mountcastle RB, Roof BS, Mayfield RK, Mordes DB, Sagel J, Biggs PJ, Rawe SE. 1989. Case 

report: Pituitary adenocarcinoma in an acromegalic patient: Response to bromocriptine and 
pituitary testing: A review of the literature on 36 cases of pituitary carcinoma. Am J Med Sci 
298:109-118. 

24. Greenman Y, Woolf P, Congilio J, O'Mara R, Pei L, Said JW, Melmed S. 1996. Remission of 
acromegaly caused by pituitary carcinoma after surgical excision of growth hormone secreting 
metastasis detected by Ill-indium pentetreotide scan. J Clin Endocrinol Metab, in press. 

25. Melmed S, Ezrin C, Kovacs K, Goodman RS, Frohman LA. 1985. Acromegaly due to 
secretion of growth hormone by an ectopic pancreatic islet-cell tumor. N Engl J Med 312:9-
17. 

26. Scheithauer BW, Carpenter PC, Bloch B, Brazeau P. 1984. Ectopic secretion of a growth 
hormone-releasing factor. Report of a case of acromegaly with bronchial carcinoid tumor. Am 
J Med 76:605--615. 

27. Schulte HM, Benker G, Windeck R, Olbricht T, Reinwein D. 1985. Failure to respond to 
growth hormone releasing hormone (GHRH) in acromegaly due to a GHRH secreting 
pancreatic tumor: Dynamics of multiple endocrine testing. J Clin Endocrinol Metab 61:585-
587. 

28. Asa SL, Scheithauer BW, Bilbao JM, Horvath E, Ryan N, Kovacs K, Randall RV, Laws ER 
Jr, Singer W, Linfoot JA, Thorner MO, Vale W. 1984. A case for hypothalamic acromegaly: 
A clinicopathological study of six patients with hypothalamic gangliocytomas producing 
growth hormone-releasing factor. J Clin Endocrinol Metab 58:796-803. 

29. Asa SL, Bilbao JM, Kovacs K, Linfoot JA. 1980. Hypothalamic neuronal hamartoma associ­
ated with pituitary growth hormone cell adenoma and acromegaly. Acta NeuropathoI53:231-
234. 

30. Ashcraft MW, Hartzband PI, Van Herle AJ, Bersch N, Golde DW. 1983. A unique growth 
factor in patients with acromegaloidism. J Clin Endocrinol Metab 57:272-276. 

31. Molitch ME. 1992. Clinical manifestations of acromegaly. Endocrinol Metab Clin North Am 
21:597--614. 

32. Nabarro JDN. 1987. Acromegaly. Clin EndocrinoI26:481-512. 
33. Grunstein RR, Ho KY, Sullivan CEo 1991. Sleep apnea in acromegaly. Ann Intern Med 

115:527-532. 
34. Bengtsson B-A, Eden S, Ernest I, Oden A, Sjogren B. 1988. Epidemiology and long-term 

survival in acromegaly. Acta Med Scand 223:327-335. 
35. Rajasoorya C, Holdaway MI, Wrightson P, Scott DJ, Ibbertson HK. 1994. Determinants of 

clinical outcome and survival in acromegaly. Clin EndocrinoI41:95-102. 
36. Ezzat S, Melmed S. 1991. Are patients with acromegaly at increased risk for neoplasia? J Clin 

Endocrinol Metab 72:245-2249. 
37. Ituarte EA, Petrini J, Hershman JM. 1984. Acromegaly and colon cancer. Ann Intern Med 

101:627--628. 

22 



38. Ron E, Gridley G, Hrubec Z, Page W, Arora S, Fraumeni JJ. 1991. Acromegaly and gas­
trointestinal cancer. Cancer 68:1673-1677. 

39. Klein I, Parveen G, Gavaler JS, Vanthiel DH. 1982. Colonic polyps in patients with 
acromegaly. Ann Intern Med 97:27-30. 

40. Ezzat S, Storm C, Melmed S. 1991. Colon polyps in acromegaly. Ann Intern Med 114:754-
758. 

41. Hartman ML, Veldhuis JD, Vance ML, Faria AC, Furlanetto RW, Thorner MO. 1990. 
Somatotropin pulse frequency and basal concentrations are increased in acromegaly and are 
reduced by successful therapy. J Clin Endocrinol Metab 70:1375-1384. 

42. Melmed S. 1990. Acromegaly. N Engl J Med 322:966--977. 
43. Clemmons DR, Van Wyk JJ, Ridgway EC, Kliman B, Kjellberg RN, Underwood KE. 1979. 

Evaluation of acromegaly by radioimmunoassay of somatomedin-C. N Engl J Med 301:1138-
1142. 

44. Rieu M, Girard F, Bricaire H, Binoux M. 1982. The importance of insulin-like growth factor 
(somatomedin) measurements in the diagnosis and surveillance of acromegaly. J Clin 
Endocrinol Metab 55:147-153. 

45. Chang-DeMoranville BM, Jackson 1M. 1992. Diagnosis and endocrine testing in acromegaly. 
Endocrinol Metab Clin North Am 21:649-668. 

46. Grinspoon S, Clemmons D, Swearingen B, Klibanski A. 1995. Serum insulin-like growth 
factor-binding protein-3 levels in the diagnosis of acromegaly. J Clin Endocrinol Metab 
80:927-932. 

47. Ezzat S, Ren S, Braunstein GD, Melmed S. 1991. Octreotide stimulates insulin-like growth 
factor binding protein-1 (IGFBP-1) levels in acromegaly. J Clin Endocrinol Metab 73:441-
443. 

48. Irie M, Tsushima T. 1972. Increase of serum growth hormone concentration following 
thyrotropin-releasing hormone injection in patients with acromegaly or gigantism. J Clin 
Endocrinol Metab 35:97-100. 

49. Acromegaly Therapy Consensus Development Panel. 1994. Consensus statement: Benefits 
versus risks of medical therapy for acromegaly. Am J Med 97:468-473. 

50. Frohman LA. 1984. Ectopic hormone production by tumors. Clin Neuroendocr Perspect 
3:201-224. 

51. Bates AS, Van't Hoff W, Jones JM, Clayton RN. 1993. An audit of outcome of treatment in 
acromegaly. Q J Med 86:293-299. 

52. Ross DA, Wilson CB. 1988. Results of transsphenoidal microsurgery for growth hormone­
secreting pituitary adenomas in a series of 214 patients. J Neurosurg 68:854-867. 

53. Fahlbusch R, Honegger J, Buchfelder M. 1992. Surgical management of acromegaly. 
Endocrinol Metab Clin North Am 21:669-692. 

54. Tindall GT, Oyesiku NM, Watts NB, Clark RV, Christy JH, Adams DA. 1993. 
Transsphenoidal adenomectomy for growth hormone-secreting pituitary adenomas in 
acromegaly: Outcome analysis and determinants of failure. J Neurosurg 78:205-215. 

55. Zervas NT. 1987. Multicenter surgical results in acromegaly. In Ludecke DK, Tolis G, eds. 
Growth Hormone, Growth Factors, and Acromegaly. New York: Raven Press, p 253. 

56. Melmed S, Ho K, Thorner M, Klibanski A, Reichlin S. 1995. Recent advances in 
pathogenesis, diagnosis and management of acromegaly. J Clin Endocrinol Metab 80:3395-
3402. 

57. Faglia G, Arosio M, Bazzoni N. 1992. Ectopic acromegaly. Endocrinol Metab Clin North Am 
21:575-595. 

58. Eastman RC, Gorden P, Glatstein E, Roth J. 1992. Radiation therapy of acromegaly. 
Endocrinol Metab Clin North Am 21:693-712. 

59. Eastman RC, Gorden P, Roth J. 1979. Conventional supervoltage irradiation is an effective 
treatment for acromegaly. J Clin Endocrinol Metab 48:931-940. 

60. Gorden P, Glatstein E, Oldfield E, Roth J. 1987. Conventional supervoltage radiation in the 
treatment of acromegaly. In Robbins RJ, Melmed S, eds. Acromegaly. A Century of Scientific 
and Clinical Progress. New York: Plenum, pp 211-228. 

23 



61. Dowsett RJ, Fowble B, Sergott RC, Savino PJ, Bosley TM, Snyder PJ, Gennarelli TA. 1990. 
Results of radiotherapy in the treatment of acromegaly: Lack of ophthalmologic complica­
tions. Int J Radiat Oncol Bioi Phys 19:453-459. 

62. Brada M, Ford D, Ashley S, Bliss JM, Crowley S, Mason M, Rajan B, Traish D. 1992. Risk of 
second brain tumour after conservative surgery and radiotherapy for pituitary adenoma. Br 
Med J 304:1343-1346. 

63. Tsang RW, Laperriere NJ, Simpson WJ, Brierley J, Panzarella T, Smyth HS. 1993. Glioma 
arising after radiation therapy for pituitary adenoma. Cancer 72:2227-2233. 

64. Jaffe CA, Barkan AL. 1992. Treatment of acromegaly with dopamine agonists. Endocrinol 
Metab Clin North Am 21:713-735. 

65. Reubi JC, Landolt AM. 1984. High density of somatostatin receptors in pituitary tumors from 
acromegalic patients. J Clin Endocrinol Metab 59:1148-1151. 

66. Reubi JC, Landolt AM. 1989. The growth hormone responses to octreotide in acromegaly 
correlate with adenoma somatostatin receptor status. J Clin Endocrinol Metab 68:844-850. 

67. Ur E, Mather SJ, Bomanji J, Ellison D, Britton KE, Grossman AB, Wass JAH, Besser GM. 
1992. Pituitary imaging using a labelled somatostatin analogue in acromegaly. Clin Endocrinol 
36:147-150. 

68. Greenman Y, Melmed S. 1994. Heterogeneous expression of two somatostatin receptor 
subtypes in pituitary tumors. J Clin Endocrinol Metab 78:398-403. 

69. Greenman Y, Melmed S. 1994. Expression of three somatostatin receptor subtypes in pitu­
itary adenomas: Evidence for preferential SSTR5 expression in the mammosomatotroph 
lineage. J Clin Endocrinol Metab 79:724-729. 

70. Lamberts SWJ. 1988. The role of somatostatin in the regulation of anterior pituitary hormone 
secretion and the use of its analogs in the treatment of human pituitary tumors. Endocr Rev 
9:417-436. 

71. Ezzat S, Snyder PJ, Young WF, Boyajy LD, Newman C, Klibanski A, Molitch ME, Boyd AE, 
Sheeler L, Cook DM, Malarkey WB, Jackson I, Lee Vance M, Thorner MO, Barkan A, 
Frohman LA, Melmed S. 1992. Octreotide treatment of acromegaly: A randomized, 
multicenter study. Ann Intern Med 117:711-718. 

72. Newman CB, Melmed S, Snyder PJ, Yound WF, Boyajy LD, Levy R, Stewart WN, Klibanski 
A, Molitch ME, Gagel RF, Boyd AE, Sheeler L, Cook D, Malarkey WB, Jackson IMD, Lee 
Vance M, Thorner MO, Ho PJ, Jaffe CA, Frohman LA, Kleinberg DL. 1995. Safety and 
efficacy of long term octreotide therapy of acromegaly: Results of a multicenter trial in 103 
patients - a clinical research center study. J Clin Endocrinol Metab 80:2768-2775. 

73. Lamberts SWJ, Zweens M, Verschoor L, del Pozo E. 1986. A comparison among the growth 
hormone-lowering effects in acromegaly of the somatostatin analog SMS 201-995, 
bromocriptine, and the combination of both drugs. J Clin Endocrinol Metab 63:16-20. 

74. Grunstein RR, Ho KY, Sullivan CEo 1994. Effect of octreotide, a somatostatin analog, on 
sleep apnea in patients with acromegaly. Ann Intern Med 121:478-483. 

75. Lim MJ, Barkan AL, Buda AJ. 1992. Rapid reduction of left ventricular hypertrophy in 
acromegaly after suppression of growth hormone hypersecretion. Ann Intern Med 117:719-
726. 

76. von Werder K, Losa M, Muller OA, Schweiberer L, Fahlbusch R, del Poso E. 1984. Treatment 
of metastasing GRH-producing tumor with a long-acting somatostatin analogue. Lancet 
2:282-283. 

77. Flogstad AK, Halse J, Haldorsen T, Lancranjan I, Marbach P, Bruns C, Jervell J. 1995. 
Sandostatin LAR in acromegalic patients: A dose-range study. J Clin Endocrinol Metab 
80:3601-3607. 

78. Chen WY, Chen N, Yun J, Wagner TE, Kopchick JJ. 1994. In vitro and in vivo studies of 
antagonistic effects of human growth hormone analogs. J Bioi Chern 269:15892-15897. 

24 



2. Adrenocorticotrophic hormone-dependent 
Cushing's syndrome 

Giovanni Cizza and George P. Chrousos 

Cushing's syndrome is the state that results from prolonged exposure of tissues 
to excess glucocorticoids. At the beginning of the century, Harvey Cushing 
recognized that Cushing's syndrome could result from tumors arising from 
either the anterior pituitary (basophilic adenomata) or the adrenal cortex 
[1,2]. This observation set the basis for our current classification of Cushing's 
syndrome into adrenocorticotrophic hormone (ACfH)-dependent and 
ACfH-independent forms. The former, in addition to pituitary adenomas, 
includes nonpituitary tumors that secrete ACTH (ectopic ACTH syndrome) 
or, rarely, corticotropin-releasing hormone (CRR; ectopic CRH syndrome). 
In the early 1950s, when glucocorticoids were first employed in the treatment 
of rheumatoid arthritis, the iatrogenic form of Cushing's syndrome appeared. 
As the use of glucocorticoids was extended to many immunological, hemato­
logic, renal, and other diseases, the prevalence of exogenous Cushing's syn­
drome far exceeded that of the endogenous forms. More recently, factitious 
use of glucocorticoids was also reported [3]. 

Clinical presentation 

Cushing's syndrome is a multisystem disorder. The typical clinical presenta­
tion of Cushing's syndrome results primarily from excess glucocorticoids 
(hypercortisolism) and, to a lesser extent, from excess mineralocorticoids 
(hypermineralocorticoidism) and/or adrenal androgens (hyperandrogenism). 
One of the earliest signs in virtually all patients with Cushing's syndrome is 
obesity, while in growing children this is combined with deceleration or arrest 
of growth [4,5]. The accumulation of visceral fat in patients with Cushing's 
syndrome, a result of excess cortisol and insulin secretion, is associated with 
the full expression of metabolic syndrome X (hyperlipidemia, hypertension, 
insulin resistance) and its long-term sequelae. 

Etiology: definition 

Endogenous Cushing's syndrome can result either from ACTH or CRH ex­
cess of pituitary or ectopic tumor origin, or from autonomous cortisol hyper-
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secretion by cortisol-secreting adrenal benign or malignant tumors or by 
'micronodular' or 'massively macronodular' adrenals (Table 1). Endogenous 
Cushing's syndrome is rare, with an overall incidence of approximately two to 
four new cases per million of population per year, and has a female to male 
preponderance (9:1). ACTH-dependent Cushing's syndrome accounts for 
about 85% of endogenous cases. In the great majority of these cases (80%), 
the cause is autonomous pituitary ACTH secretion, referred to as Cushing's 
disease. In the remaining 20% the source of ACTH secretion is ectopic. 
Ectopic CRH production causing Cushing's syndrome has also been described 
in a number of case reports [6,7]. 

The molecular pathophysiology of ACTH-secreting tumors, either in the 
pituitary or ectopically, remains elusive. Unlike the case of growth hormone­
secreting adenomas, abnormalities of the G-proteins are not frequent in 
corticotropinomas; however, approximately 50% of these tumors overexpress 
the p53 tumor suppressor gene, possibly as a result of neutralizing mutations 
of this gene [8]. The possibility of activating/oncogenic somatic mutations of 
the CRH receptor and/or the vasopressin V1~ receptor genes is currently 
under investigation, while a somatic frame-shift mutation of the glucocorticoid 
receptor gene was recently described in a large corticotropinoma [9]. Familial 
ACTH-dependent Cushing's syndrome can be seen within the context of 
multiple endocrine neoplasia. 
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Table 1. Classification of hypercortisolism 

Physiologic states 
Stress 
Pregnancy 
Chronic strenuous excercise 
Malnutrition 

Pathophysiologic states 
Cushing's syndrome 

ACTH dependent (85%) 
Pituitary adenoma (80%) (rarely MEN-I) 
Ectopic ACTH (20%) (rarely MEN-I, MEN-II) 
Ectopic CRH (rare) 

ACTH independent (15%) 
Adrenal adenoma (rarely MEN-I, McCune-Albright syndrome) 
Adrenal carcinoma 
Micronodular adrenal disease (rare) 
Massive macronodular adrenal disease (rare) 

Psychiatric states 
Melancholic depression (pseudo-Cushing's) 
Obsessive-compulsive disorder 
Chronic active alcoholism (pseudo-Cushing's) 
Panic disorder 
Anorexia nervosa 
Narcotic withdrawal 

Complicated diabetes mellitus 
Glucocorticoid resistance 

MEN-I, II = Multiple endocrine neoplasia I, II. 



Diagnosis and differential diagnosis 

Despite major recent advances, the diagnosis and differential diagnosis of 
Cushing's syndrome continues to challenge the diagnostic skills of physicians 
[10]. The goal of the clinician should be to identify individuals with Cushing's 
syndrome and to differentiate its causes as early in the course of the disease as 
possible, so as to avoid the chronic complications of hypercortisolism. 

Once there is clinical suspicion of Cushing's syndrome, the first step is the 
biochemical documentation of endogenous hypercortisolism. This step can 
usually be accomplished by outpatient tests. Measurement of 24-hour urinary 
free cortisol (UFC) and/or 17-hydroxysteroid excretion and the I-mg over­
night dexamethasone suppression test are used for this purpose. 

Twenty-four hour UFC excretion remains constant throughout life when 
normalized per square meter of body surface area, obviating the need of using 
age-specific normal values in children or obese subjects [11]. When assays 
for UFC excretion are not available, measurement of urinary 24-hour 
17-hydroxysteroids can be of help. These compounds include all cortisol 
metabolites with a 17-dihydroxyacetone side chain and thus give an indirect 
measure of the rate of cortisol secretion. Correction is required, however, for 
urinary creatinine excretion because size and adiposity influence their daily 
production. 

Determination of 24-hour UFC excretion is the best screening test available 
for documentation of endogenous hypercortisolism [12]. Values consistently 
in excess of 300 f..Lglday are virtually diagnostic of Cushing's syndrome. Assum­
ing complete collections have been performed, there are virtually no false­
negative results. False-positive results, however, may be obtained in several 
non-Cushing's hypercortisolemic states (see Table 1). In these states, however, 
rarely are the levels of UFC higher than 300f..Lg per day. 

The overnight I-mg dexamethasone suppression test is a simple screening 
procedure for hypercortisolism [13]. The test has a low incidence of false­
normal suppression (less than 3%). However, the incidence of false-positive 
results is significantly high (approximately 20-30%). In children, the dose of 
dexamethasone that should be employed is 15 f..Lglkg body weight. 

Cushing's syndtome is generally excluded if the response to the single-dose 
dexamethasone suppression test and the 24-hour UFC or 17-hydroxysteroid 
excretion are normal. One should bear in mind, however, that cortisol hyper­
secretion may be intermittent and periodic in 5-10% of patients with 
Cushing's syndrome of any etiology. Documenting loss of diurnal variation of 
plasma cortisol would support the diagnosis of Cushing's syndrome and 
vice versa. The same is true for loss of stress-induced activation of the 
hypothalamic-pituitary-adrenal (HP A) axis in Cushing's syndrome. More than 
a single morning and evening blood draws increase the value of the test, 
because a significant variability of cortisol levels may be present. Similarly, 
isolated plasma ACTH determinations are of limited value, especially because 
there is significant overlap between the ACTH levels in Cushing's patients and 
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those in normal subjects. On the other hand, plasma ACTR measurements can 
be quite useful in providing an early distinction between ACTH-dependent 
and ACTR-independent sourses. 

Distinguishing Cushing's syndrome from pseudo-Cushing states 

The clinical and biochemical presentation of mild hypercortisolism in 
Cushing's syndrome if often indistinguishable from that seen in pseudo­
Cushing states, such as depression or chronic active alcoholism (see Table 1) 
[14,15]. A hyperactive/hyper-responsive hypothalamic CRR neuron is 
central to the hypercortisolism of pseudo-Cushing states in the context of a 
pituitary-adrenal axis that is otherwise appropriately, albeit not fully, re­
strained by negative cortisol feedback [16]. In contrast, the hypercortisolism of 
Cushing's syndrome, regardless of the classification, feeds back negatively on 
the hypothalamus and completely suppresses hypothalamic CRR secretion. 
These concepts form the basis for the tests used in the differential diagnosis 
of mild hypercortisolism. Thus, most patients with Cushing's syndrome 
(80-90%) show inadequate suppression to low-dose (0.5 mg every 6 hours 
for 2 days) dexamethasone and do not respond to insulin-induced 
hypoglycemia, in contrast to the normal responses of depressed and other 
pseudo-Cushing patients. In addition, patients with Cushing's disease (85%) 
have a 'normal' or exaggerated ACTH response to CRR, whereas patients 
with depression (75%) show a blunted response. Whether these three tests, 
however, are considered individually or taken in combination, their 
diagnostic accuracy in the differential diagnosis of mild hypercortisolism does 
not exceed 80%. 

Recently, we combined dexamethasone suppression (0.5 mg every 6 hours 
for 2 days) and the ovine (0) CRR stimulation test to optimize the ability of 
oCRR to distinguish between the hypercortisolism of Cushing's disease and 
pseudo-Cushing's states (Table 2) [17]. In the latter, the pituitary corticotroph 
is appropriately restrained by glucocorticoid feedback and does not respond to 
CRR, whereas in the former the corticotroph tumor is resistant to this dose of 
dexamethasone and responds to CRR. Thus, the dexamethasone/CRR test 
achieves nearly 100% specificity, sensitivity, and diagnostic accuracy. This test 
should be reserved, however, for those borderline/mildly hypercortisolemic 
patients who have already failed to suppress to 1 mg of overnight 
dexamethasone and who the clinician suspects as having Cushing's disease. 
The criterion used for the diagnosis of Cushing's disease is a IS-minute cortisol 
level of >38nmolll (1.4 J..Lgldl) after the CRR injection. 

Another strategy, which is always helpful in diagnosing or ruling out 
Cushing's syndrome, is to closely monitor the patient over the course of a 
few months. While true hypercortisolism will persist and cause further 
symptomatology, the hypercortisolism of pseudo-Cushing's states will be fre­
quently corrected spontaneously with effective antidepressant treatment or 
abstinence from alcohol. 
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Table 2. Combined dexamethasone suppression-oCRR test 

Method 

Response 
Uses 

Problems 

Give dexamethasone 0.5 mg every 6 hours for 2 days before injecting ovine (0) 
CRR. Last dexamethasone administration at midnight. Next morning at 8 AM, 
CRR 111g/kg body weight is given iv over 1 minute. Draw blood for plasma 
cortisol 15 minutes after CRR injection. 

Cushing disease is likely if plasma cortisol after CRR is > 1.411g1dl. 
To distinguish pseudo-Cushing's from Cushing's syndrome in patients with mild 

hypercortisolism. 
CRR is a new agent, not yet commercially available. 
Ruman CRR is not as good a diagnostic test as oCRR. 

Differential diagnosis of Cushing's syndrome 

Once the diagnosis of endogenous Cushing's syndrome has been established, 
the next challenge is to establish the specific cause [10,18]. Generally, a 
relatively acute onset of symptoms with rapid progression and associated 
hypokalemic alkalosis point toward an ectopic ACfH source. In most of the 
cases, however, accurate differential diagnosis can only be achieved by the 
combination of dynamic endocrine testing of the integrity of the feedback of 
the HP A axis, and imaging techniques used mainly to examine the size and 
shape of the pituitary and adrenal glands and to localize ectopic ACTH- or 
CRH-secreting tumors (see Table 2). It is essential that dynamic adrenal 
testing is performed while the patient is clearly hypercortisolemic. This always 
needs to be documented at the time of testing to avoid mistakes. For this 
purpose, all adrenal-blocking agents should be discontinued for at least 6 
weeks prior to testing. 

Morning measurement of plasma ACfH concentrations simultaneously 
with plasma cortisol would distinguish ACTH-dependent from ACfH­
independent Cushing's syndrome. Plasma ACTH concentrations are normal 
or elevated in Cushing's disease and the ectopic ACTH and CRH syndrome. 
There is significant differential diagnosis value in the degree elevation of 
circulating ACTH concentrations, because patients with the ectopic ACfH 
syndrome frequently have greater plasma ACfH levels than those with 
Cushing's disease. Interestingly, in many of these patients ACTH immunore­
activity consists primarily of larger precursor molecules [19]. Thus, specific 
measurement of ACTH precursors, if available, may provide a better marker 
of the ectopic ACTH syndrome. Circulating ACTH is typically suppressed! 
undetectable in adrenal cortisol-secreting tumors, micronodular adrenal dis­
ease, and autonomously functioning massive macronodular adrenals. If ec­
topic CRH secretion is suspected to be the cause of Cushing's syndrome, 
detection of elevated CRH concentrations in the circulation (>50pg/ml) is 
helpful. 

eRH stimulation test. Most patients with Cushing's disease respond to oCRH 
with increases in plasma ACTH and cortisol, while patients with ectopic 
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ACTH production do not [20]. Recently, new criteria were developed for the 
interpretation of the morning oCRH test that maximize simplicity and cost 
effectiveness without compromising diagnostic accuracy [21]. The best cortisol 
criterion suggestive of Cushing's disease is a mean increase at 30 and 45 
minutes of >20% above mean basal values at -5 and 0 minutes (91 % sensitiv­
ity and 88% specificity). Similarly, an increase in mean ACTH concentrations 
at 15 and 30 minutes after oCRH of at least 35% above the mean basal values 
achieves a sensitivity of 91 % and a specificity of nearly 100%. Indeed, while all 
patients with ectopic ACTH secretion appear to have a <35% increase in 
ACTH, the probability of Cushing's disease remains high at all levels of 
responses, suggesting that, in the absence of a discrete lesion on pituitary 
imaging, it is prudent to perform a second test (e.g., the high-dose 
dexamethasone suppression test or bilateral inferior petrosal sinus sampling) 
to confirm the diagnosis. The oCRH test is rapidly superceding the classic tests 
of dexamethasone suppression and metyrapone stimulation because it is 
simple, brief, reliable, and economical. 

Standard low-dose high-dose dexamethasone suppression test. This test was 
developed by Grant Liddle [22] and has been used extensively for differenti­
ating Cushing's disease from the ectopic ACTH syndrome. In patients with 
Cushing's disease, the abnormal corticotrophs are sensitive to glucocorticoid 
inhibition only at a high dose of dexamethasone (2.0mg every 6 hours for 2 
days). In contrast, patients with the ectopic ACTH syndrome or cortisol­
secreting adrenal tumors usually fail to respond to a dose of 8mg per day. The 
classic Liddle criterion for a positive response consistent with Cushing's dis­
ease is a >50% drop in 17-hydroxysteroid excretion on day 2 of high-dose 
dexamethasone treatment (80% diagnostic accuracy). The diagnostic accuracy 
of the test, however, increases to 86% by measuring both UFC and 17-
hydroxysteroid excretion and by requiring greater suppression of both steroids 
(>64% and >90%, respectively, for 100% specificity) [23]. 

Overnight 8-mg dexamethasone suppression test. A simple, reliable, and in­
expensive alternative to the Liddle dexamethasone suppression test is the 
overnight 8-mg dexamethasone suppression test. The advantages are its out­
patient administration and the avoidance of errors due to incomplete urine 
collection. The diagnostic accuracy of this overnight test may be similar to that 
of the standard Liddle dexamethasone suppression test [24,25]. 

Metyrapone testing. This is a relatively simple test but is not as reliable as the 
dexamethasone suppression test due to its high variability. It is rapidly becom­
ing obsolete but remains an option in cases where all the other tests mentioned 
here have failed to provide an unequivocal diagnosis. 

Imaging evaluation. Bilateral enlargement of the adrenal gland with preserva­
tion of a relatively normal overall glandular configuration is observed in both 
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Cushing's disease and ectopic ACTH production. Approximately 10-15% of 
patients with ACTH-dependent Cushing's syndrome demonstrate bilateral 
nodules (macronodular hyperplasia) [26]. 

Computed tomography (CT) and magnetic resonance imaging (MRI) scans 
have largely superceded the need for iodocholesterol scan in the evaluation of 
patients with Cushing's syndrome. The iodocholesterol scan can occasionally 
be useful in distiguishing between ACTH-dependent (bilateral uptake) and 
ACTH-independent (unilateral uptake) macronodular adrenals or in localiz­
ing ectopic adrenal tissue (adrenal rest) or an adrenal remnant causing recur­
rent hypercortisolism after bilateral adrenalectomy [27]. 

Pituitary. The large majority of pituitary ACTH-secreting tumors are 
micro adenomas with a diameter of <10mm. MRI scanning is the imaging 
procedure of choice to visualize pituitary adenomas. Pituitary adenomas are 
usually best demonstrated on coronal T1-weighted images as foci of reduced 
signal intensity within the pituitary gland. On unenhanced scans, however, 
ACTH-producing adenomas are detected in only 40% of patients with 
Cushing's disease [28]. An additional 15-20% of micro adenomas are visual­
ized with injection of contrast material (gadolinium-DTPA) and a repeat 
T1-weighted coronal scan immediately after the injection (combined MRI 
sensitivity 55-60%). Unlike the normal pituitary gland and its stalk, pituitary 
micro adenomas do not enhance after the contrast injection and appear as foci 
of reduced signal intensity. 

CT scanning with infusion of contrast demonstrates micro adenomas in 
<20% of patients with bona fide lesions on subsequent surgery. Thus, pituitary 
CT should be performed only to demonstrate bony anatomy prior to trans­
sphenoidal surgery. 

Ectopic tumors. The association of Cushing's syndrome with carcinoma was 
recognized first in 1928. Since then there have been many reports of neoplasms 
able to produce a biologically active ACTH that can induce Cushing's 
syndrome (Table 3). About 60% of these tumors are located in the chest 
and are lung tumors, especially small-cell carcinomas (8%), and bronchial 
carcinoids. In the abdomen, carcinomas of the endocrine pancreas and 
pheochromocytomas are also reported. Medullary carcinoma of the thyroid is 
responsible in 5% of cases. Adenocarcinoma of the stomach, exocrine carci­
noma of the pancreas, anorectal carcinoma, prostatic cancer, uterine small-cell 
carcinoma, and clear-cell sarcoma of the kidney have all been associated 
with this condition. A few cases of CRH-producing tumors have also been 
reported [5,6]. 

Clinically this condition can be associated with rapid-onset hypertension, 
hypokalemia, glucose intolerance, and hyperpigmentation. In cases of small­
cell tumor of the lung, extremely rapid clinical progression associated with 
anorexia, weight loss, and hypokalemic alkalosis are suggestive of the diagno­
sis of ectopic ACTH syndrome. In most cases, plasma ACTH is usually more 
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Table 3. Tumors causing the ectopic ACTH syndrome 

Location 

Thorax 
Oat-cell carcinoma 
Thymic carcinoid 
Bronchial carcinoid 

Abdomen and pelvis 
Pancreatic islet-cell tumor 
Pheochromocytoma 
Ovarian tumors 
Prostatic carcinoma 
Cervical carcinoma 
Gastric carcinoid 
Gallbladder carcinoma 

Head and neck 
Medullary carcinoma of the thyroid 
Parathyroid carcinoma 
Parotic carcinoma 

Uncertain primary site 

Frequency (%) 

50 
10 
5 

10 
5 
2 

<2 
<2 
<2 
<2 

5 
<2 
<2 

5 

elevated than in Cushing's disease, there is no response to oCRH, and there is 
nonsuppressibility to high doses of dexamethasone. ACTH chromatography 
and assays of the POMC molecule have some utility, when available. If 
suppression and/or stimulation tests are suggestive of ectopic ACTH produc­
tion in a patient with Cushing's syndrome, imaging studies of the chest and 
abdomen should be undertaken. ACTH-producing thymic carcinoids and 
pheochromocytomas are generally apparent by CT at the initial presentation 
of the patient [29,30]. Patients with a negative CT should undergo MRI of the 
chest and abdomen using T2-weighted and STIR sequences in which carcinoid 
tumors and pheochromocytomas demonstrate high signal intensity [31]. There 
are still a significant number of small ectopic tumors, most frequently bron­
chial carcinoids, that elude CT and MRI detection [32]. In these cases, follow­
ups with MRI of the chest at 3-6 month intervals are indicated. In some cases, 
a body scan following injection of the radiolabeled somatostatin analogue, 
octreotide, might be helpful in detecting occult carcinoids. 

Catheterization studies. Distinguishing Cushing's disease from the ectopic 
ACTH syndrome frequently presents a major diagnostic challenge. Both pitu­
itary micro adenomas and ectopic ACTH-secreting tumors may be radiologi­
cally occult and may have similar clinical and laboratory features. Bilateral 
inferior petrosal venous sinus and peripheral vein catheterization with simul­
taneous collection of samples for measurement of ACTH is one of the most 
specific tests available to localize the source of ACTH production [33]. 

Venous blood from the anterior pituitary drains into the cavernous sinus 
and subsequently into the superior and inferior petrosal sinuses (Fig. 1, upper 
panel). Catheters are led into each inferior petrosal sinus via the ipsilateral 
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Figure 1. Top: Catheter placement for bilateral simultaneous blood sampling of the inferior 
petrosal sinuses. (From Oldfield et al. [41], p 100, with permission.) Bottom: Maximal ratio of 
ACTH concentration in plasma from either petrosal sinuses and a peripheral vein at baseline (A) 
and after administration of oCRH (B). (From Oldfield EH et al. [33], p 897, with permission.) 



femoral vein. Samples for measurement of plasma ACTH are collected from 
each inferior petrosal sinus and a peripheral vein both before and after infec­
tion of 1 Jlg/kg body weight of oCRH. Patients with the ectopic ACTH syn­
drome have no ACTH concentration gradient between either inferior petrosal 
sinus and the peripheral sample (see Fig. 1, lower panel) [33]. A ratio =::2.0 in 
basal ACTH samples between either or both of the inferior petrosal sinuses 
and a peripheral vein is highly suggestive of Cushing's disease (95% sensitiv­
ity, 100% specificity). Stimulation with CRR during the procedure, with the 
resulting secretion of ACTH, increases the sensitivity of BIPSS for detecting 
corticotroph adenomas to almost 100%, when the peak ACTH central to 
peripheral ratio is =::3.0 (see Fig. 1, lower panel). Petrosal sinus sampling must 
be performed bilaterally and simultaneously, because the sensitivity of the test 
decreases to <70% with unilateral catheterization. 

BIPSS is technically difficult and, like all invasive procedures, can never be 
risk free, even in the most experienced hands [34]. It should be reserved only 
for (a) patients with classic Cushing's syndrome, strong suspicion of a pituitary 
origin, and negative or equivocal MRI of the pituitary, and (b) patients with 
positive pituitary MRI but equivocal suppression and stimulation tests. In the 
former group, BIPSS unequivocally distinguishes ACTH-secreting pituitary 
adenomas from pituitary-simulating lung and thymic carcinoid tumors and 
provides lateralization data of potential value to the surgeon. In the latter 
group, BIPSS excludes the possibility of a pituitary incidentaloma, which can 
be visualized on MRI in as many as 10% of young women. 

Cushing's syndrome with unusual laboratory results 

Periodic Cushing's syndrome. Occasionally, cortisol production in Cushing's 
syndrome may not be constantly increased but may fluctuate in a 'periodic' 
infradian pattern, ranging in length from days to months. This relatively rare 
phenomenon of periodic, cyclic, or episodic hormonogenesis has been de­
scribed in patients with Cushing's disease [35], the ectopic ACTH syndrome 
(bronchial carcinoids were involved in half of the reported cases), and cortisol­
secreting adrenal tumors or micronodular adrenal disease [36]. 

Biochemically, patients with periodic hormonogenesis may have consis­
tently normal 24-hour UFC and paradoxically 'normal' responses to 
dexamethasone in the presence of clinical stigmata of Cushing's syndrome. In 
such patients, several weekly 24-hour UFC determinations for a period of 3-
6 months may be necessary to establish the diagnosis. 

Occult ectopic ACTH syndrome. The occult ectopic ACTH syndrome 
has gained increasing recognition. This syndrome can mimic the clinical and 
biochemical picture of Cushing's disease. Despite extensive localization 
studies, the tumor frequently eludes detection. The use of the BIPSS test in 
patients with the occult ectopic ACTH syndrome is the best possible mean to 
ascertain the diagnosis. The absence of a central to peripheral ACTH gradient 
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before and after administration of oCRH rules out Cushing's disease [33]. 
In the search for the tumor, special emphasis should be placed on the lungs, 
thymus, pancreas, adrenal medulla, and thyroid because most described 
ectopic ACTH-secreting tumors have been found in these organs (see Table 
2). Thymic vein sampling for measurement of ACTH concentrations can 
be of help in localizing the tumor to the thorax, but not necessarily the 
thymus [37]. The presence of a concentration gradient in the thymic vein 
versus the systemic venous circulation is compatible with a thymic or lung 
carcinoid. 

Cushing's syndrome in pregnancy. In normal pregnancy, a small progressive 
rise in plasma ACTH and a two- to threefold increase in plasma total and free 
cortisol occur. Twenty-four hour UFC excretion is also elevated above non­
pregnant levels, especially between the 34th and 40th weeks of gestation (90-
350Ilg/day). In the latter part of pregnancy, IR-CRH of placental origin is 
detected in plasma, with levels reaching up to 1O,OOOpg/ml [38]. Because 
plasma cortisol is poorly suppressed in response to dexamethasone in normal 
pregnancy, the diagnosis of mild or early Cushing's syndrome may be difficult 
to ascertain [39]. Transient pregnancy-related and limited Cushing's syndrome 
cases have been described. Their etiology is unknown; however, deficiency of 
CRH-binding protein might explain the pregnancy-limited expression. 

Treatment 

Cushing's disease 

The treatment of choice for Cushing's disease is selective trans-sphenoidal 
microadenomectomy, a procedure with a cure rate approaching 95% on the 
first exploration, and the added advantage of eventually normal anterior pitu­
itary function [40]. The neurosurgeon always explores the entire pituitary 
gland to find the micro adenoma responsible for the disease. If such an 
adenoma cannot be found during trans-sphenoidal exploration, the surgeon 
may perform a hemihypophysectomy on the site of a lateral IPS ACTH 
gradient > 1.5. This approach has proved successful in 80-85 % of cases [41]. 
Failure of surgery at the first exploration may be followed by a repeat 
procedure with a 50-60% chance of cure [42]. Success is defined as a drop 
of serum cortisol and/or UFC to an undetectable level in the immediate 
postoperative period. A successful outcome can also be predicted by a lack 
of cortisol response to oCRH when the test is performed 7-10 days 
after surgery [43]. Hemihypophysectomy on the side of lateralization of the 
ACTH gradient in the inferior petrosal sinuses is successful in 80-85% 
of patients in whom the surgeon fails to identify the tomor during trans­
sphenoidal exploration [44]. 

The next line of therapy is pituitary irradiation with 4500-5000 rad deliv-
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ered over a period of 6 weeks. In association with mitotane (0 p'DDD), a 
remission rate of about 80% can be expected in the first year [45]. This can 
increase further in the second year, but the sustained remission rate after 
discontinuing mitotane therapy drops significantly to about 50-70% of pa­
tients. Mitotane can be discontinued after 1 year if UFC has normalized. It can 
be reinitiated if hypercortisolemia recurs. By 3 years 80-90% of patients will 
have achieved biochemical remission of Cushing's syndrome and will no 
longer need mitotane because the effects of irradiation become established. If 
mitotane therapy is not tolerated by or fails to cure the patient, the final line 
of treatment is bilateral adrenalectomy [45]. This procedure is uniformly effec­
tive at the expense, however, of a significant surgical mortality rate of approxi­
mately 2%, a commitment for hormone replacement for life, and a significant 
risk (10-15%) for subsequent development of Nelson's syndrome [46]. 

Ectopic ACTH 

Once the source of ectopic ACTH is identified, the appropriate therapeutic 
intervention is surgical resection. With regard to the bronchial carcinoids, 
which are by far the most common tumors producing the ectopic 
ACTH syndrome, lung lobectomy may be sufficient to cure the patient. 
Carcinoids, however, should not be considered benign. They may be ex­
tremely slow growing but have the potential for both local invasion and distant 
metastases [47,48]. If surgical cure is impossible, blockade of steroidogenesis is 
indicated and combination chemotherapy and/or radiation therapy may be 
administered. 

Adrenal blockade is also indicated for the treatment of ACTH-secreting 
occult tumors, at least until they surface or are treated surgically. 
Ketoconazole is the most useful agent. It blocks adrenal steroidogenesis at 
several levels, the most important being the 20-22 desmolase step, which 
catalyzes the conversion of cholesterol to pregnenolone, thus avoiding the 
accumulation of steroid biosynthesis intermediates that can cause or worsen 
hypertension and/or hirsutism. Reversible side effects, including elevations 
of hepatic transaminases and gastrointestinal irritation, may occur and may 
be dose limiting. In this case, metyrapone can be added to achieve 
normocortisolemia. Other blocking agents that may be used alone or in com­
binationwith ketoconazole and/or metyrapone include aminoglutethimide 
and trilostane [49]. Repeat searches for the tumor should be untertaken every 
6--12 months. Bilateral adrenalectomy should be considered in developing 
children in whom ketoconazole and other medications may interfere with 
growth and pubertal progression. 

Glucocorticoid replacement 

Glucocorticoid replacement should be started after a successful pituitary 
adenomectomy or complete resection of an ACTH-secreting ectopic or a 
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unilateral cortisol-producing adrenal tumor. This is because in those patients 
the HP A axis is suppressed by chronic exposure to excess glucocorticoids and 
fails to function for several months after the removal of glucocorticoid inhibi­
tion [50]. Hydrocortisone should be replaced at a rate of 12-15mglm2/day by 
mouth with appropriate increases in minor stress (twofold) and major stress 
(lO-fold) for appropriate lengths of time, usually 48 hours. Recovery of the 
suppressed HPA axis can be monitored with a short ACTH test every 3 
months [43]. When the 30-minute plasma cortisol exceeds 181lgldl, hydrocor­
tisone can be discontinued. After a bilateral adrenalectomy, corticosteroid 
replacement will be necessary for life and includes both glucocorticoids and 
mineralocorticoids. 

Summary 

Excess endogenous glucocorticoid production, whether ACTH dependent or 
ACTH independent, results in the classic clinical and biochemical picture of 
Cushing's syndrome. The diagnosis requires the demonstration of an in­
creased cortisol secretion rate, best achieved by using the 24-hour UFC cor­
rected for body surface area as an index. In mild cases, distinction from the 
hypercortisolism of pseudo-Cushing states may be difficult. A dexamethasone/ 
oCRH test or close monitoring of the patient for a few months may be helpful. 
A discrete pituitary lesion on imaging and a standard oCRH test with results 
consistent with such a lesion are sufficient to proceed to trans-sphenoidal 
surgery. If no visible pituitary adenoma is present or if the oCRH test is 
equivocal, bilateral simultaneous inferior petrosal sinus sampling with oCRH 
administration is necessary to distinguish between a pituitary and an ectopic 
source. Surgical ablation is the treatment of choice for all types of Cushing's 
syndrome. In the 5% of cases with Cushing's disease in whom trans­
sphenoidal surgery fails and in the 5 % of cases in whom the disease recurs, 
repeat trans-sphenoidal surgery or radiation therapy in association with 
mitotane treatment may be pursued. Bilateral adrenalectomy effectively cures 
hypercortisolism if resection of the ACTH-secreting tumor is unsuccessful and 
radiation/medical therapy fails. 
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3. Prolactinomas 

Laurence Katznelson and Anne Klibanski 

Prolactin is a peptide hormone secreted by the anterior pituitary gland. A 
specific cell type, the lactotroph, is responsible for prolactin biosynthesis and 
secretion. The only established role of prolactin is to initiate and maintain 
lactation. Prolactin levels rise progressively with pregnancy and peak at term 
(100-300 ~gll) [1]. Lactation begins when estradiol levels fall at parturition. 
The nursing stimulus effectively promotes acute prolactin release via afferent 
spinal neural pathways and, within 20-30 minutes of nursing, prolactin levels 
increase 60-fold [2]. With established nursing, nipple stimulation itself elicits 
progressively less prolactin release, and in the weeks following initiation of 
lactation both basal and nursing-stimulated prolactin pulses decrease [2]. 
Within 4-6 months postpartum, basal prolactin levels are normal without a 
nursing-induced rise, despite continued lactation. 

Pathologic hyperprolactinemia is defined as a persistently elevated serum 
prolactin value in a nongravid state and is a frequent cause of anovulation and 
infertility in women. The syndrome of amenorrhea-galactorrhea is the classic 
sequelae of hyperprolactinemia; however, there is a spectrum of clinical mani­
festations described in both women and men. 

Causes of hyperprolactinemia 

The clinical approach to a patient with hyperprolactinemia requires an under­
standing of normal prolactin physiology. Fluctuations in prolactin levels may 
occur in several physiologic states, and serum concentrations may reach the 
upper limit of normal or may become slightly elevated in these situations. It is 
therefore important to review key physiologic aspects of prolactin regulation. 
Prolactin is secreted in a pulsatile fashion with 4-14 pulses per day (60% occur 
during sleep) [3]. The amplitude of pulses is highly variable between individu­
als, with peak levels occurring during the late hours of sleep. Prolactin 
pulsatility is not associated with any specific stage of sleep. A number of 
studies have suggested that prolactin varies during the menstrual cycle, al­
though the precise nature of this relationship remains unclear. In such studies, 
prolactin levels were found to be significantly higher during the ovulatory and 
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luteal phases, particularly at midcycle, and this is possibly attributable to 
increased circulating estradiol levels [4]. Abrupt rises in serum prolactin occur 
within an hour of eating in normal individuals but not in individuals with 
prolactinomas. The protein component of meals appears to be the main stimu­
lus to prolactin secretion [5]. 

Prolactin rises during stress, including physical exertion, surgery, sexual 
intercourse, insulin hypoglycemia, and seizures. The significance of these al­
terations during stress is not known. Nipple stimulation, chest-wall trauma or 
surgery, and herpes zoster infection of the breast may result in increased 
prolactin levels [6]. Mean levels of prolactin are slightly higher in premeno­
pausal women than men, probably due to a direct effect of estrogen on pitu­
itary prolactin secretion. Some studies suggest that there is a progressive 
decline in prolactin levels in women with age, particularly after menopause [7]. 
This is likely due to postmenopausal estrogen deficiency. Therefore, the ap­
proach to a mildly elevated prolactin level should include a careful review of 
the clinical situation in which the sample was drawn, such as the proximity to 
a meal, time of day, and phase of the menstrual cycle. 

There are multiple pathologic causes of hyperprolactinemia. Like other 
pituitary hormones, prolactin secretion is controlled by dual inhibitory and 
stimulatory factors (Fig. 1). However, in contrast to other pituitary hormones, 
prolactin secretion is predominantly under tonic inhibitory control. Dopam­
ine, the main physiologic inhibitor of prolactin secretion, is transported from 
the hypothalamus to the pituitary gland via the hypophyseal stalk circulation 
to directly inhibit the lactotroph cells from synthesizing and secreting prolactin 
[8]. Therefore, damage to the hypothalamus or the hypophyseal stalk, for 
example, tumor compression (both pituitary and nonpituitary lesions), infiltra­
tive disorders, trauma, surgery, or radiation scarring, can impede normal 
dopaminergic inhibitory control, resulting in hyperprolactinemia. 

Pharmacologic causes of hyperprolactinemia are often mediated through 
alterations of dopamine secretion or effect. Antihypertensive drugs, such as 
reserpine and alpha-methyldopa, cause moderate hyperprolactinemia by 
dopamine depletion in the tuberoinfundibular neurons. Psychotropic agents 
are a frequent cause of hyperprolactinemia [9]. Phenothiazines and 
haloperidol may cause prolactin release via blockade of dopamine receptors. 
Tricyclic antidepressants may cause modest hyperprolactinemia in up to one 
fourth of patients. Psychotropic agents that affect the serotonergic axis, such as 
fluoxetine (Prozac), may also cause hyperprolactinemia. Calcium-channel 
blockers such as verapamil may increase prolactin levels, although the under­
lying mechanism is largely unknown. Prolactin elevations have been seen in 
subjects undergoing therapy with angiotensin-converting enzyme inhibitors 
such as enalopril. Chronic opiate use, cocaine abuse, and therapy with H2 
antagonists such as cimetidine have been associated with hyperprolactinemia, 
possibly through stimulatory mechanisms. Typically, hyperprolactinemia asso­
ciated with medication use causes an increase in serum prolactin to levels of 
< lOO llg/i. 
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Figure 1. Regulation of prolactin secretion. Prolactin release is under tonic inhibition by dopam­
ine, the most important prolactin inhibiting factor. Prolactin release is stimulated by a number of 
factors, induding thyroid-releasing hormone (TRH) and estrogen. 

Stimulatory factors also regulate prolactin secretion. These substances may 
act directly on the pituitary or may act indirectly by means of dopaminergic 
blockade or depletion at the level of the hypothalamus. Estrogens are highly 
important physiologic stimulators of prolactin release and are responsible for 
the elevation in prolactin levels with gestation [10]. Chronic exposure to 
estrogens results in an increase in lactotroph number and size (i.e., 'pregnancy 
cells'), and the pituitary volume normally increases during pregnancy due to 
lactotroph hyperplasia [11]. In nongravid individuals, estrogen therapy may 
lead to increases in prolactin levels, such as that seen in pregnancy. However, 
estrogen concentrations in typical oral contraceptive agents (i.e., 351lg ethinyl 
estradiol) are not associated with hyperprolactinemia, and there is no evidence 
that postmenopausal estrogen replacement causes elevations in serum prolac­
tin. Thyrotropin-releasing hormone (TRH) also stimulates prolactin secretion 
[12]. Although the physiologic role of TRH in prolactin secretion is unclear, 
prolactin levels may be elevated in primary hypothyroidism, presumably due 
to TRH stimulation and/or hypothyroid-induced changes in dopaminergic 
tone. Gonadotropin-releasing hormone (GnRH) may have stimulatory prop­
erties, and administration of GnRH induces the acute release of prolactin in 
normally cycling women and hypogonadal patients [13]. However, the role of 
GnRH in the normal physiologic control of prolactin secretion is unknown. 
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Other causes of hyperprolactinemia include chronic renal disease, 
probably because of altered metabolism or clearance of prolactin or de­
creases in dopaminergic tone [14]. Hemodialysis usually does not reverse 
the hyperprolactinemia. Liver disease has also been associated with 
hyperprolactinemia. 

Prolactin-secreting pituitary adenomas are a frequent cause of pathologic 
hyperprolactinemia. Prolactinomas are the most common type of pituitary 
tumor and may account for as many as 40-50% of all pituitary tumors [15]. 
Hyperprolactinemia may be detected in as many as 40% of patients with 
acromegaly and has been reported in patients with Cushing's disease. The 
presence of acromegaly and Cushing's disease should be evaluated in 
hyperprolactinemic patients with suggestive clinical manifestations. This is 
particularly true in young women with acromegaly who have not had the 
disease for a sufficient duration to have acral changes and whose first manifes­
tation of acromegaly may be hyperprolactinemia-associated reproductive 
disease. 

Clinical presentation 

The clinical signs and symptoms of hyperprolactinemia are due to both the 
biochemical effects of hyperprolactinemia and the local complications of tu­
mors responsible for the elevated prolactin level (Table 1). 

Manifestations of hyperproiactinemia 

Hyperprolactinemia is a common cause of amenorrhea, and approximately 
20% of women with secondary amenorrhea have elevated prolactin levels 
[16]. Women with hyperprolactinemia may have more subtle abnormalities 
in gonadal function, including oligomenorrhea or luteal-phase insufficiency. A 
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Table 1. Symptoms associated with hyperprolactinemia 

Hypogonadism 
Amenorrhea 
Oligomenorrhea 
Infertility 
Impotence 
Decreased libido 

Galactorrhea 
Hirsutism, acne 
Headaches 
Mass effect (if macroprolactinoma) 

Visual loss 
Cranial neuropathies 
Hypopituitarism 
Temporal lobe seizures 



subset of infertile women has been described with mild hyperprolactinemia in 
whom fertility was restored with bromocriptine therapy. In addition, subjects 
with primary amenorrhea and delayed puberty have been found to have 
hyperprolactinemia as the etiology of their clinical symptoms [17]. 

Galactorrhea is present in up to 25% of parous women with regular menses 
and normal serum prolactin levels. However, subjects with 'idiopathic' 
galactorrhea, defined as the presence of normal prolactin levels, may demon­
strate intermittent hyperprolactinemia. In a recent study, 8 of 9 nor­
moprolactinemic women with galactorrhea had elevated levels of prolactin 
during sleep [18]. In addition, several studies have shown that infertile, 
normoprolactinemic women with luteal-phase defects may show improved 
luteal function and/or fertility following the administration of dopamine ago­
nist therapy [18]. Therefore, unrecognized hyperprolactinemia may occur in a 
subset of subjects with presumed normoprolactinemic galactorrhea and luteal­
phase defects. A single prolactin value determined during the day may not rule 
out the presence of a pathologic hyperprolactinemic state and multiple deter­
minations, particularly in the periovulatory phase of the menstrual cycle, may 
be necessary to make this diagnosis. 

Hypogonadism is frequently found in patients with hyperprolactinemia. In 
women, hypogonadism and its associated estrogen deficiency includes abnor­
mal menstrual function, dry vaginal mucosa and dyspareunia, and diminished 
libido. Men may present with decreased libido, impotence, infertility due to 
oligospermia, and gynecomastia due to the associated testosterone deficiency. 
Galactorrhea is rare in hyperprolactinemic men, and this is likely due to the 
lack of estrogen priming of the breast. There are mUltiple potential mecha­
nisms underlying the induction of hypogonadism by hyperprolactinemia, 
which may take place at several levels. Hypogonadism is frequently associated 
with decreased or inappropriately normal luteinizing hormone (LH) and 
follicle-stimulating hormone (FSH) levels relative to the state of estrogen 
deficiency, consistent with central hypogonadism. Prolactin, probably via al­
terations in dopamine inhibitory tone, decreases hypothalamic GnRH 
secretion with a resultant suppressive effect on spontaneous LH release [19]. 
The restoration of ovulatory menstrual periods in hyperprolactinemic women 
with pulsatile exogenous GnRH administration further suggests that suppres­
sion of endogenous GnRH is the key mechanism underlying hypogonadism in 
women [20]. In addition, prolactin may modulate androgen secretion at the 
level of both the adrenal gland and ovary, resulting in increased secretion of 
dehydroepiandrosterone sulfate and testosterone [21]. Therefore, altered ra­
tios of estrogens and androgens may further result in abnormal gonadal func­
tion, with evidence of clinical hyperandrogenism (e.g., hirsutism). 

If the underlying etiology of the hyperprolactinemia is a pituitary 
macro adenoma or a large nonpituitary mass, the lesion could cause compres­
sion of the normal, adjacent pituitary gland, with a resultant decrease in 
gonadotroph function. Mass effects from the tumor could also lead to visual 
compromise from compression of the optic chiasm, cranial nerve palsies via 
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extension laterally into the cavernous sinus, headaches, and, potentially, sei­
zures. Patients with hyperprolactinemia often describe headaches, which 
appear to be out of proportion to the size of the underlying tumor. 
Hyperprolactinemic patients without demonstrable tumors on scan may also 
suffer from headaches, which may diminish or subside completely following 
institution of therapy. 

Hyperprolactinemia is also associated with both trabecular and cortical 
osteopenia. Hyperprolactinemic women may have trabecular osteopenia, with 
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Figure 2. Initial and final trabecular bone mineral density in women with hyperprolactinemia. 
Group 1 refers to women amenorrheic throughout the study (N = 12), Group 2 refers to women 
with resumption of menses with treatment after study entry (N = 9), and Group 3 refers to women 
with hyperprolactinemia and normal menses (N = 8). The shaded area represents the mean ±1.0 
SD of bone density in 41 normal women. *p = 0.04 compared with initial mean bone density. 
(Reprinted with permission from Biller et al. [24].) 
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spinal bone density ranging from 10% to 25% below normal [22,23]. The 
etiology of this decrease in bone density appears to be due to the 
hypogonadism resulting from the hyperprolactinemic state, and not to the 
prolactin per se [22]. Figure 2 shows the progressive nature of spinal bone 
mineral density loss associated with hyperprolactinemia [24]. Group 1 refers 
to women with amenorrhea throughout the study, group 2 refers to women 
with normalization of menses after study entry, and group 3 refers to women 
with normal menses before and during the study. The amenorrheic 
women with hyperprolactinemic had decreased mean spinal bone density 
values, and over a mean 1.8 years spinal bone mineral density progressively 
decreased in this hyperprolactinemic group. Resumption of menses following 
therapy was associated with an increase in bone mineral density. This study 
and others have shown that the bone density in such patients may increase 
concomitant with normalization of prolactin levels with therapy; however, the 
bone density typically still remains lower than that of normal control subjects. 
Of importance, hyperprolactinemia in eumenorrheic women is not associated 
with bone loss and is therefore not an indication for therapy in this patient 
group. 

Approach to an elevated prolactin value 

The approach to an elevated prolactin value should include careful consider­
ation of the presence of physiologic causes of hyperprolactinemia. The prolac­
tin level should be repeated in a nonstimulated state, and if possible we 
recommend measuring a morning prolactin level after an overnight fast in a 
nonstressed state. For example, prolactin may be secreted to a modest degree 
following a breast exam, so a mild increase in prolactin levels after such an 
exam warrants a repeat prolactin determination. A mildly elevated prolactin 
level determined after a meal should clearly be repeated. 

Substantial elevations in prolactin, > 150 Ilgll, in a nongravid state are 
usually indicative of a prolactin-secreting pituitary tumor. In an actively 
secreting lactotroph tumor, there is an excellent correlation between 
radiographic estimates of tumor size and prolactin levels, and, therefore, very 
high levels of prolactin are associated with larger tumors. Prolactinomas are 
classified as microadenomas «10mm) and macroadenomas (>lOmm). 
Therefore, the presence of a substantial elevation in serum prolactin in asso­
ciation with a pituitary lesion> 10mm by radiographic imaging supports the 
diagnosis of a macroprolactinoma. A significant discrepancy between tumor 
volume and the degree of hyperprolactinemia should raise the suspicion of a 
'clinically nonfunctioning pituitary tumor' or a sella lesion of nonpituitary 
origin. 

The majority of women with prolactinomas have microadenomas. This is in 
contrast to men, in whom the majority of tumors are macro adenomas. This 
may be due to the fact that women may present earlier for evaluation then 
men because of complaints of menstrual disturbances. 
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Modest levels of prolactin elevation (e.g., 25-1001lg/l) may be associated 
with a number of diagnoses. All etiologies of hyperprolactinemia should be 
excluded before a tumor is considered. Pregnancy, primary hypothyroidism, 
liver disease, and chronic renal disease should be excluded. A careful history 
of medication use should be obtained. 

One diagnostic problem is the evaluation of patients with psychiatric dis­
ease who are receiving phenothiazines and are found to have an elevated 
prolactin level. Women with these medications often describe menstrual ab­
normalities and modest hyperprolactinemia is often the culprit. We recom­
mend a magnetic resonance imaging (MRI) scan for patients whose prolactin 
levels are > 100 Ilgl1 and assume that levels under this value are consistent with 
neuroleptic administration. This strategy is based on the finding that the 
majority of patients receiving neuroleptics with modest prolactin elevations 
have no evidence of a pituitary abnormality on scan. However, if patients with 
prolactin levels <lOOIlg/l have any complaints suggestive of local mass effects 
or other pituitary hypersecretory or hyposecretory syndromes, then imaging 
studies should be performed. 

When an elevated serum prolactin level is not associated with a clear 
secondary cause, a pituitary radiographic scan should be performed to rule out 
the presence of either a prolactin-secreting pituitary tumor or other lesions. In 
addition, as described later, it is important to distinguish microprolactinomas 
from macroprolactinomas. If the scan shows normal sellar and extrasellar 
contents and there is no clear secondary cause of the hyperprolactinemia, then 
the diagnosis of idiopathic hyperprolactinemia is made. These cases may rep­
resent occult microprolactinomas with an anatomic lesion beyond the sensitiv­
ity of the scanning technique. 

Management 

Treatment is dependent on the etiology of hyperprolactinemia, its associated 
clinical symptoms, and anatomic considerations. If the above-mentioned 
evaluation suggests the presence of a prolactinoma, then the goals of therapy 
are to suppress excessive prolactin secretion, and to reduce or stabilize tumor 
size and restore normal physiologic anterior pituitary function. There are four 
available treatment options: no therapy with close observation, medical 
therapy with a dopamine agonist, and, rarely, surgery or radiation. Determina­
tion of the appropriate treatment option for a patient is individual and takes 
into account the presence of mass effect, biochemical consequences of the 
hyperprolactinemia, and personal preferences. 

Therapeutic considerations 

Tumor size. A very important therapeutic consideration is the size of the 
prolactinoma. Patients are stratified into those who have microprolactinomas 

48 



«lOmm) and those with macroprolactinomas (>lOmm). Microprola­
ctinomas are typically intrasellar and are not associated with evidence of 
local mass effects. In addition, studies investigating the natural history of 
such tumors have shown that in the majority of cases, prolactin elevations 
usually remain stable and, in some cases, spontaneously normalize. The 
degree of prolactin elevation is a prognostic factor for spontaneous resolution. 
In one study with 41 patients with idiopathic hyperprolactinemia followed 
for 5.5 years, 67% of patients whose initial prolactin values were <57 Jlgli 
had normalization of prolaction [25]. In contrast, none of the patients 
with initial prolactin values >60 Jlg/l normalized. In another study of 38 
patients with untreated microprolactinomas followed for an average of 
50.5 months, 36.6% had an increase, 55.3% had a spontaneous decrease, 
and 13.1% had no change in prolactin levels [26]. A prospective study in 
untreated hyperprolactinemic women showed that patients with normal 
initial menstrual function were more likely to have normalization of prolactin 
values, whereas patients with oligomenorrhea or amenorrhea were more 
likely to have no change or increases in prolactin values [27]. Therefore, 
basal menstrual function is an important variable in predicting the 
progression of the prolactin level, and prolactin levels may spontaneously 
normalize. 

Another important feature of the natural history of microprolactinomas 
is that the majority of such tumors do not increase in size. In one study 
of 43 patients with presumed microadenomas with a mean follow-up of 
5.4 years, only 2 patients showed evidence of tumor progression [28]. In a 
prospective study by Schlechte et al. [27], 27 women were followed for an 
average of 5.2 years. Of 14 women with normal radiographic studies at 
baseline, 4 developed evidence of an adenoma, although none of these 
subjects developed a macroadenoma. Of the 13 women with evidence of a 
tumor at baseline, only 2 showed worsening of radiographic findings. This 
study suggests that although radiologic evidence of tumor growth may occur in 
up to 22% of cases, it is rarely accompanied by clinical symptoms. However, 
patients with microprolactinomas who demonstrate an increase in tumor size 
during follow-up without therapy should be seriously considered for medical 
therapy. 

All patients with macroprolactinomas should undergo therapy. In contrast, 
because microprolactinomas tend to enlarge rarely and slowly, the presence of 
a microprolactinoma alone without other indications does not in itself neces­
sitate therapy. From the standpoint of size alone, it is reasonable to withhold 
therapy on microprolactinomas and follow closely with serial examinations 
and radiographic imaging. 

Biochemical consequences of hyperprolactinemia. The presence of hy­
pogonadism is a second important therapeutic consideration. Hyper­
prolactinemia-induced hypogonadism may lead to several important clinical 
symptoms and findings. It is often associated with fatigue, diminished libido, 
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and dyspareunia. Men with hyperprolactinemia often describe decreased li­
bido and erectile dysfunction. Hypogonadal symptoms are reversible with 
therapy in the majority of cases. 

Amenorrhea and oligomenorrhea are associated with an increased risk of 
osteoporosis [22,23]. As many of these women are young when diagnosed, 
hypogonadism may lead to long-term osteoporosis with a significantly in­
creased risk of fracture. Cortical and trabecular bone density may increase 
following therapy of the hyperprolactinemia with resumption of menses. 
Therefore, the risk of osteoporosis associated with hyperprolactinemia is sig­
nificant and may be, at least in part, reversible with therapy. Therefore, 
hypogonadism in the presence of hyperprolactinemia is a clear indication for 
therapy. 

Hyperprolactinemia may lead to ovulatory disorders and luteal-phase de­
fects, resulting in infertility [18]. If an elevated prolactin level is found in a 
woman desiring fertility, then therapy should be instituted. Prolactin may 
modulate androgen secretion in the adrenal gland and ovary, resulting in 
increased secretion of androgens, including testosterone and dehy­
droepiandrosterone sulfate [21]. Hyperandrogenism may result in hirsutism, 
oily skin, and an acneiform rash. In some hyperprolactinemic individuals, 
androgen excess may be particularly bothersome and require therapy. 

Galactorrhea. Galactorrhea affects as many as 30% of women with hyper­
prolactinemia. Although galactorrhea in itself is not an absolute indication for 
therapy, if the degree of galactorrhea is significantly bothersome to the pa­
tient, then it is reasonable to initiate therapy. 

Headaches. Headaches are frequently a result of the expanding tumor mass, 
and therefore therapy with a decrease in tumor size will lead to improvement 
in the headaches. Many subjects with hyperprolactinemia without a large mass 
describe headaches that are out of proportion to the tumor size. Headaches 
may lead to the need for therapy in certain individuals. 

Management options 

Medical therapy. Almost all patients with hyperprolactinemia due to pituitary 
disease can be effectively treated medically with a dopamine agonist. 
Bromocriptine (Parlodel), the most frequently used dopamine agonist, lowers 
serum prolactin in patients with pituitary tumors and all other causes of 
hyperprolactinemia. Bromocriptine has been the primary medical therapy for 
hyperprolactinemic disorders for approximately two decades. Bromocriptine 
normalizes prolactin levels and leads to resumption of ovulatory function and 
menses in 80-90% of patients [29]. Therefore, bromocriptine is very effective 
in decreasing prolactin levels and in both normalizing reproductive function 
and reversing galactorrhea. In some patients, return of menstrual function is 
accompanied by prolactin levels that are significantly reduced but not normal. 
This suggests that in some patients reduction but not normalization of prolac-
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tin levels may be sufficient for return of gonadal function. Bromocriptine is 
also useful in treating galactorrhea in patients with normoprolactinemic 
galactorrhea. 

The effects ofbromocriptine are rapid in onset (1-2 hours), but normaliza­
tion may take weeks. Discontinuation of the drug is typically followed by a 
return of hyperprolactinemia to basal values. Acute bromocriptine side ef­
fects, including nausea, headache, dizziness, nasal congestion, and constipa­
tion, may occur and may be dose limiting. Gastrointestinal side effects may be 
minimized by starting with a very low dose at night, for example, 1.25 mg e/2 
tablet) with a snack, and increasing by 1.25mg over 4- to 5-day intervals as 
tolerated. This is continued until a dose that normalizes prolactin levels is 
reached. The rate of dose escalation is dictated by the clinical situation, such as 
the presence of mass effects. Side effects, particularly gastrointestinal, usually 
improve with either continuing the medication at the same dose or by 
temporarily reducing the dose. If patients stop taking the medication for a few 
days, therapy should be reinstituted at a lower dose because these side effects 
may return. Chronic therapy may result in side effects, including painless cold­
sensitive digital vasospasm, alcohol intolerance, and dyskinesia. Psychiatric 
and affective reactions include fatigue, depression, insomnia, and anxiety, and 
have been reported as well as the precipitation of acute psychosis. 

Bromocriptine will result in significant tumor shrinkage in up to 75% of 
patients with macroadenomas. Tumor-size reduction may occur early, in 
weeks, or over many months. This is frequently accompanied by improvement 
in visual-field abnormalities and pituitary function. Visual-field deficits have 
been reported to improve within hours of institution of medical therapy. Of 27 
such patients treated with bromocriptine, 64 % had a reduction in tumor 
volume of at least 50% [30]. The fall in prolactin level does not always corre­
late with reduction in tumor size. Medical therapy represents the initial option 
for patients with macroprolactinomas because of the low cure rates with 
surgery in such patients. 

In contrast to what is seen in women, the majority of men with diagnosed 
prolactinomas have macroadenomas. In men with hyperprolactinemia­
induced hypogonadism and normal residual pituitary function, it may take 3-
6 months for testosterone levels to increase and normal sexual function to be 
restored after prolactin levels normalize. 

In order to reduce the gastrointestinal side effects, bromocriptine has re­
cently been administered intravaginally. Reductions in prolactin similar to 
that attained by oral bromocriptine have been achieved with the intravaginal 
route [31,32]. However, long-term patient compliance has not been 
demonstrated. 

Pergolide (Permax) is a dopamine agonist approved by the U.S. Food and 
Drug Administration for the treatment of Parkinson's disease. Although not 
approved for use in the management of hyperprolactinemia. pergolide may be 
efficacious in reducing prolactin levels in patients with hyperprolactinemia 
[33]. 

51 



There are other dopamine agonists under investigation, including the long­
acting preparations, bromocriptine mesylate (Parlodel LAR) and cabergoline. 
Cabergoline is an ergoline derivative with selective, potent and long-lasting 
dopaminergic properties and has been shown to be highly effective in the 
management of hyperprolactinemia. Because of the ease of administration of 
cabergoline (once or twice a week) and its iID.proved side-effect profile relative 
to bromocriptine, patients have a high rate of compliance. Administration 
of cabergoline to patients with microprolactinomas results in normalization of 
prolactin levels in 95% of cases [34). In a recent study, the administration of 
cabergoline to 15 patients with macroprolactinomas resulted in a decrease in 
tumor size in 73%, a decrease in prolactin levels in 94%, and normalization of 
prolactin in 73% of subjects [35). Cabergoline appears to be better tolerated 
than bromocriptine and may play an important role in the management of 
patients resistant to or intolerant of bromocriptine [36]. 

Surgery. Although surgery is not a primary mode of management for patients 
with prolactinomas, it may be indicated in several settings. These include large 
tumors with visual-field deficits unresponsive to bromocriptine, inability to 
tolerate bromocriptine due to side effects, and cystic tumors that do not to 
respond to medical therapy. The presence of apoplexy is another important 
indication for surgery because of the necessity to evacuate the hemorrhage. A 
trans-sphenoidal approach is almost exclusively used. When performed by 
experienced surgeons, the major morbidity rate is negligible. The mortality 
rate is <0.27% and the major morbidity rate is <3% [37]. 

Surgical efficacy is clearly a function of the experience of the neurosurgeon. 
However, even in experienced hands, postoperative cure as defined by a 
normal serum prolactin level is found in approximately 71 % of patients with 
microprolactinomas and 32% of patients with macroprolactinomas [29]. An 
important concern is the significant recurrence rate following initial prolactin 
value normalization. The recurrence rates for microprolactinomas and macro­
prolactinomas may be as high as 39% and 80%, respectively, up to 5 years 
after surgery [38]. 

Radiation therapy. Conventional radiotherapy (4500-5000 rads) or, rarely, 
proton-beam therapy may be indicated in patients with larger tumors in whom 
definitive therapy is desired but who are unable to tolerate chronic medical 
therapy. Given the long delay between therapy and normalization of prolactin 
levels, medical therapy is typically required for years. 

Pregnancy and prolactinomas 

Many women with hyperprolactinemia present with infertility, and 
bromocriptine is typically used to normalize prolactin levels and to allow 
normal ovulation to occur. Because of estrogen-stimulated lactotroph 
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hyperplasia, there is concern in patients with prolactinomas that the high 
estrogen levels may lead to lactotroph stimulation and tumor growth, with 
resulting local complications, including visual-field deficits, headaches, and 
diabetes insipidus. Molitch [39] reviewed the data on pregnancy outcomes in 
hyperprolactinemic patients. Clinically significant tumor enlargement (head­
aches or visual deficits or both) has been described in only up to 5.5% 
of patients with microprolactinomas. Therefore, in patients with micro­
prolactinomas it is reasonable to discontinue the bromocriptine after preg­
nancy is established. These patients should be followed carefully during 
pregnancy, with serial visual-field monitoring. 

In contrast, 15.5-35.7% of patients with macroadenomas are at risk for 
clinically significant tumor enlargement during any trimester. We do not rec­
ommend trans-sphenoidal resection of the macroadenomas prior to concep­
tion because surgical resection does not prevent symptomatic enlargement 
during pregnancy. If there is no evidence of local mass effects after pregnancy 
is established, then bromocriptine may be discontinued. The decision to rein­
stitute therapy depends on the development of clinical symptoms, not the 
serum prolactin levels, because prolactin levels increase markedly during nor­
mal pregnancy. If a complication caused by tumor growth does occur, it is 
rapidly reversible with the reinstinution of bromocriptine, which is then con­
tinued through term. A large international experience with bromocriptine and 
pregnancy suggests that bromocriptine therapy does not result in complica­
tions for the fetus [40]. 

Breast feeding after delivery appears to be safe in prolactinoma patients not 
receiving bromocriptine. In a patient with a prolactinoma, the suckling stimu­
lus does not elicit an increase in the prolactin concentration or significant 
tumor growth. However, patients with macro adenomas should continue to be 
followed closely, and the decision to institute therapy is dependent on tumor 
size and clinical symptoms. 
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4. Gonadotroph and other clinically nonfunctioning 
pituitary adenomas 

Peter J. Snyder 

Gonadotroph adenomas are the most common pituitary macroadenomas but 
are the hardest to recognize because they secrete inefficiently and their secre­
tory products usually do not cause a recognizable clinical syndrome. Con­
sequently, they are the pituitary adenomas most likely to be clinically 
nonfunctioning, although occasionally other pituitary adenomas may also be 
clinically nonfunctioning. 

Etiology 

Pituitary adenomas are true neoplasms 

For many years it was thought that pituitary adenomas could represent a 
hyperplastic change a resulting from excessive production of a trophic factor 
or deficient production of an inhibitory factor. Recently, however, most pitu­
itary adenomas have been shown to be clonal [1,2]. Restriction fragment­
length polymorphism analysis has shown that in women who have pituitary 
adenomas and whose peripheral leukocytes have both alleles of the genes 
encoding the enzymes hypoxanthine phosphoribosyltransferase (HPRT) or 
phosphoglycerate Kinase (PGK), the adenomas have only one allele or the 
other (Fig. 1). This result suggests that each of the adenomas arise from a 
single somatic mutation, which then expands clonally. These results have been 
found in all pituitary adenomas, including gonadotroph adenomas. Other 
recent studies have shown that about 40% of somatotroph adenomas harbor 
an activating mutation of the gene that encodes Gs-a., called the gsp oncogene, 
resulting in constitutively activated adenyl cyclase [3]. Because increased ade­
nyl cyclase activity can cause cellular proliferation as well as increased hor­
monal secretion, the gene for Gs-a. can be considered a protooncogene and the 
mutations can be considered oncogenes. Although the oncogenes and the 
proteins they encode have not yet been identified for the other 60% of 
somatotroph adenomas, or for any other kind of pituitary adenoma, including 
gonadotroph adenomas, it seems likely that they do exist. 

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9. 
All rights reserved. 
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Figure 1. Demonstration of the apparent monoclonality of five pituitary adenomas. The bands 
represent DNA fragments of the HPRT gene from the peripheral leukocytes (lanes a and b) and 
pituitary adenoma cells (lanes c and d) of five women known to be heterozygous for the HPRT 
gene and to have gonadotroph adenomas. The leukocytes of each patient show both alleles 
(lane a), but the adenoma cells show only one allele (lane c), supporting the hypothesis that 
these adenomas arose from clonal expansion of a single cell. (From Alexander et al. [1], with 
permission. ) 

The search for a specific etiology 

Finding a mutation that could be the cause of 40% of somatotroph adenomas 
has led to a search for mutations that could cause gonadotroph and other 
pituitary adenomas. The investigation has included known oncogenes, tumor 
suppressor genes, and hormones and growth factors known to act on the 
gonadotroph cell. In one study of 19 patients with pituitary adenomas, none 
of the seven adenomas that appeared to be gonadotroph adenomas by 
immunostaining exhibited any of three mutations of the ras gene known to be 
oncogenic, although a mutation was found in a highly invasive lactotroph 
adenoma [4]. Another study showed no mutations of the ras gene in five 
primary pituitary carcinomas or in six invasive adenomas of unspecified type, 
but point mutations of H-ras were found in the distant metastases of three of 
the carcinomas [5]. In the same study, no mutations were found in exons five 
through eight of the p53 tumor suppressor gene. 

A study of 18 pituitary adenomas, including 12 that stained for glycoprotein 
subunits, showed no allellic loss of the retinoblastoma gene [6]. Another study 
of 34 pituitary adenomas, of which 17 stained immunospecifically for gonadot­
ropin subunits, confirmed those results [7]. An examination of 21 clinically 
nonfunctioning adenomas showed two that had mutations of the gsp 
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oncogene, similar to those found in somatotroph adenomas; none of 27 had 
mutations of the gip gene [8]. What role the gsp mutation might play in the 
pathogenesis of these adenomas is as yet uncertain. In summary, there is little 
evidence to date for a role of well-known oncogenes in the pathogenesis of 
gonadotroph adenomas. 

Several known growth factors have been found to be expressed by 
gonadotroph and other pituitary adenomas. Interleukin-6 immunoactivity 
was found in the media in which 2 of 2 gonadotroph adenomas and 23 of 
49 clinically nonfunctioning adenomas were cultured [9]. One of two 
gonadotroph adenomas was found to express basic fibroblast growth factor 
mRNA [10]. Two (of two) gonadotroph adenomas expressed transforming 
growth factor a mRNA [11]. Invasive pituitary adenomas expressed a point 
mutation on the a isoform of protein kinase C, whereas noninvasive adenomas 
expressed only the native sequence [12]. Gonadotroph adenomas also express 
the activinlinhibin PB subunit, and can therefore presumably synthesize activin 
B, which is a homodimer of this subunit. In one study, the activinlinhibin PB 
subunit was expressed in all 10 gonadotroph adenomas studied [13]. In an­
other study, gonadotroph adenomas were also found to express the activinl 
inhibin PB subunit [14]. Whether or not the expression of any of these growth 
factors by gonadotroph adenomas is pathogenetically related to the develop­
ment of the adenomas has not yet been established. 

Clinical presentation (Table 1) 

Gonadotroph adenomas usually come to clinical attention when they become 
so large as to cause neurologic symptoms but may also be recognized when 
imaging of the head is performed for an unrelated reason. The large size may 
also cause deficient hormonal secretion from the nonadenomatous pituitary, 
and these deficiencies may even be recognizable at the time of presentation, 
but they are usually not the impetus for the patient to seek medical attention. 

Table 1. Clinical presentations of gonadotroph adenomas 

Neurologic symptoms (most common) 
Visual impairment 
Headache 
Other (diplopia, seizures, CSF rhinorrhea, etc.) 

Incidental finding 
When an imaging procedure is performed because of an unrelated symptom 

Hormonal symptoms (least common) 
OJigorrhea or amenorrhea in a premenopausal woman 
Ovarian hyperstimulation when FSH is secreted excessively in a premenopausal woman 
Premature puberty when intact LH is secreted in a prepubertal boy 
Symptoms of hormonal deficiencies (commonly occur but uncommonly are the presenting 

symptoms) 

CSF = cerebrospinal fluid; FSH = follicle-stimulating hormone; LH = luteinizing hormone. 
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Gonadotroph adenomas are rarely, if ever, recognized when they are 
microadenomas because excessive gonadotropin secretion usually does not 
cause a clinically recognizable syndrome, and also because these adenomas are 
usually so inefficient hormonally that when they are of 'micro' size «1 cm) 
they probably do not produce elevated serum concentrations of gonadotropins 
or their subunits. Gonadotroph adenomas rarely cause a recognizable clinical 
syndrome. 

Neurologic symptoms 

Impaired vision is the symptom that most commonly leads a patient with a 
gonadotroph adenoma to seek medical attention [15], although other neuro­
logic symptoms may also do so. Visual impairment is caused by suprasellar 
extension of the adenoma that compresses the optic chiasm. When compres­
sion becomes more severe, central visual acuity is also affected. The onset of 
the deficit is usually so gradual that patients often do not seek ophthalmologi­
cal consultation for months or even years. Even then the reason for the deficit 
may not be recognized, unless a visual-field examination is performed and the 
diagnosis is delayed further. Other neurologic symptoms that may cause a 
patient with a gonadotroph adenoma to seek medical attention are headaches, 
caused presumably by expansion of the sella; diplopia, caused by oculomotor 
nerve compression due to lateral extension of the adenoma; cerebrospinal 
fluid (CSF) rhinorrhea, caused by inferior extension of the adenoma; and the 
excruciating headache and diplopia caused by pituitary apoplexy, sudden 
hemorrhage into the adenoma. 

Incidental finding 

The common use of magnetic resonance imaging (MRI) to evaluate symptoms 
in the head or neck, such as head trauma, sinusitis, etc., has resulted in the 
discovery of many intrasellar lesions unrelated to the symptom that led to 
the imaging procedure. Although many of these incidentally discovered le­
sions are small and not clinically functioning, some are > 1 cm in diameter 
and can be recognized as gonadotroph adenomas by the procedures described 
later. 

Hormonal presentations 

At the time of the initial presentation due to a neurologic symptom, many 
patients with gonadotroph adenomas, when questioned, admit to symptoms of 
pituitary hormonal deficiencies. Ironically, the most common pituitary hor­
monal deficiency is in luteinizing hormone (LH), the result of compression of 
the normal gonadotroph cells by the adenoma and the lack of secretion of a 
substantial amount of intact LH by the adenomatous gonadotroph cells. The 
result in men is a subnormal serum testosterone concentration, which pro-
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duces symptoms of decreased energy and libido. The result in premenopausal 
women is amenorrhea. Any other pituitary hormone might be secreted 
subnormally as well. 

Gonadotroph adenomas rarely present because of excessive hormonal se­
cretion. Excessive and relatively constant secretion of follicle-stimulating hor­
mone (FSH) in a premenopausal woman would be expected theoretically 
to disrupt cyclical ovarian function and to cause ovarian hyperstimulation 
and amenorrhea. In fact, one such patient has been reported [16]. Excessive 
secretion of FSH would not be expected to cause symptoms in men and 
postmenopausal women. Excessive secretion of LH in men would be expected 
to cause hypersecretion of testosterone, and in the rare cases of gonadotroph 
adenomas that do hypersecrete LH, that is what happens. LH hypersecretion 
in men causes supranormal serum testosterone concentrations [17], but typi­
cally no symptoms result. LH hypersecretion in boys causes premature 
puberty [18,19]. 

Diagnosis 

The process of making the diagnosis of a gonadotroph adenoma usually pro­
ceeds first from recognizing that a patient's visual abnormality or other symp­
tom could represent an intrasellar lesion, to confirming the presence of an 
intrasellar lesion by an imaging procedure, to, finally, finding secretory abnor­
malities of gonadotropins and their subunits characteristic of a gonadotroph 
adenoma. 

Visual and other abnormalities 

The visual abnormality most characteristic of an intrasellar lesion is dimin­
ished vision in the temporal fields. Either or both eyes may be affected, and if 
both, to variable degrees. Diminished visual acuity occurs when the optic 
chiasm is more severely compressed. Other patterns of visual loss may also 
occur, so an intrasellar lesion should be suspected when any pattern of visual 
loss is unexplained. Other neurologic abnormalities that should raise the sus­
picion of an intrasellar lesion are headaches, oculomotor nerve palsies, and 
cerebrospinal fluid (CSF) rhinorrhea. The quality of the headaches is not 
specific .. 

Imaging of the pituitary 

Current imaging techniques are more than sensitive enough to demonstrate 
any pituitary adenoma that has become so large as to impair vision or to cause 
any other neurologic symptom. Because gonadotroph adenomas are generally 
hormonally inefficient, by the time a gonadotroph adenoma produces 
supranormal serum concentrations of intact gonadotropins or their subunits, it 
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Figure 2. Magnetic resonance imaging showing in a sagittal view of the head a large gonadotroph 
adenoma extending superior to elevate the optic chiasm. Gonadotroph adenomas are often not 
recognized until they become large. 

is sufficiently large to be seen by imaging (Fig. 2). MRI is currently the 
best technique for imaging the pituitary gland because of its superior 
resolution and its ability to demonstrate the optic chiasm. In addition, MRI 
is able to demonstrate blood, so one is able to recognize hemorrhage into 
the pituitary and to distinguish an aneurysm from other intrasellar lesions. 
Computed tomographic (CT) scanning has the advantage of the ability to 
demonstrate calcium, which is helpful in making the diagnosis of a 
craniopharyngioma. 

If the visual or other symptoms that led to imaging are caused by a 
gonadotroph adenoma, the imaging will demonstrate the presence of a large 
intra sellar mass that is likely to extend outside of the sella. MRI will demon­
strate if the adenoma is elevating the optic chiasm or extending into the 
cavernous sinuses or sphenoid sinus. MRI will not distinguish, however, 
adenomatous tissue from normal pituitary tissue; consequently, a clear distinc­
tion between an intrasellar mass lesion and the normal pituitary is evidence 
that the lesion is not a pituitary adenoma. MRI will also not distinguish a 
gonadotroph adenoma from other pituitary macroadenomas and often not 
even from nonpituitary lesions. 
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Hormonal abnormalities 

Intrasellar mass lesions detected by MRI should be evaluated further by 
measurement of serum concentrations of pituitary hormones to determine if 
the lesion is of pituitary or nonpituitary origin, and if pituitary, the cell of 
origin. A pituitary adenoma of gonadotroph or thyrotroph cell origin should 
be suspected if the serum prolactin concentration is <loong/ml, the patient 
does not appear acromegalic and the serum insulin-like growth factor (IGF)­
I concentration is not supranormal, and the patient does not have Cushing's 
syndrome and does not have supranormal urine cortisol excretion. A 'silent' 
somatotroph or corticotroph adenoma or a lesion of nonpituitary origin could 
also account for these findings. Preoperative recognition that an intrasellar 
mass lesion is of gonadotroph origin depends on finding specific combinations 
of the serum concentrations of gonadotropins and their subunits (Table 2). 
The combinations differ somewhat in men and women. 

Men. A supranormal basal serum FSH concentration in a man who has an 
intrasellar mass lesion usually indicates that the lesion is a gonadotroph 
adenoma [20] (Fig. 3). The diagnosis is strengthened if he also has other 
characteristic features of a gonadotroph adenoma, such as a supranormal basal 
serum concentration of the glycoprotein (l subunit or responses of intact 
FSH and LH, or of LH~, to thyrotropin-releasing hormone (TRH) [20]. A 
supranormal serum LH accompanied by a supranormal serum testosterone, 
whether or not accompanied by a supranormal FSH, is strong evidence that 
the lesion is one of the unusual gonadotroph adenomas that secrete intact LH. 
A supranormal serum LH accompanied by a serum testosterone that is not 
elevated suggests that an elevated (l subunit is crossreacting in the polyclonal 
LH immunoassay. This possibility can be confirmed by measuring LH in a 
highly specific, double monoclonal assay and by measuring the (l subunit. A 
supranormal serum (l subunit as the sole basal serum abnormality indicates 

Table 2. Hormonal criteria for the diagnosis of gonadotroph adenomas· (anyone or any combi­
nation of the following) 

Men 

Supranormal basal serum concentrations 
FSHb 

Women 

FSH but not LH 
IX, LH~, or FSH~ subunits 
LH and testosterone 

Any subunit relative to intact FSH and LH 

Supranormal response to TRH 
FSH 
LH 
LH~ (most common) 

FSH 
LH 
LH~ (most common) 

a Assuming the patient has a pituitary macroadenoma. 
b Assuming the patient does not have a history of primary hypogonadism. 
FSH = follicle-stimulating hormone; LH = luteinizing hormone. 
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Figure 3. Basal serum concentrations of intact FSH and LH and a and LHP subunits in 38 men 
with pituitary macroadenomas that were clinically nonfunctioning. Eleven had elevations of FSH, 
10 of LH, 8 of a subunit, and 6 of LHP subunit. Of the 38 adenomas, 36 were studied in cell culture 
and 29 could be identified as gonadotroph adenomas by their secretion in culture. (From 
Daneshdoost et al. [20], with permission.) 

that the intrasellar lesion is of gonadotroph or thyrotroph origin. TRH stimu­
lation of intact FSH or LH, or of the LH~ subunit, would confirm a 
gonadotroph origin. 

Women. Recognizing the gonadotroph ongm of an intrasellar mass on 
the basis of basal serum hormone concentrations of intact FSH and LH is more 
difficult in women that in men. In a woman over 50 years old who has an 
intrasellar mass and elevated gonadotropins, distinguishing between the 
adenoma and normal postmenopausal gonadotroph cells as the source is usu­
ally not possible on the basis of the basal gonadotropins alone. Similarly, in a 
woman under 50 years old who has an intrasellar mass and elevated serum 
gonadotropins, distinguishing between the adenoma and premature ovarian 
failure as the source of the gonadotropins is also not usually possible on 
the basis of the FSH and LH values alone. A few combinations of basal FSH, 
LH, and a subunit values, however, do strongly suggest that an intrasellar 
mass is a gonadotroph adenoma. A markedly supranormal FSH associated 
with a subnormal LH, for example, most likely indicates a gonadotroph 
adenoma, rather than the postmenopausal state or premature ovarian failure 
[21]. A serum a subunit concentration that is supranormal when intact FSH 
and LH are not, or is supranormal out of proportion to the FSH and LH, also 
suggests a gonadotroph adenoma [21]. More commonly, an intrasellar mass in 
a woman may be recognized as a gonadotroph adenoma by an increase in 
FSH or LH, or even more frequently, in the LH~ subunit, in response to TRH 
(Fig. 4) [21]. 

Distinguishing gonadotroph adenomas from primary hypogonadism. The 
question of how to distinguish a gonadotroph adenoma from primary hypo­
gonadism is often raised because in both conditions serum concentrations 
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of intact gonadotropins and their subunits may be supranormal and gonadal 
steroids may be subnormal. Furthermore, longstanding primary hypo­
gonadism may cause some enlargement of the pituitary as a consequence of 
gonadotroph hyperplasia [22]. In practice, however, making this distinction is 
usually quite easy because each exhibits a different clinical presentation and 
each a different set of hormonal secretory characteristics. The major clinical 
distinction results from the observation that pituitary enlargement due to 
primary hypogonadism usually does not occur unless the hypogonadism is 
severe, untreated, and of many years duration. Consequently, such patients, 
both men and women, often appear hypogonadal clinically. In contrast, men 
and women who have gonadotroph adenomas may be hypogonadal, but the 
hypogonadism is usually not severe or of long duration. Consequently, they 
usually do not appear hypogonadal clinically. The major difference in basal 
hormonal concentrations is the elevation of both FSH and LH in patients who 
have primary hypogonadism and the elevation of FSH, but usually not LH, 
and sometimes by greater elevation of the a subunit, in patients who have 
gonadotroph adenomas. The major difference in hormonal responses to TRH 
is that patients who have gonadotroph adenomas often exhibit responses of 
FSH, LH, and, more commonly, the LH~ subunit, but patients who have 
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Figure 4. Increases in the serum concentrations of intact FSH, LH, a subunit, and, most often, 
LH~ subunit to TRH in 16 women with adenomas that were clinically nonfunctioning. The dashed 
lines show the ranges of serum concentrations in 16 age-matched healthy women. Eleven women 
with adenomas exhibited significant responses to TRH of the LH~ subunit, four of intact LH and 
a subunit, and three of FSH. (From Daneshdoost et al. [21], with permission.) 
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primary hypogonadism do not [23]. Another clear difference is that men who 
have a subnormal serum testosterone on the basis of a gonadotroph adenoma 
exhibit an increase to well within the normal range when treated with human 
chorionic gonadotropin (hCG) for 4 days [24], but men with primary 
hypogonadism do not. 

Abnormal secretion of other pituitary hormones. Pituitary adenomas that 
secrete intact gonadotropins and/or their subunits usually do not also secrete 
other pituitary hormones as well, but concomitant secretion of thyroid­
stimulating hormone (TSH) and prolactin have been reported rarely. A serum 
prolactin concentration that is elevated but <lOOng/ml, however, suggests not 
concomitant secretion by the adenoma but increased secretion by normal 
lactotroph cells that are less than normally inhibited because of stalk compres­
sion by the adenoma. Deficient secretion of other pituitary hormones often 
occurs due to the mass effect of the typically large gonadotroph adenomas and 
should always be investigated. 

Treatment (Table 3) 

Because gonadotroph adenomas usually do not present until they are so large 
as to cause neurologic symptoms, treatment to relieve those symptoms must 
be initiated promptly. Currently, trans-sphenoidal surgery is the only treat­
ment that is usually effective in doing so. Surgery is usually not successful in 
removing all pituitary adenoma tissue, however, so radiation is often necessary 
to prevent the residual from regrowing. To date no pharmacologic treatment 
has been shown to be reliably effective. 

Table 3. Comparison of standard treatments for gonadotroph adenomas 

Treatment Use Advantages Side effects 

Trans-sphenoidal Primary treatment Rapid decrease Transient diabetes insipidus 
surgery when adenoma causes of adenoma and/or SIADH; hormonal 

neurologic symptoms size deficiencies; decreased 
vision, hemorrhage, CSF 
rhinorrhea, meningitis 
(all uncommon) 

Conventional Adjuvant therapy for Prevents Short term: nausea, lethargy, 
radiation residual adenoma regrowth loss of taste and smell; 

after surgery; primary of residual loss of hair at radiation 
therapy in absence of adenoma portals 
neurologic symptoms Long term: hypopituitarism 

Observation only Asymptomatic adenomas No immediate None immediately; risk of 
risk future growth 

CSF = cerebrospinal fluid. 
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Surgery 

Surgery is performed most successfully and safely by the trans-sphenoidal 
route. Trans-sphenoidal surgery reduces the size of gonadotroph adenomas 
and their hormonal hypersecretion in more than 90% of cases, and in about 
70% it improves vision [25]. Serious risks of trans-sphenoidal surgery in the 
immediate postoperative period include worsening vision, hemorrhage, and 
CSF rhinorrhea, sometimes leading to meningitis, but together these occur in 
<5% of cases [26,27]. A less serious, but more common, immediate postopera­
tive risk is instability of vasopressin secretion, which can include diabetes 
insipidus, syndrome of inappropriate secretion of antidiuretic hormone 
(SIADH), and fluctuations between the two. These fluctuations usually do not 
last more than 4-5 days after surgery, but diabetes insipidus infrequently is 
permanent. Surgery may improve hormonal secretion by the nonadenomatous 
pituitary, worsen it, or leave it unchanged. 

The most important preoperative preparations for surgery are identifying 
the sellar lesion as a gonadotroph adenoma, identifying an experienced 
pituitary surgeon, and ensuring that the patient is hormonally stable. One 
reason to identify the mass as a gonadotroph adenoma is to distinguish it from 
a nonpituitary lesion near the sella, which might best be approached 
transcranially. Another reason is to find a marker, such as an elevated serum 
FSH or a subunit concentration, which can be used to monitor the response to 
surgery and subsequent treatment. Hypothyroidism increases the risk of respi­
ratory arrest due to postoperative administration of narcotics or barbiturates, 
so hypothyroidism should be corrected preoperatively, or those agents should 
be used in lower than usual doses. 

Postoperative management can be considered in terms of immediate, short 
term, and long term. In the few days after surgery, the patient may develop 
diabetes insipidus, SIADH, or both. In this period diabetes insipidus should be 
treated with aqueous vasopressin, either as subcutaneous bolus doses or as 
a continuous intravenous infusion. Desmopressin acetate (DDA VP), which 
is longer acting, should be avoided at this time because it might cause 
hyponatremia if the diabetes insipidus suddenly remits and especially if it is 
followed by SIADH. If diabetes insipidus lasts for more than 4-5 days or 
is present at the time of discharge from the hospital, DDAVP should be 
used. Maintenance hydrocortisone should be prescribed on discharge from the 
hospital. 

Four to 6 weeks after discharge from the hospital, the patient should be 
evaluated for the amount of residual adenoma, visual function, and hormonal 
function of the nonadenomatous pituitary. A crude estimation of the amount 
of residual adenoma can be determined by MRI, but artifacts of surgery may 
obscure the actual amount of residual adenoma tissue for several months. The 
serum concentration of any gonadotroph adenoma product, such as FSH or 
the a subunit, that had been elevated before surgery will give a more accurate 
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estimate of the amount of residual adenoma. Visual function should be evalu­
ated by acuity and fields. Hormonal function of the nonadenomatous pituitary 
should be evaluated regardless of whether it was normal or abnormal prior 
surgery because it can be better, worse, or the same afterwards. This evalua­
tion should include measurement of serum concentrations of thyroxine, early 
morning cortisol (48 hours after discontinuation of hydrocortisone), and test­
osterone in a man or estradiol in a premenopausal woman. If the plasma 
cortisol is :53Ilgldl, the patient is hypoadrenal; if it is ~ 18llgldl, the patient has 
normal adrenal function. If the plasma cortisol is 4-17Ilgldl, a test of adreno­
corticotrophic hormone (ACfH) reserve, such as a metyrapone test, should 
be pedormed. Measurement of cortisol 1 hour after the administration of 
250 Ilg of cosyntropin should not be used because in this situation it may give 
a falsely normal result [28]. If the patient has significant nocturia at this time, 
24-hour urine volume should be determined, and if it is 3-6 liters, a water 
deprivation test should be performed to assess the possibility of diabetes 
insipidus. Greater volumes almost certainly indicate diabetes insipidus. Any 
hormonal deficiencies should be treated. 

Long-term evaluation should include testing every 6-12 months initially to 
detect recurrence of the adenoma and the adequacy of hormonal replacement 
medications. Evaluation for recurrence should include measurement of what­
ever serum marker was elevated before surgery and an MRI. If vision was 
affected by the adenoma, it should be evaluated periodically as well. 

Radiation 

Radiation therapy is used most commonly after trans-sphenoidal surgery to 
prevent residual gonadotroph adenoma tissue from regrowing, but occasion­
ally it can be used appropriately as primary therapy. As adjuvant therapy, 
radiation is administered 6-12 months after surgery if MRI shows significant 
residual adenoma tissue; if radiation is not administered, the chances are high 
that the residual adenoma will increase in size within the next few years and 
require surgery again. Iflittle pituitary tissue remains after surgery, MRI, once 
a year initially and then less frequently, should detect regrowth soon enough 
to treat by radiation. As primary therapy, radiation is appropriate if the 
adenoma is sufficiently large to be threatening the optic chiasm but not actu­
ally causing visual impairment or other neurologic symptoms. 

Conventional radiation therapy is supervoltage radiation, administered in 
23 daily doses of 2 Gy each. Side effects of radiation that occur during treat­
ment include nausea, lethargy, loss of taste and smell, and loss of hair at the 
radiation portals. The first two remit within 1-2 months, and the latter two 
usually remit within 6 months. The long-term side effect of radiation is loss of 
function of the nonadenomatous pituitary. The chances are approximately 
50% that at least one pituitary hormone that had been normal prior to radia­
tion will be subnormal within 5 years afterwards. 

Two newer methods of radiation treatment, both involving stereotactic 
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delivery, are being tried. A theoretical advantage of these methods is that the 
number of portals of entry of the radiation is increased infinitely, so the 
radiation exposure of anyone part of the brain is decreased. One method is 
stereotactic administration of conventional radiation administered in fraction­
ated doses. The other method is administration of gamma radiation from a 
6OCO source that is stereotactically delivered to the adenoma in a single, large 
dose. This technique is called radiosurgery or gamma knife. A theoretical 
disadvantage of this method is that the dose of radiation is so large that it is 
considered unsafe to treat an adenoma that extends outside the sella because 
of the risk of damaging nonpituitary tissue, such as the optic chiasm. To date, 
limited information has been published about the effects of either of these 
treatments on pituitary adenomas, so it is best to restrict their use to a few 
centers on an experimental basis until their actual advantages and disadvan­
tages become more clear. 

Medications 

The extraordinary success of dopamine agonists in reducing the size of, as 
well as secretion by, lactotroph adenomas has prompted attempts to find a 
pharmacologic treatment for gonadotroph adenomas. So far, however, no 
drug has been found that will reduce adenoma size consistently and substan­
tially. Although dopamine does not decrease gonadotropin secretion to an 
appreciable degree in normal subjects, bromocriptine has been reported to 
reduce the secretion of intact gonadotropins and the a. subunit in a few 
patients, and even to improve vision in one, but not to reduce adenoma size 
[29,30]. 

Based on data showing the presence of somatostatin receptors on the cell 
membranes of clinically nonfunctioning pituitary adenomas [31,32], two 
groups administered octreotide to such patients. One group found improve­
ment in visual fields in three of four patients, but no decrease in adenoma size 
[33]. Another group found among six patients decreases in a.-subunit values in 
three and in size and visual impairment in two each, but no correlation among 
the three parameters [34]. 

Agonist analogs of gonadotropin-releasing hormone (GnRH) have been 
administered to patients with gonadotroph adenomas, based on the rationale 
that chronic administration of these agonists causes downregulation of 
GnRH receptors on, and decreased secretion of FSH and LH from, normal 
gonadotroph cells. Administration of GnRH agonist analogs to patients with 
gonadotroph adenomas, however, generally produces either an agonist effect 
or no effect on secretion and no effect on adenoma size [35-37]. 

The pure GnRH antagonist, Nal-Glu GnRH, is the most effective agent 
tested so far in suppressing FSH secretion by gonadotroph adenomas, but it 
does not appear to decrease their size. Administration for 1 week of Nal-Glu 
GnRH to men with gonadotroph adenomas reduced their elevated FSH con­
centrations to normal [38]. When Nal-Glu was administered for 6 months, 
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FSH remained suppressed for the entire period but adenoma size did not 
decrease [39]. These results suggest that FSH secretion by gonadotroph 
adenomas is dependent on endogenous GnRH but that adenoma size is 
not. As a practical matter, no medical treatment tried thus far can be 
recommended. 

No treatment 

Gonadotroph adenomas that are asymptomatic and not an immediate threat 
to vision may not require treatment, especially if the patient is elderly or 
infirm. This situation is increasingly common as more and more gonadotroph 
adenomas are detected as incidental findings when MRI is performed to 
evaluate head trauma, etc. Hormonal deficiencies should still be replaced. Re­
evaluation of adenoma size and the function of the nonadenomatous pituitary 
should be performed at yearly intervals. 
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5. Approach to the incidentally discovered 
pituitary mass 

Mark E. Molitch 

Improvements in diagnostic imaging techniques over the last several years 
have created the dilemma for the clinician of the radiologist being able to 
detect asymptomatic masses in several organs [1]. Such incidentally found 
masses have been referred to as incidentalomas [2]. When these imaging 
techniques have been applied to the pituitary gland, similar incidentalomas 
have been found in seemingly normal subjects [3-11]. At present, these tech­
niques include high-resolution computed tomographic (CT) scanning with 
infusion of intravenous contrast, and magnetic resonance imaging (MRI), with 
or without administration of gadolinium [12,13]. It is the purpose of the 
present discussion to provide information and guidelines for the evaluation of 
the patient incidentally found to have a mass lesion of the pituitary on a CT or 
MRI scan that has been performed for some other reason (Fig. 1). 

Types of pituitary mass lesions 

A number of lesions may be present within the sella turcica and in parasellar 
areas [12-14] (Table 1). Certainly the most common lesion is the pituitary 
adenoma. Pituitary adenomas may be classified in various ways [15]. Virtually 
all are benign, although there may be localized areas of invasion [15]. Al­
though some adenomas may display histologic evidence suggestive of malig­
nancy, such as mitoses, cellular and nuclear pleomorphism, hyperchromatism 
of nuclei, and an increased nuclear/cytoplasmic ratio, these findings are not 
specific and only the presence of distant metastases can be used for the 
definitive designation of malignancy [15]. True pituitary carcinomas with evi­
dence of metastases are so rare as to be individually reportable. 

Adenomas generally are classified as to size, with tumors <10mm in diam­
eter being designated micro adenomas and tumors> lOmm in diameter being 
designated as macro adenomas (Fig. 2). Additional features to note are local­
ized areas of invasion and extrasellar extension. In particular, lesions extend­
ing in a suprasellar direction need to be evaluated with respect to possible 
compression of the optic chiasm by direct visualization on MRI scan and by 
visual field examination using Goldmann perimetry [16]. 

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9. 
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Figure 1. Top: CT scan, coronal view, carried out to rule out lesions of internal auditory canals 
causing deafness. Note the poorly visualized macroadenoma (arrow). Bottom: MRI scans, lateral 
and frontal cuts, showing large macroadenoma (arrows) with suprasellar and lateral parasellar 
extension. This 30-year-old man was eventually found to have panhypopituitarism and a 
prolactin of 2200ng/ml. His deafness was subsequently found to be caused by Wegener's 
granulomatosis. 

In addition to their size, pituitary adenomas are also characterized by their 
hormonal secretion. The most common tumor is a prolactin (PRL )-secreting 
tumor (prolactinoma) and the next most common is a clinically non­
functioning tumor. The latter frequently secrete intact gonadotropins or their 
glycoprotein subunits (alpha and/or beta) in vivo or in vitro; technically, 
therefore, most are really gonadotroph adenomas [17,18]. Rarely, clinically 
nonfunctioning tumors will be found to stain positively for adrenocorti­
cotrophic hormone (ACTH) or growth hormone (GH) but do not secrete 
these hormones in excess, and such patients do not have Cushing's disease 
[19] or acromegaly [20,21]. In various surgical series, prolactinomas and 
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Table 1. Lesions of the sella turcica and parasellar areas 

Pituitary adenomas 
PRL secreting 
GH secreting 
ACTH secreting 
Gonadotropin secreting 
TSH secreting 
Nonsecreting 

Primitive germ-cell tumors 
Germinoma 
Dermoid 
Teratoma 
Atypical teratoma (dysgerminoma) 

Benign lesions 
Meningioma 
Enchondroma 
Hypothalamic hamartomas 
Gangliocytomas 
Myoblastomas 

Cell rest tumors 
Craniopharyngioma 
Rathke's cleft cyst 
Epidermoid (cholesteatoma) 
Chordoma 
Lipoma 
Colloid cyst 

Modified from Post et al. [14], with permission. 

Gliomas 
Chiasmatic-optic glioma 
Oligodendroglioma 
Ependymoma 
Infundibuloma 
Astrocytoma 
Microglioma 

Granulomatous, infections, inflammatory 
Abscess, bacterial and fungal 
Sarcoidosis 
Tuberculosis 
Giant-cell granuloma 

Metastatic tumors 

Vascular aneurysms 

Miscellaneous 
Arachnoid cyst 
Empty sella syndrome 
Suprasellar-chiasmatic arachnoiditis 
Histiocytosis X (eosinophilic 

granuloma) 
Lymphocytic hypophysitis 
Mucocele (sphenoid) 
Echinococcal cyst 

PRL = prolactin; GH = growth hormone; ACTH = adrenocorticotrophic hormone; TSH = 
thyroid-stimulating hormone. 

SUPRA SElLAR EXPANSION 
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Figure 2. Growth pattern of adenomas. (Reproduced with permission from Hardy J. 
Transsphenoidal surgery of hypersecreting pituitary tumours. In Kohler PO, Ross GT, eds. 
Diagnosis and Treatment of Pituitary Tumours. New York: America Elsevier, pp 179-194.) 
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nonsecreting tumors each comprise about 30--40% of all tumors. ACTH­
secreting tumors and growth hormone (GH)-secreting tumors comprise 2-
10% each and thyrotropin (TSH)-secreting tumors comprise about 1 % [15]. 
Clearly, in the evaluation of patients with pituitary incidentalomas, that is, 
those without any endocrine symptomatology (see later), these frequencies 
will be altered towards the clinically nonfunctioning tumors. 

A number of other lesions may be found in the sellar area that may mimic 
a pituitary adenoma. Such lesions include aneurysms of the internal carotid 
artery, craniopharyngiomas, Rathke's cleft cysts, meningiomas of the tuber­
culum sellae, gliomas of the hypothalamus and optic nerves, dysgerminomas, 
cysts, hamartomas, metastases, sarcoidosis, eosinophilic granulomas, sphenoid 
sinus mucoceles, and focal areas of infarction [12-14]. Lymphocytic infiltration 
of the pituitary can also masquerade as a pituitary adenoma [22]. Artifacts 
mimicking pituitary lesions include beam-hardening effects with CT and 
susceptibility distortions with MRI [13]. 

Autopsy findings 

Pituitary adenomas have been found by sectioning of the gland at autopsy 
in 1.5-27% of subjects not suspected of having pituitary disease while alive 
[3,23-40] (Table 2). Except for the study by Muhr et al. [32], which showed 
only a 1.5% frequency, these studies, comprising 12,300 subjects, found a 
minimum frequency of adenomas of 5%. In the studies in which PRL immu­
nohistochemistry was performed, 46% of the 298 pituitaries stained positively 
for PRL [27,28,30,34,36-40]. The tumors were distributed equally throughout 
the age groups (range 16-86 years) and between the sexes. 

In these postmortem studies all but three of the tumors were <lOmm in 
diameter (Table 2), and these three were <15 mm in diameter. Thus, 
micro adenomas are present in 10-20% of the adult population. The lack of 
macro adenomas in these studies suggests that growth from micro- to macro­
adenomas must be an exceedingly uncommon event and/or that virtually all 
macroadenomas come to clinical attention and therefore are not included in 
these autopsy findings. 

Two autopsy studies evaluated other lesions in the sella in addition to 
pituitary adenomas [3,40]. In specimens removed from 100 random cadavers 
in whom there had been no clinical suspicion of pituitary disease, Chambers et 
al. [3] found 24 lesions >3mm in diameter, including 11 microadenomas, 6 
pars intermedia cysts, 4 foci of metastatic tumor, and 3 pituitary infarcts. In 
addition, there were 14 pars intermedia cysts and 3 pituitary micro adenomas 
<3mm in diameter. Teramoto et al. [40] found 61 lesions in 1000 pituitaries 
that were >2mm in diameter. Of these, 18 were adenomas, 2 were focal 
hyperplasias, 37 were Rathke's cleft cysts, and 4 were hemorrhages. Generally, 
only lesions of >3 mm diameter will be considered to be significant in this 
discussion, as this is generally the smallest size lesion that can be distinguished 
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Table 2. Frequency of pituitary adenomas found at autopsy 

No. No. No. Stain for 
pituitaries adenomas Frequency macroadenomas prolactin 

Study examined found ('Yo) found ('Yo) 

Susman [23] 260 23 8.8 
Costello [24] 1,000 225 22.5 0 
Sommers [25] 400 26 6.5 0 
McCormick & 1,600 140 8.8 0 

Halmi [26] 
Kovacs et al. [27] 152 20 13.2 2 53 
Landolt [28] 100 13 13.0 0 
Mosca et al. [29] 100 24 24.0 0 23 
Burrows et al. [30] 120 32 26.7 0 41 
Parent et al. [31] 500 42 8.4 1 
Muhr et al. [32] 205 3 1.5 0 
Schwezinger & 5,100 485 9.5 0 

Warzok [33] 
Coulon et al. [34] 100 10 10.0 0 60 
Chambers et al. [3] 100 14 14.0 0 
Siqueira & 450 39 8.7 0 

(Juembarovski [35] 
EI-Hamid et al. [36] 486 97 20.0 0 48 
Scheithauer et al. [37] 251 41 16.3 0 66 
Marin et al. [38] 210 35 16.7 0 32 
Sano et al. [39] 166 15 9.0 0 47 
Teramoto et al. [40] 1,000 51 5.1 0 30 

Total 12,300 1395 11.3 3 

reasonably well from background 'image noise' in these types of scanning 
procedures [3,13]. 

CT and MRI scans in normal individuals 

Three series have evaluated CT scans of the sellar area in normal subjects who 
were having such scans for reasons unrelated to possible pituitary disease. 
Chambers et al. [3] found discrete areas of low density >3 mm in diameter 
in 10 of 50 such subjects. In our study of 107 normal women, we found 7 who 
had focal hypodense areas >3mm in diameter [4]. In one of these seven, a 
woman with peripheral neurofibromatosis, the serum PRL level was elevated 
to a value of 36.2nglml (normal <25nglml); the PRL and a subunit values 
were normal in the other six. Focal high-density regions >3mm in diameter 
were found in five subjects. One had a PRL level of 48nglml and had a 
melanotic melanoma metastatic to the brain so that the high-density area 
may have represented a pituitary metastasis. This patient also had received 
cranial irradiation, which may increase PRL levels [41]. In a third study, 
Peyster et al. [6] found focal hypodense areas >3mm in diameter in only 8 of 
216 subjects. 
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Two similar studies have been carried out using MRI. Chong et al. [9] found 
focal pituitary gland hypodensities 2-5mm (mean 3.9mm) in 20 of 52 normal 
subjects with nonenhanced images using a 1.5-T scanner and 3-mm thick 
sections. With similar scans but with gadolinium-DTPA enhancement, Hall et 
al. [10] found that in 100 normal volunteers, focal areas of decreased intensity 
2=3 mm in diameter compatible with the diagnosis of adenoma were found in 
34, 10, and 2 volunteers, depending on whether there was agreement on the 
diagnosis between one, two, or three independent reviewing neuroradiologists 
at the National Institutes of Health. This latter study is particularly interesting 
in that it both confirms prior estimates of incidental adenomas found on scans 
and points out the degree of uncertainty of diagnosis of adenoma, even among 
experienced neuroradiologists, at a premier institution. 

On the basis of such studies, it can be seen that CT and MRI scans may 
reveal lesions of 2=3 mm in diameter in 4-20% of normal subjects. However, 
autopsy studies suggest such a finding is relatively nonspecific, with cysts and 
old infarcts being almost as common as adenomas. Metastatic foci are also 
relatively common and need to be considered as well. 

Sellar lesions >10mm in diameter have not been found in such studies, 
similar to the autopsy experience. However, this author has seen patients with 
large pituitary tumors found incidentally on skull x-rays, CT scans, and MRI 
scans done because of head trauma or other reasons (e.g., Fig. 1). In the two 
series of patients reported with pituitary incidentalomas [8,11], 29 of 52 pa­
tients had macroadenomas. In one of these series [8], 5 of the 11 with 
macroadenomas had tumors 2=2 cm in maximum diameter. 

Diagnostic evaluation 

Endocrinologic evaluation 

Because the most common lesion in the sella is a pituitary adenoma, it is 
reasonable to evaluate patients endocrinologically, regardless of the size of the 
lesion seen. Many of the changes occurring with hormone oversecretion syn­
dromes may be quite subtle and only slowly progressive; therefore, it is impor­
tant to review with the patient changes compatible with the development of a 
prolactinoma, Cushing's disease, and acromegaly. For Cushing's disease, pa­
tients should be questioned and examined for the development of hyper­
tension, hirsutism, hyperpigmentation, centripetal obesity, acne, pigmented 
striae, weakness, gonadal dysfunction, facial erythema and rounding, and 
excessive fat deposition in the dorsal and ventral fat pads and supraclavicular 
fat pads [42]. For acromegaly, a similar evaluation for the development of 
hypertension, acral enlargement, tongue enlargement, increased spacing be­
tween the teeth, and seborrhea may be helpful [43,44]. 

Women with hyperprolactinemia may experience galactorrhea, 
amenorrhea, hirsutism, infertility, and loss of libido [45]. Men may similarly 
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have a loss of libido and are usually impotent [45]. Most patients with 
gonadotroph cell adenomas are male, have very large tumors, and have a 
history of relatively normal gonadal function [17,18]. Patients with TSH cell 
adenomas usually display the typical features of hyperthyroidism, although 
they lack the features specific for Graves' disease, that is, exophthalmos (un­
less produced by the mass effect of the tumor itself pushing out the eye) and 
dermopathy [46]. 

If the clinical evaluation of the patient points to particular hormone 
oversecretion, then a detailed evaluation of such secretion is warranted to 
establish the diagnosis. However, because these tumors may also be present 
with very little in the way of clinical symptomatology, screening for hormonal 
oversecretion is also warranted, even in patients with no clinical evidence 
of hormone oversecretion (Table 3). So-called silent somatotroph and 
corticotroph adenomas have been reported many times, and it is not clear 
whether these patients with minimal clinical evidence of hormone over­
secretion are free from the increased risk for the more subtle cardiovascular, 
bone, oncological, and possibly other adverse effects we usually associate with 
such tumors. Screening for hormone oversecretion in such patients has been 
questioned as to its cost effectiveness [47]. However, evidence from one of the 
series cited earlier that have screened such patients [8] suggests such screening 
is worthwhile because 1 of their 18 patients turned out to have a GH-secreting 
tumor. 

Prolactinomas are the most common of the hormone-secreting tumors. In 
addition, there are a large number of medications and conditions that may 
cause hyperprolactinemia (Table 4), so that the finding of hyperprolactinemia 
in a patient with a 'tumor' on scan may be a false-positive finding. The condi­
tions in Table 4 can generally be excluded on the basis of a careful history 
and physical examination, routine laboratory screening, and checking of 

Table 3. Screening tests for pituitary hormone oversecretion 

Hormone 

GH 

ACTH 

PRL 

FSH/LH 
TSH 

Test 

Elevated Insulin-like growth factor I (somatomedin C level) 
Failure to suppress GH levels to <2nglml with oral glucose load 
Elevated 24-hour urinary free cortisol level 
Failure to suppress cortisol levels to <7ng/ml (193nmolJl with Img of 

dexamethasone given orally 2300--2400h the previous night) 
Elevated basal levels, repeated at least once, 
Exclusion of other causes by history, physical examination, chemistry screening, 

and thyroid function tests 
Elevated basal levels of FSH, LH, and a. subunit 
Elevated basal levels of T4, T3 resin uptake, T3 with nonsuppressed or elevated 

levels of TSH 

Reproduced with permission from Molitch and Russell [7]. 
GH = growth hormone; ACTH = adrenocorticotrophic hormone; PRL = prolactin; FSH = 
follicle-stimulating hormone; LH = luteinizing hormone; TSH = thyroid-stimulating hormone. 
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Table 4. Causes of hyperprolactinemia 

Pituitary disease 
Prolactinomas 
Acromegaly 
'Empty sella syndrome' 
Lymphocytic hypophysitis 
Cushing's disease 
Pituitary stalk section 

Hypothalamic disease 
Craniopharyngioma 
Meningiomas 
Dysgerminomas 
Nonsecreting pituitary tumors 
Other tumors 
Sarcoidosis 
Eosinophilic granulomas 
Neuraxis irradiation 
Vascular 

Neurogenic 
Chest wall lesions 
Spinal-cord lesions 
Breast stimulation 

Other 
Pregnancy 
Hypothyroidism 
Renal failure 
Cirrhosis 
Pseudocyesis 

Idiopathic 

Medications 
Phenothiazines 
Butyrophenones 
Monoamine oxidase inhibitors 
Tricyclic antidepressants 
Reserpine 
Methyldopa 
Metoclopramide 
Amoxepin 
Verapamil 
Cocaine 

Reproduced with permission from Molitch ME. 1995. Pituitary, thyroid, adrenal and parathyroid 
disorders. In Barron WM, Lindheimer MD, eds. Medical Disorders During Pregnancy, 2nd ed. 
MO: St. Louis, Mosby-Year Book, pp 89-127. 

thyroid function. Although all of these conditions may cause modest 
hyperprolactinemia, PRL levels >200ng/ml are found exclusively in patients 
with prolactinomas and patients with renal failure also taking medications 
known to disrupt hypothalamic dopaminergic regulatory pathways [45]. Be­
cause of the episodic secretion of PRL, levels in a normal individual may 
occasionally be above the upper limit of normal (generally 20-25ng/ml). Two 
or three measurements should be obtained at different times to be sure that 
PRL levels are elevated on a sustained basis before concluding that a patient 
has hyperprolactinemia. 

Various stimulation and suppression tests have been used over the years to 
aid in the differential diagnosis of hyperprolactinemia. However, there tests 
yield nonspecific results and have been largely abandoned [45,48). One impor­
tant cause of hyperprolactinemia needs to be emphasized. Normally, PRL is 
under tonic inhibitory control by the hypothalamus via PRL inhibitory fac­
tors that are transmitted via the portal system in the hypothalamic-pituitary 
stalk. Large pituitary lesions (nonsecreting adenomas, craniopharyngiomas, 
meningiomas, etc.) can cause moderate hyperprolactinemia by interfering 
with stalk function and the transmission of these inhibitory factors. Rarely do 
PRL levels get above 200ng/ml in this fashion, however [49]. Thus, a large 
lesion (>2cm in height) that is associated with a PRL level <200ng/ml should 
be considered to be something other than a prolactinoma because large 
prolactinomas generally have PRL levels ranging from several hundred to 
several thousand nanograms per milliliter. 

For GH oversecretion, probably the best single screening test is measuring 
insulin-like growth factor I (IGF-I, also known as somatomedin C). Although 
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basal GH levels are also usually elevated, such elevations may be only mini­
mal, that is, 2-3nglml [44], and normal individuals commonly have GH levels 
that may go over 20nglml during one of the secretory surges that occur about 
every 2 hours [50]. If only GH measurements are available, then GH levels 
should be obtained after an oral glucose load (lOOg of glucose), showing lack 
of suppression to <2nglml by hyperglycemia [44]. When any of these tests is 
positive, more detailed evaluation is necessary to establish the diagnosis de­
finitively [44]. 

Two tests have proven very useful for screening for the presence of 
Cushing's disease. The measurement of free cortisol in a 24-hour collection of 
urine has generally been found to be a good screening test for Cushing's 
disease [51,52]. However, others have noted that some patients may have 
normal urinary free cortisol measurements on occasion [53]. A second test is 
the measurement of serum cortisol at 8 a.m. after the patient has received 1 mg 
of dexamethasone at bedtime the night before. Normally, the cortisol will 
suppress to $.7/lg/dl [51,52]. Rarely, patients with Cushing's disease will sup­
press with this low dose of dexamethasone overnight, and even with the 
standard 2-day dexamethasone suppression test [51,52]. If there is a clinical 
suspicion of Cushing's disease in the patient being evaluated and if there is any 
discrepancy found in one of these two tests, then the second also ought to be 
done. When these screening tests are positive, more detailed testing will be 
necessary to establish the diagnosis definitively [42,51,52]. 

Gonadotroph adenomas can generally be evaluated on a screening basis by 
measuring basal follicle-stimulating hormone (FSH), luteinizing hormone 
(LH) and a-subunit levels; isolated FSH and LH ~-subunit hypersecretion 
may be able to be evaluated in the future if radioimmunoassays become 
commercially available. In the male, testosterone levels are usually normal 
[18]. In the female, considerable difficulty may be found when trying to differ­
entiate hormone oversecretion by these tumors versus postmenopausal nor­
mally elevated gonadotropin levels. When the diagnosis is important to 
establish, stimulation testing with thyrotropin-releasing hormone (TRH) may 
demonstrate a gonadotropin response in patients with gonadotroph adenomas 
[54,55]. 

Thyrotroph cell adenomas cause biochemical as well as clinical 
hyperthyroidism, with patients showing elevated thyroxine (T4) and triiodot­
hyronine (T3) levels. The unusual feature in these patients is an inappropri­
ately normal or even elevated, rather than depressed, thyroid-stimulating 
hormone (TSH) level [46,56]. 

Microadenomas do not generally cause disruption of normal pituitary func­
tion. Of the 22 patients with suspected micro adenomas evaluated in the series 
of Reincke et al. [8] and Donovan and Corenblum [11], all had normal pitu­
itary function. Larger lesions may cause varying degrees of hypopituitarism 
because of compression of the hypothalamus, the hypothalamic-pituitary stalk 
that transmits the hypophysiotropic-releasing factors to the pituitary, or the 
pituitary itself. Of the 27 patients with suspected macroadenomas evaluated in 
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the series of Reincke et al. [8] and Donovan and Corenblum [11],5 were found 
to have partial hypopituitarism. Patients with these larger lesions should be 
evaluated for hypopituitarism. 

The most critical hormone axis to be evaluated is the hypothalamic­
pituitary-adrenal axis. Morning cortisol and ACTH levels should be obtained. 
If the cortisol level is <5 ng/ml, then replacement should be started with 
dexamethasone. If the ACTH level is also low, then the diagnosis is fairly well 
established, although some would also determine that the adrenal could re­
spond to repetitive doses of ACTH. If the cortisol level is >5ng/ml, then an 
overnight metyrapone test could be done. In this test, 30mg/kg (maximum 
dose of 2000mg) is given at bedtime and 11-deoxycortisol (compound S) and 
cortisol levels are measured at 8 a.m. the next morning. Because metyrapone 
blocks the 11-hydroxylase step of cortisol synthesis, cortisol levels should be 
low and, because of decreased feedback causing increased ACTH levels, the 
precursor 11-deoxycortisol should increase in the blood to >7 .51lg/dl and the 
cortisol level should decrease [57,58]. This will establish the presence of 
ACTH reserve deficiency. 

Alternatively, the ACTH and cortisol responses to insulin-induced 
hypoglycemia could be obtained. In this test, hypoglycemia is induced with 
intravenous insulin given as a bolus (0.1-O.15U/kg ideal body weight), and 
cortisol and ACTH are obtained at 0, 30, 60, and 90 minutes. In this test, 
glucose levels should decline to <50% of baseline, to a level of <50 mg/dl, and 
the patient should become symptomatic and the plasma cortisol should in­
crease by at least 101lg/dl to a level of at least 181lg/dl [17,18]. 

TSH deficiency can be established by finding low levels of T4, T3, and TSH 
in the blood. Gonadotropin deficiency is established by finding low levels of 
gonadotropins, or the absence of cycling in women in conjunction with low 
target hormone levels, that is, estradiol or testosterone. However, when there 
is hyperprolactinemia, these assessments of gonadal function are not accurate 
because the hyperprolactinemia itself will cause a decrease in gonadotropin 
and gonadal hormone levels [45]. 

GH deficiency can be determined by finding an inadequate «7ng/ml) GH 
response to hypoglycemic stimulation as described above. Such testing should 
only be carried out after repletion of thyroid, glurocorthoid and gonadal 
hormones and when GH repletion therapy is indicated [58]. 

Radiologic evaluation 

The index abnormality being discussed is an abnormality found during a scan. 
For lesions >1 cm in diameter, the important differential resides between 
pituitary adenomas and other mass lesions [12-14]. MRI may be done as a 
secondary procedure if a mass is first detected on CT scan because it can reveal 
far more anatomic detail of the lesion itself and its relationship to surrounding 
structures [12,13,59,60]. MRI can demonstrate the decreased signal of flowing 
blood and therefore can better determine the presence of aneurysms [12]. 
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Aneurysms and adenomas may coexist, however, and occasionally 
arteriography may be necessary. Meningiomas are associated with (1) 
hyperostosis of the adjacent bone in 50% of cases [12], (2) a more homoge­
neous enhancement with gadolinium than macroadenomas, (3) a suprasellar 
rather than sellar epicenter of tumor, and (4) a tapered extension of an 
intracranial dural base [61]. 

Some degree of calcification is present in over 80% of craniopharyngiomas, 
but calcification has also been demonstrated in pituitary adenomas [12,13]. 
About 50% of craniopharyngiomas display areas of high intensity on Tl­
weighted images due to the proteinaceous material present in the cyst fluid. 
Although cystic components are common to craniopharyngiomas and 
Rathke's cleft cysts, they may also be seen in pituitary adenomas. 
Craniopharyngiomas are usually hypointense or hyperintense on MRI Tl­
weighted images but are usually very hypointense on TI-weighted images [12]. 
The cyst fluid in Rathke's cleft cysts varies in its protein content, and thus the 
cyst may be hypointense or hyperintense on Tl-weighted images [13]. In 
Rathke's cleft cysts, contrast enhancement is usually confined to a thin rim 
along the cyst wall [13]. Gliomas are usually hypointense on Tl-weighted 
images but hyperintense on TI-weighted images. When arising from the optic 
nerve or chiasm, such gliomas may also cause enlargement of the optic fora­
men [12]. Metastases may be almost impossible to differentiate from a 
pituitary adenoma radiologically [12,62] and clinically. The radiologic charac­
teristics of these and other lesions of the sella are obviously complex, and more 
detailed reviews of this subject are available [12-14]. Because of the lack of 
specificity of many of the radiologic signs, however, in many cases the only 
sure way of diagnosing a lesion is by obtaining tissue. 

In patients with lesions <1Omm, there is a similar lack of specificity and 
artifacts may contribute to the confusion in establishing a diagnosis [13]. 
Several studies have compared radiologic studies to operative findings. In 
three papers from the Montreal General Hospital that analyzed preoperative 
direct coronal CT scans for ACTH-, PRL-, and GH-secreting adenomas 
resected by Dr. Jules Hardy, Marcovitz et al. calculated respective sensitivities 
of 63%,91.9%, and 81.2%; specificities of 62.5%, 25%, and 100%; and overall 
accuracies of 62.8%, 87.7%, and 81.2% [63-65]. Similarly, poor sensitivity 
(30%) and accuracy (39%) of CT for Cushing's syndrome was reported from 
the National Institutes of Health [66]. Somewhat better data have been re­
ported for MRI using 1.5-T systems by Peck et al. [67], reporting a sensitivity 
of 71 % and specificity of 87% for ACTH-secreting adenomas. 

Johnson et al. [68] performed both CT and MRI on patients undergoing 
surgery and found that correct diagnoses of microadenomas were made in 8 of 
14 cases with CT and in 12 of 14 cases with MRI. Thus, specific features, such 
as focal hypodense or hyperdense areas and deviation of the stalk, are not 
specific for the presence of a pituitary adenoma or other lesion. In addition, it 
is important to avoid diagnosing a tumor simply on the basis of a slight 
increase in the size of the pituitary, because it is increased in size during the 
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normal physiologic states of adolescence [69] and pregnancy [70,71], and is 
hyperintense during pregnancy [72]. The increase in size during pregnancy 
continues into the first postpartum week, with some pituitaries increasing to 
almost 12 mm in height; the pituitaries then rapidly return to normal size 
despite postpartum breast-feeding [71]. Pituitary volume may also be seen to 
be homogeneously increased with depression [73]. 

Recommendations 

Microlesions 

Clinical judgment must be employed in determining which patients need 
evaluation, and such things as patient age and other associated illnesses must 
be considered. Although the diagnostic possibilities are large, there are really 
only two things to be considered: (1) that this is a functioning pituitary 
adenoma for which specific treatment might be necessary to correct the hor­
monal hypersecretion and (2) that this is an adenoma or other lesion that could 
potentially cause future problems for the patient because of enlargement 
(Fig. 3). With respect to the first consideration, patients can be evaluated 
and screened for hormonal oversecretion, as discussed earlier. If hormone 
oversecretion is found, then further diagnostic evaluation and therapy may be 
necessary, as indicated for that specific tumor type [74]. 

If there is no evidence of hormone oversecretion, then the second consider­
ation comes into play. With respect to pituitary microadenomas, it is known 
that for prolactinomas, at least, the risk of significant tumor enlargement is 
probably under 5% [75-79]. This low risk of significant enlargement is likely to 
be true for nonsecreting adenomas as well. The risks of significant enlargement 
of Rathke's cleft cysts, intrasellar craniopharyngiomas, etc. are unknown, but 
they also seem to enlarge slowly. There is one case report of a patient whose 
relatively large, probable craniopharyngioma did not enlarge over a 5-year 
period of observation [80], but there are no other series in which a substantial 
number of such patients have been followed without intervention. Therefore, 
a reasonable approach may be to repeat the scan at yearly intervals for 2 years 
and, if there is no evidence of growth of the lesion, subsequently lengthen the 
interval between scans. Because of the radiation exposure with CT [81], con­
sideration should be given to performing the repeat scans with MRI. 

Surgery does not seem to be indicated for such nonsecreting lesions unless 
growth is demonstrated. In the series of patients evaluated by Reincke et al. 
[8], 1 of 7 patients with suspected micro adenomas showed evidence of tumor 
enlargement (5-9mm) over an 8-year follow-up period and 1 patient had a 
regression in tumor size from 8 to 4 mm. In the series of patients evaluated by 
Donovan and Corenblum [11], none of the 15 patients with suspected 
microadenomas showed evidence of tumor growth over a mean of 6.7 years of 
follow-up. 
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Figure 3. Flow diagram indicating the approach to the patient found to have a pituitary 
incidentaloma. The first step is to evaluate patients for pituitary hyperfunction and then to treat 
those found to be hyperfunctioning. Of those patients with tumors that are clinically 
nonfunctioning, those with macroadenomas are evaluated fruther for evidence of chiasmal com­
pression and hypopituitarism. Scans are then repeated at progressively longer intervals to assess 
for enlargement of the tumors. (Reproduced from Molitch ME. 1995. Evaluation and treatment 
of the patient with a pituitary incidentaloma. J Clin Endocrinol Metab 80:3-6. Copyright, The 
Endocrine Society.) 

Macrolesions 

Again, two factors should be considered with such lesions: (1) that it is a 
functioning pituitary adenoma for which specific treatment might be necessary 
and (2) that because of its size, the lesion may need to be resected. When 
hormone oversecretion is found, further diagnostic evaluation and therapy 
may be necessary as indicated for the specific tumor type [74]. 

Lesions> 1 cm in diameter have already indicated a propensity for growth. 
A careful evaluation of the mass effects of these tumors is indicated, including 
evaluation of pituitary function and visual-field examination. If a completely 
asymptomatic lesion is thought to be a pituitary adenoma on the basis of 
radiologic and clinical findings, then a decision could be made to simply repeat 
scans (MRI rather than CT to reduce irradiation, as earlier) on a yearly basis, 
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with surgery being deferred until there is evidence of tumor growth. As men­
tioned, however, the size of these lesions already indicates evidence of tumor 
growth and early surgery may be of benefit. About 10-15% of nonsecreting 
adenomas respond to bromocriptine with tumor shrinkage [17], and some may 
also respond to octreotide [82,83] so that a trial of medical therapy may be 
worthwhile in the completely asymptomatic patient. If no therapy is chosen 
initially, repeating scans at 6 and 12 months, and then yearly, to monitor for 
any increase in tumor size seems warranted. If there is no size change, the 
interval can subsequently be lengthened. Certainly, with any evidence of 
significant tumor growth, surgery should be performed. 

In the series of Reincke et al. [8], 4 of their 11 patients with incidentally 
found macroadenomas were operated upon initially because of visual-field 
abnormalities in 2, chiasmal displacement in 1, and the demonstration of GH 
excess in 1. The other 7 patients were followed for 17-48 months. Two of these 
patients had increases in the size of their lesions from 22 to 25 mm and from 14 
to 20mm over about 1.5 years. In the series of Donovan and Corenblum [11], 
4 of their 16 patients with suspected macroadenomas experienced tumor en­
largement over a mean follow-up period of 6.1 years, with the increase ranging 
from 2 to 5mm. In 1 of these 4, the enlargement was associated with visual­
field impairment, and he was found to have a craniopharyngioma at surgery. 
Another developed pituitary apoplexy following heparinization for coronary 
angiography. The other two patients continue to be followed with no further 
intervention or complications. 

Summary 

Incidental pituitary adenomas are being found commonly with our improved 
neuroradiologic imaging procedures. Screening for hormone oversecretion by 
these tumors appears to be warranted. For patients with macroadenomas, 
patients should also be screened for hypopituitarism. In the absence of visual­
field abnormalities or hypothalamic/stalk compression, it may be appropriate 
to observe such patients carefully with repeated MRI scans. A limited amount 
of data suggest that significant tumor enlargement will occur in <5% of 
patients with micro adenomas [8,11]. However, all macroadenomas must start 
out as microadenomas, and so periodic follow-up is indicated to assess for this 
possibility. 

Macroadenomas, by their very existence at the time of detection, have 
already indicated a propensity for growth. Over the limited period of follow­
up in the two series reported, significant growth occurred in just over one 
quarter of the patients with macro adenomas [8,11]. Hemorrhage into such 
tumors is uncommon, but anticoagulation may predispose to this complica­
tion. When there is no evidence of visual-field deficits, an attempt at medical 
therapy with a dopamine agonist or octreotide is reasonable, realizing that 
only about 10% of such patients will respond with a decrease in tumor size. 
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Surgery is indicated if there is evidence of tumor enlargement, especially when 
such growth is accompanied by compression of the optic chiasm, cavernous 
sinus invasion, or the development of pituitary hormone deficiencies. 
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6. Follicular cell-derived thyroid carcinomas 

Stefan K.G. Grebe and Ian D. Hay 

Cancers derived from the follicular epithelium (papillary, follicular, and 
poorly differentiated (anaplastic) cancers) comprise about 60-95% of all thy­
roid carcinomas. The rest are, in decreasing order of frequency, medullary 
carcinomas, lymphomas, sarcomas, squamous-cell carcinomas, and metastases 
from tumors elsewhere. Besides being extremely rare, all of the latter, with the 
exception of medullary thyroid carcinoma, are tumors derived from non­
endocrine tissues, and therefore they are not the subject of this review. Med­
ullary thyroid carcinoma is covered in Chapter 20. 

Demographics and epidemiology 

The annual incidence of thyroid cancer is between 0.5 and 10 per 100,000 
population in most countries [1]. Clinical thyroid malignancy is relatively 
uncommon, comprising less than 1 % of clinical human malignancies. 
Nonetheless, thyroid malignancies are more common and kill more patients 
than all other endocrine malignancies combined [2]. During 1996 the 
American Cancer Society estimates there will be 15,600 new cases of thyroid 
cancer in the U.S. population (90% of endocrine malignancies). An estimated 
1210 patients will die of thyroid cancer during this period, accounting for 
64 % of deaths from endocrine cancers and 0.4 % of all deaths from malignancy 
[3]. 

The majority of malignant thyroid neoplasms are derived from the follicular 
epithelium. Amongst those, in most countries rates of papillary thyroid cancer 
(PTC) are greater than those for follicular cancers (FIC), and either is far 
more common than anaplastic carcinomas [4,5]. However, the relative propor­
tions of the three cancer types show wide geographic variation. The preva­
lence rate for anaplastic carcinomas may be as small as 1 % or 2%, or as high 
as 20%, and among the differentiated carcinomas (FIC and PTC) FIC may 
comprise between 10% and 50%. Anaplastic carcinomas and FIC tend to be 
relatively more common in endemic goiter areas, and a number of case-control 
studies have strongly suggested that dietary iodine content is responsible for 
the increased rates of anaplastic cancer and FIC in these areas [6,7]. This 
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hypothesis is supported by the fact that dietary iodine supplementation has 
been shown to increase the relative proportion of papillary cancers and to 
decrease the frequency of FTC [8,9]. 

Both PTC and FTC are more than twice as common in females as in 
males and tend to occur more commonly in middle age and later, although 
PTC patients are somewhat younger than FTC patients [4,5]. The female 
preponderance of patients with follicular cell-derived thyroid cancer has 
led to speculation about the role of estrogens as a risk factor. Indeed, 
other putatively estrogen-dependent tumors, particularly breast cancer, and 
thyroid cancer occur more frequently in the same individual than expected by 
chance [10,11]. In addition, case-control studies have suggested a correlation 
between pregnancy, an extremely high estrogen state, and the onset of 
thyroid cancer [12]. The biological basis for these epidemiological observa­
tions could be that estrogen acts as a growth promoter on thyrocytes, and, 
indeed, some experimental evidence suggests that thyrocytes express estrogen 
receptors and estrogen may stimulate thyrocyte growth in cell-culture systems 
[13,14]. 

Recently, it has also been shown that the partial estrogen antagonist 
tamoxifen inhibits growth of PTC cells both in vitro and in vivo [13], although 
this phenomenon may not be mediated via classical estrogen receptors. On the 
other hand, risk factors for breast cancer, which lead to increased estrogen 
exposure (such as low parity and absence of breast feeding) are, with the 
exception of increased body weight, not associated with an increased risk 
of thyroid cancer [11,15], and increased parity itself seems to increase 
thyroid cancer risk. This might suggest that pregnancy per se, rather than 
the associated estrogen levels, may be associated with increased thyroid 
cancer risk [16]. On balance, the role of female sex hormones as a risk factor 
for the development of thyroid cancer in general must still be considered as 
unresolved. 

Genetic factors may playa role in a small group of patients with PTC and 
FTC. PTC may be associated with other nonthyroid malignancies, as well as 
premalignant conditions, such as Cowden's syndrome or familial adenomatous 
polyposis coli (Gardner's syndrome) [17]. Additionally, several cases of famil­
ial PTC have now been described [18]. No such distinct associations exist for 
FTC, but aggregation of FTC cases in families with dyshormonogenesis has 
been described [19]. Certain HLA types may also predispose to FTC. Depend­
ing on ethnic background and environmental iodine content, DRl, Drw6, or 
DR7 may be associated with FTC. 

The most firmly established risk factor for thyroid cancer development is 
prior exposure to ionizing radiation, particularly to the head and neck region 
during childhood. This used to be a common problem in some exposed popu­
lations in Japan and the Pacific during the 1960s and 1970s, in the aftermath of 
atomic bomb use at the end of the second world war and atmospheric nuclear 
bomb tests during the 1950s and 1960s [20,21]. In most other countries, radia­
tion treatment for benign medical conditions, such as acne vulgaris, thymic 

92 



enlargement, tinea capitis, or inflammatory connective tissue disorders, con­
tributed to rising numbers of thyroid cancer [22-25]. These practices have 
been long abandoned, and atmospheric nuclear tests have only been (rarely) 
conducted by France and China during the last two decades. Consequently, 
radiation exposure as a risk factor has now ceased to be of significant impor­
tance in most countries [24]. Exceptions are areas of high natural background 
radiation, patients who have undergone radiation therapy for malignant con­
ditions [26], and areas of environmental radioactive contamination from mili­
tary or civilian sources, particularly in a number of countries in the southern 
part of the former Soviet Union, which were heavily contaminated in the wake 
of the Chernobyl nuclear reactor accident [27]. The contamination in parts of 
Byelorussia and the Ukraine was significant and prolonged, and there is 
mounting epidemiological evidence that this has led to increased rates of 
thyroid malignancies, often of an unexpectedly aggressive nature [27]. With 
increasing mobility of eastern European populations, physicians in Western 
European and North America may well encounter such individuals and should 
be alert to the increased likelihood of thyroid malignancy in thyroid nodules 
found in these patients. 

Pathology and classification 

Main pathological features and classification 

Papillary carcinomas of the thyroid are defined as malignant neoplasms of the 
thyroid gland showing evidence of follicular cell differentiation, typically with 
papillary and follicular structures, as well as characteristic nuclear changes 
[28]. The distinct nuclear changes seen in PTC are large, pale-staining nuclei 
with a 'ground glass' appearance. These typical nuclear changes usually enable 
unequivocal identification of PTC cells on cytological examination. Papillary 
structures usually consist of complex branching papillae with a fibrovascular 
core covered by a single layer of tumor cells. Follicular elements, usually 
resembling FTC, are often interspersed [28,29]. 

Follicular carcinomas of the thyroid are defined as malignant neoplasms of 
the thyroid epithelium that exhibit follicular differentiation and do not fulfill 
any of the pathological criteria for other types of thyroid malignancies [28,29]. 
They are characterized by varying degrees of resemblance to normal follicular 
architecture and function (including colloid formation), capsule formation 
with capsular invasion, and local tissue and vascular invasiveness. Two major 
patterns of growth are recognized: a minimally invasive (also referred to as 
'encapsulated') type and a widely invasive type. The former is much more 
common and often closely resembles a benign follicular adenoma in gross and 
microscopical appearance, occasionally causing significant problems in differ­
ential diagnosis. Cytological features can vary considerably, with differing 
degrees of atypia and no clear distinction from benign follicular tumors [30]. 
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Major criteria for malignancy are unequivocal capsular and vascular invasion 
[28,29,31]. By contrast, the widely invasive type of follicular carcinoma is easily 
distinguished from a benign adenoma by obvious tissue and vascular invasion 
on the macroscopic and microscopic level, high mitotic activity, and marked 
cellular and nuclear atypia. 

Anaplastic carcinomas typically are extremely poorly differentiated and 
often can barely be identified as arising from follicular epithelium. Cytologi­
cally, nuclear abnormalities and DNA aneuploidy are almost universal and 
abundant mitotic figures are present. Cells are uniform and dedifferentiated 
and seldom form recognizable papillary or follicular structures. Not infre­
quently, only immunocytochemical staining for epithelial cell surface markers 
can unequivocally distinguish anaplastic thyroid carcinomas from thyroid 
lymphomas or sarcomas. However, occasionally more differentiated papillary 
or follicular elements can be identified within the tumor or coexist separately 
in nearby areas. This has given rise to speCUlation that some PTC and FTC 
may dedifferentiate into anaplastic cancers. 

Patterns of spread 

Lymph-node involvement at presentation is common in PTC, occurring in 15-
60% (mean around 35%) of patients, when only macroscopically suspicious 
nodes are removed at primary surgery, and in excess of 70% of patients (mean 
80%), when more extensive dissection is undertaken [32-39]. By contrast, in 
FTC lymph-node involvement at presentation is uncommon, usually less than 
10% [40]. 

However, FTC is more likely to spread by hematogenous dissemination. 
About twice as many patients with FTC (5-40%), as compared with PTC (1-
25%), will suffer distant metastatic spread during their illness, and about half 
of those will have metastases at presentation [41-49]. The favored sites of 
distant metastasis for PTC and FTC are lung and bone, followed by a variety 
of other sites, including brain, liver, and skin [41-44]. In PTC about two thirds 
of metastases are to the lungs [41], whereas in FTC about a third each of 
metastases are to the lung and bone and the last third to all other organs. 
Anaplastic cancers typically spread aggressively by local and lymphatic exten­
sion, as well as hematogenous dissemination, with the majority of patients 
either presenting with metastases or developing distant metastatic spread 
shortly after diagnosis. 

Histological subgroups 

Most PTC display varying degrees of follicular elements, but this does not 
seem to impact on biological behavior and the formerly used pathological 
category of 'mixed' papillary-follicular carcinoma has generally been aban­
doned. However, in recent years a number of other PTC subtypes, with possi­
bly different prognostic implications, have been recognized, and some authors 
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have made a strong point for separately classifying these particular tumors. 
Tall cell, columnar cell, and oxyphilic variants of PTC are reputed to have a 
higher incidence of extrathyroidal invasion and local and distant metastatic 
spread, and may be associated with increased mortality. The diffuse sclerosing 
type of PTC may also lead to more frequent regional nodal metastases, but 
there is no evidence that distant spread or mortality are increased [4,29]. 
Unfortunately, in all these cases uniform criteria for diagnosing these subtypes 
are lacking, and the purportedly different implications of the various tumor 
subtypes are based on very small case series (in each of the above variants the 
largest case series comprise about 20 tumors). Strict definition of subtypes and 
systematic review of large, unselected case series will therefore be necessary 
before such subclassifications can be regarded as useful and recommended for 
universal use. 

Similarly, in FfC a number of morphological subtypes have been recog­
nized, in addition to the distinction between minimally invasive and widely 
invasive FfC. These include pure (typical) follicular carcinoma, clear-cell 
carcinoma, oxyphilic (Hiirthle-cell, oncocytic) carcinoma, and insular carci­
noma. It has been argued that some of these subtypes demonstrate unique 
biological features and should henceforth be recognized by separate sub­
categories. This argument has been made particularly for Hiirthle-cell 
(oncocytic) cancers and insular carcinomas, which many publications, includ­
ing standard pathology atlases [29], now categorize separately. Of these two 
groups Hiirthle-cell carcinoma is the more common subtype; not infrequently 
a quarter of FfC fall into this category. These tumors both macroscopically 
and microscopically resemble other follicular cancers, with the exception 
that they predominantly (>75%) consist of so-called oncocytes (or 
oxyphilic cells), which are follicular cells with abundant granular acidophilic 
cytoplasm, caused by extremely large numbers of densely packed mitochon­
dria. They also tend to exhibit a trabecular rather than a follicular growth 
pattern [29]. 

Some authors find evidence for a worse clinical outcome in these oncocytic 
tumors as compared with other follicular cancers [41,50-52], whereas others 
[53,54], including ourselves, have not observed a significant increase in mortal­
ity in this type of thyroid malignancy. However, Hiirthle-cell cancers do have 
a much greater tendency for tumor recurrence, especially in regional nodes. 
This has implications for cancer therapy and follow-up, and might justify 
separate pathological classification of these tumors. Insular carcinomas are 
often extremely poorly differentiated and may be associated with a signifi­
cantly worse prognosis than typical FfC [55,56]. They consist of well-defined 
rounded nests of small, poorly differentiated cells, with only occasional 
microfollicle formation [29]. Abundant mitotic figures and extensive vascular 
invasion are nearly always present, and hence there is considerable overlap 
between 'insular carcinomas' and the 'widely invasive' growth pattern of 'or­
dinary' follicular cancer. These tumors are at the most dedifferentiated end of 
the spectrum of FfC and may well represent transitional forms towards ana-
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plastic cancers. Indeed, some authors classify insular carcinomas as a 'more 
benign' subgroup of anaplastic cancer. 

Pathogenesis 

There is still no widely accepted paradigm for the development of thyroid 
cancer. Thyroid adenomas and carcinomas are traditionally seen as entirely 
distinct entities. However, in recent years evidence has mounted suggesting an 
adenoma to carcinoma multistep pathogenesis, similar to colonic cancer and 
other adenocarcinomas. This seems to be relatively well supported for FTC, 
but less well established for PTe. 

About half of all hyperplastic nodules, the majority of FA, and probably all 
FTC are of monoclonal origin, as judged by X -chromosome inactivation analy­
sis [57-62]. Oncogene activation, by mutation or translocation, particularly of 
the RAS oncogene, is also common in both FA and FTC (around 40%), 
supporting a role in early tumorigenesis [17,63,64]. Finally, there is a spectrum 
of gradually increasing chromosome abnormalities in all types of benign and 
malignant thyroid tumors. Numerical chromosome aberrations have been 
discovered in about 10% of benign hyperplastic thyroid nodules [65], and 
structural abnormalities involving translocations on chromosome 19 have also 
been observed [66]. Follicular adenomas display abnormal karyotypes in a 
larger percentage, about 30% (range, 15-60%) [67-74], with a wide range of 
chromosomes being involved. Interestingly, translocations involving chromo­
some band 19q13 have been observed repeatedly [66,70,75,76]. The fact that 
these translocations involving 19q13 seem identical to those occurring in 
some benign hyperplastic nodules [66] suggests that the events associated 
with this translocation could be among the earliest steps in follicular 
tumorigenesis. 

Fluorescent in situ hybridization of cosmid probes from the q arm of chro­
mosome 19 in a transformed thyroid adenoma cell line mapped the breakpoint 
between the DNA polymerase delta 1 and troponin Tl genes at the boundary 
between chromosome bands 19q13.3 and 19qI3.4. It appears likely that an 
oncogene, or, less likely, a tumor suppressor gene of pathogenetic importance 
may be located in this area. Among known genes in this region, potential 
candidate genes, which may act as oncogenes if mutated or constituitively 
activated, include two genes encoding zinc finger proteins (ZNF83 and 
ZNF160), as well as the gene coding for the gamma subunit of protein kinase 
e. Finally, from FA to FTC one again observes an increase in the frequency of 
chromosomal abnormalities. Flow cytometry has demonstrated that DNA 
aneuploidy occurs in 41-64% of typical FTC and in 27-80% of oxyphilic 
(Hiirthle-cell) FTC [77]. Massive chromosomal deletions, often involving 10 or 
more chromosomes, can be observed in some tumors [68]. 

Structural chromosomal abnormalities may be even more common and 
have been observed in a number of euploid tumor cells [70]. Most structural 
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abnormalities represent complex clonal karyotypes [78], although some 
simple deletions and deletions/rearrangements may also be seen [70]. 
Among a plethora of reported structural cytogenetic abnormalities, deletions, 
partial deletions, and deletion/rearrangements involving the p arm of chromo­
some 3 have been the most commonly observed changes [78,79]. LOH studies 
have corroborated the cytogenetic studies, with frequently observed LOH on 
3p loci [68]. Because LOH at 3p has also been found in both a primary tumor 
and its metastasis, it appears that loss of genetic material on the p arm of 
chromosome 3 loss is a nonrandom, inheritable property of certain follicular 
thyroid cancers and hence of possible etiological and prognostic significance 
[79]. 

A number of other neoplasms, including small-cell lung cancer and renal­
cell carcinomas [80-82], also exhibit frequent LOH on 3p, giving rise to the 
concept that one or several tumor suppressor genes may be located on the 
short arm of chromosome 3. Proof that chromosome 3p contains at least one 
tumor suppressor comes from the recent positional cloning of the gene respon­
sible for tumorigenesis in von Hippel-Lindau syndrome and clear-cell carci­
noma of the kidney (VHL gene) [83]. However, in several follicular thyroid 
cancers exhibiting LOH on chromosome 3p, no mutations in the VHL gene 
were found [83], suggesting that this particular gene is not involved in follicular 
thyroid carcinogenesis. 

Interestingly, LOH on chromosome 3p seems to be limited to follicular 
thyroid carcinomas. Matsuo et al. [84] were unable to detect LOH using 
probes from a relatively small region between 3p21.2 and 3p21.3 in 27 follicu­
lar adenomas. Also, Hermann et al. [68], using restriction enzyme fragment 
polymorphism (RFLP) probes mapping to a larger region of chromosome 3p, 
found no evidence for LOH on chromosome 3p among six papillary and three 
follicular adenomas, whereas all six follicular carcinomas that were studied 
exhibited loss at 3p loci. These studies suggest that loss of a tumor suppressor 
on 3p could be specific for follicular thyroid carcinomas and might be viewed 
as a key event in the adenoma to carcinoma progression. For FfC 
tumorigenesis, it therefore appears that a tentative sequence of events, start­
ing with 19q13 rearrangement in hyperplastic nodules, followed by ras activa­
tion in some adenomas, and finally tumor suppressor loss on 3p, culminating in 
established FfC, can be proposed. 

By contrast, in PTC the concept of gradual, stepwise carcinogenesis is more 
difficult to support. Histologically, there is no evidence that hyperplastic nod­
ules or follicular adenomas ever undergo gradual change to a malignant pap­
illary tumor. Chromosomes 3 and 19 are infrequently abnormal and ras 
oncogene activation is uncommon. DNA aneuploidy, as determined by flow 
cytometry, is much less common in PTC than in FfC, and may in fact be even 
less common than in FA. Most studies show no more than 20% of papillary 
thyroid carcinomas to be aneuploid [70,77]. However, structural chromosomal 
abnormalities may occur in about 50% of PTC (but they typically do not 
involve the same chromosomes as in FA and FfC). In more than half of these 
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cases of structural abnormalities, chromosome 10, particularly lOq, has been 
involved. 

Molecular genetic studies have revealed that the structural chromosomal 
changes involving chromosome 10 frequently involve the intrachromosomal 
inversion of the RET protooncogene, a member of the receptor tyrosine 
kinase family. Usually this results in the formation of a chimeric fusion gene 
with the H4 (DlOS170) gene, leading to the formation of an oncogene, desig­
nated RET/PTCl [85,86]. The H4 gene contains no significant homology to 
known genes, but contains an open reading frame of 585 amino acids with 
extensive putative alpha-helical domains [87]. The rearranged RET/PTCl 
gene encodes a fusion protein containing the N-terminus of H4 fused upstream 
of the RET tyrosine kinase domain such that RET/PTCl expression is driven 
by the H4 gene promoter [88]. Interestingly, the H4 gene contains a putative 
oligomerization domain (coiled-coil) and oligomerization of H4 was observed 
in vitro [88]. Because oligomerization of receptor tyrosine kinases appears to 
be an obligate step in their activation, oligomerization of RET/PTCl may 
account in part for its oncogenic properties [88]. In addition, its constitutive 
expression by the H4 promoter may well play an important role in its 
oncogenic activity [88]. In addition to the predominant RET/PTCl rearrange­
ment, translocation of the RET locus to chromosome 17q23 has been shown to 
result in formation of the so-called RET/PTC2 oncogene by fusion with 
part of the gene coding for the regulatory subunit RIa of protein kinase A 
[86,89]. Finally, another intrachromosomal rearrangement involving the RET 
locus leads to fusion with the elel gene and formation of the RET/PTC3 
chimeric gene, which functions as an oncogene as a consequence of RET 
overexpression due to the very active elel promoter [86]. 

Taken together, the three RET/PTC chromosomal rearrangements may be 
observed in about 30% of papillary thyroid cancers [86]. Because RET has not 
been subjected to extensive sequence analysis in PTe, one may speculate that, 
in addition to chromosomal rearrangements, activating point mutations, simi­
lar to those found in MEN 2, may well occur in some PTe. Overall, the genetic 
studies suggest that RET activation may be a very common feature of papillary 
thyroid carcinomas. In addition, RET/PTC activation has been observed in 11 
out of 26 occult thyroid papillary carcinomas, suggesting that RET/PTC gene 
activation represent an early, possibly crucial, event in the process of thyroid 
oncogenesis [90]. Furthermore, RET activation is specific for the papillary 
subtype of thyroid cancer [91], again suggesting that it represents an early 
event in the transition of a normal follicular thyroid cell into a papillary cancer 
cell. 

In addition to RET, several other oncogenes are occasionally found to be 
involved in PTe, but the only other oncogene frequently involved is NTRKl 
(also named TRKA), which also codes for a receptor tyrosine kinase. NTRKl 
activation may be found in 10-20% of PTe [92]. The ligand of NTRKl is 
believed to be nerve growth factor, and, similar to RET activation, recombi­
nant genetic events leading to fusion proteins with other gene products, again 
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often involving genes coding for a coiled-coil motif, or overexpression of 
NTRKI due to active promoters in the fusion gene, are the main mechanisms 
of activation [92,93]. Accordingly, it appears possible that receptor tyrosine 
kinase activation by RET or NTRKI rearrangement may often directly lead to 
papillary cancer formation, without intervening steps. 

Theoretically, any event leading to a potential increased frequency of chro­
mosomal breakage and subsequent rearrangement could be responsible for 
the RET and NTRKI gene rearrangements. This is consistent with the obser­
vation that nonspecific mutagenic stimuli such as radiation exposure result in 
an increased risk of PTe. Evidence that such radiation-induced lesions can be 
caused by RET gene rearrangements has been shown in vitro using X­
irradiation of human undifferentiated thyroid carcinoma and fibrosarcoma 
cells that lack RET oncogene rearrangement [94]. In these studies rearrange­
ments typical of in vivo thyroid cancer and atypical rearrangements not ob­
served in vivo were seen. [94]. Furthermore, 4 of 7 tumors from patients 
examined after the Chemobyl disaster displayed evidence of RET gene rear­
rangement [95]. Thus increased radiation exposure may be one mechanism for 
generating activated RET/PTe oncogenes. Overall, it therefore appears that 
PTC may not follow a gradual stepwise course of tumorigenesis as FTC does. 
Rather, a single event, possibly most often leading to receptor tyrosine kinase 
activation, such as RET or NTRKI oncogene activation, may send some 
follicular thyroid cells down the path of papillary oncogenicity. As a conse­
quence of the putative lack of gradual accumulation of carcinogenic genetic 
events, PTC tumors generally display less severe cytogenetic and molecular 
genetic changes than follicular tumors. It may be speculated therefore that 
they are genomically more stable, thereby resulting in less tendency to dedif­
ferentiation and progression, explaining their somewhat better prognosis as 
compared with FTC. 

Whether either PTC or FTC, if left untreated, ever show a tendency to 
progress towards anaplastic cancer over time, or whether anaplastic tumors 
arise de novo remain uncertain. For FTC the presence of extremely poorly 
differentiated subtypes suggests that such events may occasionally occur. In 
both PTC and FTC, tumor progression and dedifferentiation are likely to be 
associated with further oncogene activation and tumor suppressor loss. For 
example, the tumor suppressor gene p53 is only infrequently mutated in well­
differentiated PTC and FTC, but poorly differentiated and anaplastic cancers 
may show evidence of p53 mutations in around 50% of cases [96,97]. 

Clinical presentation and diagnosis 

Thyroid tumors generally present as anterior neck nodules, which in most 
cases can be easily localized to the thyroid gland by palpation. Many thyroid 
nodules will arise in the context of benign hyperplasia, but between 5% and 
20% of nodules coming to medical attention will represent true neoplasms, 
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either benign follicular adenomas or malignant carcinomas. Differentiating 
true neoplasms from hyperplastic nodules, and distinguishing benign from 
malignant tumors, represent the two major challenges facing the clinician 
confronted with a patient complaining of a thyroid mass. This can be a formi­
dable task. High-resolution ultrasound studies in large groups of normal vol­
unteers have shown a prevalence of nodular thyroid disease of over 60% in the 
healthy adult population [98]. Given that clinical thyroid cancer in most popu­
lations has a prevalence of much less than 1 % [99], the majority of these 
nodules are obviously benign. 

The problem is further compounded by the fact that microscopic foci of 
thyroid cancer are not uncommon, with reported autopsy prevalence rates 
ranging between 2% and more than 40% [100-106]. The majority of these 
minute tumors will never become a clinical problem, but they may still be 
discovered, and inappropriately treated, if all patients with nodular thyroid 
disease are submitted to surgical tumor removal and extensive histological 
examination of the specimen. The main instruments that clinicians may use to 
identify the minority of patients with thyroid nodules, who should be submit­
ted to surgical exploration/treatment, are history and clinical examination, 
biochemical testing and imaging, and fine-needle aspiration biopsy (FNAB). 

History and examination 

Historical features that may suggest possible thyroid malignancy include 
growth of a nodule over weeks or months rather than a much longer period; 
changes in speaking, breathing, or swallowing; and systemic symptoms of 
malignancy, such as weight loss, fatigue, and night sweats. Although uncom­
mon and nonspecific, these symptoms are not rare. Between 5% and 20% of 
patients with thyroid cancer may have distant metastases at presentation, and, 
in the absence of disturbances in thyroid function, systemic symptoms can be 
strong indicators of malignancy [41-43]. 

On physical examination typical signs of thyroid malignancy should be 
sought. These include firm consistency of the nodule, irregular shape, and 
fixation to underlying or overlying tissues. Evidence of suspicious regional 
lymphadenopathy may be present in up to a third of patients with PTC but will 
be absent in most patients with hyperplastic nodules, follicular adenomas, and 
FTC. Although thyroid cancer is more common in older patients and in 
women, benign nodular thyroid disease is also increased in prevalence in these 
two groups, and therefore a young, male patient with a thyroid nodule actually 
has a greater chance of malignancy than an elderly female patient. A history of 
exposure to ionizing radiation should always be sought and a family history of 
thyroid and other malignancies can occasionally be helpful. 

Overall, a careful history and physical examination performs surprisingly 
well in identifying cases with a high likelihood of malignancy [107-112]. Sen­
sitivity and specificity rates for history and physical examination in detecting 
thyroid malignancy have been reported to be around 60% and 80%, respec-
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tively. Only about 20% of patients with later confirmed malignancy have, 
when initially seen, neither suspicious historical feature nor evidence of poten­
tial malignancy on physical examination [108]. On the other hand, if the 
patient is young, has a history of radiation exposure in childhood, and also 
has a hard nodule, a recently growing nodule, or palpable cervical 
lymphadenopathy, then the chances of the presenting nodule being neoplastic 
are around 80%, with more than half being malignant [112]. 

Biochemical testing and imaging procedures 

Thyroid function tests are rarely abnormal in patients with thyroid cancer. 
Even if biochemical evidence of hypothyroidism- or hyperthyroidism is found, 
malignancy is not excluded, although it tends to be extremely rare in cases of 
frank thyrotoxicosis. Both PTC and FfC may produce excessive amounts of 
thyroglobulin (Tg) or release stored Tg in increased amounts into the circula­
tion. Unfortunately, a considerable degree of overlap in measured values with 
a number of benign conditions exist, limiting the usefulness of this test in initial 
diagnosis. However, in the absence of thyrotoxicosis, a serum thyroglobulin 
level of greater than 10 times the normal value, as established in the measuring 
laboratory, is highly suspicious for malignancy [113]. 

Imaging procedures are slightly better suited than biochemical tests in 
aiding the differential diagnosis of thyroid nodules. The traditional imaging 
procedure has been thyroid scintigraphy using the isotopes 1131, Il23, or Tc99m• 

Thyroid carcinomas tend to be inefficient in trapping and organifying iodine, 
and will appear on scanning as areas of diminished isotope uptake, so-called 
'cool' or 'cold' nodules. However, a significant proportion of benign nodules 
also fail to concentrate iodine and will appear as cold nodules. Overall, 80% of 
thyroid nodules scanned for possible cancer may be scintigraphically cold 
[108]. Furthermore, nodules that exhibit normal or slightly increased uptake 
are not all benign. A number of investigators have found little difference 
in cancer rate between cold and warm nodules [114]. Isotopic scanning, 
therefore, tends to add little or no information to physical examination 
[107,108,114]. Indeed, most investigators have found that history and physical 
examination have both higher sensitivity and specificity than radioiodine scan­
ning [107]. Alternative scanning agents such as thallium 201 (TJ20!) and Tc99m_ 

labeled methoxyisobutylisonitrile (MIBI) may enhance the utility of 
radioiodine scans. For example, absent TJ20! uptake in a nodule, which also has 
decreased uptake on radioiodine or technetium scanning, may have a negative 
predictive value (i.e., excludes malignancy) as high as 97% [115]. A positive 
thallium scan under the same circumstances may have a positive predictive 
value of about 90% [115]. However, when used without prior radioiodine 
imaging, TJ20! scanning has limited sensitivity, with a false-negative rate of 
about 40%; in most centers expertise in the interpretation of such scans is 
limited. 

By contrast, ultrasound scanning is readily available and is capable of 
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identifying even minute, impalpable nodules. Cystic and homogeneously 
hyperechoic lesions are reputed to carry a low risk of malignancy [116,117], 
but positive predictive criteria of malignancy are less well defined, with 
only 64 % of malignant nodules displaying patterns typical for malignancy 
in one study [118]. Nevertheless, in experienced hands ultrasonography 
may achieve sensitivies of 80% for thyroid malignancies at a specificity of as 
high as 90% [110]. Unfortunately such excellent results are not achieved in all 
centers. 

Computed tomography (CT) scanning and magnetic resonance imaging 
(MRI) in most centers are more expensive than sonography, and in our own 
experience they do not generally provide better quality images of the thyroid 
and cervical nodes but can be helpful when tracheal invasion is suspected, 
enabling delineation of intraluminal tumor, a feat impossible for ultrasound 
because of the acoustic shadowing of the trachea. 

Fine-needle aspiration biopsy 

FNAB easily eclipses physical examination, biochemical testing, and imaging 
procedures in the accuracy of diagnosis of malignant thyroid tumors. The 
technique is easy to learn and has few complications. The diagnosis of PTC by 
FNAB is particularly reliable and accurate; sensitivity and specificity both 
approach 100%. However, care must be taken to obtain an adequate speci­
men, with most authors recommending between three and six aspirations 
[119,120]. A satisfactory specimen contains at least five or six groups of well­
preserved cells, with each group consisting of at least 10-15 cells. In contrast 
to PTe, FNAB performs much less well for follicular neoplasms. If strict 
criteria for malignancy are used, sensitivity has been reported to be as low as 
8% [110]. On the other hand, if all follicular neoplasms, that are not clearly 
benign on cytological examination are classified as cancerous, sensitivity rises 
to around 90% or more, at the cost of markedly reduced specificity, which 
tends to fall to 50% or less. This seriously limits the usefulness of this tech­
nique in geographic regions of high FfC prevalence. Recent attempts at 
overcoming this problem have focused on thyroid peroxidase (TPO) immu­
nochemistry with a monoclonal antibody (MoAb 47). For a 100% sensitivity, 
a specificity of almost 70% has been achieved using this technique. Pending 
independent confirmation of these results, TPO immunocytochemistry may 
prove to be a valuable adjunct to the standard cytological techniques used in 
the evaluation of thyroid FNAB. 

Apart from the limitations in follicular neoplasms, 'nondiagnostic' speci­
mens, which may occur in up to 20% of cases [120], represent the greatest 
problem with FNAB. Although repeated aspiration attempts increase both 
the accuracy and the rate of diagnostic aspirations, sometimes even repeated 
attempts may fail. A considerable number of persistently nondiagnostic 
FNABs may be neoplastic, with some authors suggesting around 50% [121]. A 
trial of thyroxine suppression can sometimes shrink benign nodules [119], but 
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a significant proportion of benign nodules will also fail to shrink and some 
carcinomas may respond with a decrease in size. Consequently, the value of 
thyroxine suppression is doubtful, and either close observation or surgical 
removal of the nodule are probably the best options. Some investigators have 
also suggested that ultrasound-guided FNAB may ultimately prove helpful in 
overcoming this problem [122], and in some patients this may be an option to 
pursue [123]. 

Primary treatment 

There is little question that the primary treatment of almost all follicular cell­
derived neoplasms is surgical. However, the extent of surgery continues to be 
debated. Some advocate local tumor excision or lobectomy only, while others 
feel that only total thyroidectomy represents adequate treatment. In the past 
50 years there has been a tendency towards more extensive primary surgical 
resection, a trend well illustrated by PTC surgery at Mayo Clinic during 1945-
1985 (Fig. 1). Complete removal of the tumor seems important, as testified by 
the significantly impaired survival of patients with incomplete removal in all 
studies that have examined this question in PTC and FTC [124-131]. Although 
some of these studies did not use multivariate analysis, and better survival in 
completely resected patients may simply reflect less advanced tumor stage in 
these individuals, with an aggregate patient number of well over 6000, these 
studies offer quite convincing evidence that complete tumor removal should 
be attempted whenever possible. This is even true for very extensive tumors 
invading the aerodigestive tract, which hitherto were often only palliatively 
treated. Even with such extensive tumors, survival is better for patients who 
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Figure 1. Trends through four decades in the extent of initial surgical resection performed at the 
Mayo Clinic for the definitive therapy of papillary carcinoma. (From Hay [183], with permission.) 
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undergo complete tumor removal [132,133]. Without such an intervention 
about 80% of these patients are dead at 5 years, whereas with complete 
resection the 5-year survival is generally greater than 50%. These challenging 
procedures should now probably be considered state of the art in locally 
extensive thyroid carcinomas. 

However, provided the primary tumor was completely removed, there is no 
evidence that extent of surgery influences survival. The vast majority of stud­
ies, that have compared total thyroidectomy to lesser procedures, with com­
bined patient numbers of several thousand, have found no evidence for better 
survival in those patients who underwent more extensive procedures 
[33,45,52,130,131,134-155]. We are aware of only five studies that have found 
evidence that more extensive thyroid resection is followed by improved 
survival [156-160]. However, there are at least four studies with which 
we are familiar, in which less invasive surgical procedures were actually 
associated with better outcomes [161-164], although it appears likely that 
in most of these studies this represents an artifact of confounding by 
severity. Overall, there appears to be no survival advantage to total 
thyroidectomy, as against near-total thyroidectomy, and it may be logical to 
assume that extending surgery beyond complete local tumor control may 
rarely be justifiable. 

However, there is some evidence that recurrence, particularly in the con­
tralaterallobe, may be reduced by total or near-total thyroidectomy [45,145-
147,152-155,165]. This may be a significant problem in PTe, in which about 
25% of tumors are reported to be multicentric. On the other hand, later 
additional surgery, if and when such a problem arises, may be just as satisfac­
tory. Secondary 'completion' thyroidectomies can be performed by skilled 
surgeons at almost comparable risk to primary interventions [166-168]. 
Proponents of total thyroidectomy, nevertheless, rightly argue that second 
operations may carry slightly higher operative morbidity, but total 
thyroidectomy itself is not a low-risk procedure. It has a good safety record in 
the hands of some highly trained, dedicated, and experienced surgeons 
[32,169,170], but almost unacceptable complication rates in the hands of most 
surgeons, with reported rates of complications being between 10% and 40% 
for short-term complications and 5-20% for long-term complications (mainly 
iatrogenic hypoparathyroidism) [145,160,171,172]. In fact, complications re­
lated to such radical thyroid surgery represent the single most common 
cause for malpractice litigation related to the treatment of endocrine neo­
plasms in the United States, accounting for more than half of the 62 such cases 
pursed and judged in civil courts in the United States between 1985 and 1991 
[173]. 

One major factor in favor of total thyroidectomy is that postoperative 
follow-up and some adjuvant treatment modalities, namely, monitoring of 
serum thyroglobulin levels and radioiodine diagnostic scanning and treatment, 
may be facilitated. Both serum thyroglobulin monitoring and radioiodine 
scanning may be ambiguous and difficult to interpret in the presence of a 

104 



£. -t'(J 
(l) 

o 
(l) 

.~ -t'(J 

"S 
E 
::J 
() 

12 
less than 

10 near-total thyroidectomy 1. 
8 

/+:~:+/+/ ---1 
I,........ '" near-total or total 

6 

4 

2 --r- ............... 1 thyroidectomy 

o ~~"",~""'=-""'~~-----r------r------r------r------r------' 
0 5 10 15 20 25 30 35 

Less than near-total 0 11 6 7 2 1 0 .JL 
thyroidectomy 436 352 290 227 181 120 64 29 

Near total or total 0 5 6 6 3 2 0 
thyroidectomy 698 m 441 365 314 2ci9 100 T2 

Years After Initial Therapy 

Figure 2. Cancer mortality in 698 patients with Mazzaferri stage 2 or 3 papillary and follicular 
thyroid cancers treated with near-total or total thyroidectomy, compared with 436 who underwent 
less extensive surgery. (From Mazzaferri and Jhiang SM. [158], with permission.) 

Cumulative 
mortality 

(%) 

20 

18 

16 

14 

12 

10 

8 

6 

4 

Total N = 1613 
______ Near total or total 

thyroidectomy (N = 1261) 

_~_. Leas than near total 
thyroidectomy (N = 352) 

P = 0.0002 ___ A --

/./// 

// 
/ 

// 

,/,/""' ........ 
........ ........ 

--..,...,----........ ........ 

Ol~~---------.------------~-----------, o 10 20 30 

Years after initial treatment 

Figure 3. Cause-specific mortality in 1261 patients with Mazzaferri stage 2 or 3 papillary and 
follicular thyroid cancers treated at Mayo Clinic during 1940-1991 with near-total or total 
thyroidectomy, compared with 352 who underwent less extensive surgery. 

105 



thyroid remnant of significant size, and successful radioiodine treatment may 
be difficult or impossible in such a setting, with success rates for 'remnant' 
ablation in such situations being on the order of only 30% [174], and short­
term complications of RAI treatment, namely, radiation thyroiditis are signifi­
cantly increased [175]. In most high-risk patients and some low-risk patients, 
such a situation might be unacceptable to the clinician and patient, although it 
remains unclear how much harm beyond patient and physician anxiety this 
may bring. Nonetheless, a viable compromise may be to perform a near-total 
thyroidectomy, which will have most of the potential advantages of a total 
thyroidectomy but is associated with far fewer complications [165,171,172]. 
Figure 2 illustrates the improved outcome observed after near-total or total 
thyroidectomy in 698 stage 2 or 3 patients with PTC and FTC when compared 
with 436 patients undergoing less extensive surgery [158]. Figure 3 shows 
comparable data for 1613 patients treated at out institution during 1940-1991. 
At 30 years the mortality rates (cause-specific) were 7.4% after near-total or 
total thyroidectomy, significantly less than the 12.5% seen after less than near­
total thyroidectomy. 

In recent times the discussion about the extent of primary thyroid resection 
has been supplemented with an equally lively argument about the necessity 
and potential advantages of extensive nodal dissection at primary surgery. For 
the most part, this discussion is limited to PTC and MTC (the latter is covered 
in Chapter 20), but some have argued for extensive nodal dissection in all 
forms of thyroid cancer. Until recently lymphatic tumor spread in PTC was 
generally not seen as an adverse prognostic sign. Nonetheless, there has been 
a vocal group of proponents of extensive lymphatic dissection who claim 
significantly reduced recurrence and improved survival in these operated pa­
tients. When we recently reviewed the literature we were unable to find data 
supporting these claims [40], except in two papers from the 1970s [160,176]. 
We were neither able to find any published evidence that lymphatic involve­
ment had a significant negative prognostic impact in PTe. However, two 
recent publications have reopened the question. Noguchi recently reported on 
the largest single institution series of PTC to date (2192 cases) and found a 
significant influence of nodal status on survival if the patient suffered from 
gross nodal involvement [177]. 

In the same journal, Scheumann et al. reported on their experience with 
radical lymphatic dissection in PTC, claiming a significant survival benefit 
in 135 systematically and radically explored patients with PTC when they 
were compared with 207 patients who had undergone conventional 
lymphadenectomy [136]. However, maximum follow-up in the systematically 
lymphadenectomized group was less than 10 years, whereas it approached 25 
years in the conventional group, and the authors conceded that their results 
could at this point only be called preliminary. Whether the evidence presented 
in these two recent papers weighs heavier than the compound experience of 
dozens of previous studies on prognostic factors in PTC, with an aggregate 
number of about 5000 patients, remains to be seen. Clearly, the evidence 
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suggests that if extensive lymphatic dissection plays any role in PTC, it is likely 
to be small. In FTC the relative rarity of nodal involvement has led to a lesser 
interest in lymphatic dissection, although the evidence is that those rare FTC 
patients with lymph-node metastasis at presentation may well have a some­
what worse prognosis [40]. 

Natural history of treated thyroid cancer, postoperative staging, 
and assessment of recurrence risk 

The natural history of treated thyroid cancer differs with histotype. Undiffer­
entiated thyroid cancer is usually associated with rapid death, with survival 
beyond 1 year being very uncommon, regardless of treatment. Only a small 
subgroup, with slightly better differentiated tumors (which may sometimes 
also be classified as insular carcinomas, that is, a subgroup of FTC) do some­
what better [178,179], with 5-10% surviving for 5 years or longer. The impor­
tance of histotype in prognosis of thyroid cancer is underscored by the fact that 
without any treatment, still more than twice this number of PTC patients will 
be alive after a similar time interval following initial diagnosis [180]. Indeed, 
with treatment the great majority of patients with PTC and FTC do exception­
ally well. Most studies show a cause-specific mortality of less than 25% at 10 
years follow-up for either of these two most common forms of thyroid cancer. 
Differences between the two tumor types with regard to survival are small, but 
probably real, with most studies showing slightly worse survival in FTC when 
compared with PTC [5]. Of 25 studies we recently reviewed, which allowed 
comparison of survival between PTC and FTC patients, only one showed 
better survival for FTC patients, five showed similar survival, and the remain­
ing studies all demonstrated poorer survival either in all patients with FTC or 
at least in some patient subgroups [5]. 

Despite some methodological problems in a number of these studies, it 
appears that there is probably about a 10% poorer cause-specific survival at 10 
years in FTC as compared with PTC. In Mazzaferri's most recent report [158], 
FTC mortality rates were more than twice those of PTe. However, when 
patients with initial distant metastases were excluded, 30-year mortality rates 
for FTC and PTC were not significantly different, at 10% and 6%, respec­
tively. In both FTC and PTC, recurrence rates are somewhat higher than 
mortality, but in many instances recurrence has no or little impact on longev­
ity. This is particularly true for regional nodal recurrence in PTe. There is no 
convincing evidence that such recurrence is associated with increased mortal­
ity [40]. In general, nodal metastases in PTC are often curiously indolent. Even 
massive nodal recurrence or residual nodal disease may have little impact on 
survival; in one study massive untreated nodal disease was associated with a 
79% 5-year survival [181]. 

Distant metastases are a more ominous sign, but can occasionally still be 
associated with long survival. Pulmonary metastases in PTC and FTC are 
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associated with 50-70% 5-year survival and a 30-50% lO-year survival. Bone 
metastases carry a worse prognosis, with survival figures being between 10% 
and 20% lower at 5 and 10 years than those in patients with only pulmonary 
metastases. Besides distant metastases, local (soft tissue) recurrence and 
spread, with eventual upper aerodigestive tract destruction, is the other main 
cause of death in PTC and FTC. Overall, local tumor extension accounts for 
slightly less than half on the deaths from PTC and FTC. It is the most common 
cause of death in patients who have undergone incomplete tumor removal but 
can also occur in some patients with apparent complete tumor removal, 
particularly if the tumor was poorly differentiated. Most recurrences and 
deaths, as recently reviewed for FTC [5], occur within the first 5 years after 
the initial diagnosis, but, as in most human cancers, later mortality can occur 
[148]. 

Given these facts, it would obviously be desirable to identify the subgroup 
of patients who will do poorly and to concentrate adjuvant treatment efforts 
and long-term follow-up on these individuals. This could be achieved by 
accurate disease staging. All staging and risk assessments should be based on 
the operative findings. Preoperative staging and categorization of patients is 
imprecise and prone to serious error. Unfortunately, it is nevertheless 
sometimes inappropriately introduced into discussions about the usefulness of 
staging, leading to the erroneous conclusion that staging and risk assessment 
are not useful in thyroid malignancy [146). We feel that, quite to the contrary, 
when staging and risk assessment are properly based on the operative findings, 
extremely useful information can be gained, and comparison of cases and 
treatment strategies across institutions is facilitated [182). We therefore feel 
that it represent an indispensable part of thyroid cancer management. 

The international pTNM system of classifying malignant tumors by primary 
tumor size, lymphatic spread, and distant metastasis is the most widely ac­
cepted tool used to assess disease extent for staging [182]. However, in thyroid 
malignancy the different histotypes are distinctly different in their risk profiles. 
Moreover, the patient's age is also a strong predictor of survival in thyroid 
cancer, a fact not reflected in a strictly pathologic-anatomical assessment of 
tumor spread. Finally, lymphatic spread is a poor predictor of cause-specific 
mortality in PTC and FTC, the most common types of thyroid cancer. An 
improved and more refined risk assignment may be achieved by using addi­
tional prognostic information for staging. For both PTC and FTC, age at 
presentation and the extent of disease at diagnosis seem to be the most 
important risk factors for recurrence and death [5,183]. In addition to age and 
distant metastases, tumor size, extrathyroidal invasion, and, in the case of 
FTC, the degree of invasiveness are significant risk factors [5,127,183]. Lymph­
node metastases at presentation seem to have little influence on the risk of 
death from PTC but do increase the risk of locoregional recurrence. When 
they do occur in FTC, which rarely happens, they may be of significance [40]. 
Tumor grade is an established risk factor in PTC, but is unfortunately not 
commonly assessed on routine postoperative histology [183). In FTC no 
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widely accepted grading scheme has been developed, but poorly differentiated 
tumors in FfC are also often widely invasive and carry a much worse progno­
sis than well-differentiated and encapsulated, minimally invasive tumors 
[5,135,184]. Histological subtypes of PTC, with the possible exceptions of the 
very rare oxyphilic [185], tall-cell [2], or columnar-cell [29] variants, seem to be 
of little prognostic importance. In FfC the oxyphilic subtype, as alluded to in 
the section on pathology, is much more prone to nodal recurrence [5,40], 
and poorly differentiated 'insular' FfC is associated with a significantly in­
creased risk of death [29,55]. DNA aneuploidy does not appear to be an 
important prognostic factor in either PTC or typical FfC, but does seem to be 
of very significant importance in predicting mortality due to oxyphilic FfC 
[77]. 

Several staging systems have been developed on the basis of some or all of 
this prognostic information, and they can be complimentary to pTNM in 
stratifying patients into low- and high-risk categories, thus helping in the 
rational planning of postoperative management and follow-up. The AMES 
system, for example, was based on age of patient, sex of patient, tumor exten­
sion (local and distant), and tumor size. This prognostic system has been 
applied to both PTC and FfC patients [186]. However, in our opinion the most 
accurate prognostic scoring system for PTC patients is the MACIS system 
[127]. The MACIS scores take into account the presence of initial distant 
Metastases, Age of patient at diagnosis, Completeness of primary tumor resec­
tion, presence of extrathyroidal Invasion, and primary tumor Size (largest 
diameter). It is the only system that has been properly crossvalidated, by being 
first developed on a subset of patients and then independently applied to 
another set of patients. FfC patients can be assigned to risk categories using 
a simple, yet quite accurate, staging system developed by Brennan et al. [135]. 
In addition to age and distant spread at presentation, this scheme takes degree 
of invasiveness into account. Finally, another recently developed prognostic 
scheme for follicular thyroid carcinoma found age, primary tumor size, 
extraglandular invasion, presence of distant metastases at presentation, and 
oxyphilic histology to be significant risk factors [187]. The Sloan-Kettering 
group also now considers that in patients with differentiated thyroid cancer, 
who are 45 years or older, the presence of cervical lymph-node metastases 
denoted a higher risk status [188]. 

No staging system is perfect, but it is clear from the recent literature 
that all succeed fairly well in identifying at least high- and low-risk patients 
with reasonable accuracy [189,190] despite some opinion to the contrary 
[146,157]. Adjuvant treatment and intensive follow-up can then be targeted 
to high-risk patients and a less interventional approach taken for low-risk 
individuals. As Loree has recently stated. 'prognostic factor and risk 
group analysis makes a selective approach to differentiated thyroid cancer 
possible. Such an approach can spare many patients the morbidity and ex­
pense of unnecessarily aggressive treatment without compromising outcome' 
[190]. 
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Further management and follow-up 

Based on knowledge of the natural history of thyroid cancer, in addition to 
accurate postoperative staging and risk assessment, further management 
and follow-up can be individualized and optimized. The first step in this 
process is the decision whether to subject the patient to any adjuvant therapy. 
The main adjuvant treatment modalities in thyroid cancer are thyroid hor­
mone treatment and radiation therapy, with the latter mainly in the form of 
radioactive iodine (RAI) and occasionally as external-beam radiotherapy. 
Adjuvant chemotherapy, as established in breast and colon cancer, is only 
rarely used. 

Thyroxine therapy 

Thyroxine treatment is based on administration of supraphysiological doses of 
levothyroxine. The empirical basis of this treatment was laid down in the 1940s 
and 1950s, when reports of dramatic shrinkage of thyroid cancer metastases 
after desiccated thyroid therapy began to accumulate. It was quickly assumed 
that the mechanism of action was analogous to normal physiology, suppression 
of endogenous thyrotrophin (TSH) production, thereby depriving TSH­
dependent differentiated thyroid cancer cells of an important growth-promot­
ing factor. Potential alternative effects of desiccated thyroid extract, namely, 
other hormones, cytokines, or growth factors possibly contained in the mix­
ture, were not considered at the time. Consequently, with the availability of 
synthetic thyroid hormone, it was assumed that this would share the beneficial 
effects of desiccated thyroid, and the treatment was increasingly used as adju­
vant therapy after surgery in order to reduce the risk of tumor recurrence. 
Traditionally, thyroxine therapy aims to suppress pituitary TSH secretion 
completely, as indicated by undetectable serum TSH levels measured by sen­
sitive immunometric assays, or, in former days, by the absence of a serum TSH 
rise in response to intravenous or oral thyroid-releasing hormone (TRH) 
administration. The efficacy of thyroxine therapy is very difficult to assess 
because the majority of patients operated on in the last 20 years would have 
undergone sufficiently radical procedures to necessitate thyroxine replace­
ment therapy to avoid hypothyroidism. We are not aware of a single study that 
has carefully assessed levels of TSH suppression in appropriately treated 
patients and has correlated these with outcome data. Furthermore, those 
patients who do not need any thyroid hormone replacement therapy after 
surgery are likely to have had either unresectable tumors or more limited, 
potentially incomplete, surgery, both of which could signify a potentially 
worse prognosis. 

Given these limitations, all evidence of potentially beneficial effects of 
thyroxine treatment has to be viewed very critically. Mazzaferri et al. have 
repeatedly reported that thyroxine treatment decreased cancer death rates in 
their patient group, although it was difficult to dissociate this effect from 
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adjuvant radioiodine treatment and it was found only by univariate analysis 
[153,158]. Simpson et aI. also reported that in a group of 568 PTC patients 
treated by surgery without RAI therapy cause-specific survival was higher in 
patients who had received postoperative thyroxine, although this advantage 
became nonsignificant (but still present) when patients were stratified accord­
ing to other risk factors (pathology, age, and postoperative status) [131]. 
Staunton confirmed survival benefits for thyroxine-treated patients with dif­
ferentiated thyroid cancer by multivariate analysis, but his patient series may 
have been somewhat unusual, as testified by the fact that thyroxine seemed to 
also convey a survival advantage in patients with anaplastic carcinoma, a 
malignancy not normally known to respond to thyroxine [137]. Cunningham et 
aI., when they reviewed follow-up data of 2282 patients with differentiated 
thyroid cancer from the database of the Illinois division of the American 
Cancer Society, found a significant effect of thyroxine treatment on survival in 
a multivariate model adjusted for stage, age, race, and sex. This effect on 
survival was confined to patients older than 50 years and appeared to be 
independent of postoperative radioiodine treatment, although the use of thy­
roxine made a 'stronger contribution' [151]. Finally, Szanto et aI. showed 
improved survival with thyroxine therapy by univariate analysis in a series of 
169 patients with FTC [154]. 

In addition to these data on survival, Young et aI. have described reduced 
recurrence in FTC with thyroxine treatment [45], which was also reported in 
Mazzaferri's PTC papers [153,158]. Because thyroxine treatment is necessary 
for most patients anyway, and is cheap, easy to monitor, and relatively free of 
side effects, it would appear prudent, on balance, that almost all patients 
receive it. Provided that the TSH level is monitored using a sensitive TSH 
assay and is kept in the 0.1-0.4mIU/I range for all but very high-risk patients 
(who should receive full suppressive doses), the risks of such treatment seem 
to be small. Past concern about the effects of thyroxine on bone metabolism 
and bone density has been somewhat alleviated by a number of studies pub­
lished during 1994 that have failed to show a detrimental effect on bone 
density [191,192], although accelerated bone turnover has been confirmed 
[193]. 

Radioactive iodine remnant ablation 

Similar to thyroxine treatment, the concept of adjuvant RAI therapy origi­
nated from treatment approaches to metastatic thyroid carcinoma and was 
also based on an equally compelling physiological premise. Because most 
thyroid carcinoma cells retain some architectural and functional features of 
normal thyrocytes, iodine trapping, and sometimes organification, may be 
preserved in these tumors. It would therefore seem appropriate to take advan­
tage of this by trying to eradicate microscopic residual postoperative tumor 
foci with RAI. Unfortunately, there are a number of biological reasons that 
partially thwart this approach. Firstly, not all tumors concentrate sufficient 
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amounts of radioiodine to make treatment feasible. Secondly, carcinomas 
often consist of heterogeneous cell populations, which may vary in their de­
gree of differentiation. In a given tumor, most of an administered dose of 
radioiodine may therefore be trapped in the most differentiated, least 'malig­
nant' cells, whereas the more dedifferentiated cells may go untreated. Thirdly, 
the beta-radiation distribution of RAI is such that both very small and very 
large metastases «0.5cm and >5cm diameter) are unlikely to receive ad­
equate therapeutic doses to all tumor parts. Finally, it may be impossible to 
deliver sufficient doses without toxicity, when either the residual tumor (or 
normal remnant thyroid) tissue burden is too large, or when uptake is gener­
ally and chronically diminished because of large iodine stores, such as occurs 
in areas with very high dietary iodine intake, for example, in some parts of 
Japan. On this background it becomes clear that even on a theoretical basis, 
adjuvant RAI therapy may often fail. In the context of its clinical application 
in differentiated thyroid cancer, with its extremely low mortality, it might 
therefore be expected that it would be difficult to either prove or disprove 
the putative benefits of adjuvant RAI treatment. Only large, carefully con­
trolled prospective randomized trials will finally confirm or refute the value of 
this treatment [194]. In the absence of such, a large number of retrospective 
studies have not surprisingly yielded very conflicting results over the past 35 
years. 

RAI ablation of thyroid remnants has been defined as 'the destruction 
of residual macroscopically normal thyroid tissue following surgical 
thyroidectomy' [195]. The concept of using remnant ablation with RAI to 
'complete' a thyroidectomy has existed since at least 1960, when Blahd and his 
colleagues at UCLA described their first decade's experience with radioiso­
tope therapy [196]. They concluded from a careful analysis of outcome in 26 
patients, 11 of whom had only remnant ablation, that 'a realistic appraisal of 
the 1131 treatment of thyroid cancer is extremely difficult. The unfortunate 
muddling of therapeutic modalities and the remarkable longevity of many 
of these patients for the most part frustrates any forthright analysis.' [196]. 
Although, by 1970 many groups had further reported on their results of RAI 
therapy, Beierwaltes and colleagues [197] could not find in the literature 'a 
comparison of a popUlation treated with surgery followed by 1311, with a 
population of patients treated surgically without sodium iodide 1-131.' 

The Ann Arbor group [197] reported in 1970 that 84 patients with 'well 
differentiated papillary and follicular thyroid carcinoma,' who were aged 40 
years and older at the time of postoperative RAI therapy, experienced a 
'significantly lower death rate' than 32 'controls' who had surgery alone. These 
'control' patients were 'roughly matched' in sex, but not in age, distribution. 
The extent of the disease was not controlled, with some having remnant tissue, 
and others metastatic disease. There was, in fact, no description of the disease 
stage present in the surgery only group. The control patients came from an 
earlier time period (1933-1947), when less aggressive surgery was performed. 
Not all patients underwent a standard bilateral surgery, and the presence or 
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absence of postoperative residual disease was not described. Of the 47 deaths 
from both groups, the cause of death was unknown in 19 (40%), yet mortality 
as reported included those deaths. All patients who completed RAI therapy 
were placed on 'full replacement doses of desiccated thyroid,' an advantage 
not shared by the surgery-only patients. It is sad to reflect that during the 
following 25 years the majority of retrospective reports describing outcome 
after postoperative RAI therapy have continued to be plagued with the same 
flaws of study design that bedeviled the Michigan experience. 

Despite severe criticism of their original study design [198,199], Beierwaltes 
and his colleagues in 1984 confidently stated, based on their cumulative 
experience of treating 511 patients with RAI, that 'there is no question today 
that we should ablate normal thyroid tissue as a part of the treatment of 
well-differentiated thyroid cancer' [200]. It is surprising that only 1 year previ­
ously, Sisson, also from Ann Arbor, concluded from his analysis of the litera­
ture that 'the aggregate of evidence does not convincingly demonstrate that 
ablation of small remnants - and especially those remote from the primary 
tumor - lowers the rate of recurrent cancer' [198]. Indeed, a Mayo clinic 
group suggested in the same journal issue that ablative therapy with RAI 
directed to postsurgical remnants represented a 'questionable pursuit of an ill 
defined goal' [199]. 

Part of the confusion related to interpreting these retrospective analyses 
may arise from a period effect, that is, a systematic change in disease behavior 
over time. Such a possibility was discussed in the late 1970s by Crile [201] and 
Cady et al. [202], who based their opinions on the outcome analysis of patients 
with differentiated thyroid cancer treated over many decades at the Cleveland 
and Lahey Clinics. More recently, such an effect was demonstrable by multi­
variate analyses performed during the 1980s in both France [203] and Iceland 
[204]. Coupled with the ever increasing use of RAI remnant ablation [183] 
over the last two decades (Fig. 4), the question arises as to whether this period 
effect is the cause or effect of RAI treatment. If, on the one hand, the nature 
of the disease has changed across all stages, as is evident from declining case 
numbers of anaplastic cancer and FIC [205] and, on the other hand, the use of 
RAI has significantly increased in more recent times, any retrospective study 
would inevitably find ever improving results attributed to RAI treatment, 
because the majority of patients with 'new', 'milder' disease would be in the 
RAI-treated cohort. 

In this country the cause of RAI remnant ablation, initially championed by 
Beierwaltes and his University of Michigan group [197,200], has over the past 
two decades been actively promoted by endocrinology groups from the 
University of Chicago [146,148,157], the University of Texas [51,152], and the 
Ohio State University [45,153,158,206], led by DeGroot, Samaan, and 
Mazzaferri, respectively. The Chicago group has reported separately on 269 
patients with PTC [146,157] and 49 patients with FIC [148]. The M.D. Ander­
son group described outcome results [152] in 1599 patients with differentiated 
thyroid cancer, which included 1289 PTC, 236 FIC, and 74 Htirthle-cell can-
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Figure 4. Trend, through 1966 to 1985, in RAI remnant ablation performed at Mayo Clinic within 
6 months of bilateral definitive surgery in 710 PTC patients without distant metastases at initial 
examination. (From Hay [183], with permission.) 

cers (HCC). Mazzaferri has now added to his initial study cohort of 907 
United States Air Force (USAF) patients [45,153,206], a group of patients 
treated at Ohio State 'on whom comparable records existed' [158] and has 
recently reported on the long-term impact of initial therapy on this combined 
group of 1355 patients, consisting of 1077 PTC and 278 FTC, not excluding 
HCC. 

In a 1994 editorial, DeGroot [207] summarized the present status of RAI 
remnant ablation as follows: 'Mazzaferri, Young, and coworkers provided, 
nearly 2 decades ago, the first powerful support for the role of radioactive 
iodine treatment in reducing recurrences and deaths in differentiated (thy­
roid) cancer ... more recent studies by DeGroot and colleagues, and Samaan 
and coworkers demonstrated, in a careful analysis stratifying patients by ex­
tent of diseases, that both more extensive surgery (lobectomy plus subtotal or 
near-total thyroidectomy) and radioactive iodine treatment reduce the num­
ber of recurrences and deaths. Hay and coworkers have thrown their support 
behind more extensive surgery, but have not yet supported routine radioactive 
iodide ablation.' It is still our stance that we remain unconvinced by the 
presently available retrospective data describing the efficacy of RAI remnant 
ablation in differentiated thyroid carcinoma. 

If one were to design a prospective controlled trial to evaluate the role of 
RAI remnant ablation, one would wish to exclude patients with distant 
metastases and those who had undergone incomplete resection of primary 
tumor, that is, restrict entry to patients undergoing potentially curative sur­
gery. One would wish the patients to be matched for age, sex, extent of initial 
disease, and histology. Ideally, both groups should have a standard primary 
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operation, preferably near-total or total thyroidectomy, performed by special­
ist surgeons. To qualify as ablative therapy, the RAI would have to be admin­
istered for uptake confined to the thyroid bed soon after the operation, 
typically within 3-6 months. Those patients, who would be randomly allocated 
to the surgery-only group, should be treated identically with regard to thyrox­
ine (T4) therapy and followed in a similar manner to the ablated group by the 
same group of physicians. Follow-up data would require scrupulous evaluation 
with multivariate analyses. 

Obviously, such a prospective trial has not yet been planned. Indeed, Wong 
and colleagues [194] have suggested that for 45-year old women 'each arm of 
the trial would require nearly 4000 patients to detect a 10% reduction in 
mortality after 25 years .... If one in every ten patients was enrolled in such a 
study, enrollment would take 10 years, and results would be available after 35 
years.' However, 'even without the benefits of a long term prospective study,' 
some are convinced that the utility of RAI ablation is now proven [207]. 
Bearing in mind the importance of appropriate controls, we feel it is relevant 
to briefly review the most pertinent results from the combined Chicago, Texas, 
and USAF/Ohio State experience (see Table 1). It should be recognized that 
in Chicago patients were considered to have received RAI ablation if given 
>29.9mCi 1-131 with the intent to ablate residual thyroid within 12 months 
of diagnosis [146,157]. All patients with extrathyroid invasion or distant 
metastases who were given RAI to ablate as well as to treat metastases were 
included in the ablated group. By contrast, the M.D. Anderson patients were 
considered to have RAI as part of their original treatment if it was given within 
6 months of surgical intervention [51,152]. In none of the many publications 
devoted to the USAF/Ohio State cohort have we been able to find details 
of the timing of RAI administration for postoperative ablative purposes 
[45,153,158,206] . 

The studies of Mazzaferri on adjuvant RAI therapy in either FTC or PTC 
principally concentrated on differences in recurrence rates found between 
patients treated with thyroid hormone (T4) only and those who in addition 
received postoperative RAJ. When the outcomes in PTC patients with either 
a primary tumor 1.5 cm or larger, or with multiple primary tumors, local tumor 
invasion, or cervical metastases were examined, the recurrence rate of 9% in 
153 RAI-treated patients was significantly less (p = 0.03) then the 17% rate 
observed in 311 patients treated with only T4 [206]. No such differences in 
recurrence rate were found in patients with small primary lesions «1.5 cm 
diameter). We ourselves were unable to find any advantage of ablation 
therapy in node-positive PTC patients with minimal tumors (:::;;1 em diameter) 
[208]. Moreover, we could not demonstrate a significant influence of remnant 
ablation performed within 6 months of bilateral potentially curative surgery 
on tumor recurrence or cause-specific mortality in 220 ablated PTC cases, 
classified by Mazzaferri's scheme as stage 2 (intermediate risk) or stage 3 (high 
risk) [183]. When similar studies on recurrence rate were performed by Young 
and Mazzaferri on 51 FTC patients treated by RAI and T4, they were unable 
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to show a significant decrease in recurrence rate (p = 0.28) when compared 
with 116 patients treated with T4 alone [45]. The findings were similar to those 
of DeGroot, who could not demonstrate in FTC any decreased risk of death 
(p = 0.88) or recurrence (p = 0.72) after postsurgical RAI ablation [148]. 

In their 269 PTC patients DeGroot et al. were also unable to confirm any 
advantage for RAI ablation by multivariate analysis [157]. Using a Cox model, 
absence of ablation was not associated with significantly increased risk of 
death from PTC or tumor recurrence in either the total group or in class I 
(intrathyroid) or II (node-positive) patients. A nonsignificant trend towards 
reduced recurrence was found by Cox analysis for class I and II patients with 
lesions> 1 cm in size (p = 0.096). Examination of the recurrence data (Fig. 5) 
shows that the ablated group was followed for a shorter time, possibly giving 
rise to a 'period effect.' Clearly, analysis of such data requires the use of a Cox 
model, which, as DeGroot states, is 'sensitive to duration of follow-up.' How­
ever, DeGroot preferred to accept analysis by the 'less rigorous' X2 test, which 
is influenced only by final outcome and not by the duration of observation. By 
such (perhaps inappropriate) analyses, he concluded that ablation was associ­
ated with decreased recurrence in all PTC patients with tumors > 1 cm in size 
and decreased mortality in intrathyroid or node-positive PTC patients with 
tumors> 1 cm diameter [157]. 

In 1983 Samaan's group, comparing 136 patients with either PTC or FTC 
who had received ablative therapy with similar patients who had not received 
RAI found a lower frequency of recurrence after ablation but no difference in 
survival or disease-free interval (DFI) [51]. The advantage seen with ablation 
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Figure 5. Probability of survival without serious recurrence in relation to postoperative 1311 
ablation in class 1 and II patients. (From DeGroot et al. [157], with permission.) 
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was confined to patients who had total thyroidectomy and those with FfC 
or mixed papillary-follicular histotypes. A more recent analysis, published 
in 1992 [152] demonstrated that RAI therapy was the most powerful 
prognostic indicator for increased DFI and that it ranked third, after age and 
extent of disease, in the prediction of cause-specific mortality. Samaan 
also reported that the beneficial effect of RAI extended to AMES [186] 
low-risk patients, who apparently had significantly fewer recurrences and 
deaths (p < 0.001). 

In his most recent multivariate analysis [158] of 1322 stage 1-3 patients with 
differentiated thyroid cancer (70% PTC), Mazzaferri has found that RAI 
therapy independently lowered the likelihood of not only tumor recurrence (p 
< 0.001) but also cancer death (p < 0.05). Thirty years after initial surgery, 
recurrence rates in stages 2 and 3 were 16% after RAI and 38% after T4 alone 
(p < 0.001). As noted in Table 1, only 138 (39%) of the 350 patients receiving 
RAI were given treatment only to ablate remnant tissue. The cumulative 
recurrence rates in stage 2 or 3 tumors are illustrated by Figure 6. The 30-year 
rate of 9% seen after ablation was significantly less than the 35% seen in 
patients who were not ablated (p = 0.00005). Even more remarkable are the 
cumulative mortality data shown in Figure 7. Mazzaferri reports no cancer­
related deaths in the 138 stage 2 or 3 tumors treated by RAI remnant ablation, 
significantly less than the 8% rate seen after 30 years in the 802 patients not so 
treated. 

At our own institution we have treated 2162 patients with differentiated 
thyroid cancer (1916 PTC, 153 FfC, and 93 HCC) during the period 1940-
1991. The mean age at initial therapy of our patients was 46.1 years, more than 
10 years, on average, older than the 35.7 years seen in Mazzaferri's series [158]. 
To date, 142 (7%) of our patients have died of thyroid cancer, comparable 
with the 5% found in the USAF/Ohio State cohort. Because of the remarkably 
improved results seen by Mazzaferri in stage 2 and 3 patients, we have chosen 
to analyze our experience in an identical fashion. Figure 8 illustrates our 
cumulative recurrence data over 30 years in 1542 stage 2 or 3 patients, divided 
according to RAI ablative status. The 30-year recurrence rates of 19.1 % and 

Table 1. Postoperative RAI therapy in 3272 U.S. patients with PTC or FTC treated in three 
institutions during 1948 through 1993 

Ablation and 
therapy Remnant ablation only 

Total 
Study group (time period) No. No. % No. % 

Chicago [146,148,157] (1968-1993) 318 167 53 Not stated Not stated 
Texas [51,152] (1948-1989) 1599 736 46 447 28 
USAF/Ohio [45,153,158,206] 1355 350 26 138 13 

(1950-1993) 

Total 3272 1253 38 585 20 
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Figure 9. Cumulative cause-specific mortality in 1542 Mazzaferri stage 2 or 3 tumors treated at the 
Mayo Clinic during 1940-1991, either with (n = 439) or without (n = 1103) RAI ablation. Of the 
1542 patients 198 (13%) had FIC. 

16.6% seen in the no-RAI and the RAI group are not significantly different (p 
= 0.89). Both rates seem much lower than the 35% recurrence rate seen at 30 
years in Mazzaferri's patients who were not ablated. Our cumulative cause­
specific mortality rates are shown in Figure 9. The rates seen in the no-RAI 
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and the RAI group of 7.8% and 5.9%, respectively, at 30 years are not 
significantly different (p = 0.43). Of our 439 ablated patients, 18 had a less 
than near-total thyroidectomy as an initial surgical procedure. When those 18 
are excluded, the rates for recurrence and mortality seen after ablation were 
15.5% and 6.4%, respectively, at 30 years not significantly different from 
the rates of 16.2% and 5.3% found with near-total or total thyroidectomy 
alone. 

At the present time we do not have a clear explanation for these marked 
differences in effect of RAI treatment on recurrence and mortality between 
our data and Mazzaferri's experience. However, they do in part explain why 
we have, as DeGroot has observed ' ... not yet supported routine radioactive 
iodide ablation.' Similarly, a number of other North American [47,209], and 
non-American [130,144,145,147,149,210,211] studies have over the last two 
decades also failed to confirm a survival benefit for patients treated with 
adjuvant RAI, despite cumulative patient numbers of over 4500 patients, a 
third of which were treated with adjuvant RAI. Furthermore, only one of 
these studies [147] demonstrated reduced recurrence in patients who had 
received adjuvant RAI, casting additional doubt on the value of routine use of 
adjuvant RAI therapy. 

In contrast to thyroxine therapy, which is essentially nontoxic and most 
often needed as hormone replacement therapy in any case, RAI remnant 
ablation has the potential for significant side effects. Short-term side effects 
include radiation thyroiditis (up to 70%), sialoadenitis (up to 10%; may be­
come chronic), odynophagia, herpes zoster, leukopenia, endocrine and repro­
ductive testicular and ovarian failure (mostly reversible), and radiation cystitis 
[175,212-218]. Long-term carcinogenic risks may theoretically include leuke­
mia, stomach, breast, and bladder cancer [219]. A recent Swedish study of 834 
thyroid cancer patients treated with RAI showed that, although there was a 
significant increased overall cancer risk, more then 10 years after exposure 
there was no increased risk of stomach or bladder cancer [220]. In view of 
these side effects and the present uncertainties about its effectiveness, how­
ever, we still feel that, despite all theoretical and philosophical attractions, 
adjuvant RAI therapy should be used in a selective fashion. We agree with the 
judgment of Heufelder and Gorman [221] that the current evidence 'does not 
justify ablation for small, well differentiated, noninvasive and non-metastatic 
thyroid cancers.' The large group of low-risk PTC and FTC patients, who 
make up the majority of thyroid cancer victims [188], may not benefit from 
such treatment and could be exposed to inconvenience and potential harm. 
Even for high-risk patients, conclusive proof of efficacy would be desirable, 
but most clinicians would feel that the risklbenefit ratio is probably weighed in 
favor of adjuvant RAI treatment in such individuals. In our institution we 
presently recommend RAI remnant ablation routinely in patients with FTC 
and those high-risk PTC patients who have a postoperative MACIS score of 
6.0 or more [127]. 
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Both short-term and long-term side effects are dose related, and it would 
appear that this mandates usage of the lowest effective dose if remnant abla­
tion is used. Numerous studies have tried to address the problem of RAI 
remnant ablation dosing. Results have been conflicting, as summarized by 
Dulgeroff and Hershman [189]. There is no conclusive evidence for the supe­
riority of a particular dose. As little as 30mCi may be successful, while occa­
sionally doses as high as 200mCi may fail. Most recently. Mazzaferri and 
Jhiang were unable to show a difference in recurrence rate (7-9%) between 
patients who had received 50mCi or less and those who had received more 
[158]. Logue et al. found that there was no difference in the likelihood of 
successful remnant ablation for doses of <l00mCi, as compared with doses of 
> 100mCi, in 121 patients treated in Toronto between 1977 and 1988 [222]. 
The amount of residual thyroid tissue and the initial dose rate, rather than 
the total dose, may be the major determinants of successful ablation 
[222,223]. The former can be estimated ultrasonogrpahically; the latter can 
only be estimated from measured uptake over time. The only way to deter­
mine uptake prior to treatment is by diagnostic scanning, which in itself can 
diminish the rate and amount of subsequent therapeutic RAI uptake [224]. 
Possible ways to overcome this problem may include the use of 1-123 rather 
than 1-131 for diagnostic scanning [224], or uptake rate measurements during 
therapy with additional dosing during the same therapy cycle if necessary 
[223]. In the interim, for remnant ablation after near-total or total 
thyroidectomy, empirical initial dosing with 30mCi as an outpatient, followed 
by 100mCi if the initial dose or a second outpatient dose, fails to abolish 
all uptake, might represent a reasonably practical approach [221]. Patients 
with very large remnants, who are deemed at high risk of recurrence, may be 
best advised to undergo additional cytoreductive surgery before ablation is 
attempted. 

External-beam radiation therapy 

In addition to thyroxine treatment and RAI remnant ablation, external-beam 
radiation therapy (XRT) is sometimes used as an adjuvant treatment modal­
ity. It has some theoretical advantages over RAI therapy, in that delivered 
dose and dose rate can be more carefully controlled. However, effects are 
limited to the irradiated field; micrometastases elsewhere, which putatively 
may be destroyed by RAI treatment, will not be reached. Furthermore, nor­
mal tissues within the radiated field may receive a higher dose than with RAI 
treatment, and this may lead to increased local side effects compared with 
RAI. With regards to treatment efficacy, XRT has been less well studied than 
either thyroxine or RAI therapy [225]. Samaan et al. found XRT by univariate 
analysis to be effective in reducing both mortality and recurrence rates, but the 
effect disappeared in a multivariate model [152]. Simpson et al. found postop­
erative XRT to be as effective as RAI in reducing recurrence and improving 
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survival in patients with residual disease but did not influence those who had 
undergone complete tumor resection [131]. Tubiana et al. [211] showed XRT 
to be more effective than RAI treatment in reducing recurrence, but survival 
was not improved. However, the patients receiving XRT almost invariably had 
residual disease, and hence fell into a high-risk category. In contrast to these 
relatively optimistic results, Mazzaferri et al. found in both 1981 and 1994 that 
XRT was associated with the worst outcomes of all treatment modalities 
[153,158], but as observed by Brierley and Tsang [225], this may be explained 
by the higher incidence of initial nodal involvement and the absence of RAI 
therapy in the XRT patient. Similarly pessimistic observations were made by 
Staunton [137] and Russell et al. [209]. 

In addition to these studies comparing different treatment modalities, there 
have been a few papers from radiation oncology centers reviewing the XRT 
experience with only limited comparison to other treatments. A recent series 
from the Royal Marsden Hospital included 113 patients with residual disease 
after surgery. Survival at 5 years for patients with microscopic residual disease 
was 85%, but was only 27% for gross residual disease. Those 74 patients 
who had received RAI had similar survival to those who received only XRT 
[226]. 

Overall, it would appear that, similar to adjuvant RAI treatment, the value 
of postoperative adjuvant XRT remains uncertain, but that it may yield com­
parable results to RAI, and it is presently unclear whether the effects of RAI 
treatment and XRT may be additive. We therefore feel that this treatment 
should be limited to high-risk patients, and probably should be considered as 
an appropriate alternative to RAI treatment in certain specific circumstances, 
rather than as additional treatment for those who have already received 
radioiodine. For example, a patient with oxyphilic FTC, a tumor that rarely 
exhibits radioiodine uptake, and postoperative residual disease might be regu­
larly a candidate for adjuvant XRT. In contrast to our position, DeGroot has 
recently recommended that 5000 rads should be prophylactically given to the 
thyroid bed after RAI treatment in patients with papillary or follicular cancer 
who are over the age of 45-50 years and have either locally invasive disease or 
possible residual disease [227]. He also advises similar treatment for recurrent 
disease in a patient of any age. 

An alternative, and perhaps more acceptable, approach to XRT may 
be that recently proposed by the University of Toronto group [225]. They 
recommend no XRT in patients with good prognostic features and complete 
surgical excision. For patients with bulky residual disease they advise XRT to 
improve 'local control.' A more vexed question relates to the patients with 
either presumed or definite microscopic residual disease. In the absence of 
convincing data from prospective randomized controlled trials, the Toronto 
group now advise 40 Gy over 3 weeks for possible residual disease, and 50 Gy 
over 4 weeks for definite residual disease. In young patients with minimal 
residual disease and good RAI uptake, they recommend RAI alone, without 
XRT. 
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Other adjuvant treatments 

Chemotherapy, or a combination of XRT and chemotherapy, is rarely justified 
as an adjuvant treatment measure in differentiated thyroid cancer. The results 
of chemotherapy are generally disappointing, and the prognosis of most pa­
tients, even with advanced disease, is fairly reasonable compared with other 
human cancers, thereby making it difficult to justify use of such toxic treat­
ments in the absence of established progressive disease. However, in anaplas­
tic carcinoma the interest in adjuvant chemotherapy and combination therapy 
is much greater. Given the lethal nature of the disease and the high mitotic 
activity of the tumors, basic oncological considerations would suggest the 
potential usefulness of such an approach. There are no controlled studies 
assessing the validity of these assumptions, but a large number of case series 
and retrospective studies suggest that XRT after surgery almost completely 
abolishes local recurrence, one of the major causes of death in anaplastic 
carcinoma, whereas the addition of chemotherapy seems to prolong median 
survival [228-235]. However, whether cure rates are improved remains uncer­
tain, and significant treatment toxicity is the rule. Furthermore, there is at least 
one study in the literature that suggests impaired survival for patients with 
anaplastic cancers who received chemotherapy in addition to surgery, presum­
ably as a consequence of treatment toxicity [236]. Despite some initial prom­
ise, adjuvant chemotherapy and multimodal treatment for anaplastic thyroid 
carcinoma continue to be considered experimental, and their use should 
probably be confined to centers with significant expertise, particularly with 
chemotherapy. 

Follow-up 

Similar to adjuvant treatment, follow-up for thyroid cancer patients should 
be individualized. Given that most recurrences and deaths tend to occur 
during the first 5 postoperative years, it seems difficult to justify intensive 
lifelong follow-up for the majority of differentiated thyroid cancer patients. 
Regardless of the staging system used, over 80% of individuals will fall 
into low-risk categories, with a lifetime recurrence and cancer death risk of 
less than 10%, and minimal follow-up after 5 years would seem sufficient for 
this patient group. High-risk patients will obviously require more intensive 
follow-up. 

For all patients, follow-up strategies should be based on the known biologi­
cal tumor behavior. Amongst the cancers arising from follicular epithelium, 
PTC and FTC exhibit distinctly different patterns of recurrence. PTC most 
often recurs in the neck, especially in regional lymph nodes [40,183]. Between 
10% and 30% of PTC patients will eventually have disease recurrence in the 
neck [40]. Distant metastases also occur, but much less frequently. No more 
than 10% of PTC patients, who had no evidence of distant spread at presenta­
tion, will later develop distant metastases [41,127]. By contrast, typical FTC 
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rarely spreads to regional nodes, but more often spreads hematogenously to 
distant sites [5]. Between 5% and 40% of patients with FTC will suffer meta­
static disease in the course of their illness. Oxyphilic FTC differs from typical 
FTC in that it exhibits both frequent nodal involvement and distant metastases 
[5,40]. 

When distant metastases occur in PTC or FTC (both typical and 
oxyphilic), the most common sites of involvement are the lungs [237], 
followed by the bony skeleton [41]. In PTC about two thirds of metastases 
are to the lungs, whereas in FTC bone metastases are only slightly less fre­
quent than pulmonary spread [41]. Both regional (lymphatic) and distant 
metastases in PTC and FTC often retain a reasonable degree of differentia­
tion. They may stay responsive to some of the regulatory signals affecting the 
function of normal thyroid tissue and may also concentrate iodine and secrete 
thyroglobulin (Tg). 

For these reasons it is evident that careful physical examination of the neck 
is of great importance in the follow-up of patients with PTC and oxyphilic 
FTC, and is likely to uncover many recurrent lesions in the thyroid remnant or 
regional nodes. By contrast, in typical FTC the low rate of regional (nodal) 
recurrence makes neck examination a procedure with a much lesser yield of 
useful information. Physical examination of the chest and the bony skeleton is 
too insensitive to discover most metastases, and, particularly in the absence of 
symptoms, could potentially be omitted. 

Measurement of serum thyroid function tests, particularly TSH, is an im­
portant part of the follow-up of all patients who are on postoperative thyrox­
ine therapy. The majority of low-risk patients will probably not benefit from 
extreme TSH suppression and, in order to minimize toxicity whist still reaping 
some potential benefits of TSH suppression, serum TSH values should be kept 
just below the reference range. On the other hand, in some high-risk patients 
one may accept the potential for long-term toxicity and aim for complete TSH 
suppression. 

In FTC and PTC patients, who had a near-total or total thyroidectomy 
(with or without additional RAI remnant ablation), the small amount of 
remaining normal thyroid tissue should be dormant, while on thyroxine, and a 
measurable Tg level may therefore indicate possible recurrence. Measure­
ments are somewhat less reliable, but in most instances still useful, if the 
patient has residual thyroid tissue [238]. In patients with little or no residual 
thyroid tissue, sensitivity may be further enhanced if measurements are taken 
whilst the patient is not receiving thyroxine. However, undetectable serum Tg 
levels while on thyroxine are seldom observed in patients with recurrent 
cancer. Hence, thyroid hormone treatment does not usually have to be discon­
tinued in these individuals [238]. Similarly, serum levels <5 ng/ml on thyroxine 
are also very infrequently, although slightly more often than undetectable 
levels, seen in patients with recurrent disease. Therefore, repeat Tg measure­
ments off thyroxine may also not be indicated in such patients [238-240]. All 
other patients should possibly have measurements repeated off thyroxine and 
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may also require additional diagnostic measures. Furthermore, all patients 
with Tg autoantibodies will need to undergo additional tests because Tg 
measurements become unreliable in the presence of anti-Tg antibodies. Inter­
estingly, it has been recently suggested that monitoring antibody levels, rather 
than Tg levels, may be useful in these individuals [241-243]. Antibody produc­
tion may be dependent on a constant antigen source, and hence declining titers 
of anti-Tg autoantibodies may signify cure. However, at the moment this is not 
an established practice and, until these observations are widely confirmed, 
measurements of anti-Tg antibody titers must not be relied on to exclude 
persistent or recurrent disease, although they may yield useful complimentary 
information. 

Imaging procedures are not universally required but can be very useful in 
selected patients. The most commonly used imaging procedures are diagnostic 
radioiodine scans. However, in unselected patients follow-up radioiodine 
scans have a low yield. In these patients yearly or biannual diagnostic 
radioiodine scans are neither cost effective nor totally safe. Over the years 
patients have had to endure, prior to scanning, multiple episodes of thyroxine 
withdrawal with resultant morbid hypothyroidism. Furthermore, cumulative 
radiation dose over many years can be significant and may occasionally result 
in long-term toxicity [244]. A low-risk PTC or FTC patient who has undergone 
near-total or total thyroidectomy, with no clinical evidence of recurrence and 
an undetectable serum Tg level on thyroxine treatment (in the absence of 
antithyroglobulin autoantibodies), probably does not need to be submitted to 
any imaging procedures. By contrast, a high-risk patient with clinical or bio­
chemical parameters suggestive of recurrence, but without an obvious site of 
disease progression, may need extensive imaging procedures. 

Diagnostic RAI scanning will not be the most appropriate testing proce­
dure in all of these patients. For patients with PTC or oxyphilic FTC who have 
suspected recurrence, a high-resolution ultrasound scan of the neck may be 
highly effective in discovering potential nodal metastases [245,246]. All 
sonographically suspicious nodules (often clinically impalpable) can be readily 
biopsied under ultrasound guidance, usually yielding an immediate tissue 
diagnosis [247]. Many recurrences outside the neck may be diagnosed using 
diagnostic RAI scanning. Unfortunately, this procedure presently requires 
patients to discontinue thyroid hormone treatment prior to scanning in order 
to maximize TSH-driven uptake in metastatic tissue. This is always unpleasant 
for patients and, in some instances, when TSH levels are completely sup­
pressed, several weeks may go by before the serum TSH level rises to levels 
adequate for scanning, resulting in significantly symptomatic hypothyroidism 
in these individuals. Fortunately, recent trials have demonstrated that recom­
binant human TSH can lead to uptake stimulation similar to that seen after 
several weeks of thyroxine withdrawal. Therefore, the problem of scanning­
related iatrogenic hypothyroidism may soon be historical [248]. Regardless of 
whether patients are prepared for scanning in the traditional way or by recom­
binant human TSH administration, serum Tg level measurements should be 
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repeated at the time of scanning in those individuals without autoantibodies. 
This may provide useful complimentary information to the scan because the 
serum Tg level off thyroxine may sometimes significantly rise in patients with 
metastatic disease but negative radioiodine scans. 

For those PTC and FTC patients with negative radioiodine scans and neck 
ultrasonography but elevated serum Tg levels or strong clinical suspicion 
of recurrence, additional imaging procedures are required. Pulmonary 
metastases are common in PTC and FTC, and can be clinically completely 
silent. Mostly they take up radioiodine, but occasionally they are not 
iodophilic. However, they may still be visible on a chest radiograph, which is 
a useful and inexpensive additional test in this situation. More often, the 
metastases are micronodular and may only be visualized by high-resolution 
CT scanning. Similarly, occult, non-iodophilic osseous metastases can often 
be localized by isotopic bone scanning. For intra-abdominal metastases 
sonography, computed tomography (CT), or magnetic resonance imaging 
(MRI) scanning represent highly sensitive procedures. For intracranial and 
small intrathoracic metastases, CT or MRI are the procedures of choice. A 
number of other imaging modalities can occasionally be helpful, particularly if 
there is a strong local expertise in their application. Such procedures include 
Tc-99m-sestamibi, Tc-99m pentavalent dimercaptosuccinic acid (DMSA), 
radiolabeled anti-CEA antibodies, and radioiodinated-131 meta-iodobenzyl 
guanidine [249]. DMSA seems to perform particularly well in identifying FTC 
and PTC metastases that do not take up radioiodine, and this procedure may 
in the future prove to be a viable alternative to conventional imaging. 

Management of progressive and recurrent disease 

When evidence for progressive or recurrent disease is discovered during 
follow-up, the available treatment options are essentially the same as for initial 
treatment, namely, surgery, thyroxine, RAI, XRT, chemotherapy, or a combi­
nation of some or all. In addition, a number of potential novel approaches 
have been tried in recent years, and some of these may eventually find their 
way into routine management. 

Local neck recurrence, whether confined to nodes or not, is probably best 
treated surgically. There is no evidence that the addition of radiotherapy in 
any form is superior to successful surgical removal of recurrent tumor. If 
surgical removal is deemed too difficult or unacceptable to the patient, both 
RAI and XRT have good success rates for preventing recurrent nodal 
metastases on the order of an 80% response rate. Similarly, after incomplete 
surgical removal of recurrent tumor, radiotherapy (with RAI or XRT) may 
improve outcome, although conclusive proof is lacking. 

Management of distant metastases depends on their location and features, 
including symptoms. Localized, apparently solitary, metastases are best tack­
led surgically if possible, particularly if they are large. Surgical treatment of 
solitary metastases may result in 5-year and 10-year survival rates of around 
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45% and 33%, respectively [250]. RAI treatment almost invariably yields 
disappointing results in solitary metastases that are larger than 100g estimated 
weight [251]. Pulmonary metastases are probably most responsive to RAI 
treatment. The response rate to RAI treatment for lung metastases in differ­
entiated thyroid cancer is between 25% and 50% [252]. By univariate analysis, 
survival seems prolonged in patients whose metastases concentrate RAI [252], 
and to a lesser degree even in young patients without significant uptake in the 
metastatic tissue [41,237,252]. However, multivariate analysis has cast doubt 
on the value of RAI treatment in metastatic thyroid cancer, with no evidence 
of a beneficial effect when data are adjusted for the effects of age and extent 
of involvement [41,237]. Survival rates at 5 and 10 years for patients with RAI­
treated pulmonary metastases in differentiated thyroid cancer are around 50-
60% and 30-40%, respectively [44,252,253]. 

Bone metastases, unless localized and surgically respectable, are also often 
managed with RAI treatment. Results are rather worse than for lung 
metastases; more than 70% of patients with bone metastases have died by 7 
years after diagnosis [254]. This has led some to question about whether 
treatment beyond palliative measures is worthwhile for bone metastases. 
Treatment doses of RAI for both pulmonary and other metastases are gener­
ally higher than in remnant ablation and may in some patients occasionally 
exceed cumulative doses of 1000mCi. The major dose-limiting factor is bone 
marrow toxicity. Autologous bone marrow rescue may sometimes be used to 
overcome this limitation. However, RAI doses of this magnitude are rarely 
indicated. 

XRT can be used on bone lesions. Although large, systematic experience is 
lacking, fracture risk and pain is likely treated effectively. XRT may also be 
preferably to RAI treatment with intracranial metastases; the former treat­
ment anecdotally leads to good palliative results [255], whereas the latter 
(RAI) can be rarely associated with fatal cerebral edema [256]. Chemo­
therapy, usually including doxorubicin, can be tried in patients who have not 
responded to other treatment modalities. Long-term cures are rare, but sur­
vival times can be significantly prolonged [2,189,236,257]. 

In addition to these 'conventional' treatment approaches, a number of 
experimental therapies have emerged, some already in occasional clinical use, 
others still at the in vitro stage. In an attempt to improve dose distribution and 
dose rate, alternative isotopes to RAI are being considered for treatment of 
differentiated thyroid cancer. Astatine 211 (At-211) is chemically related to 
iodine but is a high-energy alpha-particle emitter, thereby permitting higher 
and more focused tissue doses within thyroid cancer tissue. Unfortunately, in 
animal experiments it seems to be associated with a potential for marked 
toxicity [2,189]. 

Augmentation of RAI or XRT by the use of 'radiosensitizing' drugs or 
other drugs aimed at increasing the biological effect of radiotherapy has been 
occasionally used for some years. Lithium was the first drug in this category to 
be used. It interfered with iodine transport across membranes, leading to 

127 



slowed RAI excretion and prolonged RAI storage in thyrocytes. Whilst poten­
tially increasing treatment efficacy, this had also the potential for increased 
toxicity, both by direct effects of lithium itself as well as indirect effects due 
to increased RAI dose. Chemotherapeutic drugs in low doses, particularly 
doxorubicin, (Adriamycin) and cisplatinum, have also been shown to have 
radiosensitizing effects [2], but at the present time experience with these 
treatments is extremely limited. Another way to potentially increase the effec­
tiveness of RAI treatment is to decrease the relative proportion of uptake in 
more differentiated tumor parts and in residual normal thyroid tissue. 
Retinoids have the ability to induce type I iodothyronine 5'-deiodinase in 
relatively well-differentiated thyroid-derived cells [258], thereby potentially 
shortening the half-life of iodine in these cells, and may therefore be useful for 
this purpose. Hyperthermia leads to improved differentiation of cultured thy­
roid carcinoma cells in vitro [259]. Because increased differentiation may be 
associated with increased RAI uptake, this also has the potential to be useful 
as a therapeutic measure aimed at optimizing RAI therapy. 

Hormonal manipulations other than thyroxine therapy include tamoxifen, a 
partial estrogen antagonist, which has shown encouraging results in cell cul­
ture and nude mice models [13]. Somatostatin, and its more commonly used 
long-acting synthetic analogue octreotide, are known to inhibit the secretion 
of a large number of hormones and also to diminish the growth rates of a 
number of endocrine neoplasms. Octreotide has been used in clinical trials to 
treat metastatic differentiated thyroid cancer. However, in a recent small 
series of six patients with disseminated differentiated thyroid cancer [260], 
none of the patients seemed to improve with the treatment. Type I human 
interferons have been shown to capable of significant growth suppression, 
inducing redifferentiation and increasing the expression of MHC I in thyroid 
carcinoma cultures, all of which may aid in the management of advanced 
thyroid malignancies [261]. Interleukin-1 and TNF -a. have also shown promise 
in vitro, but clinical trials have not yet been conducted [189]. Interleukin-2 plus 
lymphokine-activated killer (LAK) cells have been used in a patient with 
thyroid cancer without success [189], on the basis that this treatment, when 
given for nonthyroid neoplasms, has been shown to lead to a high incidence of 
hypothyroidism [262,263]. Finally, immunization of patients with tumor ex­
tracts has been tried for more than 20 years and has, in concordance with the 
experience in most other human tumors, proved unsuccessful for follicular 
cell-derived thyroid malignancies [264]. 
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7. Radiation-induced endocrine tumors 

Arthur B. Schneider and Leon Fogelfeld 

In 1974 radiation and thyroid cancer were big news in Chicago. The news was 
not that the two were related, a fact that was relatively well established by that 
time [1-3], but that thousands of people had received head and neck irradia­
tion during their childhood and were now at risk for developing thyroid 
cancer. Two years later the concern broadened to the entire United States, 
when the National Institutes of Health (NIH) initiated a publicity campaign to 
alert people who may not have been aware that they were exposed to radiation 
during childhood. Over time more and more people learned that they were 
exposed to radiation. The U.S. Government belatedly confirmed that many 
individuals had been exposed to radiation released from the Hanford nuclear 
reactor and from other nuclear installations. 

More recently, the government completed a large effort to identify human 
experiments involving radioisotopes in which incomplete or no information 
was provided to the subjects. Similarly, the U.S. military has recently con­
firmed that aviators and submariners in the 1940s were treated with radiation 
placed in the nasopharynx to maintain the patency of the eustachian tube in 
order to permit them to adapt to sudden changes in pressure. Now, one hopes 
that there will be no more revelations of radiation exposure and no more 
accidental releases, such as the Chernobyl disaster. In fact, rather than 'big 
news,' it is more common for the authors to hear comments such as, 'Are you 
still working on radiation and the thyroid?,' or 'Haven't you found everybody 
yet?' To respond to these question, we will review what has been learned 
during the last 20 years, where progress is being made, and how long the 
effects of radiation persist. 

This review is divided into three sections. The first considers the evidence 
establishing a relationship between radiation exposure and tumors of the 
thyroid, parathyroid, and other tissues in the head and neck area. This section 
emphasizes dose-response relationships and the evidence that radiation­
induced tumors continue to occur. The second section considers the evaluation 
and treatment of patients who were exposed to childhood radiation. Because 
this subject has been covered in other reviews [4-7], only the important 
principles and most recent findings are stressed. Finally, the last section 
reviews the pathogenesis of radiation-induced endocrine tumors, the potential 
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role of somatic mutations in cancer genes, and the evidence for susceptibility 
factors. 

Evidence for the role of radiation at various sites 

Parathyroid glands 

Hyperparathyroidism is one of the less common adverse effects of childhood 
radiation exposure. However, it is useful to consider it first because it illus­
trates several important points. Among these are the difficulties in establishing 
the relationship between radiation and hyperparathyroidism in a convincing 
manner. Case reports and then case-control studies offered the first support 
for the relationship [8,9]. However, hyperparathyroidism is most often an 
asymptomatic condition. Therefore, case finding based on clinical presentation 
or routine clinical care may result in biased ascertainment of cases. Also, the 
history of childhood radiation may be unreliable, leading to misclassification. 
Finally, case-control studies cannot establish a dose-response relationship. 
Cohort (prospective) studies overcome many of these difficulties. By selecting 
a cohort with known radiation exposure, the following is accomplished: The 
fact of radiation exposure is established by membership in the cohort, 
asymptomatic conditions can be detected by screening the cohort, and deter­
mination of organ doses is possible. Therefore, the existence of a dose­
response relationship in a cohort study is among the most convincing findings 
supporting a causal role for radiation. 

A particular difficulty for studying hyperparathyroidism is the lack of 
detailed information about the age-dependent frequency of hyperpara­
thyroidism in the general population. Because this is not a malignant con­
dition, registry data are not available. Further, it is rarely, if ever, possible to 
establish the age of onset. When we found a relatively large number of cases 
in the cohort we are studying at Michael Reese Hospital, the comparison to 
the general population was difficult and uncertain. However, we were able 
to conclude that the cases indicated an effect of radiation [10]. 

In order to establish a dose-response relationship, it was necessary to 
determine the organ dose received many years ago; the difficultly of this is 
obvious. In our study at Michael Reese, the older therapy machines were 
no longer available, and there was uncertainty about the orientation of rectan­
gular ports. The difficulty of reconstructing the doses received by survivors 
of the atomic explosions in Japan is well known and is illustrated by the 
revisions that have occurred. However, dose uncertainty makes it more 
difficult to show a dose-response relationship, and when one is found, it is even 
more persuasive. 

Three studies establish a dose-response relationship for hyperpara­
thyroidism, one among atomic bomb survivors, one among people treated 
with x-rays for tuberculous cervical adenitis, and ours among people treated 
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during childhood for benign conditions in the head and neck area. In atomic 
bomb survivors, Fujiwara et al. [11] found 16 cases in 2365 exposed individuals 
compared with an expected 4.8 cases. In 444 people treated for cervical 
adenitis, Tisell et al. [12] found 63 cases of hyperparathyroidism. In the 
Michael Reese cohort [13], 36 cases were reported in 2555 subjects. The 
dose-response relationship found in the Michael Reese cohort is shown in 
Figure l. 

The slope of the dose-response curve is difficult to determine because of the 
wide confidence interval. This is due, in part, to the relatively small number of 
cases. Therefore, it is reassuring that the other study that included children, 
the atomic bomb survivors, had a similar slope (O.l1/cGy vs. O.lO/cGy for the 
excess relative risk). It is important to recognize that one of the factors that 
may account for the relatively small number of cases is the small size of the 
parathyroid glands. The effects of radiation on a particular organ are depen­
dent on at least three factors: (1) the dose of radiation, (2) the sensitivity of the 
tissue, and (3) the volume of the tissue. 

The clinical data indicate that the clinical course of hyperparathyroidism in 
irradiated patients is similar to its course in nonirradiated patients. No cases of 
parathyroid carcinoma were found in the three cohort studies. Nonfunctioning 
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Figure 1. Dose-response relationship for hyperparathyroidism for Michael Reese Hospital co­
hort. There were 36 cases of hyperparathyroidism among 2555 subjects. The doses to the parathy­
roid glands were divided into four intervals «50,50-59, 60-69, ~70 cGy). The points are placed 
horizontally at the mean dose for each interval. The line was adjusted to pass through the point for 
the lowest dose group that was assigned a relative risk of 1. The slope of the relationship was 
significant, with a 95% confidence interval of 0.0-17.2 around the estimate of 0.11 for excess 
relative risk per cGy. (From Schneider AB, Gierlowski TC, Shore-Freedman E, et al. Dose­
response relationships for radiation-induced hyperparathyroidism. J Clin Endocrinol Metab 
80:254-257,1995. © The Endocrine Society, by permission.) 
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parathyroid adenomas were found in the Michael Reese cohort and have 
been reported by others. These are discovered during surgery for radiation­
induced thyroid tumors in patients with normal serum calcium levels. It has 
not been possible to determine whether these occur in excess in irradiated 
individuals. 

One feature may distinguish patients with radiation-induced hyperpara­
thyroidism, that is, they appear to have a higher frequency of radiation­
induced thyroid tumors than other individuals exposed to comparable 
amounts of radiation during childhood [10,14]. As discussed later, this suggests 
that some patients may be especially sensitive to radiation. Because of the 
factors mentioned earlier, it is difficult to determine how long the risk of 
radiation-induced hyperparathyroidism lasts. In the Michael Reese cohort, it 
is clear that cases of hyperparathyroidism continue to occur, but this may be as 
much a function of age as of radiation exposure [13]. As long as cases conform 
to a significant dose-response pattern, it is possible to conclude that there 
is still an effect of radiation. However, there were too few cases of 
hyperparathyroidism to determine the time trend for the dose-response curve, 
as was done for thyroid cancer (see later). 

Thyroid gland 

One could say, without too much exaggeration, that the thyroid gland has 
suffered the most and benefitted the most from radiation. It has suffered 
because it is one of the most sensitive organs to the tumor-producing effects of 
radiation. This is demonstrated in three ways: (1) the number of radiation­
induced thyroid tumors is very high, (2) the slope of the dose-response rela­
tionship is high, and (3) nodules and cancer have been demonstrated after very 
small doses of exposure. The thyroid has benefitted from the use of radioactive 
iodine and related isotopes for the evaluation of the thyroid and for the 
treatment of hyperthyroidism and thyroid cancer. This apparently paradoxical 
situation arises from the incompletely understood differences between exter­
nal and internal radiation exposure of the thyroid. 

Low dose. In Israel, 10,834 immigrant children with tinea capitis had their 
scalp irradiated to remove their hair to facilitate treatment. Their thyroid 
glands, being far removed from the site of irradiation, received a mean of 9 
cGy. Careful studies of this group showed that even at this low dose, there was 
a distinct increase in thyroid tumors [15]. Because the thyroid is so sensitive, 
thyroid nodules or thyroid cancer have been the endpoint of several studies of 
very low-dose radiation exposure. In China, 27,011 diagnostic x-ray workers 
developed more thyroid cancer (relative risk = 2.1) than other medical work­
ers [16]. This received partial confirmation in a more recent study that, using 
thyroid ultrasound to detect nodules, found more nodules in 50 male medical 
workers with occupational exposure (38%) than in two control groups (19% 
and 13%) [17]. To determine if exposure to radiation from diagnostic x-ray is 
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associated with thyroid cancer, Inskip et al. [18] ascertained 484 cases of 
thyroid cancer in Sweden and compared them with controls. The two groups 
had similar numbers of diagnostic x-rays, at similar ages, and of similar types. 
Thus, there is no established relationship between diagnostic x-rays and thy­
roid cancer. Because diagnostic x-rays are delivered over time, dose fraction­
ation, as well as the low dose, may account for this reassuring finding. Whether 
background radiation is associated with thyroid tumors was studied in China 
among 1001 older women living in an area of high background radiation 
(caused by thorium-containing minerals). Compared with controls, there was 
no increase in thyroid nodularity [19]. 

For lOcGy and above, there are many studies that establish a dose­
response relationship for radiation and thyroid nodules and thyroid cancer. 
Figure 2 shows representative data in the form of relative risk versus radiation 
dose from the Michael Reese Hospital study. In order to take advantage of this 
surfeit of studies, Ron et al. [20] selected seven studies and performed an 
analysis of the pooled data. To understand the strength of this analysis, an 
importance distinction needs to be made. The analysis was made on the pooled 
individual data points, not just on the summary statistics from the seven 
studies [15,21-26]. 

Table 1 lists the conclusions from this analysis and illustrates how much 
information can be deduced from dose-response analyses when there are 
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Figure 2. Dose-response relationship for thyroid cancer in the Michael Reese Hospital cohort. 
The figure includes 309 cases of thyroid cancer. The format is similar to Figure 1. The slope of the 
relationship was significant with 95% confidence intervals of 0.01-0.40 around the estimate of 0.03 
for excess relative risk per cGy. (From Schneider AB, Ron ·E, Lubin J, et al. Dose-response 
relationships for radiation-induced thyroid cancer and thyroid nodules: Evidence for prolonged 
effects of radiation on the thyroid. J Clin Endocrinol Metab 77:362-369, 1993. © The Endocrine 
Society, by permission.) 
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Table 1. Conclusions from dose-response analyses of radiation and thyroid cancer 

1. The probability of developing thyroid cancer is strongly related to the dose of radiation 
absorbed by the thyroid gland. This is among the strongest indications that radiation is a 
cause of thyroid cancer. 

2. The shortest latency between radiation exposure and the appearance of thyroid cancer is 
about 5 years. 

3. A radiation effect is seen at doses as small as lOcGy to the thyroid. 
4. Over most of the dose range, the data fit best to an excess relative risk (multiplicative) 

model, although an absolute-risk (additive) model cannot be excluded. 
5. The age at radiation exposure is inversely related to the risk of developing thyroid cancer. 
6. The relative risk of developing thyroid cancer is about the same for men and women. 
7. The introduction of screening increases the number of cases without changing appreciably 

the excess relative risk. 
8. Screening may increases the observed rates by 5- to 10-fold. 
9. At the highest doses, the slope of the dose-response relationship decreases and may begin 

to decline, but the risk remains significant. 
10. At the longest times of follow-up, the slope of the dose-response curve may be declining 

(indicating a wamg of the effects of radiation) but remains significant. 

sufficient data. Several of the listed conclusions require amplification. The 
excess risk model means that the effect of radiation is to multiply the back­
ground rate, that is, the rate in people not exposed to radiation. Therefore, 
although the risk is about the same for men and women, most cases of radia­
tion-induced thyroid cancer occur in women because they have a higher back­
ground rate. 

The dose-response analysis helps understand the effect of screening for 
thyroid disease. As expected, the rate of thyroid nodules and thyroid cancer is 
greatly enhanced by screening. If the cases detected by screening are part of 
the background rate, that is, they are not caused by radiation, the slope of the 
dose response should decrease or disappear. In the Michael Reese study, even 
though the rates increased by 5- to lO-fold, the slope of the dose-response 
relationship did not change. This supports the conclusion that many of the 
screening-detected nodules and cancers are related to radiation exposure. 
Similar findings were made among the survivors of the atomic bomb in Japan. 
Recently, screening sensitivity has been appreciably increased by thyroid ul­
trasound. The interpretation of the findings with ultrasound remains to be 
determined (see later). 

The shape of the dose-response curve at the highest doses is of interest 
because it has been hypothesized that cell killing may overtake tumor forma­
tion, and the slope would decline and disappear. In fact, with increasing dose 
the slope (the excess relative risk) stops increasing and probably remains 
stable. As seen clearly in Figure 2, in which the dose-response relationship is 
similar to the results of the pooled analysis, the relative risk does not decline 
to the background at high doses. 

From a clinical point of view, the most important finding comes from the 
analysis of the relative risk over time. It provides the best answer to the 
question of how long the effects of radiation persist. This question is decep-
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tively difficult to answer because there is an age-dependent increase in thyroid 
nodules and cancer, unrelated to radiation. The method to detect a radiation­
dependent risk in the background of an age-dependent risk is to determine the 
slope of the dose-response relationship with time. This shows that radiation 
has effects on the thyroid that have not disappeared. The relative risk appears 
to have leveled off, or has begun to decline, but it clearly persists. For 
irradiated individuals who develop thyroid cancer at later times, this is of 
concern because thyroid cancer is often more aggressive when it occurs in 
older patients. 

High dose. While radiation therapy for benign childhood conditions has 
ceased, radiation remains an important modality for the treatment of various 
malignancies. What are the effects of high-dose radiation exposure on the 
thyroid? The hypothesis that high-dose exposure causes cell death rather than 
stimulation to form tumors is no longer tenable. Although cell death may 
occur, thyroid tumors and cancer also occur after high-dose exposure. At high 
doses, the dose-response relationship appears to plateau or even begins to 
decline, but the risk remains distinctly high compared with nonirradiated 
individuals. The effect of age remains an important factor, with little evidence 
of an effect when the radiation is administered to adults. Both of these findings 
are illustrated in the report from the Late Effects Study Group [25]. In 9170 
children who were treated for cancer and survived for two or more years, the 
23 cases of thyroid cancer that occurred later were distributed in a dose­
dependant pattern. 

In other instances, radiation may be delivered at a distance from the thyroid 
and the thyroidal exposure may fall within the range of 'low dose' discussed 
earlier. A twofold (but not significant) increase in thyroid cancer was found in 
a large international study of patients treated with radiation for cancer of the 
cervix [26]. 

The most regular consequence of high-dose thyroid exposure is impairment 
of thyroid function, demonstrated by an elevated TSH and sometimes accom­
panied by clinical hypothyroidism [27]. Because it is likely, although not 
definitively proven in humans, that TSH promotes thyroid tumors, early inter­
vention with thyroid hormone replacement seems prudent. Whether prophy­
lactic treatment with thyroid hormone reduces the number of thyroid nodules 
has not been demonstrated. 

Radioactive iodine. With so much evidence indicating that radiation causes 
thyroid cancer, how can we be so confident that radioactive iodine is a safe 
agent for the diagnosis and treatment of thyroid disorders? The reason is that 
large, well-designed and persuasive studies have been carried out that confirm 
the general experience of physicians using radioactive iodine. The cooperative 
thyrotoxicosis therapy follow-up study included 36,050 patients, 21,714 of 
whom were treated with radioactive iodine. No increase in thyroid cancer was 
found in patients treated with radioactive iodine compared with patients 
treated by other means [28]. Because the effects of radiation are delayed by a 
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latent period of at least 5 years and because the effects last for many years, it 
is possible that the length of follow-up reported by the cooperative study was 
not sufficiently long. This concern was diminished by important studies from 
Sweden, where complete and extensive medical records allow linkage to a 
national cancer registry. No excess thyroid cancer was found among 10,552 
patients with hyperthy-roidism treated with radioactive iodine [29]. The fol­
low-up ranged from 15 years to a maximum of 35 years. 

One explanation for these findings is the theory that the thyroid is exposed 
to such a large dose during the treatment of hyperthyroidism that tumors 
cannot form. This theory does not fit with the dose-response data cited earlier, 
nor does it fit with the observations on radioactive iodine used for diagnostic 
purposes. In 35,074 Swedish patients, no increase in thyroid cancer was ob­
served after the diagnostic use of radioactive iodine [30]. This study was 
complicated by the fact that some of the diagnostic procedures were per­
formed because of suspected nodular thyroid disease. However, additional 
analyses showed that this did not affect the conclusion. The average dose 
absorbed by the thyroid in the study of diagnostic radioactive iodine was 
50cGy, similar to the external doses received by many patients in the studies 
reviewed earlier, but it was delivered at an older age. The magnitude of the 
difference in the effects of external and internal thyroid radiation and its 
explanation remain elusive. 

The residents of the Marshall Islands were exposed to radioactive fallout, 
predominantly 1-131, and subsequently developed many thyroid tumors [31]. 
It is likely that additional isotopes, perhaps combined with radioactive iodine, 
accounted for the findings. It now appears that thyroid cancer is increasing in 
children exposed to fallout from the Chernobyl accident. To what extent this 
is a result of radiation and, if it is, to which isotopes remains to be seen. This 
important subject has been reviewed [32]. 

Pituitary 

Although two pituitary adenoma were found among the residents of the 
Marshall Islands exposed to fallout from nuclear tests [33], there are as yet no 
convincing data indicating that radiation causes the pituitary gland tumors. 
This may be due to radioresistance and its small size. However, an effect of 
radiation could easily go unnoticed. Silent pituitary adenomas would not be 
detectable, except by computed tomography (CT) or magnetic resonance 
imaging (MRI) screening. Even this might not be conclusive, now that it is 
recognized how frequently silent pituitary adenomas occur in the general 
population. 

Other tissues in the head and neck area 

In patients who develop radiation-induced endocrine tumors, the other 
radiation-sensitive organs that were exposed require attention. For example, 
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in the Michael Reese Hospital cohort, the parotid glands were in the primary 
field of radiation therapy. 

Salivary gland. For salivary gland cancer, accurate cancer registry data for the 
general population and dose-response analyses helped establish the relation­
ship to radiation. For benign salivary tumors the information is limited. Be­
cause the major salivary glands have a superficial position, few, if any, 
asymptomatic cases occur. The ratio of benign to malignant salivary gland 
tumors observed in the Michael Reese cohort is about the same ratio as for 
benign and malignant thyroid nodules, between two and three benign cases for 
every cancer [34]. The clinical course of these tumors is usually favorable 
because early observation leads to prompt treatment. However, some have 
been aggressive and have led to death. 

Neural tumors. The most frequent neural tumors seen in the Michael Reese 
cohort are schwannomas [34]. These have occurred along peripheral nerves in 
the field of radiation, along the spinal column, and on cranial nerves, especially 
the eighth nerve, as vestibular schwannomas (previously called acoustic 
neuromas). While these are benign tumors, and therefore not included in 
cancer registries, two factors make it highly likely that these are caused by 
radiation. First, the frequency is so high that it almost certainly exceeds that of 
the general population. Second, all but a very few are localized to the area of 
radiation. 

Some individuals have developed multiple schwannomas, without the other 
findings of neurofibromatosis type 2 (NF2). Therefore, radiation may mimic 
NF2 and patients with multiple schwannomas should be questioned carefully 
about radiation exposure. These patients raise the question, discussed later, as 
to whether susceptibility factors result in their developing multiple tumors. A 
related concern about radiation for endocrinologists is its use to treat pituitary 
tumors, usually growth hormone-producing tumors causing acromegaly. After 
such treatment, patients have an increased risk for the later development of 
tumors in or near the site of radiation [35]. 

Approach to the irradiated patient 

Natural history of radiation-induced tumors 

The clinical evaluation and treatment of an irradiated patient is based on 
knowledge of which tumors may arise and their natural history. The impor­
tance of both is illustrated by thyroid cancer. As reviewed earlier, thyroid 
cancers of all sizes, from very small ones to quite large ones, are found with 
increased frequency in irradiated patients. It is necessary to know their natural 
history (Are they more aggressive than other thyroid cancers? Are the small 
ones significant at all?) to manage them appropriately. 
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The available data indicate that radiation-induced thyroid cancers behave 
in the same way as thyroid cancers occurring in other settings [36,37]. This 
was analyzed in the Michael Reese cohort by determining which risk factors 
were associated with recurrences of thyroid cancer. Those factors found to 
be associated with the risk of recurrence were similar to those reported in 
nonirradiated thyroid cancer patients. Subsequently, the analysis was ex­
tended to members of the cohort who developed thyroid cancer during child­
hood. Again, the features were similar to the thyroid cancers that developed in 
children without a history of radiation exposure. We have concluded, there­
fore, that radiation-induced thyroid cancers should be treated in the same way 
as other thyroid cancers. 

However, there are some features that may distinguish the thyroid cancers 
in irradiated patients other thyroid cancers. The first is the high frequency of 
multicentricity and bilateral involvement. The second is that patients with 
radiation-induced benign nodules are prone to recurrences and some of the 
recurrences are malignant [38]. In general, malignant recurrences are rare in 
patients with benign nodular disease. The third distinction is that thyroid 
hormone treatment reduces the frequency of recurrent benign nodules [38]. 
Whether this is also true for benign nodular disease not related to radiation 
remains controversial. The fourth distinction is that the occurrence of a 
radiation-induced thyroid cancer should increase the concern that other 
radiation-induced tumors are either present or may develop [39]. Finally, 
there is some preliminary evidence that the histological type of thyroid cancer 
occurring in children in the Chernobyl area may be different than thyroid 
cancers occurring in children living in other areas of the world [40]. This will 
been hard to confirm because childhood thyroid cancer is rare. 

Evaluation 

The components of the clinical evaluation follow from knowing which organs 
are at risk. For some of these, the evaluation is already part of routine health 
checkups and only require regularity and attentiveness. These regular compo­
nents include, for example, measurement of serum calcium, examination of 
the salivary glands, questions about unilateral hearing loss, and a careful 
physical examination of the thyroid. This subject has been reviewed recently 
[4]. The main question is in which patients, if any, should the evaluation go 
beyond routine measures. The factors that would indicate an individual is at 
higher risk are as follows: (1) large dose, (2) young age at radiation exposure, 
(3) female, (4) high serum thyroglobulin, (5) rising serum thyroglobulin, 
(6) other radiation-induced tumors, and (7) radiation-induced tumors in an 
irradiated sibling. 

Almost always the question about additional testing involves imaging of the 
thyroid. Although the high sensitivity of thyroid scanning in the setting of a 
high-risk, irradiated patient has been established for many years, its use was 
limited, in part by concern about additional radiation exposure. Now, how-

150 



ever, with the establishment of thyroid ultrasound as an even more sensitive 
technique, many patients are having this examination, probably more than are 
indicated by the risk factors mentioned earlier. Abnormalities in the thyroid 
ultrasound examination may be found in approximately one third of adult, 
otherwise asymptomatic individuals. We are in the process of evaluating 
thyroid ultrasound in the high-risk Michael Reese cohort. A representative 
image is shown in Figure 3. Our preliminary findings indicate that in patients 
who are unaware of any thyroid disorder and who were screened earlier by 
conventional means, the frequency of solid and cystic nodules of all sizes is 

Figure 3. Thyroid ultrasound in a 45-year-old man in the Michael Reese cohort 44 years after 
childhood radiation exposure for enlarged tonsils. During 21 years of monitoring, starting in 1974, 
he had normal thyroid scans and normal examinations of his thyroid. The ultrasound shows three 
predominantly cystic lesions in the left lobe of his thyroid, none larger than 3mm in any dimen­
sion. They are all seen in the anterior portion of the lobe in the longitudinal view (upper left panel) 
and are confirmed by transverse views of the upper (right upper panel), middle (left lower panel), 
and lower (right lower panel) portions of the thyroid. 
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very high (>80%) and they are usually multiple. Therefore, thyroid ultra­
sound should be employed with care and interpreted with even greater care. 
With our current knowledge, it is difficult to make a recommendation about 
how to follow high-risk, irradiated patients with one or more ultrasound-
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Figure 4. Effect of thyroid hormone treatment on recurrences in patients in the Michael Reese 
cohort with radiation-induced benign thyroid nodules. Each panel shows follow-up starting from 
the date of surgery for thyroid nodules that were all benign. The upper panel is follow-up for all 
patients; the middle panel for patients with some, but <50%, of their thyroid tissue remaining; and 
the bottom panel for patients with 50% or more of their thyroid tissue remaining. 'Treated' refers 
to patients receiving thyroid hormone therapy during follow-up. The numbers indicate how many 
patients were at risk at the beginning of the designated interval. (Reprinted by permission of The 
New England Journal of Medicine, FogeJfeld L, Wiviott MBT, Shore-Freedman E, et al. 320:835-
840, 1989. Copyright 1989. Massachusetts Medical Society. All rights reserved.) 
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detected small abnormalities in their thyroid gland. It is clear that these 
small abnormalities are not sufficient to automatically indicate surgery. 
Their presence does lend support to the use of thyroid hormone and repeat 
ultrasound imaging. 

Treatment of tumors 

If one accepts the conclusion that radiation-induced tumors, once they occur, 
are no more nor less dangerous than similar, non-radiation-related ones, then 
treatment should follow the guidelines established for the latter. With respect 
to thyroid tumors, this has been reviewed recently [4-6] and is discussed in 
Chapter 6. There are, however, some caveats to this simplifying conclusion, 
related to the effects of radiation. (1) In nonirradiated patients, nontoxic 
multinodular goiters are usually benign. In irradiated patients they may con­
tain thyroid cancer. (2) Fine-needle aspiration (FNA) appears to be equally 
useful in individual nodules in irradiated and nonirradiated patients, but the 
former often have multiple nodules, and some may be difficult to aspirate 
without ultrasound guidance. We recommend aspirating any nodule ~10mm 
in irradiated patients. (3) In selected, nonirradiated patients undergoing sur­
gery for thyroid nodules, a lobectomy may be adequate. In irradiated patients, 
the frequency of multiple nodules, multicentric cancers, and the risk of recur­
rence weigh toward more extensive surgery in almost all cases. (4) The ratio­
nale for thyroid hormone treatment, whether thyroid surgery is performed or 
not, is increased (Fig. 4). (5) Prior to undertaking surgery, the possibility of 
other radiation-induced conditions, especially hyperparathyroidism, should be 
evaluated because they could affect the surgical approach. 

Pathogenesis of radiation-induced tumors 

Radiation elicits a broad range of effects in cells, including induction of point 
and length mutations, chromosomal aberrations, transient cell-cycle arrest, 
and eventually cancer. Two types of radiation cause cancer in humans, ionizing 
and ultraviolet (UV) radiation. UV radiation, with its lower transforming 
energy, is implicated mainly in skin cancer. Ionizing radiation, with its higher 
transforming energy, can induce cancers in internal organs. The understanding 
of the molecular pathogenesis of radiation-induced cancer is evolving rapidly. 
Radiation-induced cancers are a late consequence of a complex interplay 
between the type of radiation, the dose and its fractionation, host factors 
including age at exposure, radiation-sensitive DNA sequences along the ge­
nome, the integrity of DNA-repair mechanism, and, in a broader sense, the 
presence of genetically determined radiosensitivity [41,42]. 

This section reviews the following concepts important for understanding 
of the molecular pathogenesis of those endocrine tumors induced by radiation: 
(1) the effects of radiation on cells, (2) the spectra of genetic mutations 
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induced by radiation in general and in radiation-induced thyroid cancers, and 
(3) radiation-induced cancer susceptibility and cancer predisposing genes. 

Radiation effects on cells 

Photons and particles are considered to be ionizing radiation because they 
have energies greater than 10eV that exceed the binding energies of electrons 
in living tissues. Photons with energies of 2-10 e V are in the UV range and are 
nonionizing. Only UV and ionizing radiation are known to be carcinogenic, 
and only ionizing radiation affects endocrine glands [43]. 

Ionizing radiation causes biological damage and cancer that varies accord­
ing to the average density of energy loss along its path. This is given in units of 
energy lost per unit of path length (KeV/l1m) and is termed the linear energy 
transfer (LET) of the radiation. X-rays give rise to secondary electrons and are 
considered low LET radiation. The maximally effective radiation has an LET 
of about 100KeV, causing ionizations every 20nm. This corresponds to the 
diameter of the DNA double helix, and thus might cause the double-strand 
breaks considered the most important DNA lesion for radiation-induced bio­
logical effects [43,44]. The DNA damage caused by ionizing radiation includes 
base damage, resulting in their alteration or loss, or, more frequently, single­
strand and double-strand breaks of the sugar-phosphate backbone [45]. The 
breaks result in chromosomal aberrations, including deletions, ring formation 
and acentric fragments, dicentric and acentric fragments, inversions, and 
translocations. 

Radiation-induced genetic damage causes cell killing in a fraction of cells, 
and in the surviving cells it initiates a complex response involving the activa­
tion of several protective mechanisms. One of these is cell cycle arrest [46]. 
The major function of this is to allow DNA repair mechanisms to function and 
to prevent the fixing of genetic mutations during subsequent DNA replica­
tions. Radiation-induced cell-cycle arrest and DNA repair mechanisms may 
therefore represent an important safeguard against cancer. Important genes 
and their products serve as cell-cycle-checkpoint determinants, and mutations 
in these genes might predispose the irradiated cells to perpetuation of the 
radiation-induced genetic damage and evolution of cancerous clones. 

The p53 tumor suppressor plays a pivotal role in the regulation of cell cycle 
[47]. Increased expression of p53 in response to radiation arrests the cell in 
G 1 phase. Cells with abnormal p53 function fail to arrest after irradiation 
and continue to replicate. This may explain the important role of mutated p53 
in the common types of human cancer [47]. p53 has an important role in 
maintaining genetic stability; p53 mutations have been associated with 
increased gene amplification, chromosomal aneuploidy, and increased recom­
bination [46]. The p53 gene itself might be a direct target to radiation, as is 
discussed later. In some cells and in some conditions, increased expression 
of p53 following ionizing irradiation can lead to programmed cell death 
(apoptosis) [46]. 
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Irradiation induces the expression of the ataxia telangiectasia (AT) gene, 
which in turn induces p53 expression and cell-cycle arrest. Mutations in the AT 
gene (ATM), recently cloned [48], give rise to ataxia telangiectasia and sensi­
tivity to ionizing radiation. Cells from AT patients do not arrest their cell cycle 
after irradiation, and their DNA damage repair is defective [49]. 

Radiation-induced mutations in endocrine tumors 

The DNA base mutations and the chromosomal aberrations induced by radia­
tion, described earlier, could lead to structural and functional abnormalities in 
'cancer genes' that might initiate and promote carcinogenesis. Radiation could 
induce base substitutions and gain of function in genes that induce cell prolif­
eration. In the ras oncogenes, specific point mutations in codons 12, 13, and 61 
decrease their intrinsic GTPase activity, increase their GTP binding, and 
enhance their growth-promoting effects [50]. In thyroid tumors not related to 
radiation, ras mutations have been found most frequently in follicular carcino­
mas (53%), but also in follicular adenomas and papillary carcinomas [51,52]. 
Reports vary about the frequency and pattern of activated ras oncogenes in 
thyroid tumors [53,54]. 

Activation of the K-ras oncogene by radiation has been found in several 
experimental studies in vivo and in vitro [55,56]. DNA from radiation-induced 
rat thyroid tumors transfected in NIH3T3 cells showed activation of the K-ras 
oncogene in 8 of the 9 cases [57]. K-ras point mutations were found in 3 out of 
5 patients with radiation-associated thyroid follicular carcinomas [58]. How­
ever, other molecular studies of thyroid cancer in irradiated patients and in 
children exposed to radiation after the Chernobyl accident failed to show 
preferential involvement of the K-ras oncogene [59-61]. 

Radiation-induced point mutations can inactivate tumor suppressor genes, 
such as p53, thereby causing loss of function of genes that inhibit cell prolifera­
tion. For p53, point mutations occur in one allele, followed by inactivation of 
the other allele, usually through allelic loss [62]. Different carcinogens 
cause characteristic mutations in the p53 gene, presumably related to their 
different modes of action. Dietary aflatoxin BJ is associated with G:C to T:A 
transversions at the third base of condon 249 in hepatocellular carcinoma, and 
exposure to cigarette smoke is associated with G:C to T:A transversion in lung 
and head-and-neck carcinomas. UV light is associated with transition muta­
tions at dypirimidine sites, and UV -light-specific p53 mutations are found 
in skin cancer and in normal skin exposed to UV irradiation involving codons 
245 and 247, with transition mutations at dypirimidine sites [63]. Radiation 
exposure in uranium miners resulted in lung cancer, with preferential G:C to 
T:A transversion at the second base pair of condon 249 of p53 [64]. 

In thyroid cancers of patients not exposed to radiation, mutations in the p53 
gene are limited, in most reports, to the most advanced and undifferentiated 
forms [65-69]. One recent study, however, found involvement of p53 in 11 of 
44 well-differentiated thyroid carcinomas [70]. In a study of overexpression 
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of mutant p53 protein by immunohistochemistry, 63% of undifferentiated 
thyroid carcinomas, 14.3% of well-differentiated follicular carcinomas, and 
11.1 % papillary carcinomas were positive [69]. We found missense p53 point 
mutations in 4 of 22 radiation-induced thyroid cancer patients. These muta­
tions appeared to be associated with more invasive cancers. Specifically, 3 of 
the 4 patients with p53 missense mutations had invasion of the cancer beyond 
the thyroid capsule, compared with 2 of the 17 remaining patients [70a]. 

In radiation carcinogenesis, length mutations caused by chromosomal 
aberrations are considered to be most important [45]. Partial chromosomal 
deletions may result in loss of important tumor suppressor genes. Chromo­
somal translocations may result in gene rearrangements in which potent trans­
located promoters from other genes flank oncogenes and increase their 
expression, or fusion proteins are created that exhibit increased biological 
activity [71]. An example of this mechanism is the ret oncogene rearrange­
ment. ret activation by rearrangement is peculiar to thyroid tumors [72]. ret, a 
tyrosine kinase oncogene not expressed in normal thyrocytes, was found ex­
pressed in a rearranged form in about 20% of papillary thyroid cancers [72]. 
The activation occurs by an inversion on the long arm of chromosome 10, 
resulting in truncation of the transmembrane domain of ret, and fusion to the 
N-terminus of other proteins. Rearranged ret localizes to the cytoplasm and 
becomes constituitively activated by autophosphorylation, either by confor­
mational changes mimicking those produced by the ligand or by substrate 
availability in the cytoplasm. In two recent reports, ret-oncogene rearrange­
ment was found in 4 of 7 and in 4 of 6 children, respectively, exposed to 
radiation after the Chernobyl nuclear accident [73,74]. Preliminary immu­
nochemistry data show a high frequency of ret protein accumulation in these 
tumors [40]. 

DNA repair genes and radiation-induced cancer susceptibility 

The importance of DNA repair and the integrity of DNA-repair mechanisms 
after exposure to radiation is illustrated by the existence of human disorders 
(e.g., ataxia telangiectasia and xeroderma pigmentosum) associated with in­
creased sensitivity to ionizing radiation or UV light. At the molecular level, 
these disorders are associated with defective processing of radiation-induced 
DNA damage. These individuals and phenotypically normal family members 
are predisposed to cancer. Several DNA-repair systems have been identified 
in mammalian and human cells, including nucleotide excision repair (with 
mutations in xeroderma pigmentosum, Cockayne syndrome, and tricho­
thiodystrophy), recombinational repair, base-excision repair, postreplication 
repair, and the repair of DNA double-strand breaks [42]. Hereditary 
nonpolyposis colorectal cancer (HNPCC), accounting for 10-15% of colon 
cancers, can be caused by germline mutation of the mismatch repair genes 
[75]. Four genes (hMSH2, hMLH1, hPMS1, and hPMS2) act in concert to 
detect and repair any mismatched DNA base pairs occurring during DNA 
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replication. In HNPCC patients, The hMSH2 gene is mutated in 60% and the 
hMLH1 gene is mutated in 30%. 

The existence of individuals prone to develop cancer induced by ionizing 
radiation has been emphasized by the cloning of the ataxia-telangiectasia 
(AT) gene [48]. In the rare homozygous form, affected individuals, in addition 
to telangiectasias and cerebellar degeneration, are extremely sensitive to x­
rays and develop malignancies, especially of the lymphoreticular system. More 
importantly, AT heterozygotes may express two characteristics of the disease, 
predisposition to cancer and increased sensitivity to radiation. In one study, 
the higher breast cancer rate in the AT heterozygotes was associated with low­
dose radiation exposure in the form of single or mUltiple fluoroscopic exami­
nations of the chest and abdomen. It is estimated that 0.5-1.4 % of the 
population has an AT gene mutation, and the gene could account for up to 8% 
of all breast cancers [76]. 

Radiation-induced thyroid cancer susceptibility in the Michael Reese co­
hort was addressed by Perkel et al. [77] They studied 286 sibpairs who received 
childhood radiation and found that there is an independent familial risk factor 
for developing thyroid neoplasms. Additional analysis of this group (unpub­
lished) shows that in 8 of 322 irradiated sibpairs, both members developed 
thyroid cancers, about 2.5-fold more than expected. Additional suggestion for 
radiation-related cancer predisposition in this group comes from analysis of 
association between thyroid and nonthyroid tumors: In 45 sibpairs in which 
both members developed thyroid tumors, there were three sibpairs who devel­
oped nonthyroid tumors in both siblings, approximately sevenfold higher than 
expected. 

Conclusions 

The molecular pathogenesis of radiation-induced thyroid tumors is not under­
stood at present. The emerging data from other radiation-induced cancers 
suggest that dysfunction of the DNA repair and cell-cycle arrest might predis­
pose certain individuals exposed to radiation to greater risk of thyroid cancer. 
Therefore, these underlying molecular mechanisms should be investigated in 
radiation-induced thyroid tumors. Preliminary data suggest a role for ret rear­
rangement in pathogenesis of radiation-induced thyroid tumors. This hypoth­
esis is plausible because ret rearrangements represent an expected length 
mutation after radiation exposure and such lesions are thyroid specific, but 
more studies are needed to confirm this. 
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8. Diagnosis, natural history, and treatment 
of primary hyperparathyroidism 

Shonni J. Silverberg 

Primary hyperparathyroidism, one of the most common endocrine disorders, 
is characterized by hypercalcemia in the presence of elevated parathyroid 
hormone levels. The disease today bears little resemblance to the severe 
disorder of 'stones, bones and groans' described by Fuller Albright and others 
in the 1930s [1-6]. Osteitis fibrosa cystica was the hallmark of classic primary 
hyperparathyroidism. This skeletal condition was characterized by brown tu­
mors of the long bones, subperiosteal bone resorption, distal tapering of the 
clavicles and phalanges, and a 'salt and pepper' appearance of the skull on 
radiograph [7]. Nephrocalcinosis was present in 80% of patients, and neuro­
muscular dysfunction with muscle weakness was common. With the advent of 
the automated serum chemistry autoanalyzer in the 1970s, diagnosis of pri­
mary hyperparathyroidism became commonplace in the complete absence of 
symptoms [8-10]. 

Symptomatic primary hyperparathyroidism is now the exception rather 
than the rule, with more than three quarters of patients having no signs or 
symptoms attributable to their primary hyperparathyroidism. Primary 
hyperparathyroidism is a disease that has 'evolved' from its classic presenta­
tion (Table 1). Nephrolithiasis is still seen, although less frequently than in the 
past. However, radiologically evident bone disease is rare. This chapter pre­
sents the clinical picture of primary hyperparathyroidism as it presents today 
and our current understanding of the etiology of this disease. Issues in the 
management of this 'new' disorder, many of them as yet unresolved, are also 
addressed. 

Pathology of primary hyperparathyroidism 

Parathyroid adenomas 

By far the most common lesion found in patients with primary hyperparathy­
roidism is the solitary parathyroid adenoma [12]. Several risk factors have 
been identified in the development of primary hyperparathyroidism. These 
include a history of neck irradiation [13] and prolonged use of lithium therapy 
for affective disorders [14-17]. However, the vast majority of cases of primary 
hyperparathyroidism remain idiopathic. Recently much effort has been ex-
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Table 1. Changing profile of primary hyperparathyroidism 

Nephrolithiasis' 
Skeletal disease 
Hypercalciuria 
Asymptomatic 

Cope [2] 
(1930-1965) 

57 
23 
NRb 

0.6 

'Values are given as percentages. 
bNot reported. 

Heath 
et al. [8] 
(1965-1974) 

51 
10 
36 
18 

Reprinted from Bilezikian et al. [12], with permission. 

a...ak_ 
PTHCodlng 

PTH S' Regulatory 

a....k-
PRADl 

Mallette 
etal.[ll] 
(1965-1972) 

37 
14 
40 
22 

PTH Coding 

Silverberg 
et al. 
(1986-1993) 

19.5 
2 

39 
80 

PTH S' Regulatory 

PRADl 

Normal Inverted 

Figure 1. Normal and inverted chromosome showing relative loci of PRADI and PTH genes. This 
molecular rearrangement is responsible for a subset of parathyroid adenomas. (Reprinted from 
Silverberg et al. [7], with permission.) 

pended in the effort to elucidate the pathophysiology of adenoma develop­
ment in primary hyperparathyroidism. The data suggest an origin in the clonal 
expansion of cell lines that have undergone a shift in the calcium inhibitory set 
point [18-21]. 

The work of Arnold and others has amply demonstrated that most parathy­
roid adenomas are monoclonal in origin [21-24]. Evidence suggests that the 
molecular abnormalities leading to clonal emergence are heterogeneous. 
Among the alterations identified are genetic rearrangement of the PRAD1 
(parathyroid adenomatosis 1) oncogene, also known as cyclin D1, which 
places this important gene in proximity to the 5' regulatory region of the gene 
for parathyroid hormone (Fig. 1) [21-23]. In other adenomas, loss of heterozy­
gosity on chromosome llq13, chromosome 1p, and other loci have been 
found, implying the existence of parathyroid tumor suppressor genes at these 
locations [24-26]. In view of the known abnormalities of the calcium set point 
in patients with parathyroid adenomas, it was postulated that a mutation in the 
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Ca2+ -sensing receptor gene could underlie the development of these tumors 
[27]. Indeed, such a mechanism has been identified in familial hypocalciuric 
hypercalcemia and neonatal severe hyperparathyroidism [27,28]. However, 
studies of primary hyperparathyroidism suggest that mutation or allelic loss in 
the calcium-sensing receptor gene does not commonly lead to the develop­
ment of this disease [29,30]. 

While in most cases, a single adenoma is found, multiple parathyroid 
adenomas have been reported in 2-4% of cases [31-33]. These may be familial 
or sporadic. Parathyroid adenomas have been found in a myriad of unex­
pected anatomic locations. Embryonal migration patterns of parathyroid 
tissue account for the plethora of possible sites for ectopic parathyroid 
adenomas. The most common sites for ectopic adenomas are within the thy­
roid gland, the superior mediastinum, and the thymus [34,35]. Occasionally, 
the adenoma may ultimately be located in the pharynx, the alimentary submu­
cosa, or the esophagus [36-38]. On histologic examination, most parathyroid 
adenomas are encapsulated and are composed of parathyroid chief cells. 
Adenomas containing mainly oxyphilic or oncocytic cells are rare but can give 
rise to clinical primary hyperparathyroidism. 

Parathyroid hyperplasia 

In approximately 15 % of cases, all four parathyroid glands are involved in the 
hyperparathyroid process. There are no clinical features that differentiate 
primary hyperparathyroidism due to adenoma versus hyperplasia. The etiol­
ogy of parathyroid hyperplasia is multifactorial. In nearly one half of cases, it 
is associated with a familial hereditary syndrome, such as multiple endocrine 
neoplasia (MEN) types I and IIa. These syndromes are discussed in detail in 
chapters 18, 19, and 20. While the pathophysiology of the sporadic cases is 
unknown, the calcium set point does not seem to be altered [18]. Instead, it 
seems that the increased number of parathyroid cells in the hyperplastic glands 
causes the excessive parathyroid hormone secretion. As in the case of parathy­
roid adenomas, underlying molecular mechanisms are heterogeneous. Some 
hyperplastic glands are monoclonal, among them certain glands associated 
with MEN-I [39,40], as well as nonfamilial cases [41]. There are also data 
suggesting that the loss of tumor suppressor genes at the M27~ region of the 
X-chromosome [41] or on chromosome llq13 may playa role in some cases 
of hyperplasia [39,40]. The histology of these glands shows generalized 
hyperplasia, with chief-cell hyperplasia the most common variety. Water clear­
cell hyperplasia, although the first described form of parathyroid hyperplasia, 
is rarely seen today [42]. 

Other 

Parathyroid carcinoma causes a severe form of primary hyperparathyroidism 
and is responsible for less than 1 % of cases of primary hyperparathyroidism. 
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This topic is discussed in detail in Chapter 9. Other very rare causes of primary 
hyperparathyroidism include cystic parathyroid hyperplasia [43,44], and domi­
nant familial parathyroid adenomatosis [45]. 

Clinical presentation of primary hyperparathyroidism 

At the time of diagnosis, 80% of patients with primary hyperparathyroidism 
have neither symptoms nor signs referable to their disease [7]. History may 
be obtained of previous neck irradiation or of diseases statistically associated 
with primary hyperparathyroidism, such as hypertension [8,4~8], peptic 
ulcer disease (particularly in MEN-I), gout, or pseudogout [49,50]. Consti­
tutional complaints are common, and there is mounting evidence of a 
neuropsychiatric constellation in some patients [51-56]. Physical examination 
is generally unremarkable. Band keratopathy, a hallmark of classical primary 
hyperparathyroidism caused by deposition of calcium-phosphate crystals 
in the cornea, is now a rare finding that can be seen only on slit-lamp 
examination. 

Biochemical profile of primary hyperparathyroidism 

The diagnosis of primary hyperparathyroidism is made by the demonstration 
of hypercalcemia in the presence of elevated parathyroid hormone 
levels. Conversely, the other major cause of hypercalcemia, malignancy, is 
characterized by suppressed parathyroid hormone levels. Improved means 
of measuring parathyroid hormone, especially immunoradiometric and 
immunochemiluminometric assays, have far greater sensitivity than previously 
available assays. They have also eliminated renal insufficiency as a confound­
ing variable in making this diagnosis. 

Even using the newer assays, parathyroid hormone is frankly elevated in 
only 90% of patients at the time of diagnosis [7]. In the rest, levels hover in the 
high end of the normal range. Many of these individuals will have frankly high 
values on follow-up. In all such patients, the circulating parathyroid hormone 
concentration is inappropriately high given the patient's hypercalcemia. Any 
patient with hypercalcemia should have suppressed levels of parathyroid hor­
mone unless they have primary hyperparathyroidism. 

Much less frequently, one sees a patient with 'normocalcemic primary 
hyperparathyroidism' [7]. These individuals have elevated parathyroid hor­
mone levels but normal serum calcium concentrations. In some, ionized cal­
cium is high and the apparently normal total calcium is caused by a binding 
protein abnormality. In others, follow-up over time shows the emergence of 
hypercalcemia. 

Other biochemical features of primary hyperparathyroidism include a low 
normal serum phosphorus, with the frankly low levels seen in classic primary 
hyperparathyroidism present in less than one quarter of patients. Average 
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total urinary calcium excretion is at the upper end of the normal range, with 
less than half of all patients having increased excretion levels. Serum 25-
hydroxyvitamin D levels tend to be in the lower end of the normal range. 
While mean values of 1,25-dihydroxyvitamin D3 are in the high normal range, 
approximately one third of patients have frankly elevated levels of this impor­
tant hormone [57]. 

The skeleton in primary hyperparathyroidism 

Osteitis fibrosa cystica is rarely seen today. However, using newer, more 
sensitive techniques, it has become clear that skeletal involvement in 
the hyperparathyroid process remains ubiquitous. This section reviews the 
profile of the skeleton in primary hyperparathyroidism as it is reflected 
in assays for bone markers, bone densitometry studies, and bone his­
tomorphometry. This is not to advocate the performance of these tests as 
part of the routine evaluation and management of patients with primary 
hyperparathyroidism (see Evaluation). Indeed, many of the bone turnover 
markers, and certainly histomorphometric analysis, are appropriate mainly for 
the research setting. 

Bone markers. Both bone resorption and bone formation are increased by 
parathyroid hormone. Markers of bone turnover, which reflect those in­
creases, provide clues to the extent of skeletal involvement in primary 
hyperparathyroidism. Bone formation is reflected by osteoblast products, in­
cluding alkaline phosphatase, bone GLA protein (also known as osteocalcin), 
and type 1 procollagen [58]. Markers of bone resorption include the osteoclast 
product tartrate-resistant acid phosphatase (TRAP) and collagen breakdown 
products, such as hydroxyproline, hydroxypyridinium crosslinks of collagen, 
and collagen crosslinked N-telopeptide [58]. 

Despite the emergence of more sensitive measurements of skeletal activity, 
total alkaline phosphatase is widely assessed in primary hyperparathyroidism 
[59]. In populations of patients with primary hyperparathyroidism, levels are 
mildly elevated, yet many individuals have total alkaline phosphatase values 
within the normal range [60--62]. The bone-specific isoenzyme of alkaline 
phosphatase is far more sensitive. Unfortunately, the assay is technically diffi­
cult, and it is therefore not widely available. Bone-specific alkaline phos­
phatase is clearly elevated in patients with mild primary hyperparathyroidism. 
In a small study from our group, bone-specific alkaline phosphatase was cor­
related with parathyroid hormone levels and bone mineral density at the 
lumbar spine and femoral neck [63]. Bone GLA protein is also generally 
increased in patients with primary hyperparathyroidism [64-67]. Bone GLA 
protein correlates with other indices of bone formation [64-67] and changes 
within hours after parathyroidenctomy [61]. Assays for procollagen extension 
peptides reflect bone formation but have little clinical utility in primary 
hyperparathyroidism [68]. 
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Once the best available marker of bone resorption [69-71], urinary hy­
droxyproline excretion no longer offers sufficient sensitivity or specificity 
to make it a useful tool in the assessment of patients with primary 
hyperparathyroidism. Hydroxypyridinium crosslinks of collagen, on the other 
hand, are clearly elevated in primary hyperparathyroidism and have been 
shown to normalize after parathyroidectomy [72]. Studies of the osteoclast 
product, tartrate-resistant acid phosphatase, in primary hyperparathyroidism 
are limited, although levels have been shown to be elevated [73]. Assays for 
collagen crosslinked N-telopeptide levels, a sensitive marker of bone resorp­
tion, have yet to be systematically explored in this disease. Thus, sensitive 
assays reflecting bone formation and bone resorption show both to be in­
creased in mild primary hyperparathyroidism. 

Bone densitometry in primary hyperparathyroidism. While markers of bone 
turnover provide a reflection of the general state of activation of the skeleton, 
they provide no specific information regarding different skeletal compart­
ments. Bone densitometry at sites containing different amounts of cortical and 
cancellous bone offers a noninvasive opportunity to gain such information. 
This is especially well suited to the investigation of states of parathyroid 
hormone excess, because parathyroid hormone has long been thought of as 
a hormone with particular proclivity for cortical bone. Consistent with this 
observation, densitometry studies in primary hyperparathyroidism have 
shown decreased bone density at the distal radius, which is composed prima­
rily of cortical bone [74,75]. These studies have also shown bone density to be 
relatively preserved at the lumbar spine, a site containing a preponderance of 

Figure 2. Bone densitometry in primary hyperparathyroidism. Data are shown in comparison 
with age- and sex-matched normal subjects. Divergence from expected values is different at each 
site (p = 0.0(01). (Reprinted from Silverberg et al. [74], with permission.) 
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cancellous bone. The femoral neck, intermediate in composition between 
cortical and cancellous elements, is intermediate in bone density as well 
(Fig. 2). These data support not only the notion that parathyroid hormone is 
catabolic in cortical bone, but also the more recently appreciated view that 
parathyroid hormone is anabolic in cancellous bone [76-78]. 

It should be noted that the pattern described earlier is also seen on bone 
densitometry in postmenopausal women with primary hyperparathyroidism 
[74]. Women with primary hyperparathyroidism, therefore, show a reversal of 
the pattern usually associated with postmenopausal bone loss. The latter is 
characterized by preferential loss of cancellous bone. On bone densitometry, 
this is reflected in reduced bone density at the more cancellous lumbar spine 
and femoral neck. The reduced bone density at the distal radius (cortical bone) 
and preserved density at the lumbar spine (cancellous bone) suggest that 
primary hyperparathyroidism protects these women from postmenopausal 
bone loss. 

Bone histomorphometry. Investigations at a cellular level have supported 
and extended the data obtained in bone densitometry studies. Cortical thin­
ning has been documented on iliac crest bone biopsy, consistent with the 
diminution of bone at primarily cortical sites on densitometry [79-81). 
Histomorphometric studies, however, have contributed most by elucidating 
the nature of cancellous bone in this disease. Cancellous bone volume is not 
only relatively preserved in primary hyperparathyroidism, as was suggested by 
bone densitometry studies, it is actually increased as compared with normal 
subjects [79,82,83]. In primary hyperparathyroidism, there is an increase in 
trabecular number and a decrease in trabecular separation [79]. Using a 
histomorphometric technique called strut analysis, it has been determined that 
cancellous bone is preserved in primary hyperparathyroidism through the 
maintenance of well-connected trabecular plates [79,84]. 

In summary, despite the absence of radiologically evident bone disease, 
modern-day primary hyperparathyroidism has a clearly defined pattern 
of skeletal involvement. Bone turnover is increased, and the disease is associ­
ated with diminution of cortical bone and preservation of cancellous bone. 
Unfortunately, no definitive comment can be made on the clinical sequelae of 
these observations because large-scale fracture data are unavailable. The 
available data are contradictory [85-89), making this a major area in need of 
investigation. 

Stone disease in primary hyperparathyroidism 

Although the incidence of nephrolithiasis is reduced from that seen in classical 
primary hyperparathyroidism, kidney stones remain the most common mani­
festation of symptomatic primary hyperparathyroidism (see Table 1). Esti­
mates in recent studies place the incidence of kidney stones at 15-20% of all 
patients [90]. Other renal manifestations of primary hyperparathyroidism in-
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clude hypercalciuria, which is seen in approximately 40% of patients, and 
nephrocalcinosis, the frequency of which is unknown [91]. There was a precept 
in classical primary hyperparathyroidism that bone and stone disease did not 
coexist in a given patient [1,92,93]. Today, there is no clear evidence for 
two distinct subtypes of primary hyperparathyroidism. Cortical boni! deminer­
alization is as common and as extensive in those with and without 
nephrolithiasis [91,93]. 

Other organs in primary hyperparathyroidism 

Classical primary hyperparathyroidism was associated with a distinct neuro­
muscular syndrome, characterized by type II muscle cell atrophy [94,95]. This 
is no longer common [96]. As mentioned earlier the neurobehavioral abnor­
malities seen in primary hyperparathyroidism have yet to be thoroughly char­
acterized, although it remains an area of interest [51-56]. 

Approach to the patient with primary hyperparathyroidism 

Evaluation 

The diagnosis of primary hyperparathyroidism is confirmed by demonstrating 
an elevated parathyroid hormone level in the face of hypercalcemia. 
Immunoradiometric and immunochemiluminescent assays for parathyroid 
hormone offer the greatest sensitivity. Further biochemical assessment should 
include serum phosphate, albumin, creatinine, alkaline phosphatase, and vita­
min D studies. Urine should be collected for calcium, creatinine, and, if there 
are questions, for hydroxypyridinium crosslinks or N-telopeptide levels. We 
no longer perform skeletal surveys routinely because it is rare to see radiologi­
cally evident bone disease. Bone densitometry, on the other hand, is per­
formed in all patients. The only exceptions are those patients who have made 
an absolute decision to undergo surgery regardless of the extent of skeletal 
involvement. Densitometry is done at three sites, the lumbar spine, femoral 
neck, and radius. The three sites together offer a picture of the total effect of 
the hyperparathyroid process on the skeleton. Bone biopsy is not part of the 
routine evaluation of primary hyperparathyroidism. 

Treatment 

Parathyroidectomy remains the only option for cure of primary hyper­
parathyroidism. As the disease profile has changed, questions have been 
raised concerning the advisability of surgery in asymptomatic patients. There 
are data over 5-10 years offollow-up that biochemical and bone densitometric 
parameters do not worsen in asymptomatic patients, suggesting that in this 
group at least, primary hyperparathyroidism may not be a progressive disease 
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[97-99]. At the National Institutes of Health Consensus Development Confer­
ence on the Management of Asymptomatic Primary Hyperparathyroidism 
in 1991, guidelines regarding which patients should be considered for 
parathyroidectomy emerged [100]. Surgery is advised in patients meeting any 
of the following criteria: 
1. Serum calcium >12mgldl 
2. Marked hypercalciuria (>400mglday) 
3. Any overt manifestation of primary hyperparathyroidism (nephrolithiasis, 

osteitis fibrosa cystica, classic neuromuscular disease) 
4. Markedly reduced cortical bone density (Z score <-2) 
5. Reduced creatinine clearance in the absence of other cause 
6. Age <50 years 

Surgery. Approximately 50% of patients presenting with primary 
hyperparathyroidism today will meet one or more of the surgical guidelines 
listed earlier. It must be noted that these are only guidelines, and data to 
support mandatory surgery for some (i.e., age <50 years) are lacking. Physi­
cian and patient input remain very important in this decision. 

Parathyroid surgery requires considerable expertise. Despite a plethora of 
preoperative localization techniques (see next section), in a neck not previ­
ously operated on diligent identification of all four glands at neck exploration 
remains mandatory. In the immediate postoperative period, patients must be 
closely observed for signs and symptoms of hypocalcemia. This can be caused 
by relative hypoparathyroidism, which is generally transient. Another cause 
of postoperative hypocalcemia is seen in patients with evidence of significant 
preoperative bone involvement. In patients with significantly increased 
bone turnover, parathyroidectomy removes the stimulus to bone resorption, 
leaving a period in which there is only bone formation. Calcium pours into the 
skeleton. Known as the hungry bone syndrome, it can be associated with 
marked hypocalcemia. Intravenous calcium may be necessary to correct the 
deficiency. 

After parathyroidectomy, recovery is generally rapid. Vague or constitu­
tional symptoms mayor may not improve after surgery, while associated 
disorders (i.e., hypertension, peptic ulcer disease) are unlikely to remit. 
Parathyroidectomy does lead to the resolution of the biochemical abnormali­
ties of primary hyperparathyroidism [101]. Surgery is also of clear benefit in 
reducing the incidence of recurrent nephrolithiasis [90,102]. The 5-10% of 
patients who continue to form kidney stones after parathyroidectomy are 
thought to have a second cause for their hypercalciuria, which persists despite 
cure of their hyperparathyroidism [103,104]. 

Surgery also leads to an improvement in bone mineral density in patients 
with primary hyperparathyroidism [101]. Our group has shown that in patients 
meeting surgical criteria, parathyroidectomy leads to a 12% rise in bone 
density at the mainly cancellous lumbar spine and femoral neck (Fig. 3). This 
increase is sustained over a 4-year period after surgery. Once again, postmeno-
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Figure 3. Bone density by site following parathyroidectomy. Data are presented as percentage 
change from preoperative baseline bone density measurement. Asterisk denotes the change is 
significant at p < 0.05. (Reprinted from Silverberg et al. [101] with permission.) 

pausal women showed a similar pattern of increased bone density. Removing 
the protection of the hyperparathyroid state did not make them immediately 
subject to postmenopausal cancellous bone loss. Smaller increases in bone 
density have been documented at cortical sites. Again, there are no studies of 
fracture incidence following parathyroidectomy. 

Preoperative localization. This topic has generated sufficient controversy 
to mandate separate consideration. It is well known that the greatest chance 
for successful parathyroidectomy exists at the time of initial surgery [105]. 
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Preoperative localization techniques have been documented to increase 
the success of reoperative parathyroid surgery, and there is general enthusi­
asm for their use in these cases [106]. No such agreement exists regarding the 
usefulness of preoperative localization techniques for first-time surgery. This 
is due, in part, to the fact that the ideal localization technique has yet to be 
developed. 

The noninvasive techniques available today are beset with limitations. Ul­
trasound, thallium/technetium scanning, computed tomography, and magnetic 
resonance imaging all have significant false-positive rates (15-18%), leading 
some to require two positive studies before the result is deemed believable 
[107]. Furthermore, hyperplastic glands often cannot be diagnosed by any of 
the above-mentioned techniques. Instead, they identify only the dominant 
hyperplastic gland. Should the surgeon remove only this dominant gland, 
the patient would remain hyperparathyroid. In addition, only ultrasound can 
discern lesions of less than 1 cm. Early data on the latest technique to be 
introduced, radionuclide subtraction scanning with technetium-99m (Tc-99m) 
sestamibi, has shown improved sensitivity compared with earlier modalities 
[108-112]. Sestamibi scanning has also been reported to accurately detect 
hyperplastic glands [112]. At this juncture, however, comparison of the limited 
sensitivity and high false-positive rate of the noninvasive techniques, with the 
90-95% success rate for first-time surgery in experienced hands, has led ex­
perts to recommend that localization techniques not be routinely performed 
prior to initial surgery [105,107]. 

In the case of the patient who has had previous unsuccessful parathyroid 
surgery, attempts at preoperative localization are uselful. When the 
noninvasive localization techniques listed earlier are unrevealing, there are 
invasive techniques that may direct the surgeon. These include parathyroid 
arteriography and selective venous sampling for parathyroid hormone 
concentration. 

Medical management. Surgical intervention is not warranted in all cases of 
mild primary hyperparathyroidism. Many of those (approximately one half in 
our patient population) presenting with asymptomatic hypercalcemia do not 
meet any of the National Institutes of Health Consensus Conference Guide­
lines for surgery and often choose to be followed without parathyroidectomy. 
Data from our group and others have shown remarkable stability in patients 
with mild primary hyperparathyroidism followed over time [97-99]. We 
recently reported that in 66 patients, 7 annual measurements showed no 
change in serum calcium, phosphorus, parathyroid hormone, vitamin D, and 
alkaline phosphatase, and no change in urinary calcium, hydroxyproline, or 
hydroxypyridinium crosslink excretion [99]. In sharp contrast to the change in 
bone mineral density seen in patients after parathyroidectomy, lumbar spine, 
femoral neck, and radius bone mineral density also showed stability in this 
group. No change in biochemical indices or bone density at any of the three 
sites was seen in the subset of postmenopausal women. 
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In patients followed without surgery, serum and urinary indices should be 
repeated every 4-6 months, and bone densitometry should be repeated annu­
ally. Patients should be instructed to remain well hydrated and to avoid 
thiazide diuretics [113, 114]. Prolonged immobilization, which can increase 
hypercalcemia and hypercalciuria, should also be avoided [115]. Dietary cal­
cium intake should be neither very high nor very low. In the latter case, one 
wishes to avoid the possibility of worsening their underlying disease by causing 
secondary hyperparathyroidism in response to the low calcium intake. 

Fully efficacious medical therapy is not yet available for this disease. Oral 
phosphate lowers the serum calcium by up to 1mgldl [116-118]. While this 
agent can be used if needed over the short terms, the reSUlting further increase 
in parathyroid hormone levels, as well as the possibility of metastatic calcifica­
tion, limits its utility [119]. Although the most recent bisphosphonates have 
not been systematically assessed in primary hyperparathyroidism, use of this 
class of drug in this disorder should probably be limited to therapy of severe 
hypercalcemia (mainly cases of hyperparathyroid crisis or parathyroid can­
cer). Estrogen replacement therapy for postmenopausal women with mild 
primary hyperparathyroidism has wider applicability. It has been associated 
with a modest (up to 1 mg/dl) decrease in serum calcium, although parathyroid 
hormone levels are unchanged [120-122]. 

Agents that inhibit the release of parathyroid hormone hold promise for the 
future. There was early excitement regarding the organic thiophosphate agent, 
WR-2721, which successfully inhibits parathyroid hormone release in vitro and 
has been used for malignancy-associated hypercalcemia [123-125]. Unfortu­
nately, dangerous side effects have halted investigation of this agent. More 
recently, interest has focused on compounds that act on the parathyroid-cell 
calcium receptor. One such compound, NPS R-568, which is an agonist at the 
calcium receptor, has been shown to lower serum calcium levels by suppress­
ing parathyroid hormone secretion [126]. A calcimimetic agent of this kind 
could offer a possible medical alternative to parathyroidectomy for some 
patients [127]. 

Acute primary hyperparathyroidism 

Known variously as parathyroid crisis, parathyroid poisoning, and parathy­
roid intoxication, acute primary hyperparathyroidism describes an episode of 
acute, life-threatening hypercalcemia in a patient with primary hyper­
parathyroidism [128]. Clinical manifestations of acute primary hyperpara­
thyroidism are mainly those associated with severe hypercalcemia. Many 
patients have nephrocalcinosis or nephrolithiasis. Radiologic evidence of 
subperiosteal bone resorption is commonly present. Laboratory evaluation is 
remarkable not only for very high serum calcium levels but also for extreme 
elevations in parathyroid hormone to approximately 20 times normal [129]. In 
this way, acute primary hyperparathyroidism resembles parathyroid carci-
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noma. A history of persistent mild hypercalcemia has been reported in 25 % of 
patients [129]. However, given the rarity of this condition, the risk of develop­
ing acute primary hyperparathyroidism in a patient with mild asymptomatic 
primary hyperparathyroidism is very low. Possible precipitating conditions 
include intercurrent medical illness with immobilization. Early diagnosis, with 
aggressive medical management followed by surgical cure, are essential for a 
successful outcome in this condition. 

Future directions for research 

Although our knowledge of primary hyperparathyroidism as it presents today 
has increased tremendously, there remain many unanswered questions. Active 
and exciting work on the molecular mechanisms of this disease are ongoing, as 
are efforts to find a medical 'cure.' Other areas of interest emerge from recent 
clinical studies. What is the fracture incidence after parathyroidectomy? What 
is the fracture incidence in primary hyperparathyroidism if left untreated? Can 
the neurobehavioral component of the disorder be systematically elucidated? 
Is there an association between primary hyperparathyroidism and cancer 
[130-132] or heart disease [133-135] as has been suggested? Is the disease 
truly stable over a longer (more than 7-10 year) period? And if so, should 
youthfulness no longer be considered an indication for surgery? Multicenter 
clinical studies will be necessary in order to answer some of these outstanding 
questions. 
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9. Parathyroid carcinoma 

Kerstin Sandelin 

Parathyroid carcinoma is the rarest type of endocrine malignant tumor. Con­
sequently, clinicians and pathologists not dealing with endocrine tumors will 
have a limited experience, which may affect the diagnosis and treatment of this 
tumor. Its natural growth pattern is that of a slowly growing neoplasm, and 
when recurrences eventually occur they are predominantly located cervically. 
This fact may initially lead the surgeon to assume that the tumor is not 
malignant. The term atypical adenoma was coined for borderline lesions with 
a clinically benign course [1]. 

Certain clinical characteristics and morphologic features, however, in the 
histologic architecture, in tumor cytology, and in the DNA pattern of the 
tumor cells have been found to be consistent with malignancy. Recent ad­
vances using molecular techniques have shown chromosomal abnormalities in 
different types of benign and malignant parathyroid tumors that may to some 
extent explain the pathogenesis behind the various forms of primary 
hyperparathyroidism (pHPT). This chapter focuses on the collected experi­
ence in diagnosis and management and also covers the more recent attempts 
to characterize these unusual tumors by means of immunohistochemical and 
molecular methodology. 

Historical background 

Some 25 years after the anatomical description of the parathyroid glands made 
by the Swedish anatomist Sandstrom [2], the Austrian pathologist Erdheim 
described the connection between enlarged glands, osteolytic bone deficiency, 
and the symptoms of hypoparathyroidism on parathyroidectomized rats [3,4]. 
Simultaneously in the United States, MacCallum at Johns Hopkins Hospital 
started to publish work on tetany and the use of parathyroid extract to re­
lieve symptoms [5]. During the same time period, Halstead performed 
thyroidectomies and made similar conclusions about the incidence and treat­
ment of tetany postoperatively. 

The clinical and operative description by Mandl in 1925 of a young man 
with severe osteoporosis (osteitis fibrosa cystica), together with the operative 
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findings of a large cervical tumor adherent to the recurrent laryngeal nerve, 
with 4 years of remission and subsequent recurrence of symptoms that eventu­
ally had a fatal outcome, is well in accordance with a malignant parathyroid 
tumor. In the late 1920s, the histopathologic description of parathyroid carci­
noma was discussed in two papers in which capsular invasion, polymorphic 
nuclei, and mitotic figures were findings [6--8]. 

Incidence 

As mentioned initially, this rare tumor represents less than 1 % of cases with 
pHPT. In series from institutions where the number of cases with benign and 
malignant cases are given, the incidence figures for parathyroid carcinoma vary 
between 0.3% and 5.6% [9-14]. Possible explanations for these variations are 
(1) epidemiological differences, which would explain the 5% incidence of 
carcinoma in the Japanese population [15], (2) a local referral pattern that 
increases the figures from reporting centers, and (3) overdiagnosis [12,16,17]. 
In a retrospective international series, 95 cases of patients with the diagnosis of 
parathyroid carcinoma were thoroughly evaluated [16]. A morphologic study 
unbiased by clinical data was made in order to assess the histopathologic 
findings. Two types of tumors were found, namely, one showing clear signs 
of an invasive growth pattern (n = 41) and one showing various degrees 
of atypia (n = 54). Fifteen of the equivocal cases, however, had clinical 
evidence of recurrence, thus establishing the cancer diagnosis with certainty in 
56 of 95 patients. Whether the remaining 39 cases, with a median follow­
up period of 84 months (4-264), represent overdiagnosis of malignancy or 
just illustrate indolent clinical behavior of parathyroid carcinoma is not known. 

Etiology 

There are six publications of associated parathyroid carcinoma in families with 
concurrent pHPT [18-22]. The number of affected members are small and 
only few have had local recurrences. Chromosomal analysis of tumor tissue in 
a study by Streeten et al. showed no tumor-specific gene abnormality nor any 
chromosomal aberration that has been identified in any other subgroup of 
tumors from patients with other forms of HPT [23]. To date there have been 
no reports of malignant parathyroid tumors in either of the multiple endocrine 
neoplasia syndromes (MEN-I and MEN-II). Based on the studies of other 
types of tumors in HPT, several defective genes have been identified or local­
ized as being responsible for tumor development [24]. Radiation-induced 
tumorigenesis is described for head and neck tumors, including benign HPT 
and thyroid neoplasia, but is not clearly associated with parathyroid carcinoma 
[25,26]. 
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Symptoms and diagnosis 

For the most part, patients with parathyroid carcinoma have typical signs 
and symptoms of severe pHPT. The female/male ratio is equal and the age of 
onset is often around the fifth decade. The organs mostly affected by compli­
cations are the skeleton (40-70%), kidneys (30-60%), gastrointestinal tract 
(15%), and neuromuscular system. Osteolytic bone changes or osteitis fibrosa 
cystica presents as bone pain and sometimes fractures. Kidney stones, 
nephrocalcinosis, polyuria, and polydipsia are common renal features. A se­
vere muscular weakness is also frequent among these patients. Gastrointesti­
nal symptoms, such as pancreatitis and ulcers, occur less frequently, in contrast 
to the common loss of appetite and vomiting. Neuropsychiatric manifestations 
often include anxiety and depression but can also be nonspecific. A palpable 
cervical mass is present in approximately 30%. The majority of symptoms can 
be related to the metabolic consequences of high serum calcium levels on the 
target organs. 

Current intact parathormone (PTH) assays will accurately exclude other 
causes of hypercalcemia. Benign pHPT with an acute onset will present with 
similar symptoms and thus cannot be distinguished from the malignant form. 
Nevertheless, the clinical and biochemical profile of pHPT has changed over 
the last 15 years so that the severe symptoms already described should always 
alert the clinician to the possibility of parathyroid carcinoma. Regardless of 
etiology, the condition needs urgent treatment and restoration of fluid and 
electrolyte balance is mandatory. Intravenous saline solution followed later by 
loop diuretics will restore glomerular function and increase urine calcium 
secretion. Since the introduction of the bisphosphonates, which are potent 
osteoclast inhibitors, the need for other drugs has been largely eliminated. 
Pamidronate, the most potent bisphosphonate when administered intrave­
nously, will often restore calcium balance within 48 hours. Management of 
hypercalcemic crisis is addressed in more detail in Chapter 10. Some authors 
suggest that in a patient with hypercalcemic crisis, once the fluid balance is 
restored, exploration and removal of the tumor is indicated without further 
delay [27]. On the other hand, bisphosphonates have proven useful in control­
ling the serum calcium levels while the patient undergoes an appropriate 
workup [28]. 

Operative strategy at initial exploration 

'There is no time like the initial operation' to find and to possibly cure the 
patient, according to Albright in his statement of the operative strategy of 
pHPT in 1934 [29]. This still holds true and particularly applies to parathyroid 
carcinoma, for which recognition of the disease and appropriate surgical treat­
ment are critical in decreasing the incidence subsequent local relapse. The 
gross pathology of a parathyroid carcinoma is a grey, whitish hard tumor, often 
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adherent to neighboring structures, such as the ipsilateral thyroid lobe, the 
recurrent laryngeal nerve, the thyroid vessels, and/or the esophagus. Never­
theless, in a series of 40 patients with proven locally and/or metastatic para­
thyroid carcinoma, 19 had a benign HPT diagnosis at initial exploration, 
emphasizing the diagnostic difficulties that might be encountered [30]. The 
experience of 14 patients treated surgically at Memorial Sloan-Kettering Can­
cer Center was reported by Vetto et al. [31]. The authors stressed diagnostic 
difficulties because the majority of their patients were initially thought to have 
a benign primary tumor. 

When different types of initial surgical procedures have been compared 
(i.e., en-bloc resection vs. additional thyroidectomy and neck dissection), no 
real advantage in more extensive procedures has been found [1]. The type of 
procedure did not affect the overall survival in the series of 40 patients. It 
should be noted that lymph-node metastases are uncommon in parathyroid 
carcinoma, and therefore a routine neck dissection does not seem justified 
[16]. The time to recurrence in this series ranged from 1 to 222 months, 
illustrating the variable growth potential of this tumor [30]. 

In conclusion, in a symptomatic patient great care should be taken at initial 
exploration to remove the tumor en-bloc if densely adherent to adjacent 
structures and to avoid rupture of the capsule, which may cause local implan­
tation, even in benign cases [32,33]. For technical reasons, a lobectomy can 
be the appropriate maneuver if the tumor is grossly adherent to the thyroid 
gland. There is no place for open-biopsy frozen sections in the intraoperative 
assessment. 

Morphologic features 

A marked fibrosis, often surrounding the tumor but also extending within the 
tumor-forming hyaline bands, separating the tumor into different parts or 
forming nodules, was a common finding when an extensive morphologic and 
cytologic study was performed on 56 carcinomas [34]. These cases were veri­
fied either histologically by local invasion or by the presence of local or distant 
metastases during a median follow-up time of 6 years [34]. Three additional 
features were also more common among these cases. These were areas of focal 
necrosis, a severe nuclear atypia with macronucleoli, and the presence of 
mitotic figures seen in high-power fields (HPF) of the parenchyma. When 
metastasizing tumors (n = 21) were compared with nonrecurrent tumors (n = 
12), macronucleoli and >5 mitoses/50 HPF were significantly more common 
findings in the aggressive tumors. 

According to Vetto et al. the most sensitive criterion of malignancy was that 
of capsular invasion, based on a review of the slides of 10 patients. They were 
also helped by immunohistochemical methods in differentiating parathyroid 
carcinoma from medullary thyroid carcinoma [31]. For suspicious primary 
cases, it is beneficial to obtain a substantial number of blocks from different 
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sections of the tumor. For reoperative cases, it is important to re-evaluate 
the original slides and to study the operative report. Because most 
histopathologic criteria described here can be seen occasionally in what seem 
to be benign tumors, many pathologists refrain from definitively diagnosing 
parathyroid carcinoma unless distant metastases or major local invasion are 
present [17]. 

Ploidy studies 

Assessment of tumor ploidy is a crude evaluation of the growth potential of 
a tumor. This method is used for prognostic evaluation in a number of 
adenocarcinomas and other endocrine tumors. The DNA distribution pattern, 
including cell-cycle analysis, can be assessed by using either flow cytometry or 
with the image technique [35,36]. The former uses tumor cells in suspension in 
which a fluorochrome dye that binds to the DNA is added. Each cell nucleus 
emits light signals that result in a DNA histogram. Image cytometry uses 
structurally identified tumor cell nuclei that are stained with the Feulgen 
technique. This reaction specifically stains the nuclear chromatin. Both meth­
ods can be used on paraffin blocks or on fresh tissue samples. The results from 
studies on parathyroid carcinoma in both small and larger series all show 
accordance with an aberrant ploidy pattern or high S-phase reaction and poor 
prognosis [16,27,30,37-40]. S-phase status as a marker of proliferation may 
become useful in conjunction with other tumor criteria as a prognostic marker 
and for choosing therapy regimens in the future. 

Proliferative markers and 'tumor-specific genetic defects' 

pHPT is a part of several hereditary endocrinopathies. The predisposing ge­
netic defect for MEN-I has been localized to a region on chromosome llq 
[41,42]. Tumors from several other forms of familial and sporadic pHPT, 
including malignant parathyroid tumors, have since been investigated for 
molecular genetic aberrations with the hope of gaining a better understanding 
of the mechanisms for tumor development. Parathyroid tumors were analyzed 
for clonality using X-linked gene inactivation, which showed evidence of 
monoclonality in both single and multiple abnormal glands [43,44]. These 
findings are in agreement with histopathologic data that do not discriminate 
between uniglandular and multiglandular disease [34,45]. 

To date, genetic abnormalities located on different chromosomes have 
been identified, suggesting that the etiologic mechanism for parathyroid tumor 
development involves several genetic rearrangements rather than a single 
predisposing genetic defect [24,46]. For example, in parathyroid tumors from 
patients with MEN-I and in approximately 20% of sporadic cases, the molecu­
lar mechanism involves a tumor suppressor gene on chromosome llql3, the 
so-called MEN-J gene, as mentioned previously. In addition, rearrangements 
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of the PTH gene and the PRADlIcyclin Dl gene were found in a group of 
benign parathyroid tumors [24]. The gene for familial pHPT associated with 
jaw tumors was recently mapped to chromosome lq. There seems to be an 
increased risk of parathyroid carcinoma among affected members [47]. 

Recently, two independent research groups further investigated the extra­
cellular Ca2+ -sensing receptor gene on chromosome 3q as a putative informa­
tive gene for tumorigenesis of different parathyroid abnormalities, including 
carcinomas. Patients with familial hypocalciuric hypercalcemia or infants with 
neonatal severe hyperparathyroidism have germline mutations in this gene. 
However, neither study could confirm somatic mutations in those 60 tumors 
that were informative [48,49]. 

The Boston group has studied other possible cell-cycle regulators and has 
found that the retinoblastoma gene (RB gene) and other markers on 13q were 
allelically deleted in many parathyroid carcinomas, whereas benign parathy­
roid tumors rarely showed alleleic losses at the RB locus [50]. That RB itself 
may be the functional target of such deletions was supported by the fact that 
the RB protein was not expressed by immunohistochemical staining in the 
carcinomas [50]. In a family with isolated pHPT with 19 affected members, 
including one with parathyroid carcinoma, linkage to both the MEN-I and the 
MEN-II region was excluded [51]. 

Proliferative activity in benign and malignant parathyroid glands was mea­
sured with immunocytochemical staining of the Ki-67-MIBI antigen­
antibody complex. Carcinomas had a significantly increased mean tumor pro­
liferative fraction compared with single and multiple enlarged glands [52]. In 
conclusion, despite the substantial work on different forms of HPT tumors, the 
only evidence of a specific genetic mechanism as a frequent cause for malig­
nant transformation of the parathyroid glands has been the 13q allelic loss 
studies. These results have recently been confirmed [52a]. It is hoped that 
additional knowledge of the molecular basis of malignant hyper­
parathyroidism will ultimately lead to improved diagnostic and prognostic 
capability, especially in the setting of 'atypical' tumors. 

Operative strategy in reoperative parathyroid surgery 

Metastatic parathyroid carcinoma is located most frequently in the lungs, liver, 
skeleton, and kidneys. Generally, there is an indication to perform localization 
studies for all reoperative parathyroid operations. The noninvasive studies 
may include ultrasonography, computed tomography (CT), magnetic reso­
nance imaging (MRI), and scintigraphy using thallium/technetium or techne­
tium-sestamibi [53]. Bone scans and chest radiographs may also identify lung 
and bone metastases. Invasive methods are selective venous samplings for 
parathormone or arteriography [54]. A CT scan of the chest and abdomen 
will identify distant metastases in these regions. Ultrasonography is user 
dependent in its sensitivity and specificity. 
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Scintigraphy with sestamibi is highly sensitive for finding ectopically located 
parathyroid glands and may image metastatic lesions [55]. As mentioned 
previously, tumor implants located cervically are usually small and scattered, 
which may hamper the evaluation of scintigraphy of the neck region. At 
re-exploration, dissection lateral to the strap muscles can be easier if the 
dissection plane is previously untouched. For pulmonary metastases, wedge 
resection of can render the patient eucalcemic. Solitary liver and bone 
metastases can be approached similarly. There is unanimous consensus that 
repeated surgical attempts to excise metastases are of benefit if the general 
condition of the patient permits [1,12,27,31,37,56,57]' 

Adjuvant treatment 

Current medical treatment is directed towards the tumor, kidneys, and osteo­
clasts. Single-agent chemotherapy or various combinations directly or indi­
rectly affecting DNA synthesis have thus not proven efficacious for any length 
of time. Plicamycin and calcitonin are both osteoclast inhibitors but are of 
limited value due to their nephrotoxicity and short duration of action. Other 
agents used for parathyroid carcinoma are WR 2771 and gallium nitrate, 
but the experience with these agents thus far is limited [58,59]. The 
bisphosphonates are well tolerated and have few side effects, and should 
therefore be considered as primary medical remedy for unremitting 
hypercalcemia. Pamidronate has demonstrated efficacy but must be given 
intravenously, and still has a variable duration of action, ranging from a few 
days to weeks (see Chapter 10). Finally, calcimimetic agents now being devel­
oped might prove useful in the future (see Chapter 8). 

Prognosis 

Parathyroid carcinoma is a tumor with a high potential for recurring locally, 
and less often at distant sites, even after a long symptom-free period. Lifelong 
follow-up of these patients is therefore recommended. The median time to 
recurrence was 7 years in two studies [27,30]. When metastases are found, a 
surgical approach should always be considered. This will offer the best chance 
of palliation. Bisphosphonates are useful agents to control hypercalcemia 
medically. 
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10. Parathyroid hormone-related peptide and 
hypercalcemia of malignancy 

David Goltzman and Janet E. Henderson 

Historical background 

An association between cancer and hypercalcemia was first noted in the 1920s 
and was thought to arise exclusively from osteolysis caused by malignant cells 
in bone [1]. However, in 1936 Gutman et al. documented the occurrence of 
hypercalcemia and hypophosphatemia in a patient with bronchogenic carci­
noma who had no osseous metastases and no obvious parathyroid dysfunction 
[2]. An interesting conceptual breakthrough was later provided by Fuller 
Albright in 1941 in the New England Journal of Medicine during a review of a 
case of renal carcinoma metastatic to bone [3]. The patient was found to be 
hypophosphatemic in addition to being hypercalcemic. Albright reasoned that 
bone dissolution alone would cause hyperphosphatemia in association with 
hypercalcemia. He therefore postulated that the tumor released a parathyroid 
hormone (PTH)-like factor that could not only stimulate bone resorption but 
could also induce phosphaturia, leading to hypophosphatemia. The concept of 
ectopic hyperparathyroidism or pseudohyperparathyroidism as a cause of 
hypercalcemia in malignancy (HM) was thus born. 

Subsequent studies further defined the clinical and biochemical attributes 
of this disorder and noted its high prevalence amongst patients with squa­
mous-cell carcinoma and hypernephroma. In 1966 Lafferty pointed out appar­
ent differences between HM and primary hyperparathyroidism (PHPT). 
These included higher blood calcium concentrations in HM and the occasional 
occurrence of alkalosis, rather than the mild metabolic acidosis frequently 
associated with PHPT [4]. 

Two general mechanisms had therefore been invoked to explain the patho­
genesis of HM, the first requiring the presence of lytic tumor cells within bone 
and the second involving a tumor-derived PTH-like humoral factor in the 
absence of skeletal lesions. In view of the observed similarities between HM 
and PHPT, attempts were made to identify PTH per se as the humoral factor. 
Despite reports of elevated circulating levels of PTH [5] in hypercalcemic 
cancer patients, PTH mRNA was not generally identified in tumors associated 
with HM [6]. Notwithstanding, at least two interesting reports of verified 
ectopic PTH production have subsequently been documented, one in associa-
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tion with an ovarian carcinoma [7] and one with a small-cell carcinoma of 
the lung [8]. Other agents associated with HM were prostaglandins [9] and 
1,25(OH)2D [10]. However, these factors are now thought to playa relatively 
minor role in the pathogenesis of HM and are associated with a limited 
number of tumors. 

The elusive endocrine factor capable of eliciting hypercalcemia in associa­
tion with the majority of tumors was finally identified in the late 1980s by 
virtue of its PTH-like bioactivity. A number of bioassays that had been devel­
oped for PTH were used throughout the 1980s to identify PTH-like bioactivity 
in both the tumors and body fluids of hypercalcemic cancer patients [11-13]. 
Chromatographic profiles suggested that the circulating material was both 
larger and more heterogenous than PTH [14]. A unique peptide, sharing 
limited NH2-terminal sequence homology with PTH, was eventually purified 
from tumors associated with HM using stimulation of cyclic adenosine mono­
phosphate (cAMP) in PTH target cells to detect bioactivity [15]. The sequence 
data were subsequently used to generate olignucleotide probes for screening 
cDNA libraries from which positive clones were identified. The cDNA se­
quence of human PTHrP predicted a secretory protein with mature isoforms 
of 139 amino acids, 141 amino acids, and 173 amino acids. Initially referred to 
as PTH-like peptide (PLP), this entity is now commonly called PTH-related 
peptide (PTHrP). 

PTHrP and the pathogenesis of hypercalcemia of malignancy 

Genetic characteristics of PTHrP 

The human gene encoding PTHrP is assigned to the short arm of chromosome 
12, while that for PTH is located on the short arm of chromosome 11. These 
two chromosomes carry other functionally related genes and are thought 
to share a common ancestral origin. Furthermore, similarities in the structural 
organization of the PTH and PTHrP genes exist in that corresponding exons 
encode similar functional domains. Finally, the two peptides share limited 
but biologically important amino acid sequence homology in their NH2-
terminal domains, where most of the known bioactivity is believed to reside. 
Consequently, PTH and PTHrP are thought to be members of a single gene 
family. 

The human PTHrP gene spans more than 15 kilobases of DNA and con­
tains a minimum of 7 exons and 3 promoters [16-19]. While alternative pro­
moter usage and/or different splicing patterns account for the heterogeneity of 
PTHrP mRNA species seen in various tissues on Northern analysis, the signifi­
cance of the heterogeneity remains unclear because neither tissue-specific nor 
developmental splicing patterns have been reported. Tumor-specific promoter 
utilization [20] has been suggested as a possible explanation for the observa-
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tion that, while many malignant neoplasms express PTHrP mRNA and pro­
tein, it is only a subset of cancer patients that produce the peptide in sufficient 
quantity to develop hypercalcemia. 

The evidence to support this hypothesis is, however, far from conclusive. 
More recent studies have reported the use of multiple promoters in human 
tumor samples compared with single-promoter usage in normal tissue har­
vested from the same individual [21] and have suggested that a general 
increase in transcription, rather than alternative splicing, leads to over­
expression of PTHrP and subsequent hypercalcemia in neoplasia. Other 
mechanisms that have been invoked to explain increased production of 
PTHrP in malignant relative to normal tissue include region-specific methyla­
tion in the promoter region [22] and the occasional occurrence of gene ampli­
fication [23]. 

PTHrP interactions with its receptor 

Sequence homology between PTH and PTHrP is restricted to 8 of the first 13 
amino acids at the NH2 terminus, including those at positions + 1 and + 2, 
which are critical for activation of adenylyl cyclase (Fig. 1). This limited 
homology, as well as conformational similarities in the nonhomologous 14-34 
sequence permits the 1-34 domain ofthese two peptides to bind to a common 
receptor with equal affinity [24]. Thus, amino-terminal fragments of PTH and 
PTHrP have been shown to bind to a single, 7-transmembrane spanning recep­
tor termed the PTH/PTHrP receptor that is linked by G-proteins to both the 
adenylate cyclase and phospholipase-C signaling pathways. Consequently, 
both PTH and PTHrP are equally effective in eliciting PTH-like bioactivity 
in animals in vivo [25]. A similar spectrum of bioactivity is also elicited by 
infusing either PTH-(1-34) or PTHrP-(1-34) into normal human subjects [26], 
indicating that PTHrP possesses the requisite bioactivity to playa significant 
role in HM. 

Although PTHrP has major PTH-like effects on calcium and phosphate ion 
homeostasis when overproduced by malignant tissue, its primary role under 
physiological conditions in normal cells appears to be that of a local regulator 
of cell growth and differentiation [27,28]. These functions may well be medi­
ated through mechanisms distinct from those required for its role in calcium 
mobilization [29,30]. 

Cellular mechanism of PTHrP action 

Renal. PTHrP, like PTH, activates PTHIPTHrP receptors in renal tubule 
cells, resulting in stimulation of adenylyl cyclase and an elevation in intracel­
lular cAMP. A fraction of this intracellular cAMP enters the tubule lumen and 
is subsequently excreted as a nephrogenous portion of urinary cAMP. Conse­
quently, in PTHrP-associated HM, nephrogenous cAMP (NcAMP) in the 
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Figure 1. Functional domains of human PTHrP. The translation products of PTHrP mRNA 
include three related isoforms of a secretory peptide that have distinct COOH termini ending at 
139, 141, and 173 amino acids. Although homology to PTH is restricted to 8 of the first 13 amino 
acids at the NH2 terminus, residues 1-36 are involved in the interaction with the PTHlPTHrP 
receptor. A basic region between residues 87 and 107 has been identified as a functional nucleolar 
targeting sequence, and the 107-111 pentapeptide named osteostatin is reported to inhibit osteo­
clast function in vitro. 

urine is elevated. Also in a manner similar to PTH, PTHrP inhibits phosph­
ate transport (primarily in the proximal tubule) and stimulates calcium 
reabsorption (predominantly in the ascending limb of the loop of Henle and in 
the distal tubule). Numerous experiments have shown that these renal actions 
of PTHrP are important to both the development and maintenance of several 
of the biochemical abnormalities associated with HM. 

For example, progressive impairment in sodium-phosphate cotransport was 
observed in renal cortical membranes harvested from rats implanted with the 
H-500 Leydig cell tumor, ultimately leading to hypophosphatemia [31]. Inhibi­
tion of transport was noted as early as 5 days postimplantation, however, well 
in advance of development of overt hypophosphatemia. In this same animal 
model, early retention of calcium by the kidney was associated with an in­
crease in NcAMP and a reduction in the fractional excretion of calcium [32]. 
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It was suggested that calcium retention by the kidney accounted for the initial 
rise in plasma calcium, prior to the onset of osteolysis [33]. Similarly, it has 
been proposed that this represents the primary mechanism underlying the 
initial rise in serum calcium in cancer patients with PTHrP-associated HM, 
whereas increased bone resorption is responsible for the episodes of severe 
hypercalcemia in advanced stages of the disease [34]. 

While the effects on renal handling of calcium and phosphorus appear to be 
elicited in a similar manner by both PTH and PTHrP, bicarbonate ion excre­
tion appears to be handled differently by PTH and PTHrP. Thus, infusion of 
full-length PTHrP-(1-141) into an isolated perfused rat kidney was shown to 
have a biphasic effect on bicarbonate excretion [35]. An early increase in 
urinary bicarbonate concentration was followed at a later time point by a 
sharp decline in renal bicarbonate excretion. The early increase could be 
mimicked by treatment with amino-terminal fragments of PTH or PTHrP, 
whereas the later inhibitory activity was believed to be dependent on a region 
of PTHrP beyond amino acids 1-34. It was suggested that PTHrP-mediated 
retention of bicarbonate ion by the kidney might explain the mild metabolic 
alkalosis sometimes associated with HM (compared with the mild metabolic 
acidosis seen in PHPT). 

PTHrP may also have a distinct mechanism of action with respect to regu­
lation of the renal la-hydroxylase enzyme in HM. Intravenous administration 
of amino-terminal fragments of PTH or PTHrP into animals [36] and humans 
[26] results in an elevation in serum 1,25(OH)2D. Likewise, it has been 
suggested that a positive correlation may also exist between circulating 
1,25(OH)2D and PTHrP in the early stage of HM [37]. However, serum 
1,25(OH)2D levels are often suppressed in the terminal stages of HM, when 
plasma PTHrP is elevated and the patient is severely hypercalcemic. One 
explanation that has been forwarded to explain this inappropriate decrease in 
circulating 1,25(OH)2D in the presence of excess PTHrP is a direct inhibitory 
effect of non-NH2-terminal domains of the PTHrP molecule on the renal 1a­
hydroxylase enzyme. Alternatively, severe hypercalcemia per se may inhibit 
the enzyme or a specific inhibitor may be cosecreted with PTHrP by the tumor. 
These possibilities, however, remain to be substantiated. 

The actions of PTHrP in the kidney, therefore, play an essential role in the 
development and maintenance of biochemical abnormalities associated with 
HM. Many of these effects are similar for PTH and PTHrP, and are most likely 
mediated through the same signal transduction pathways. On the other hand, 
the differential effects of PTH and PTHrP could reflect preferential use of 
signal transduction pathways and/or the use of alternate receptors [38]. 

Bone. Cyclical remodeling, which replaces old or damaged bone, occurs at 
discrete intervals along the bone surface throughout life [39]. A typical cycle 
involves recruitment and activation of osteoclasts to resorb bone followed by 
activation of osteoblasts to synthesize, and deposit, an equivalent amount of 
matrix in the lacuna that was excavated by the osteoclast. Although little is 
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known about the molecular crosstalk involved in the coordination of remodel­
ing, it is clear that osteoclast recruitment and activation are initiated indirectly 
through signals emanating from osteoblastic cells [40] and that numerous 
cytokines and systemic hormones, including PTH, are involved [41]. Both 
PTH and PTHrP interact directly with the common PTH/PTHrP receptor 
located on osteoblasts and pre-osteoblastic cells [30,42]. Ligand activation of 
this receptor results in signaling (most probably via cell-bound or soluble 
cytokines) to osteoclast precursors, ultimately leading to increased osteoclast 
numbers and activity, and hence to increased bone resorption. 

Unlike the highly regulated process of remodeling, pathologic bone resorp­
tion associated with cancer is uncontrolled and appears to be mediated 
through several different mechanisms. All neoplastic cells may produce 
cytokines and growth factors (such as transforming growth factor alpha), 
which might directly stimulate osteoclastic bone resorption. Most may also 
produce enzymes (e.g., collagenase or urokinase), which contribute to bone 
matrix degradation. However, three patterns seem to occur with respect to 
osteolysis associated with PTHrP production by tumor cells. The traditional 
pattern of tumor-induced osteolysis is exemplified by patients with multiple 
myeloma. Myeloma cells in the bone marrow space release cytokines such as 
interleukin-1 and interleukin-6, which have been shown to augment osteoclast 
recruitment and to stimulate their activity in vitro [40,41]. PTHrP is rarely 
produced by myeloma cells and therefore, most probably makes little or no 
significant contribution to the pathogenesis of hypercalcemia associated with 
this disease. 

A second paradigm involves the presence of metastatic lesions in bone, for 
example, in patients with breast cancer. The disseminated, neoplastic cells 
most likely release locally active cytokines in a manner similar to that seen in 
myeloma. However, unlike patients with myeloma, who rarely have detectable 
PTHrP, >90% of breast cancer cells metastatic to bone demonstrate 
immunopositivity for PTHrP [43]. This observation raises the possibility that 
the peptide may act at the local level to stimulate the differentiation, and 
perhaps proliferation, of hematopoietic precursors that give rise to osteoclasts, 
as has been demonstrated in vitro [44]. In addition, over 50% of patients with 
breast cancer have increased circulating levels ofPTHrP [45]. Therefore, while 
PTHrP is not thought to generally playa significant role in hypercalcemia 
associated with multiple myeloma, it most probably makes a significant contri­
bution to hypercalcemia, through both systemic and local mechanisms of 
action, in patients with breast cancer as well as patients with other cancers 
metastatic to bone. 

The third scenario entails elevated levels of tumor-derived PTHrP in the 
circulation of patients with HM, in the absence of skeletal metastases. Circu­
lating PTHrP interacts with its receptors in bone to promote the proliferation 
and differentiation of osteoclast precursors, resulting in enhanced osteoclastic 
bone resorption. Thus, in these patients with malignancy, bone resorption 
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will increase concomitant with rising levels of circulating PTHrP during 
progression of the disease to produce the classical manifestations of 
pseudohyperparathyroidism, ectopic hyperparathyroidism, or humoral 
hypercalcemia of malignancy (HHM). 

Animal models of hypercalcemia of malignancy 

Hypercalcemia occurs in association with a variety of tumors in mammalian 
species other than humans, and some of these tumor-bearing animal models 
have been employed in elucidating the pathogensis of PTHrP-associated HM. 
Additionally, human tumors implanted in immunocompromised mice or rats 
have also been studied. In several investigations [33,46,47] neutralizing anti­
bodies were administered intravenously to hypercalcemic rodents that had 
been implanted with PTHrP-producing tumors. Following treatment there 
was a rapid and sustained reversal of the biochemical abnormalities associated 
with HM and prolonged survival of the tumor-bearing animals compared with 
the untreated controls. The initial reduction in plasma calcium and increase in 
plasma phosphate was accompanied by acute reciprocal urinary changes at an 
early time point, that is, a rise in urinary calcium excretion and a reduction in 
urinary phosphate [33]. This most probably reflected an early neutralizing 
effect of the antibody on the action of PTHrP in the kidney and emphasizes 
the contribution of renal calcium retention to PTHrP-induced hypercalcemia 
in neoplasia. Susequently, however, normocalcemia was accompanied by 
hypocalciuria, which appeared to result from immunoneutralization of the 
effect of PTHrP in bone. The resultant decrease in the filtered load of calcium, 
therefore, led to a reduction in urinary calcium excretion. 

The role played by circulating PTHrP in bone turnover during the progres­
sion of HM has also been examined in nude rats implanted with a PTHrP­
producing human squamous carcinoma [48]. This work was undertaken in an 
attempt to understand the observation in the clinical situation that bone 
turnover appears to be uncoupled (increased resorption in the absence of 
increased formation) in HM. During progression of the disease in the animal 
model, histomorphometric analysis of trabecular bone revealed a coupled 
increase in turnover in the early stage of disease, prior to detection of circulat­
ing PTHrP and hypercalcemia. In contrast, at a later time point, marked 
inhibition of formation and accelerated bone resorption was seen when the 
animals had elevated circulating levels ofPTHrP and hypercalcemia. A similar 
impaired osteoblastic response has been noted in patients with advanced 
myeloma [49] as well as in patients with well-established PTHrP-producing 
tumors and HM [50]. Taken together, these observations suggest osteoblast 
activity may be inhibited by severe hypercalcemia, although the mechanism 
remains unknown. These animal studies have confirmed a central role for 
PTHrP as an endocrine mediator of HM and have also elucidated some of the 
characteristics of its action in kidney and bone. 
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Table 1. Severe, acute hypercalcemia of malignancy 

A. Clinical presentation 
Gastrointestinal 
Renal 
Neuromuscular 
Central nervous system 

B. Management 
Rehydration 

Loop diuretic 

Calcitonin 
Bisphosphonate 

Anorexia, nausea, vomiting 
Polyuria, azotemia 
Weakness, myopathy 
Psychosis, altered conciousness 

Expands intravascular volume 
Increases glomerular filtration rate 
Reduces Na-linked calcium 

reabsorption 
Effects calciuresis 
Rapidly inhibits osteolysis 
Sustained inhibition of osteolysis 

Clinical manifestations of hypercalcemia of malignancy 

Hypercalcemia is usually a manifestation of advanced rather than early malig­
nancy. Its onset is usually acute and the elevation most often profound (fre­
quently >12mgldl or 3mmoVI). The major symptoms and signs relate to the 
gastrointestinal, renal, neuromuscular, and central nervous systems, and are 
most often those associated with acute rather than chronic hypercalcemia 
(Table 1). Thus, anorexia, nausea, and vomiting are common, whereas consti­
pation, gastritis, and pancreatitis, which generally constitute gastrointestinal 
evidence of more chronic hypercalcemia, are less frequent. Similarly, polyuria 
and evidence of dehydration and azotemia are frequent, whereas renal calculi 
and nephrocalcinosis, which are associated with chronic hypercalcemia, are 
more unusual. Depression, weakness, and myopathy may occur and the 
patient's condition may progress toward psychosis, stupor, and coma. The 
acuteness of onset and severity of the hypercalcemia may, therefore, lead to 
life-threatening manifestations if left untreated. 

Diagnosis of PTHrP-associated hypercalcemia of malignancy 

Biochemical abnormalities 

The biochemical abnormalities that occur with PTHrP-associated HM are 
similar, in many respects, to those seen in patients with PHPT (Table 2). These 
include hypercalcemia (which, however, tends to be more severe in HM than 
in PHPT), hypophosphatemia, phosphaturia, and calciuria, frequently accom­
panied by increased NcAMP. In addition, there is an increase in biochemical 
indices of bone resorption in both disease states as manifested, for instance, by 
an increase in the level of type I collagen crosslinked N-telopeptides (NTX) or 
pyridinium crosslinks excreted in urine [51]. These degradation products of 
osteolysis are replacing the more conventional measurement of hydroxypro­
line, which lacks sensitivity and specificity. 
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Despite the similarities between PTHrP-associated HM and PHPT, a num­
ber of important differences are also evident (see Table 2). Most apparent is 
the reduction in circulating PTH in patients with HM, which reflects the 
homeostatic response of the parathyroid gland to an elevation in serum cal­
cium. Serum 1,25(OH)2D levels also tend to be inappropriately low in some 
patients with PTHrP-associated HM compared with the elevated concentra­
tions often seen in PHPT [52]. Indices of bone formation, such as bone-specific 
alkaline phosphatase and osteocalcin, are also elevated in patients with PHPT, 
in whom bone formation is coupled to resorption. In contrast, bone formation 
and bone resorption appear to be uncoupled, with suppressed formation, in 
patients with PTHrP-associated HM [50]. Finally, whereas PHPT is often 
associated with a mild metabolic acidosis, patients with malignancy-associated 
hypercalcemia may exhibit mild metabolic alkalosis. 

PTHrP immunoassays 

The rational development of specific and sensitive immunoassays to measure 
PTHrP has been hampered, to some extent, by the lack of sufficient knowl­
edge regarding regulation of its production, intracellular processing, and meta­
bolic clearance [15,45]. As mentioned previously, the human PTHrP gene 
encodes three isoforms of the protein, each of which has the potential to 
undergo complicated post-translational processing within the cell of origin 
[15,53,54] as well as differential metabolic clearance in the periphery. In view 
of the complexity of this scheme, it is not surprising that multiple forms of 
bioactive PTHrP have been identified in the plasma of hypercalcemic cancer 
patients [14,55]. Characterization of the precise nature of circulating forms of 
PTHrP, as well as their presence in HM, is essential to the development of 

Table 2. PTHrP-associated hypercalcemia of malignancy 

Biochemical abnormality 

tSerum calcium 

tUrine phosphate 
.!.Serum phosphorous 
tNcAMP 
tPlasma PTHrP 
.!.Plasma PTH 
tUrine calcium 
tUrineNTX 
.!.Serum l,25(OH)2D 
Metabolic alkalosis 

Pathophysiological basis 

Volume depletion 
Decreased glomerular filtration rate 
Increased sodium-linked calcium reabsorption 
PTHrP-stimulated calcium reabsorption 
PTHrP-stimulated osteolysis 
PTHrP-inhibited sodium/phosphate transport 

PTHrP activation of renal PTHIPTHRP receptors 
PTHrP released from tumor tissue 
Homeostatic response to hypercalcemia 
Increase in PTHrP-stimulated osteolysis 

? Tumor-derived inhibitor of la-hydroxylase 
? PTHrP-inhibited bicarbonate excretion 
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more sensitive and specific assays for the measurement of PTHrP and remains 
the subject of intense investigation. 

Given the knowledge that HM is characterized by the presence of circul­
ating bioactive forms of PTHrP and that bioactivity resides within the 
NH2-terminal region, initial efforts were aimed at the development of immu­
no assays using antisera raised against synthetic NH2-terminal fragments of 
PTHrP. Without exception, all NH2-terminal radioimmunoassays measured 
elevated levels of PTHrP in the peripheral circulation of the majority of 
patients with HM [45]. In some cases, normocalcemic cancer patients also had 
detectable circulating PTHrP, although the mean values tended to be much 
lower than those seen in the patients with HM, perhaps reflecting a smaller 
tumor volume producing insufficient PTHrP to cause hypercalcemia. Alterna­
tively, it is possible that these antisera could recognize both bioactive and 
bioinert species of the protein. 

Two-site, immunoradiometric assays (IRMA) have also been developed to 
measure larger circulating moieties of PTHrP. This method makes use of two 
antisera that recognize different epitopes of a protein, the first being used as a 
capture antibody and the second a signal antibody. The theoretical advantages 
of this type of assay are improved specificity, due to the requirement for two 
epitopes, as well as increased sensitivity. In the case of PTH, which circulates 
as a single bioactive entity, this approach has greatly improved the clinical 
utility of PTH measurements. The capacity of PTH IRMAs to distinguish 
between normal and subnormal concentrations with a high degree of sensitiv­
ity is especially useful to the clinician in the differential diagnosis of PHPT and 
HM, in view of the fact that PTH is generally elevated in the former and 
suppressed in the latter. However, overlapping situations do occur. Thus, 
in a recent study using IRMAs for the measurement of PTH and PTHrP 
in hypercalcemic individuals, 10% of patients whose primary diagnosis was 
HPT also had elevated circulating PTHrP [56]. Conversely, of those whose 
primary diagnosis was HM, 13% had coexistent HPT. The PTHrP IRMA 
used in this study [57] appears to be the most sensitive (detection limit of 
<0.5 pmolll) and specific that has been developed. It uses an antibody to 
PTHrP-(1-34) to capture the protein and a polyclonal antiserum to PTHrP­
(37-67) as a signal. 

RIAs that identify either midregion or carboxy-terminal fragments of 
PTHrP have proved to be of less clinical use in the differential diagnosis 
of HM. A midregion species of PTHrP that was shown to be a secretory 
product of cultured cells [58] has recently been identified as the predominant 
circulating form of PTHrP in patients with HM [59]. However, unlike the 
IRMAs, which have been reported to distinguish between normal controls 
and patients with HM, the midregion RIAs show considerable overlap 
between these groups. On the other hand, RIAs that recognize carboxy­
terminal fragments of PTHrP show elevated levels in most patients with renal 
insufficiency as well as in those individuals with malignancy-associated 
hypercalcemia. 
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Spectrum of tumors associated with hypercalcemia of malignancy 

When the clinical syndrome of ectopic hyperparathyroidism, pseudo­
hyperparathyroidism, or HHM was first defined, it was believed to be associ­
ated mainly with squamous cell carcinomas from a variety of primary sites and 
with renal-cell carcinoma. Although breast cancer, for example, was fre­
quently associated with hypercalcemia, the elevation in blood calcium was 
believed to emanate largely from local osteolysis rather than from a humoral 
mechanism. With the identification of PTHrP as a causal mechanism of HM, 
and with the development of molecular biological and immunological methods 
for its detection, it became clear that PTHrP was produced by many tumors. 
This led to the realization that elevated circulating levels of PTHrP were 
associated with a much broader spectrum of histological types of tumors than 
was previously appreciated. Thus breast cancers produce PTHrP [43], as do 
endometrial [60] and colon cancers [23], and even mesotheliomas [61]. A 
variety of endocrine tumors have also been shown to produce PTHrP [62], 
including pheochromocytomas [63] insulinomas [64], parathyroid adenomas 
[65], pituitary tumors [66], and thyroid cancers [67]. Furthermore, elevated 
circulating levels of PTHrP have been detected in some patients with 
hematological malignancies, notably those with advanced stage lymphomas 
[68] (Fig. 2), and have been shown to contribute to HM in patients whose 
hypercalcemia has, in the past, been attributed solely to excess 1,25(OH)2D 
[lO].1t is clear, therefore, that the histological spectrum of tumors elaborating 
PTHrP, and in which PTHrP is of pathogenetic significance, is much broader 
than originally thought. Unlike PTH, whose expression is virtually restricted 

A PTHrP B Calcium 

Time (months) 

Figure 2. Circulating PTHrP and calcium in patients with B-immunoblastic lymphoma. Decreased 
levels of plasma PTHrP (A) were noted concomitant with reductions in tumor bulk following 
chemotherapy in both hypercalcemic (light hatching) and normocalcemic (dark hatching) patients 
with B -immunoblastic lymphoma. However, a significant reduction in serum calcium was seen 
only in the hypercalcemic patient (8). (Modified from Kremer et al. [68], with permission.) 
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Figure 3. PTHrP immunoreactivity in human skin. In normal skin (A) epidermal cells 
demonstrate strong immunostaining for PTHrP, as do neoplastic regions in squamous carcinoma 
of skin (8). 

to cells of the parathyroid gland, PTHrP is broadly expressed by a wide variety 
of normal fetal and postnatal cells. Consequently, elaboration of PTHrP in 
neoplasia most likely represents eutopic overproduction by cells that normally 
synthesize it rather than ectopic synthesis (Figs. 3 and 4). 

Treatment 

Management of severe, acute hypercalcemia of malignancy 

The most important initial step in the treatment of HM is rehydration, fol­
lowed by therapy aimed at enhancing renal calcium excretion and inhibiting 
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bone resorption (see Table 1). Inhibition of calcium absorption by the gut is 
usually not necessary in view of the low to normal circulating 1,25(OH)zD 
levels associated with elevated PTHrP. Hyperabsorption of calcium would 
not, therefore, be an important mechanism contributing to PTHrP-associated 
HM. Increased renal calcium clearance is generally initiated by saline infusion 
to expand the intravascular volume, thereby improving the glomerular 
filtration rate (GFR), which in turn results in reduced proximal tubular so­
dium-linked calcium reabsorption. Once the patient is adequately hydrated, a 
loop diuretic, such as furosemide, can be used in moderation to inhibit renal 
calcium reabsorption and to produce calciuresis. However, in addition to 

Figure 4. PTHrP immunoreactivity in normal, human pituitary. A: Strong reactivity for PTHrP is 
evident in numerous cells of the adenohypophysis. B: Preadsorption of the PTHrP antiserum with 
synthetic PTHrP-(1-34) abolishes the immunoreactivity in a serial section from the same tissue. 
(Modified from Asa et al. [62], with permission.) 
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kidney, bone is also a major target tissue of systemically active PTHrP. Thus, 
the ideal therapeutic modality would inhibit both osteoclastic osteolysis and 
renal calcium reabsorption. The 32 amino-acid peptide hormone, calcitonin, 
binds directly to osteoclasts and inhibits their lytic activity as well as stimulat­
ing an acute increase in renal calcium excretion. Although it is generally 
effective in reducing blood calcium within 2-4 hours of administration, its 
efficacy as an antihypercaicemic agent is limited due to its short-lived effect, 
most likely due to receptor downregulation, which causes tachyphylaxis. 

To date the development of bisphosphonates represents the most signifi­
cant advance in the management of hypercalcemia associated with malig­
nancy. Bisphosphonates are nonhydrolyzable analogues of pyrophosphate, a 
naturally occurring inhibitor of bone turnover, in which the 0 in the pyrophos­
phate bond is replaced by a C. This P-C-P structure accounts forthe metabolic 
stability of bisphosphonates, as well as their rapid uptake by bone, where they 
are thought to inhibit resorption by binding to and stabilizing hydroxyapatite 
crystals, as well as by directly inhibiting the lytic action of osteoclasts. Differ­
ent side-chain substitutions have generated analogues of increasing potency to 
the point that the efficacy of the newest analogues is estimated to be 10,000-
fold that of the first generation of bisphosphonates. 

In view of the low rate of intestinal absorption of bisphosphonates and the 
frequently associated nausea and altered mental status of the severely 
hypercalcemic patient, intravenous (IV) infusion is the preferred method of 
administration to these individuals. Unlike treatment with calcitonin, which 
elicits a relatively mild hypocalcemic response (seldom >2mgldl) of rapid 
onset and limited duration, a single IV dose of 40-60mg of pamidronate or 
1500mg of clodronate, for example, results in a steady decline in serum cal­
cium over several days (Fig. 5). A nadir is usually reached within the normal 
range by 5 days, and this may be sustained for several days thereafter. After an 
initial IV course of therapy, further intermittent IV therapy or treatment with 
oral bisphosphonates appears to be effective in maintaining serum calcium 
within the normal range. Because relapses depend on the type of tumor, the 
stage of malignancy, and the use of antitumor therapy, long-term maintenance 
should be adjusted to the individual case [69]. 

A number of recent studies have examined the relationship between circu­
lating PTHrP concentrations and the overall response to bisphosphonate 
therapy in hypercalcemic cancer patients [70-73]. Overall, these studies iden­
tify a subset of patients with high circulating levels of PTHrP who are consid­
ered to be 'poor responders' to IV bisphosphonate therapy due to the 
presence of a substantial renal component to their hypercalcemia. Pretreat­
ment levels of circulating PTHrP may, therefore, prove useful in predicting the 
acute response to bisphosphonate therapy and thus allow appropriate adjust­
ments to be made in dosage and/or the frequency of administration. 

The efficacy of treatment with bisphosphonates can be conveniently moni­
tored using commercially available assays for the detection of matrix 
crosslinking compounds, such as NTX, pyridinoline, or deoxypyridinoline, 
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Figure 5. Management of HM with bisphosphonates. A: Time-dependent decrease in plasma 
calcium in patients with severe, acute hypercalcemia in response to intravenous doses of either 
40mglday (0-0) or 60mglday (e_e) pamidronate (APD). Hatched lines depict the normal 
range. 8: Changes in urinary calcium excretion over time in patients with breast cancer metastatic 
to bone treated with either placebo control (0-0) or 1.6 g/day of oral c1odronate (.-.). 
(Modified from Paterson et al. [76], with permission.) 

released into the urine as a result of osteolysis [51,74]. The use of fasting 
urinary calcium excretion, another index of osteolysis, would be less helpful in 
individuals with detectable PTHrP levels in view of the known effects of the 
peptide on promoting renal calcium reabsorption. 

Other antiosteolytic agents that have been assessed in the treatment of HM 
are plicamycin (mithramycin) and gallium nitrate. Use of the cytotoxic antibi­
otic plicamycin as a mechanism to inhibit osteoclastic activity has been limited 
largely due to its hematopoietic, hepatic, and renal toxicity when administered 
frequently and in high concentration. Gallium nitrate binds to the mineral 
phase of bone, thus inhibiting its dissolution in much the same manner as the 
bisphosphonates. However, unlike the bisphosphonates, which appear to have 
minimal side effects, gallium nitrate is nephrotoxic and should therefore be 
used with extreme caution in hypercalcemic cancer patients whose renal func­
tion may already be compromised. In general, glucocorticoids have a minimal 
role to play in the treatment of PTHrP-associated HM because these patients 
most often do not exhibit enhanced gastrointestinal absorption of calcium. 
Nevertheless, they may be essential chemotherapeutic agents in patients with 
susceptible tumors. 

In summary, a treatment modality involving initial rehydration followed by 
simultaneous administration of calcitonin and/or furosemide (for rapidity) and 
intravenous bisphosphonate (for potency) would be most efficacious in cor­
recting serum calcium. Intermittent intravenous or oral bisphosphonate could 
then maintain serum calcium within normal limits. It must be emphasized, 
however, that ultimately the treatment of HM involves antineoplastic therapy, 
and the initiation of aggressive antihypercalcemic therapy may be question-

207 



able when the underlying malignancy is well established and the prognosis is 
known to be poor. 

Antiosteolytic therapy 

In addition to their use in the treatment of episodes of acute hypercalcemia, 
bisphosphonates have been used in the long-term management of osteolysis. 
They have been used, with some success, both in patients with myeloma, in 
whom PTHrP is not generally believed to play a role in osteolysis, and 
in patients with extensive skeletal metastases resulting from breast cancer, in 
whom PTHrP is thought to playa significant role in osteolysis. Development 
of pathological fractures and intractable bone pain as well as hypercalcemia 
are common features in both patient groups, compromising their quality of life 
and representing a notable health care cost. Preliminary results from several 
carefully controlled studies using large patient cohorts suggest that the use of 
oral bisphosphonates reduced the number and degree of hypercalcemic epi­
sodes, delayed the onset of osteolytic bone lesions, and decreased bone pain 
[76-78]. Health care costs, notably hospital admissions for the treatment of 
fractures and hypercalcemia, and radiotherapy for pain control, were signifi­
cantly reduced in patients receiving bisphosphonate treatment for dissemi­
nated breast cancer [78]. On the other hand, a subsequent careful cost-benefit 
analysis of the use of a bisphosphonate in the management of multiple 
myeloma showed no such saving [79]. Patient compliance and lack of drug 
bioavailability persist as major drawbacks in the use of oral bisphosphonates. 
However, the advent of analogues having vastly improved potency will hope­
fully diminish the impact of these problems and allow the widespread use of 
bisphosphonates as adjuvant therapy in the palliative management of cancer 
patients with osseous involvement. 

Potential new directions for treatment 

The most effective therapy for hypercalcemia associated with neoplasia lies 
in reducing the tumor mass by surgical, radiologic, or chemical means, 
particularly in cases in which PTHrP has been identified as the major pathoge­
netic agent. Indeed, a reduction in tumor bulk following chemotherapy 
has been shown to correlate with a decrease in both serum calcium and 
circulating PTHrP [55,68]. Alternative modalities that are currently under 
investigation include the use of receptor antagonists to interfere with the 
peripheral action of PTHrP [24] and the use of vitamin D analogues to reduce 
the production of bioactive peptide [80,81]. In addition, antisense technology 
has been used to interfere with the production and intracellular processing of 
PTHrP [82]. 

The potential for the therapeutic use of receptor antagonists was first recog­
nized in studies examining clinical disorders associated with excessive secre­
tion of PTH [24]. With the revelation that PTHrP and PTH bind to and 
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activate the same cell-surface receptor in kidney and bone [83,84], the poten­
tial for therapeutic applications for these antagonists increased substantially. 
Although peptide analogues have been developed that are highly sensitive and 
specific as antagonists for the PTHlPTHrP receptor in vitro, their efficacy in 
vivo appears to be hampered, at least in part, as a result of nonspecific binding 
to plasma proteins [85]. 

In addition to its role as a calcitropic hormone, 1,25(OH)2D inhibits 
proliferation and induces differentiation in numerous target tissues [86]. It has 
also been shown to inhibit the production of PTHrP by normal and trans­
formed cells in vitro through both transcriptional [87,88] and post-translational 
mechanisms [89-92]. However, although its administration in vivo is associated 
with a reduction in tumor volume [93] as well as inhibition of PTHrP produc­
tion, undesirable side effects, such as hypercalcemia and hypercalciuria, ensue 
from the intrinsic action of the sterol. Several vitamin D analogues have, 
however, been developed that retain their antiproliferative capacity but that 
have minimal calcitropic activity. In the laboratory setting these agents have 
proven to be useful for inhibiting both tumor growth and PTHrP production in 
animal models of malignancy-associated hypercalcemia [80,94] (Fig. 6). 
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Figure 6. Vitamin D analogs in the treatment ofHM. In vitro both 1,2S(OH)2D (0--0) and a low 
calcemic analog (0-0) produced dose-dependent decreases in PTHrP secreted into the medium 
(A), and dose-dependent reductions in cell numbers (8) when added to cultures of human 
HPK1A keratinocytes. In a similar manner, continuous infusion in vivo of SOpmol124hr 
1,2S(OH)2D (light hatChing) or 200pmol/24hr of the low calcemic analog (dark hatching) pro­
duced time-dependent reductions in plasma PTHrP (C) and in tumor volume (D) in rats im­
planted with a hypercalcemic (H-SOO Leydig cell) tumor. (Modified from Haq et al. [80] and Yu 
et al. [81], with permission.) 
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An alternative approach has used antisense technology to block PTHrP 
expression in neoplastic tissue. This has also been observed to retard tumor 
growth and progression in vivo [82,95,96]. Antisense inhibition of the 
prohormone convertase furin appeared to have an even greater suppressive 
effect on tumor growth in vivo than that seen when the PTHrP gene product 
per se was targeted [82]. This observation suggests that, in addition to process­
ing preproPTHrP to its biologically active form, furin may also be involved in 
the cleavage of other agents required for neoplastic growth. Inhibition of furin 
action could therefore impede the formation of both PTHrP and other growth 
factors. Consequently, in the future, gene transfer techniques may be em­
ployed to inhibit production of the etiological agent responsible for PTHrP­
associated HM rather than directing therapy at the target tissues upon which 
PTHrP acts. 
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11. Neoplasms of the adrenal cortex 
Clinical and basic aspects 

Ana C. Latronico and George P. Chrousos 

Cushing's syndrome due to adrenocortical tumors was reported at the turn of 
the century, almost a decade before the description of the syndrome and 
homonymous disease by Harvey Cushing [1]. At the time, the adrenal cortices 
were known to secrete an active principle necessary for life, the absence of 
which led to Addison's disease. However, the crucial role of the pituitary gland 
in the control of adrenal secretion was not suspected. Since then, we have 
learned a great deal about adrenocortical tumors, their incidence, clinical 
presentation, diagnosis, therapy, and prognosis. Some research on the cell 
biology of these tumors has also been done, mostly in the last decade. Rapidly 
advancing knowledge in the biology of other more frequent nonendocrine 
or endocrine tumors promises that better understanding of adrenal 
tumorigenesis is also forthcoming. 

Treating adrenocortical malignancies has been utterly frustrating for both 
endocrinologists and oncologists. The desperate situation of the usually 
young patients with these vicious neoplasms makes the discovery of effective 
therapeutic modalities as urgent as ever. The purpose of this brief review is 
to present the state of the art in this field and to suggest new avenues of 
research. 

Classification 

Adrenocortical tumors are divided into benign and malignant. Either can be 
hormonally silent or hormone secreting. The vast majority of adrenocortical 
tumors are benign and hormonally silent [2,3]. The hormone-secreting tumors 
can produce glucocorticoids, androgens, mineralocorticoids, estrogens, and 
combinations thereof [4-12]. Adrenocortical tumors can be sporadic or he­
reditary, with the former representing the overwhelming majority. 

Diffuse or nodular adrenocortical hyperplasia resulting from adrenocorti­
cotropin hormone (ACTH) hyperstimulation in ACTH-dependent Cushing's 
syndrome, and in congenital adrenal hyperplasia due to defects of cortisol 
biosynthetic enzymes, and nodular hyperplasia associated with isolated pri­
mary micronodular or massive macronodular adrenal disease or Carney's 
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Table 1. Clinical and molecular features of syndromes associated with benign and/or malignant 
adrenocortical neoplasms 

Carney's complex 

Congenital adrenal 
hyperplasia 

Li-Fraumeni syndrome 

McCune-Albright syndrome 

Multiple endocrine neoplasia 
type I (MEN-I) 

Wiedemann-Beckwith 
syndrome 

Clinical features 

PPNAD, atrial, and other 
myxomas, schwannomas, 
lentigines, and blue nevi of 
the skin and mucosae 

Female and male 
pseudohermarphroditism, 
cortisol deficiency, 
mineralocorticoid deficiency 
or excess 

Familiar susceptibility to a 
variety of cancers 

Precocious puberty, cafe-au­
lait spots, polyostotic fibrous 
dysplasia 

Hyperparathyroidism, 
pancreatic-duodenal and 
pituitary tumors 

Neonatal macrosomia, 
macroglossia, and 
omphalocele 

Chromosomal and 
molecular defects 

2p16 (Carney locus) 

Inborn errors of cortisol 
biosynthesis enzymes 
resulting in chronic 
hypersecretion of ACTH 

Germline mutations of p53 
tumor suppressor gene 

Overactivity of the Gs 
protein signaling pathway 

llq13 (MEN-I locus) 

Allelic loss of llp15 

PPNAD = primary pigmented nodular adrenocortical disease; ACTH = adrenocorticotrophic 
hormone. 

complex, are considered low-grade premalignant states [13-16]. Table 1 sum­
marizes the clinical and molecular features of genetic syndromes associated 
with benign and malignant adrenocortical neoplasms. 

Incidence and epidemiology 

Small benign adrenocortical tumors are present in up to 2 % of adults over age 
50. Usually they are discovered incidentally, in the context of abdominal 
computed tomography (CT) or magnetic resonance imaging (MRI) scans 
performed for various unrelated purposes [2]. Hormone-secreting benign ad­
renal adenomas are rare, and equally rare are hormonally silent or hormone­
secreting adrenocortical carcinomas. Malignant neoplasias of the adrenal 
cortex account for 0.05-0.2 % of all cancers, with an approximate prevalence of 
two new cases per million of population per year [17,18]. Adrenal cancer 
occurs at all ages, from early infancy to the seventh and eighth decades of life 
[4-12]. A bimodal age distribution has been reported, with the first peak 
occurring before age 5, and the second in the fourth to fifth decade [7]. In all 
published series, females clearly predominate, accounting for 65-90% of the 
reported cases [5,9,10,12]. Whereas some investigators report a left-sided 
prevalence, others note a right-sided preponderance [10,12,19,20]. Bilaterality 
has been reported in 2-10% of the cases [5,10,12]. 
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Clinical presentation 

Patients with hormone-secreting adrenocortical neoplasms have associated 
endocrine syndromes that result from secretion of cortisol and its precursors, 
adrenal androgens and their precursors, or, rarely, estrogen or mineralocorti­
coids. The most common syndrome associated with adrenal tumors in adults is 
Cushing's syndrome [4,7,12]. It is present in 30-40% of patients with adreno­
cortical carcinoma. 

Virilization occurs in 20-30% of adults with functional adrenal neoplasms, 
while it is the most common hormonal syndrome in children with adrenocor­
tical tumors [4,7,8,10-12]. Virilization is secondary to hypersecretion of adre­
nal androgens, including dehydroepiandrosterone (DHEA) and its sulfate 
derivative (DHEA-S), L\5-androstenediol and L\4-androstenedione, all of 
which may be converted finally to testosterone and 5a.-dihydrotestosterone. 
The signs and symptoms in adult females include oligoamenorrhea, hirsutism, 
cystic acne, excessive muscle mass, temporal balding, increased of libido, and 
clitoromegaly. In young girls heterosexual precocious puberty occurs. A com­
bination of Cushing's syndrome and virilization is seen in 10-30% of patients 
[4,7,10]. This combined syndrome is usually associated with secretion of mul­
tiple steroid precursors. 

Feminization and hyperaldosteronism, as pure hormonal syndromes, are 
quite rare manifestations of adrenocortical neoplasms. Even more unusual 
presentations of adrenal cancers include hypoglycemia, non-glucocorticoid­
related insulin resistance, and polycythemia [4,7,8,10]. 

Slightly over half of the adult patients with adrenocortical carcinoma have 
no recognizable endocrine syndrome. These patients present either with ab­
dominal pain or fullness, or with the incidental finding of an adrenal mass on 
imaging studies done for unrelated reasons. A palpable abdominal mass is 
present in about half of the patients with nonfunctional adrenocortical carci­
noma at the time of diagnosis [5,6,8,10]. Finally, metastatic disease may cause 
symptoms before a primary diagnosis is established in a significant proportion 
of the patients [7,10]. Local invasion commonly involves the kidneys and 
inferior vena cava, while metastatic disease may be found in the retroperito­
neal lymph nodes, lungs, liver, or bone. 

Laboratory studies 

Several laboratory studies are useful in the establishment or confirmation of 
excessive steroid secretion and the monitoring of patients with adrenocortical 
neoplasms. A single-dose (1 mg) overnight dexamethasone suppression test 
may be helpful as a screening test [21]. Hypercortisolism is best established by 
measuring the 24 hour excretion of urine free cortisol (UFC) [7,10,21]. Over 
90% of patients with Cushing's syndrome have UFC values >200Ilg/24hr, 
while 97% of normal individuals have UFC values <lOOIlg/24hr [7,21]. 
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Several plasma and urinary steroids are elevated in patients with 
Cushing's syndrome due to functioning adrenocortical tumors. These include 
DHEA, DHEAS, ilS-androstenediol, M-androstenedione, pregnenolone, 
17 -hydroxypregnenolone, and 11-deoxycortisol in the plasma, and 17-
hydroxysteroids, 17 -keto steroids, and the tetrahydro metabolite of 11-
deoxycortisol in the urine. Despite the fact that steroidogenic precursors, such 
as 17 -hydroxyprogesterone and 11-deoxycortisol, are not essential in the 
evaluation of hypercortisolism, they may occasionally provide clues to the 
presence of an adrenal malignancy in patients with Cushing's syndrome 
[11,13]. Generally, many of the steroid biosynthesis enzymes are defective in 
adrenocortical carcinomas, providing an inefficient machinery for steroid pro­
duction and associated with plasma level patterns of steroid precursors typical 
of enzymatic blocks [11,13]. 

A low plasma adrenocorticotrophic hormone (ACTH) level associated 
with elevated concurrent plasma cortisol concentrations is indicative of 
autonomous activity of the adrenal glands [13,21]. There are several 
dynamic endocrine tests for the differential diagnosis of adrenal Cushing's 
syndrome from the ACTH-dependent forms of the condition [21]. These 
include the classic high-dose dexamethasone suppression test and the ovine 
corticotropin-releasing hormone (CRH) stimulation test. Typically, both 
tests are associated with lack of responsiveness of cortisol secretion to 
dexamethasone and CRH. 

The clinical diagnosis of adrenally induced virilization may be confirmed by 
measurement of plasma adrenal androgens and testosterone, and 24-hour 
urinary excretion of 17-ketosteroids. Feminization or hyperaldosteronism can 
be confirmed by measurements of elevated plasma estradiol and/or estrone, or 
aldosterone, 11-deoxycorticorticosterone, and/or corticosterone, respectively. 
All patients, and particularly those with nonfunctional adrenal masses, should 
also be screened for pheochromocytoma, even in the absence of sustained 
hypertension. 

Imaging procednres 

The diagnosis of adrenal neoplasms depends on the identification of an 
adrenal mass on CT and/or MRI. Both normal and abnormal adrenal glands 
are easily visible on CT because of the adipose tissue that surrounds these 
glands in the retroperitoneum [22]. The presence of a large unilateral adrenal 
mass with irregular borders is virtually diagnostic of adrenal cancer 
[7,10,19,22]. CT provides information about size, homogeneity, presence of 
calcifications, areas of necrosis, and the extent of local invasion, thus also being 
helpful in making decisions about the resectability of the lesion. Tumors as 
small as O.S cm have been detected by CT, although the relative lack of retro­
peritoneal fat in children might decrease the sensitivity of the test in this age 
group [1O,24,2S]. 
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Whether MRI will prove to be superior to CT scanning in diagnosing and 
differentiating adrenal masses remains to be seen. MRI provides information 
about the invasion of an adrenocortical carcinoma into blood vessels, particu­
larly the inferior vena cava and the adrenal and renal veins, in which tumor 
thrombi may be identified occasionally. Studies have reported that MRI can 
distinguish with a fair degree of accuracy among primary malignant adreno­
cortical tumors, nonfunctioning adenomas, and pheochromocytomas by com­
paring the ratio of the signal intensity of each type of adrenal mass with that of 
liver [10,22,26]. Thus, primary malignant adrenocortical lesions have an inter­
mediate to high signal intensity on T2-weighted images. Nonfunctional 
adenomas have low signal intensity, whereas pheochromocytomas have an 
extremely high signal intensity. 

Other imaging modalities, such as iodo-cholesterol scanning, venography, 
and arteriography, are rarely indicated [7,10,22]. The 125iodo-cholesterol scan 
is usually negative in malignant adrenocortical neoplasms and positive in 
steroid-secreting adenomas. 125Iodo-cholesterol uptake may help define 
whether there is unilateral or bilateral autonomous steroidosynthetic tissue 
when adrenal masses are seen bilaterally on CT or MRI imaging. Also, it 
may help with the localization of adrenal rests or adrenal remnants after 
adrenalectomy. On occasion, selective arteriography may help distinguish 
between adrenal masses and upper pole renal tumors. Inferior vena cava 
venography may be indicated if CT or MRI findings suggest the presence of a 
tumor thrombus in this vessel. In general, these invasive techniques are re­
served for the rare instance in which CT or MRI cannot supply the information 
needed. 

Pathology, staging, and prognosis 

Histologically, adrenocortical tumors consist of lipid-depleted cells with 
granular cytoplasm and large multiple nuclei and nucleoli [13,28]. Tumor cells 
have varying mitotic activity. The differentiation of benign from malignant 
adrenocortical neoplasms solely on the basis of histologic findings is difficult, 
if not impossible [8,11,13,29]. Thus, several reports demonstrated that patients 
whose operatively excised tumors exhibited histologically benign features sub­
sequently developed local recurrences or distant metastases, whereas others 
whose tumors had a microscopic appearance typical of malignancy lived 
tumor-free for many years. 

Several macroscopic and microscopic criteria are collectively used to define 
the malignancy of an adrenocortical tumor and to predict its behavior [28-30]. 
Macroscopically, wet weight of >500g, a grossly lobulated cut surface, the 
presence of necrotic areas and/or calcifications, and intratumor hemorrhages 
predict malignancy. Microscopically, architectural disarray, frequent mitoses, 
marked cellular pleomorphism, nuclear atypia, and hyperchromasia, as well as 
invasion of the capsule, suggest malignancy. 
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Abnormal DNA contents have been detected in adrenocortical carcinomas 
by tlow-cytometric DNA analysis [31,32]. Aneuploidy occurs in neoplastic 
subpopulations through genetic instability and mitotic irregularities. Bowlby 
et al. reported that 83% of the carcinomas showed aneuploidy, suggesting that 
tlow-cytometric analysis may prove to be a complement to the conventional 
histopathologic methods and a valuable tool in predicting the prognosis of 
patients with adrenocortical tumors [31]. 

The staging system for adrenocortical carcinomas depends on tumor size, 
nodal involvement, invasion of adjacent organs, and the presence of distant 
metastases (Table 2) [6,7,33]. Staging is helpful in defining prognosis and 
therapy. Only patients with stage I and II disease are curable with surgery. 
Unfortunately, the great majority of the patients have either stage III or 
IV disease at the time of diagnosis. Despite complete resection, virtually 
100% of patients with stage III disease have recurrent and metastatic disease 
within 5 years of tumor resection. Moreover, the 5-year survival for stage III 
adrenal carcinoma is generally less than 30%. The most frequent sites of 
metastasis are lymph nodes (25-46%), lungs (47-97%), liver (53-68%), abdo­
men (33-43%), and bones (11-33%). Metastases have been reported in the 
ovary spleen, pleura, thyroid, pharynx, tonsils, mediastinum, myocardium, 
brain, spinal cord, skin, and subcutaneous tissue [6-8,10]. Despite aggressive 
surgical therapy, the mean 5-year survival of patients with stage IV disease is 
15-25%. 

Therapy 

Surgical resection is the only therapy that unquestionably cures or prolongs 
survival significantly, particularly if the disease is detected at stages I and II 
[7,9,13,20,33-35]. Radical excision with en-bloc resection of any local invasion 
offers the best chance for cure. A wide exposure is needed, using an extended 

Table 2. Staging of adrenocortical carcinoma 

Stage 

I 
II 
III 

IV 

T,N,M 

Tl, NO,MO 
1'2, NO,MO 
Tl or 1'2, Nl, MO 

T3, NO,MO 

T3 or T4, Nl, MO 
anyT, Ml 

Description 

Tumor <5 cm, confined to adrenal gland 
Tumor >5cm, confined adrenal gland 
Tumor confined to adrenal gland with involvement of 

local lymph nodes 
or 

Tumor extending beyond the adrenal gland but not 
invading adjacent organs 

Tumor extending beyond the adrenal, invading adjacent 
organs, and involving local lymph nodes, or any tumor 
with metastases 

Adapted from Macfarlane [ .. ], with permission. 
T = tumor; N = lymph node; M = metastases; 0 = negative. 
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subcostal incision or a thoracoabdominal approach [13,30,34]. Patients appar­
ently cured with surgery require continued surveillance. Mitotane after com­
plete macroscopic resection in stage III and IV disease may be given to 
increase the duration between recurrences; however, this has not been tested 
in a controlled study [7,10,13,20,36]. An excellent review on the treatment of 
adrenal cancer appeared recently [37]. 

Mitotane has been used extensively in patients with adrenocortical carci­
noma; however, this drug has been generally ineffective in prolonging overall 
survival in the advanced stages of the disease [9,20,12,37]. Mitotane acts as an 
adrenolytic agent, possibly by causing alterations in mitochondrial function, 
blocking adrenal steroid l1-~-hydroxylation and altering the extra-adrenal 
metabolism of cortisol and androgens. Studies demonstrated that high 
oral doses (up to 12-14g/day) of mitotane caused remission of hyper­
cortisolism in 50--60% of patients with adrenocortical carcinoma; however, 
short-lived 6-10 month objective tumor responses occurred in less than 20% of 
these patients [35]. The side effects of mitotane are largely dose related. 
Weakness, somnolence, confusion, lethargy, and headache are reported in half 
of the patients treated [10,12,13,35,36]. More serious neurotoxicity, such as 
ataxia and dysarthria, may also occur [13]. Gastrointestinal side effects include 
anorexia, nausea, and diarrhea, which are present in most patients. Skin rash, 
toxic retinopathy with papilledema, and interstitial cystitis are less commonly 
seen. 

Several alternative chemotherapeutic regimens have been used for the 
treatment of metastatic adrenocortical carcinoma. They include cisplatin, 
etoposide, 5-fluorouracil, doxorubicin, vincristine, gossipol, suramin, and 
melphalan [38-43]. Gossipol, a spermatoxin derived from crude cottonseed 
oil, inhibits the growth of human adrenocortical tumors in nude mice. Oral 
gossipol (30-70 mg/day) was used with relative safely in outpatients with meta­
static adrenal cancer; however, a partial tumor response rate was observed in 
only 17% [38]. This is consistent with the generally poor response of adrenal 
cancer to most medical therapies. 

Genetic mechanisms of human adrenocortical tumorigenesis 

General mechanisms of tumorigenesis 

Except in periods of life characterized by rapid growth, the accrual of a certain 
type of cells in a tissue is equal to the withdrawal of the same type and number 
of cells (Fig. 1). New cell accrual is stimulated by genes that activate the cell 
cycle (protooncogenes) and inhibited by others that suppress it (tumor sup­
pressor genes). Cell withdrawal, on the other hand, takes place by pro­
grammed cell death (apoptosis), differentiation to a different type of cell, or 
natural senescence. Tumorigenesis occurs when the equation between cell 
accrual and withdrawal is disturbed by defects in one or more of multiple 
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DIFFERENTIATION DIFFERENTIATION 

Figure 1. Except in the periods of life that are characterized by rapid growth, the accrual of a 
certain type of cells in a tissue is equal to the withdrawal of the same type and number of cells 
from this tissue. New cell accrual is stimulated by genes that activate the cell cycle 
(protooncogenes) and is inhibited by genes that suppress it (tumor suppressor genes). Cell 
withdrawal takes place by apoptosis, differentiation to a different type of cell, or natural senes­
cence. Tumorigenesis occurs when the equation between cell accrual and withdrawal is disturbed 
by defects in one or more of the multiple checkpoints indicated in the right panel, leading to the 
accumulation of tumor cells. 

checkpoints in the life of a cell that ensures control of the cellular composition 
of a tissue. 

In 1914 Boveri predicted the importance of genetic alterations of somatic 
cells in the development of cancer [44]. Indeed, in the last 20 years molecular 
and cell biology studies have revealed that activation of protooncogenes 
and/or loss of function of tumor suppressor genes represents key mechanisms 
in the formation of many animal and human cancers [45-47]. At this time, 
more than 50 oncogenes and 12 tumor suppressor genes have been identified 
in the human genome; however, only a small proportion of these have been 
actually implicated in the development of specific human neoplasms. 

Protooncogenes are present in all mammalian cells, where they are thought 
to play key roles in normal cellular growth, proliferation, and differentiation 
[45]. If these genes are overexpressed or their protein products are inappropri­
ately activated by such mechanisms as gene amplification, point mutation, 
insertion, or translocation, they may increase cellular growth and prolifera­
tion, and inhibit differentiation, leading eventually to tumor formation 
[45,47]. The tumor suppressor genes are also present in all mammalian 
cells, coding for proteins that are involved in the control of cellular growth 
and proliferation. If these negative growth-controlling genes or their protein 
products are inactivated by such mechanisms as gene deletion, point mutation, 
insertion, or translocation, they may allow uncontrolled cellular growth 
and proliferation to take place and, thus, also lead to tumor formation 
[45-47]. 
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With the exception of germ cells, most other cells in the organism are 
destined to die after a number of duplications in a process defined as senes­
cence or by induction of programmed cell death (apoptosis). Cancer cells are 
immortal in the sense that senescence mechanisms are not operational and the 
apoptosis mechanisms are neutralized. The enzyme telomerase is crucial for 
providing immortality to germ cells by protecting the chromosomal telomeres 
after each mitosis. The same enzyme act in immortal cancer cells. On the other 
hand, proteins that regulate apoptosis are altered in cancer cells to generally 
prevent apoptosis from occurring. 

Genomic instability 

Recently, the clonal composition of adrenocortical tumors was determined 
using X-chromosome inactivation analysis [48,49]. Like most tumors, adrenal 
adenomas and carcinomas were most often monoclonal, whereas ACTH­
induced diffuse and macronodular hyperplasias were polyclonal. These 
findings support the fundamental contemporary assumption that tumors arise 
as monoclonal expansions of a single cell, which become tumorous in response 
to a series of multistep genetic aberrations involving overexpression of 
protooncogenes and/or inactivation of tumor suppressor genes, as well as 
alterations of the proteins involved in the normal progression of senescence, 
induction of apoptosis, and differentiation [50-52]. The rate of DNA defects 
developed and passed on with each replication, also called the rate of genomic 
instability, is proportional to the rate of development of clones with survival 
advantages and, therefore, is proportional to the potential of a tumor to grow 
and prevail over the host. The ability of the cell to rapidly repair DNA 
aberrations is then crucial for the prevention of clonal expansion and 
tumorigenesis. Defects in proteins responsible for DNA repair may also par­
ticipate in tumorigenesis. 

c-Oncogenes 

Dysfunctional receptors can inappropriately trigger or amplify signals that 
result in genes being transcribed out of their normal context. G protein­
coupled receptors were recently proposed as candidate protooncogenes [53]. 
Thus, somatic mutations in the carboxy-terminal portion of the third cytoplas­
mic loop of the thyrotropin receptor (TSH-R) were recently identified in 
receptor genes from hyperfunctioning thyroid adenomas [54]. That hyper­
stimulation of the adrenals by ACTH could result in adrenocortical tumors 
was directly suggested by isolated case reports of carcinomas arising 3-36 
years after the diagnosis of classic congenital adrenal hyperplasia [14,15]. 
Recently, the adrenocorticotrophic hormone receptor (ACTH-R) gene, a G­
protein-coupled receptor, was cloned and its chromosomal localization and 
sequence were determined [55,56]. The direct sequencing of ACTH-R did not 
reveal constitutively activating mutations in a series of 25 sporadic adrenal 
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cortical neoplasms and two cancer cell lines, indicating that this mechanism is 
not frequent in human adrenocortical tumorigenesis [57]. 

The abnormalities in components of signal-transduction pathways that con­
trol the intracellular production of cAMP, such as G-protein-coupled mem­
brane receptors, the stimulatory guanine nucleotide-binding protein (Gs), and 
the inhibitory G protein (Gi), adenyl cyclase, kinase A, phosphokinases of 
kinase A, the family of cyclic AMP responsive element-binding protein 
(CREB), and the phosphokinases, might be implicated in the neoplastic trans­
formation of adrenocortical tissue. Activating mutations of the Gsa. gene (gsp 
mutations) were described in affected tissues from patients with McCune­
Albright syndrome, and these included hyperfunctioning adrenocortical 
adenomas (see Table 1) [58]. These findings demonstrated that overactivity of 
the G-protein-signaling pathway might occasionally lead to the development 
of adrenocortical tum,?rs. On the other hand, point mutations in Gia.2, corre­
sponding to codons 261 and 227 of Gsa., were identified in 3 of 11 sporadic 
adrenocortical neoplasms [59]. Although defects in the Gs and Gia.2 were not 
confirmed in a large series of sporadic benign and malignant adrenal neo­
plasms, a small proportion of adrenocortical tumors might be related to muta­
tions in the G-protein genes [60]. 

Similarly, abnormalities in components of signal-transduction pathways 
that control the intracellular production of phosphoinositol breakdown prod­
ucts and diacylglycerol, such as G-protein-coupled receptors, phospholipase 
C, protein kinase C (PKC), and the rest of its cascade, including the transcrip­
tion factors c-jun and c-fos, might also be implicated in adrenocortical 
tumorigenesis [61,62]. 

PKC activity is a potential marker for human malignant diseases, such as 
breast tumors, pituitary tumors, and malignant gliomas [63-65]. Calcium­
dependent PKC activity was recently described, however, as nonincreased in 
adrenocortical tumors (benign and malignant), and in diffuse and macrono­
dular adrenal hyperplasia compared with normal adrenal tissue, suggesting 
that this molecular mechanism is infrequent in adrenocortical tumorigenesis 
[66]. 

Tumor suppressor genes 

Molecular defects of tumor suppressor genes were recently identified in he­
reditary and sporadic adrenocortical neoplasms. The Li-Fraumeni syndrome, 
a rare autosomal dominant susceptibility to a variety of cancers, which include 
carcinomas of the adrenal cortex and breast, tumors of the brain and muscle, 
and leukemias, has been associated with germline mutations of the p53 tumor 
suppressor gene [67-69]. This is the most common known tumorigenesis­
related gene mutated in human cancers, found altered in 40--50% of several 
frequent forms of malignant neoplasms, including those of the breast and 
colon [70--73]. This gene is composed of 11 exons and has been mapped on 
human chromosome 17p13.1 [72]. The loss of the normal inhibitory function of 
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the p53 tumor suppressor protein on the cell cycle leads to tumorigenesis. 
More than 90% of all mutations of p53 discovered in human tumors have been 
detected in four regions that lie between exons 5 and 8, which are highly 
conserved among several different species [70-73). 

Mutations of the p53 tumor suppressor gene were recently reported in 
sporadic adrenocortical carcinomas and adenomas [74,75). Reincke et al. de­
scribed p53 mutations in exons 5-8 in 27% of adrenocortical carcinomas and 
the two tumor adrenal cancer cell lines available but in none of the benign 
cortisol-secreting adrenal adenomas examined [75). This study demonstrated 
an excellent correlation between the p53 immunohistochemical findings and 
the DNA abnormalities. Furthermore, Lin et al. demonstrated a high fre­
quency of p53 gene mutations in 10 of 13 benign aldosteromas. In 75% of the 
cases, these mutations were clustered in exon 4 [74). 

The retinoblastoma susceptibility gene (Rb), a tumor suppressor gene lo­
cated at chromosome 13q, has been implicated in the pathogenesis of several 
tumors, including retinoblastoma and osteosarcoma [76). Overexpression of 
Rb was identified in the adrenocortical carcinoma of a patient from a family 
with the Li-Fraumeni syndrome, suggesting that Rb might constitute a second­
ary event in the adrenal tumorigenesis of this syndrome or might playa role in 
compensating for the inadequacy of p53, a primary defect in this condition [77). 

Recently, intrinsic components of the cell cycle were shown to act as tumor 
suppressor genes [78]. The p16 gene located on chromosome 9p21 encodes a 
protein that binds to and inhibits cyclin-dependent kinase 4 (Cdk4), one of 
several Cdks, whose activity propels cells through the cell cycle and into cell 
division [78-80]. Deletions or mutations in the p16 gene may affect the relative 
balance of functional p16, resulting in abnormal cell growth. Consistent with 
this view, deletions and mutations of this gene in over 70% of cell lines derived 
from tumors of the lung, breast, brain, bone, skin, bladder, kidney, ovary, and 
lymphoid tissue were recently found, suggesting that p16 has a pivotal role in 
inhibiting the development of several human cancers [79). The high incidence 
of p16 gene abnormalities in a large variety of tumor cell lines suggests that 
mutations or deletions of this gene might also be present in adrenocortical 
carcinomas. 

Genes involved in ceO senescenceJimmortatity, apoptosis, 
and genomic instability 

Humans share similar telomeric sequences with other vertebrates [81). Telom­
ere loss or senescence is a major hurdle in the progression of human tumors, 
and this obstacle is circumvented by activation of the enzyme telomerase, 
which synthesizes and replaces telomeric DNA in cancer cells [82). Counter et 
al. reported that extremely short telomeres are maintained in metastatic cells 
of epithelial ovarian carcinoma and that tumor cells, but not isogenic nonma­
lignant cells, express the telomerase enzyme [82]. These findings suggest that 
telomerase activation is an obligatory step in the immortalization of human 
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cancer cells. The telomerase activity of adrenocortical neoplasms has not been 
examined as yet. 

Apoptosis is genetically encoded and is characterized by specific 
morphologic and biochemical changes [83-85]. Morphologically, there is rapid 
condensation and budding of the cell, with the formation of membrane-en­
closed 'apoptotic' bodies containing well-preserved organelles, which are pha­
gocytosed and digested by nearby resident macrophages. A characteristic 
biochemical feature of the process is the double-strand cleavage of nuclear 
DNA at the linker regions between nucleosomes, leading to the production of 
oligonucleosomal fragments. 

Diverse factors modulate apoptosis, including growth factors, intracellular 
mediators of signal transduction, and nuclear proteins regulating gene expres­
sion [83-85]. Consistent with this view, c-myc and c-fos expression was shown 
to be involved in the initiation of apoptosis, the wild-type p53 tumor suppres­
sor gene was found to cause extensive apoptosis, while, in contrast, bcl-2 
inhibited apoptosis [85]. bcl-2, originally identified as an oncogene at the 
chromosomal breakpoint in follicular B-celllymphoma, demonstrated a pro­
found capacity to block apoptosis, probably by acting downstream of initiators 
such as p53 [85]. 

Apoptosis occurs spontaneously in virtually all untreated malignant tumors 
and is enhanced in tumors treated by diverse modalities, such as irradiation, 
cytotoxic chemotherapy, heating, and hormone ablation [83]. Clones in which 
the mechanisms of apoptosis are disrupted survive, however, and expand, 
allowing local growth and metastases of the tumor [51]. The study of apoptosis 
as a complex phenomenon subject to stimulation and inhibition may lead to 
further knowledge on the mechanisms of oncogenesis, and may provide novel 
approaches for the prevention, diagnosis, staging, and treatment of neoplastic 
diseases, including adrenocortical tumors. 

There are enzymes in the nucleus whose function is to repair abnormalities 
of DNA within a given time. Proper functioning of these enzymes and ad­
equate time allow repair to occur and maintain the low rate of genomic 
instability. Defective DNA repair enzymes or rapid replication of cells is thus 
associated with increased genomic instability and rates of clonal expansion 
and tumorigenesis. MSH2 is a recently described DNA repair enzyme that was 
found to be defective in patients with familial nonpolyposis colon cancer [86]. 
No studies of DNA-repair enzyme defects in adrenocortical neoplasms have 
been reported as yet. 

Potential mechanisms of transformation associated with adrenocortical 
tissue-specific factors 

Peripheral-type benzodiazepine receptors (PBRs) were found to be related to 
the regulation of steroid biosynthesis and steroidogenic cell proliferation 
[87,88]. PBRs are abundant in steroidogenic cells and are implicated in the 
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acute stimulation of steroidogenesis, possibly by promoting the entry, distribu­
tion, and/or availability of cholesterol in the mitochondria [87,88]. In addition, 
differences in PBRs levels in proliferating tumorigenic cells have been re­
ported [88]. High levels of PBRs were found in glioma tumors, colonic 
adenocarcinoma, and ovarian carcinoma when compared with normal 
tissues. Initial studies using high concentrations of synthetic ligands of PBRs 
indicated that these compounds could inhibit DNA synthesis and block 
mitogenesis in different cell lines [88]. Whether these receptors or their natu­
ral ligand(s) playa role in the induction of adrenocortical tumorigenesis 
remains unknown. 

Another interesting adrenocortical protein that needs to be mentioned is 
the recently described steroidogenic acute regulatory protein [89]. This pro­
tein enhances the mitochondrial conversion of cholesterol into pregnenolone, 
by the cholesterol side-chain cleavage enzyme, suggesting that it is crucial for 
normal adrenal and gonadal steroidogenesis. Defects of the steroidogenic 
acute regulatory protein were recently associated with the syndrome of con­
genital lipoid adrenal hyperplasia [89]. It is not known whether overexpression 
of this gene could participate in the tumorigenesis of steroid-secreting adreno­
cortical neoplasms. 

A cell-specific orphan nuclear receptor, designated steroidogenic factor I 
(SF-1), was recently identified as a key regulator of the steroid hydroxylases in 
adrenocortical cells [90--92]. Consistent with this role, SF-1 in adult mice is 
expressed all primary steroidogenic tissues, including the adrenal cortex, tes­
ticular Leydig cells, and ovarian theca and granulosa cells and corpus luteum 
[91]. Targetted disruption of the Ftz-F1 gene, which encodes SF-1, produced 
mice homozygously deficient in both alternative isoforms of this gene. Ftz-F1 
null mice had no adrenal glands and/or gonads, suggesting that this nuclear 
receptor was essential for embryonic gonadal differentiation [92]. Whether 
abnormalities in the Ftz-F1 gene and SF-1 protein playa role in human 
adrenocortical tumorigenesis remains unknown. 

X-linked adrenal hypoplasia congenita is a developmental disorder of the 
human adrenal gland that results in profound adrenal insufficiency, which is 
lethal if untreated [93,94]. Recently, the DAX-1 gene, a new member of the 
nuclear hormone receptor superfamily, was isolated and was found to be 
deleted or mutated in several patients with X-linked adrenal hypoplasia 
[92,93]. The DAX-1 product acts as a dominant negative regulator of tran­
scription mediated by the retinoic acid receptor [93]. Whether abnormalities in 
DAX-1 gene or its product can be associated with human adrenocortical 
tumorigenesis remains unknown. 

The study of the mechanisms by which cancer cells evade chemotherapy has 
led to the identification of several distinct genes related to drug resistance. The 
human multidrug drug resistance (MDRl) gene confers a highly active efflux 
mechanism for chemotherapeutic drugs, which prevents accumulation of these 
drugs in the cytoplasm of multidrug-resistant cells [95]. MDRI encodes a cell 
surface polypeptide of 170 kD and 12 transmembrane regions, known as P-
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glycoprotein. P-glycoprotein was found in a small number of human specific 
sites, such as the liver, pancreas, kidney, colon, and jejunum. Most tissues 
examined revealed very little P-glycoprotein. Interestingly, high levels of P­
glycoprotein were diffusely detected on the surface of cells in both the human 
adrenal cortex and medulla [95]. This suggests that the multidrug transporter 
P-glycoprotein might playa role as a pump for the secretion of physiological 
metabolites and certain anticancer drugs in the human adrenal gland and may 
set adrenocortical neoplasms apart from other cancers by explaining the pro­
found resistance of these neoplasms to chemotherapeutic agents. 

Association with chromosomal abnormalities and genetic syndromes 

The possibility that there is an inherited predisposition to develop adrenocor­
tical tumors has been previously entertained [67,97,98,100-103]. Adrenocorti­
cal carcinoma has been reported in siblings, and a high incidence of diverse 
malignancies has been noted in families and relatives of patients with adreno­
cortical carcinomas [67,97,101]. Also, high frequencies of congenital anomalies 
and secondary tumors have been demonstrated in patients with adrenal cancer 
[97,98,100,103]. There are several recognized genetic syndromes that have 
been associated with adrenocortical neoplasms, which are discussed later (see 
Table 1). 

Patients with the Li-Fraumeni syndrome have a high incidence of adreno­
cortical carcinomas [67]. Germline mutations in p53, located on 17p, were 
identified in families with this syndrome [67,68]. In addition, Yano et al. 
described abnormalities of chromosome 17 in adrenocortical carcinomas, 
which was compatible with loss of heterozygosity and defective tumor sup­
pressor activity of p53, as was later demonstrated in 27% of malignant adreno­
cortical tumors and two adrenocortical tumor cell lines examined [75,103]. The 
loss of heterozygosity at 17p was consistently demonstrated in adrenal carcino­
mas, but not in adrenal adenomas, supporting a malignant transformation­
inhibitory role for p53 in adrenocortical tissue [75,104]. 

The Wiedemann-Beckwith syndrome, a growth disorder associated with 
allelic loss of llq15 and characterized by neonatal macrosomia, macroglossia, 
and omphalocele, has an increased incidence ofWilm's tumors and adrenocor­
tical carcinomas [99,100]. Koufos et al. suggested that a recessive oncogene 
located on chromosome IIp confers a predisposition to adrenal cortical tu­
mors, hepatoblastoma, and rhabdomyosarcoma [101]. In agreement with this, 
structural abnormalities at the llp15 locus were described in 28.5% of spo­
radic adrenocortical tumors [103]. Particularly, uniparental disomy at the 
llp15.5 locus, which includes the H-ras-l, IGF-II, and insulin genes, was 
observed in human adrenocortical carcinomas [102]. Gicquel et al. also de­
tected very high IGF-II mRNA contents in 83% (5 of the 6 carcinomas) of the 
adrenocortical carcinomas examined [102]. Four of these five carcinomas 
showed abnormalities at locus llpI5.5, suggesting that there is a strong rela-
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tion between IGF-II overexpression and rearrangements at the 11p15 locus in 
adrenocortical tumors. These findings suggest that structural abnormalities 
and/or overexpression of the IGF-II gene may playa key role in the multistep 
process of adrenocortical tumorigenesis. 

The Carney complex, an autosomal dominant disorder, is characterized 
by the association of primary pigmented nodular adrenocortical disease 
(PPNAD); myxomas, particularly of the heart; and psammomatous melanotic 
schwannomas involving the peripheral nervous system, spotty pigmentation, 
and blue nevi of the skin or mucosa and diverse endocrine neoplasms 
[16,105,106]. Testicular Sertoli cell tumors, growth hormone-producing 
adenomas, thyroid follicular carcinomas, ovarian cysts, and adrenocortical 
tumors were associated with this familiar syndrome, whose chromosomal locus 
was recently mapped on 2p16 but whose pathophysiologic mechanism(s) re­
mains unknown [16,107]. Cytogenetic and microsatellite studies of Carney 
tumors revealed the presence of genomic instability. But no deletions in the 
2p16 area, suggesting that these tumors are caused by activation of a c­
oncogene rather than inactivation of a tumor suppressor gene [108]. 

The familial and genetic nature of multiple endocrine neoplasia type I 
(MEN-I) syndrome was first pointed out by Wermer in 1954, who suggested 
that an autosomal dominant gene with high penetrance controls the trait [109]. 
Recently, the gene for MEN-I was mapped to chromosome 11q13, and sev.eral 
alterations in this region have been described in affected individuals [110-112]. 
The most frequent endocrinopathies in MEN-I are hyperparathyroidism, 
pancreatic-duodenal tumors, and pituitary tumors [112]. However, other tu­
mors are also seen more frequently than in the general popUlation, including 
adrenocortical and thyroid tumors, carcinoids, lipomas, and pinealomas [112]. 
In MEN-I, benign enlargement of adrenal cortex has been found in about one 
third of necropsy cases [112]. Diffuse and nodular cortical hyperplasia, 
adenomas, and a single case of adrenocortical carcinoma were described in 
patients with MEN-I [110,111]. Loss of constitutional heterozygozity for alle­
les at 17p, 13q, 11p, and 11q was found in the MEN-I adrenocortical carci­
noma, while the benign adrenal lesions retained heterozygosity for the MEN-I 
locus at 11q13 [111]. 

Conclusions and future directions 

A breakdown in the balanced relation of cells between production (growth 
and replication) and withdrawal by senescence, apoptosis, or differentiation 
leads to tumorigenesis (see Fig. 1). The involvement of many control points 
underscores the complexity of the growth mechanisms that maintain the integ­
rity of the normal cell. Although the sequence of events leading to adrenal 
tumorigenesis is presently unclear, the process is clearly multistep and is 
variable from case to case. A multiplicity and variety of genetic abnormalities 
may account for the phenotypic heterogeneity of adrenocortical tumors. 
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The studies targeting cellular oncogenes and tumor suppressor genes, as 
well as genes involved in normal senescence, apoptosis, and differentiation, 
might provide not only knowledge of the mechanisms of tumorigenesis but 
also a new generation of cancer markers, which could help identify subjects at 
high risk for developing specific malignancies, including adrenocortical carci­
nomas. Also, tests for the early diagnosis and prognosis of cancers might help 
with the development of better management prevention strategies for these 
patients. 

The advances in our understanding of molecular mechanisms of 
oncogenesis may also provide a better choice and administration schedule of 
therapeutic agents. New compounds are likely to be developed that take 
advantage of the differences between the control of the cell cycle in normal 
and cancer cells to maximize therapeutic effectiveness. Telomerase inhibitors, 
apoptosis inducers, genomic instability suppressants, and inducers of adreno­
cortical differentiation are among potential future classes of agents that could 
be administered or directed using gene-therapy methods in adrenocortical 
cells to produce the long elusive cure for adrenocortical cancer. The use of 
monoclonal antibodies against adrenocortical antigens or promoters ex­
pressed specifically in adrenocortical cells coupled to powerful toxins are 
probably worthwhile alternatives to pursue. 
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12. Pheochromocytoma and primary aldosteronism 

William F. Young, Jr. 

The hormonal hypersecretion associated with adrenal neoplasms can result in 
unique clinical presentations. The diagnostic and therapeutic approaches to 
two such adrenal tumors are reviewed in this chapter. Pheochromocytoma is 
associated with spectacular cardiovascular disturbances and, when correctly 
diagnosed and properly treated, it is curable; when undiagnosed or improperly 
treated, it can be fatal. Although primary aldosteronism is not associated with 
a dramatic clinical presentation or lethal consequences if undiscovered, this 
form of secondary hypertension and the associated hypokalemia are also 
amenable to a surgical cure. 

Pheochromocytoma 

Catecholamine-producing tumors that arise from chromaffin cells of the adre­
nal medulla and sympathetic ganglia are termed pheochromocytomas 
and paragangliomas, respectively. However, the term pheochromocytoma 
has become the generic name for all catecholamine-producing tumors and 
will be used in this chapter to refer to both adrenal pheochromocytomas 
and paragangliomas. Since the first successful operations in 1926 [1,2], 
considerable progress has been made in the diagnosis and treatment of 
pheochromocytoma. 

Prevalence estimates for pheochromocytoma vary from 0.01 % to 0.1 % of 
the hypertensive population. Although pheochromocytoma is rare, it is impor­
tant to suspect, confirm, localize, and resect these tumors (1) because the 
associated hypertension is curable with surgical removal of the tumor, (2) 
because of the risk of lethal paroxysm, and (3) because 10% of the tumors are 
malignant. These tumors occur equally in men and women, primarily in the 
third through fifth decades. Patients harboring a pheochromocytoma may be 
asymptomatic. However, symptoms usually are present and are due to the 
pharmacologic effects of excessive levels of catecholamines in the plasma. 
Signs and symptoms associated with pheochromocytoma are outlined in Table 
1. The hypertension may be sustained or paroxysmal. Paroxysmal hyperten­
sion is associated primarily with epinephrine-secreting tumors [3]. Episodic 
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Table 1. Signs and symptoms associated with pheochromocytoma 

Spell-related 
Headache 
Palpitation 
Diaphoresis 
Epigastric and chest pain 
Pallor 
Nausea 
Dyspnea 
Anxiety 
Hypertension 
Tremor 
Weakness and exhaustion after the spell 

Chronic 
Hypertension 
Orthostatic hypotension 
Grade II to IV retinopathy 
Tremor 
Fever 
Weight loss 
Congestive heart failure 
Hyperglycemia 
Constipation 
Painless hematuria (associated with urinary bladder pheochromocytoma) 
Ectopic hormone secretion-dependent symptoms (e.g., CRH/ACTH, GHRH, PTH-RP, 

VIP) 
Not typical of pheochromocytoma 

Flushing 

ACTH = corticotropin; CRH = corticotropin-releasing hormone; GHRH = growth hormone­
releasing hormone; PTH-RP = parathyroid hormone-related peptide; VIP = vasoactive intestinal 
polypeptide. 

symptoms may occur in spells, or paroxysms, which can be extremely variable 
in their presentation. They may be spontaneous or precipitated by postural 
change, anxiety, exercise, or maneuvers that increase intra-abdominal pres­
sure. Although the interindividual variability in the types of spells is high, the 
spells tend to be stereotypical for each patient. A spell usually lasts from 10 to 
60 minutes and may occur anywhere in frequency from daily to only several 
times per year. Pheochromocytoma is not the most common cause of 
hypertension-related spells [4]. The differential diagnosis of these spells is 
outlined in Table 2. 

A 'rule of 10' has been quoted for pheochromocytomas: 10% are extra­
adrenal, 10% occur in children, 10% are multiple or bilateral, 10% recur after 
surgical removal, 10% are malignant, and 10% are familial [5]. The familial 
autosomal neurocristopathic syndromes include familial pheochromocytoma, 
multiple endocrine neoplasia type lIA (with pheochromocytoma, medullary 
carcinoma of the thyroid, and hyperparathyroidism), and type lIB (with 
pheochromocytoma, medullary carcinoma of the thyroid, mucosal neuromas, 
thickened corneal nerves, intestinal ganglioneuroma to sis, and marfanoid 
body habitus), neurofibromatosis, and von Rippel-Lindau syndrome (retinal 
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hemangiomatosis, cerebellar hemangioblastoma, pheochromocytoma, and 
renal-cell carcinoma). 

Diagnosis 

Biochemical documentation of catecholamine hypersecretion should precede 
any form of imaging. Most laboratories now measure catecholamines by high-

Table 2. Spells: Differential diagnosis of pheochromocytoma-type spells 

Endocrine 
Pheochromocytoma 
Thyrotoxicosis 
Primary hypogonadism (menopausal syndrome) 
Medullary thyroid carcinoma 
Pancreatic tumors (e.g., insulinoma) 
Hypoglycemia 
Carbohydrate intolerance 
'Hyperadrenergic spells' 

Cardiovascular 
Labile essential hypertension 
Cardiovascular deconditioning 
Pulmonary edema 
Syncope 
Orthostatic hypotension 
Baroreflex dysfunction 
Paroxysmal cardiac arrhythmia 
Angina 
Renovascular disease 

Psychologic 
Anxiety and panic attacks 
Somatization disorder 
Hyperventilation 

Pharmacologic 
Withdrawal of adrenergic inhibitor 
Monoamine oxidase inhibitor treatment and tyramine (in foods) or sympathomimetic drugs 
Sympathomimetic ingestion 
Illegal drug ingestion (e.g., cocaine, PCP, LSD) 
Chlorpropamide-alcohol flush 
Vancomycin ('red man syndrome') 

Neurologic 
Postural orthostatic tachycardia syndrome (POTS) 
Autonomic neuropathy 
Migraine headache 
Diencephalic epilepsy (autonomic seizures) 
Stroke 
Cerebrovascular insufficiency 

Other 
Mastocytosis - systemic or activation disorder 
Environmental allergies 
Carcinoid syndrome 
Recurrent idiopathic anaphylaxis 
Unexplained flushing spells 
Polycythemia vera 
POEMS syndrome (polyneuropathy, organomegaly, endocrinopathy, M-protein spike, and 

skin changes) 
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pressure liquid chromatography with electrochemical detection. This has 
overcome the problems associated with fluorometric analysis (e.g., false­
positive results caused by a-methyldopa and other drugs with high native 
fluorescence). To interpret the measurements of catecholamines and cat­
echolamine metabolites, it is critical to know the methodology a laboratory 
uses and the accuracy of the measurements for these compounds. In our 
laboratory, the most reliable screening method is measurement of 
metanephrines in a 24-hour urine [6]. The measurement of plasma 
metanephrines, although not widely available, is also an accurate test to diag­
nose pheochromocytoma [7]. If clinical suspicion is high, then epinephrine, 
norepinephrine, dopamine, and vanillylmandelic acid measurements are 

Pheochromocytoma - Evaluation and Treatment 

Discontinue interfering medications 

24-hr urine 24·hr urine 
/ Metanephrines Metanephrines 

/' ~~:Cholamin, / Creatinine '" 

Normal Creatinine "\ Normal 

~ > 2-fold elevation in catechols or 1 
Recheck 24-hr urine • increased metanephrines 

With~Spell ~ 

Normal Localization Investigate other 
~ Adrenal/abdominal MRI or CT scan causes of spells 

Investigate other 
causes of spells Typical adrenal or 

para-aortic mass 
+ 

Consider: 
1231-MIBG scan 

Negative 
abdominal imaging 

+ 
Consider: 
• 123I-MIBG scan 
• In-III pentetreotide 

scan 
• Whole body MRI 

+ \ ~ __ ---- Tumor found 

Preoperative (1- and fJ­
adrenergic blockade 

+ 
Surgical resection 

Figure 1. Evaluation and treatment of catecholamine-producing tumors. Clinical suspicion is 
triggered by the following: paroxysmal symptoms (especially hypertension); hypertension that is 
intermittent, unusually labile, or resistant to treatment; family history of pheochromocytoma or 
associated conditions; or incidentally discovered adrenal mass. The details are discussed in the 
text. CT = computed tomography; MRI = magnetic resonance imaging; 123I-MIBG = 123I_meta_ 
iodobenzylguanidine; VMA = vanillylmandelic acid. (Modified from Young [17]. Reproduced 
with permission.) 
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added to the 24-hour urine studies (Fig. 1). For a patient with episodic hyper­
tension, the 24-hour urine collection should start with the onset of a spell. 
When collected in this manner, patients with pheochromocytoma have more 
than a twofold increase above the upper limit of normal in one of the three 
catecholamines measured in the 24-hour urine or increased levels of urinary 
metanephrines (see Fig. 1). 

Although it is best to evaluate patients who are not receiving any medica­
tion, most medications may be continued, with some of the exceptions listed in 
Table 3. Labetalol is the most frequently used antihypertensive agent that 
interferes with most metanephrine and catecholamine assays. Labetalol must 
be discontinued for 4-7 days before initiating the diagnostic evaluation for 
pheochromocytoma. Although plasma catecholamine measurements are con­
venient, they add little information to that obtained from the 24-hour urinary 
measurements. Because of the advances in catecholamine measurements, sup­
pression [8] and provocative [9] tests are rarely needed. 

Localization studies should not be initiated until biochemical studies have 
confirmed the diagnosis of pheochromocytoma (see Fig. 1). However, in 
the 1990s endocrinologists are frequently asked to evaluate patients for 
pheochromocytoma after computerized abdominal imaging (performed for 
other reasons) discloses an adrenal mass [10]. Computer-assisted adrenal 
and abdominal imaging [magnetic resonance imaging (MRI) or computed 
tomography (CT)] is the first localization test (sensitivity >95%, specificity 
>65%) [11] (Fig. 2). Approximately 90% of these tumors are found in the 
adrenal glands and 98% in the abdomen [12]. However, tumors may arise at 
any site where chromaffin tissue is located, from the base of the skull to the 
scrotum. The most common locations of extra-adrenal pheochromocytoma 
include superior abdominal para-aortic region, 46%; inferior abdominal para-

Table 3. Medications that may alter measured levels of catechola­
mines and metabolites 

Increase values 
Tricyclic antidepressants 
Labetalol 
Levodopa 
Drugs containing catecholamines 
Amphetamines 
Sotolal hydrochloride 
Methyldopa 
Withdrawal from clonidine hydrochloride and other drugs 
Ethanol 
Benzodiazepines 

Decrease values 
Metyrosine 
Methylglucaminea 

a A component of iodinated contrast media that may cause 
metanephrine values to be falsely normal for as long as 72 hours 
when measured with Pisano's spectrophotometric method. 
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A 

Figure 2. Magnetic resonance imaging (MRI) scans from a 61-year-old woman with hypertension 
and spells. A: MRI scan with T,-weighted partial saturation sequences demonstrates a 6.5 X 4.5 cm 
cystic left adrenal mass (arrow). B: MRI scan with T2-weighted partial saturation sequences 
demonstrates the high signal intensity of the solid tissue typical of pheochromocytoma (arrow). 
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aortic region, 29%; urinary bladder, 10%; thorax, 10%; head and neck, 3%; 
and pelvis, 2% [13]. Tumor size does not correlate with the degree of increase 
in catecholamine levels [3]. 

Scintigraphic localization with radiolabeled-MIBG is indicated in the fol­
lowing circumstances: (1) if the results of abdominal imaging are negative, (2) 
if the patient has a known extra-adrenal pheochromocytoma and it is impor­
tant to exclude additional paragangliomas, and (3) if metastatic disease is 
suspected (Fig. 3). This radiopharmaceutical agent accumulates preferentially 
in catecholamine-producing tumors (sensitivity 88%, specificity 99%) [14]. 
Computer-assisted chest, neck, and head imaging and central venous sampling 
are additional localizing procedures that can be used, although they are rarely 
required. Somatostatin-receptor imaging with In-ll1-labeled pentetreotide 
[15,16] may also assist in difficult cases. 

Treatment 

The treatment of choice for pheochromocytoma is surgical resection. Most 
pheochromocytomas are benign and can be totally excised. Preoperatively, the 
chronic and acute effects of excess circulating catecholamines must be cor­
rected. Combined a- and ~-adrenergic blockade are required preoperatively 
to control blood pressure and to prevent intraoperative hypertensive crises. 
a-Adrenergic blockade should be started at least 10 days preoperatively to 

Figure 3. 131I-meta-iodobenzylguanidine (MIBG) scan from a 60-year-old woman with a 4.2-cm 
left adrenal pheochromocytoma. Adrenal scintigraphic images at 24 hours after administration of 
I3II-MIBG. Focal increased left suprarenal 1311 activity (arrow) was present and was consistent with 
left adrenal pheochromocytoma. 

245 



allow for expansion of the contracted blood volume. A liberal salt diet is 
advised during the preoperative period. After adequate a-adrenergic 
blockade is achieved, ~-adrenergic blockade may be initiated (e.g., 3 days 
preoperatively) [17]. 

Phenoxybenzamine is an irreversible long-acting a-adrenergic blocking 
agent. The initial dosage is 10 mg given orally one to two times daily; the dosage 
is increased by 10-20mg every 2 days as needed to normalize blood pressure 
and to eliminate spells. The effects of daily administration are cumulative for 
nearly a week. The average dosage is 20-100mg daily. Side effects include 
postural hypotension, tachycardia, miosis, nasal congestion, inhibition of 
ejaculation, diarrhea, and fatigue. Prazosin, terazosin, and doxazosin are selec­
tive acadrenergic blocking agents. The initial dose is 1 mg orally at bedtime to 
avoid the occasional syncope that follows the first dose. The dosage, up to 
20mg orally (in divided doses for prazosin), is then increased every 2 days as 
needed to control blood pressure. Phenoxybenzamine is the preferred drug for 
preoperative preparation because it provides a-adrenergic blockade of long 
duration. Effective a-adrenergic blockade permits expansion of blood volume, 
which usually is decreased as a result of excessive adrenergic vasoconstriction. 

The ~-adrenergic antagonist should be administered only after a­
adrenergic blockade is effective because ~-adrenergic blockade alone may 
produce more severe hypertension due to the unopposed a-adrenergic stimu­
lation. Preoperative ~-adrenergic blockade is indicated to control the 
tachycardia associated with both the high concentrations of circulating cat­
echolamines and the a-adrenergic blockade. Caution is indicated if the patient 
is asthmatic or has congestive heart failure. Chronic catecholamine excess can 
produce myocardiopathy and may become evident with initiation of ~­
adrenergic blockade resulting in acute pulmonary edema. Noncardioselective 
~-adrenergic blockers, such as propranolol and nadolol, or cardioselective ~­
adrenergic blockers, such as atenolol and metoprolol, may be used. When 
administration of the ~-adrenergic blocker is initiated, the drug should be used 
cautiously and at a low dose. For example, propranolol is usually initiated at 
lOmg every 6 hours at least 1 week after the initiation of a-adrenergic block­
ade. The dose is then increased and converted to a long-acting ~-adrenergic 
blocker as necessary to control tachycardia. Labetalol should be avoided until 
all diagnostic studies have been completed because it can interfere with the 
measurement of catecholamines and metabolites and with 123I_MIBG uptake 
by pheochromocytomas. 

a-Methyl-para-L-tyrosine (metyrosine) inhibits the synthesis of catechola­
mines by blocking the enzyme tyrosine hydroxylase. Side effects include 
sedation, diarrhea, anxiety, nightmares, crystalluria and urolithiasis, 
galactorrhea, and extrapyramidal manifestations. It is used most effectively 
in those patients who have persistent catecholamine-producing tumors that 
(for cardiopulmonary reasons) cannot be treated with combined a- and ~­
adrenergic blockade. 

Resection of a pheochromocytoma is a high-risk surgical procedure and 
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requires an experienced surgeon/anesthesiologist team. The last oral doses of 
0.- and ~-adrenergic blockers can be administered early in the morning on the 
day of operation. Continuous measurement of intra-arterial pressure and 
heart rhythm is required. Hypertensive episodes should be treated with intra­
venous infusion of phentolamine or nitroprusside. Lidocaine or esmolol are 
used for cardiac arrhythmia. Because intra-abdominal pheochromocytoma 
may be multiple and extra-adrenal, an anterior midline abdominal surgical 
approach is used in most cases. If the tumor is in the adrenal gland, the entire 
gland should be removed. If the tumor is malignant, as much tumor should be 
removed as possible. When performed by experienced surgeons, laparoscopic 
adrenalectomy for sporadic solitary adrenal pheochromocytomas is effective 
[18]. Paragangliomas of the neck, chest, and urinary bladder require special­
ized approaches. 

Hypotension may occur after surgical resection of the pheochromocytoma 
and should be treated with fluids and colloids. Postoperative hypotension is 
less frequent in patients who have had adequate a-adrenergic blockade 
preoperatively. If both adrenal glands have been manipulated, adrenocortical 
insufficiency should be considered as a potential cause of postoperative 
hypotension. Hypoglycemia can occur in the immediate postoperative period; 
therefore, blood glucose levels should be monitored and the fluid that is given 
intravenously should contain 5% dextrose. 

Blood pressure usually is normal by the time of dismissal from the hospital. 
Some patients remain hypertensive for up to 4-8 weeks postoperatively. 
Longstanding persistent hypertension does occur and may be related to acci­
dental ligation of a polar renal artery, resetting of baroreceptors, established 
hemodynamic changes, structural changes of the blood vessels, altered sen­
sitivity of the vessels to pressor substances, renal functional or structural 
changes, or coincident essential hypertension. Approximately 2 weeks postop­
eratively, a 24-hour urine sample should be obtained for measurement of 
catecholamines and metanephrines. If the levels are normal, the resection 
of the pheochromocytoma can be considered to have been complete. 
Increased levels of catecholamines postoperatively indicate the presence of 
residual tumor, a second primary lesion, or occult metastases. The 24-hour 
urinary excretion of catecholamines should be checked annually for at least 
5 years as surveillance for recurrence in the adrenal bed, metastatic 
pheochromocytoma, or delayed appearance of multiple primary tumors [19]. 
A more prolonged follow-up may be indicated if tumor DNA ploidy is abnor­
mal [20,21]. Recurrent tumor in patients with malignant pheochromocytoma 
may not become evident until an average of 8 years following the initial 
operation [22]. 

Malignant pheochromocytoma 

The distinction between benign and malignant catecholamine-producing tu­
mors cannot be made on the basis of clinical, biochemical, or histopathologic 
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Figure 4. A: Magnetic resonance imaging scan of the spine from a 17-year-old woman showing 
metastatic pheochromocytoma throughout the axial skeleton. B: Urinary norepinephrine levels 
and body weight prior to and during chemotherapy with cyclophosphamide, vincristine, and 
dacarbazine. 
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characteristics. Malignancy is based on finding direct local invasion or disease 
metastatic to sites that do not normally have chromaffin tissue, such as lymph 
nodes, bone, lung, and liver. Although 5-year survival is less than 50%, the 
prognosis is variable [22]. Many patients may have an indolent form of the 
disease, with life expectancy of more than 20 years. Metastatic lesions should 
be resected if possible. Painful skeletal metastatic lesions can be treated with 
external radiation therapy. Soft tissue metastases may also respond to external 
radiation therapy. Local tumor irradiation with therapeutic doses of 1311_ 
MIBG has produced partial and short-term responses in approximately one 
third of patients [23-25]. If the tumor is clinically aggressive and the quality of 
life is affected, combination chemotherapy may be considered. A chemo­
therapy program consisting of cyclophosphamide, vincristine, and dacarbazine 
given cyclically every 21-28 days has proven beneficial but not curative in 
these patients (Fig. 4) [26,27]. Embolization of inoperable tumors may be of 
benefit in a selected group of patients. However, hypertensive crises may occur 
following the embolization. Hypertension and spells can be controlled with 
combined (l- and ~-adrenergic blockade or inhibition of catecholamine synthe­
sis with metyrosine. 

Pheochromocytoma in pregnancy 

Pheochromocytoma in pregnancy can cause the death of both the fetus and the 
mother. The treatment of hypertensive crises is the same as for nonpregnant 
patients. Although there is some controversy about the most appropriate 
management [28], pheochromocytomas should be removed immediately if 
diagnosed during the first two trimesters of pregnancy. Preoperative prepara­
tion is the same as for nonpregnant patients. If medical therapy is chosen or if 
the patient is in the third trimester, cesarean section and removal of the 
pheochromocytoma in the same operation are indicated. Spontaneous labor 
and delivery should be avoided. 

Primary aldosteronism 

Hypertension, hypokalemia, suppressed plasma renin activity (PRA), and 
increased aldosterone excretion characterize the syndrome of primary 
aldosteronism first described in 1955 [29,30]. Prevalence estimates for primary 
aldosteronism vary from 0.05% to 2% of the hypertensive population [31,32]. 
At least seven subtypes of primary aldosteronism have been identified 
(Table 4). Aldosterone-producing adenoma (APA) and idiopathic hyper­
aldosteronism (IHA) are found in approximately 64 % and 32 % of the patients 
with primary aldosteronism, respectively (see Table 4) [33]. 

Primary adrenal hyperplasia (PAH) and renin-responsive APA are uncom­
mon subtypes. A hyperplastic adrenal that resembles IHA morphologically 
but mimics the AP A response to physiologic maneuvers and unilateral 
adrenalectomy characterizes PAH [34-36]. The renin-responsive APA 
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Table 4. Types of primary aldosteronism 

Type 

Aldosterone-producing adenoma (APA) 
Corticotropin-responsive (common) 
Renin-responsive (rare) 

Idiopathic hyperaldosteronism (IHA) 
Primary adrenal hyperplasia 
Aldosterone-producing adrenocortical carcinoma 
Aldosterone-producing ovarian tumor 
Familial hyperaldosteronism (FH) 

Glucocorticoid-remediable aldosteronism (FH type I) 
FH type II (APA or IHA) 

Prevalence (%) 

64 ± 10 (±SD) 

32 ± 10 (±SD) 
<2 

1 
<1 

<2 
<2 

appears as an AP A morphologically and in response to unilateral 
adrenalectomy, but it responds to physiologic maneuvers, as do the 
hyperplastic glands of IHA [35-38]. 

Two forms of familial hyperaldosteronism (FH) have been described. Two 
isozymes of ll-~-hydroxylase encoded by two genes on chromosome 8 are 
responsible for aldosterone and cortisol biosynthesis. The isozyme in the zona 
glomerulosa (P450a1do) catalyzes the conversion of deoxycorticosterone to cor­
ticosterone to 18-hydroxycorticosterone to aldosterone. The isozyme in the 
zona fasciculata (P450cll ) catalyzes the conversion of ll-deoxycortisol to cor­
tisol and does not catalyze aldosterone synthesis. Glucocorticoid-remediable 
aldosteronism (GRA, FH type I) is autosomal dominant in its inheritance and 
is associated with variable degrees of hyperaldosteronism, high levels of hy­
brid steroids (e.g., 18-hydroxycortisol), and suppression with exogenous gluco­
corticoids. The mutation in patients with GRA is fusion of the promoter 
region of the gene for P450cll and the coding sequences of P450a1do, resulting in 
ACTH-dependent activation of the aldosterone synthase effect on cortisol, 
corticosterone, and cortisol precursors [39]. Therefore, these patients are bio­
chemically unique in having markedly increased levels of 18-oxocortisol and 
18-hydroxycortisol. The second form of FH, FH type II, was reported by 
Stowasser et al. [40] and refers to the familial occurrence of APA or IHA or 
both. 

Distinguishing the subtype of primary aldosteronism is critical to appropri­
ate therapy. Unilateral adrenalectomy cures the hypertension and hypo­
kalemia in most patients who have AP A and P AH, whereas pharmacologic 
therapy is more effective for patients with IHA and GRA. 

Clinical features 

The diagnosis of primary aldosteronism is usually made in patients in the third 
to sixth decades. Few symptoms are specific to the syndrome. Patients with 
marked hypokalemia may have muscle weakness, muscle cramping, head­
aches, palpitations, polydipsia, polyuria, or nocturia. There are no specific 
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physical findings. The degree of hypertension is usually moderate to severe 
and may be resistant to usual pharmacologic intervention [41]. 

In addition to the hypokalemia, abnormalities detected on routine clinical 
laboratory testing should raise suspicion of the presence of primary 
aldosteronism. For example, mild metabolic alkalosis (serum bicarbonate, 
>31mEq/l) and relative hypematremia (serum sodium, >142mEq/l) are fre­
quent findings. The relative hypematremia is most likely associated with 
decreased vasopressin release due to plasma volume expansion or to a 
hypokalemia-induced abnormality in vasopressin release and action [42,43]. 
Chronic potassium depletion can inhibit insulin secretion and action, resulting 
in increased fasting plasma glucose levels in about 25% of the patients. 
Electrocardiographic changes of mild left ventricular hypertrophy and 
hypokalemia, including prolonged ST segment, U waves, and T-wave inver­
sion, may be found. 

Diagnosis 

The diagnostic approach to primary aldosteronism can be considered in three 
stages: screening testing, confirmatory testing, and subtype evaluation. Spon­
taneous or easily provoked hypokalemia in a hypertensive patient should 
prompt the clinician to screen for primary aldosteronism. Spontaneous 
hypokalemia is uncommon in patients with uncomplicated hypertension and, 
when present, strongly suggests associated mineralocorticoid excess. 
However, normokalemia does not exclude primary aldosteronism. Several stud­
ies have shown that 7-38% of patients with primary aldosteronism [32,44,45] 
and most patients with GRA [46] have baseline serum potassium levels in the 
normal range. Patients with hypertension and hypokalemia (regardless of 
presumed cause, e.g., diuretic treatment) and most patients with treatment­
resistant hypertension should be screened for primary aldosteronism. 

Screening of suspected patients can be accomplished by measuring serum 
potassium, 24-hour urinary potassium, and paired random PAC to PRA ratio 
(Fig. 5). Because approximately 30% of patients with essential hypertension 
and almost all patients with primary aldosteronism have subnormal upright 
PRA levels [47], a low PRA level is not specific for primary aldosteronism. A 
high ratio of PAC (in ng/dl) to PRA (in nglml/hr) is more specific for primary 
aldosteronism. Although Hiramatsu et al. [48] found the ratio to be <20 
in patients with essential hypertension and >40 in patients with primary 
aldosteronism due to AP A, others have found more overlap in the ratio 
between patients with essential hypertension and those with primary 
aldosteronism [49]. PAC to PRA ratios exceeding 25 or 33 [49,50] have been 
recommended to trigger further studies to confirm primary aldosteronism. 
Weinberger and Fineberg [51] found the combination of PACIPRA ratio> 30 
and PAC >20ng/dl to be 90% sensitive and 91% specific for primary 
aldosteronism. Patients with at least two of the following findings should be 
evaluated further for the possibility of primary aldosteronism: (1) spontaneous 
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Clinical Suspicion of Primary Aldosteronism 
~ 

.------ Discontinue spironolactone ____ 

Spontaneous hypokalemia Diuretic-induced hypokalemia 

potassium stores / 
Discontinue diuretic and replace / co~u,e diuretic 

r-------, Repeat serum potassium 2 weeks 
later on added salt diet 

'" " Potassium >4.0 mEq/L Potassium s4.0 mEq/L 
Primary aldosteronism unlikely 

Screening positive if: 
PAC-PRA ratio >20 
PAC~2O ng/dL 

+ 
Discontinue interfering medications 
Potassium chloride supplementation 
High sodium diet for 3 days and obtain 

24-hr urine for aldosterone, sodium 

+ 
Elevated aldosterone excretion 

~ 
PRIMARY ALDOSTERONISM CONFIRMED 

Figure 5. Screening and confirmatory studies for primary aldosteronism. PRA = plasma renin 
activity; PAC = plasma aldosterone concentration. (Modified from Young et al. [53]. Reproduced 
with permission.) 

or easily provoked hypokalemia, (2) random PRA <2.0nglmllhr, and (3) 
random PAC to PRA ratio of >20 (see Fig. 5). 

The second stage in the evaluation of the patient with suspected primary 
aldosteronism is to confirm the disorder by demonstrating increased aldoster­
one excretion or increased PAC despite volume expansion. The list of drugs 
and hormones capable of affecting the renin-angiotensin-aldosterone axis is 
extensive, and frequently, in patients with severe hypertension, a 'medication­
contaminated' evaluation is unavoidable. The optimal antihypertensive agents 
to be used during this evaluation include aI-adrenergic receptor antagonists 
and guanadrel; however, calcium-channel blockers and ~-adrenergic receptor 
blockers do not affect the diagnostic accuracy in most cases [33]. It is impos­
sible to interpret data obtained from patients receiving treatment with 
spironolactone. Therefore, spironolactone treatment should not be initiated 
until the evaluation is completed and the final decisions about treatment are 
made. If a patient suspected of primary aldosteronism is under treatment with 
spironolactone, it should be discontinued for at least 6 weeks before initiating 
diagnostic studies. 

Aldosterone suppression testing can be performed with orally administered 
sodium chloride and measurement of urinary aldosterone [33,45] or with 
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intravenous sodium chloride loading and measurement of PAC [32,44]. Our 
practice has been oral salt loading over 3 days. Patients should receive a high 
sodium diet (supplemented with 1-g sodium chloride tablets if needed) for 3 
days. The risk of increasing dietary sodium in patients with severe hyperten­
sion must be assessed in each case. Because the high-sodium diet can increase 
kaliuresis, vigorous replacement of potassium chloride should be prescribed. 
On the third day, a 24-hour urine is collected for measurement of aldosterone, 
sodium, potassium, cortisol, and creatinine. The 24-hour urinary sodium 
excretion should exceed 200mEq to document adequate sodium repletion. 
Urinary aldosterone excretion >12J.1g/24hr is consistent with hyper­
aldosteronism. After age 50 the normal excretion rate of aldosterone falls [52]. 
The age-related 'normal' range for the laboratory should be known. The 
intravenous saline infusion test is performed after an overnight fast and in a 
recumbent patient. Two liters of normal saline is infused over 4 hours, and at 
the end of infusion blood is obtained for measurement of PAC. If the PAC is 
> lOng/dl, unsuppressibility of aldosterone secretion is documented. If the 
PAC is <5ng/dl following the saline infusion, primary aldosteronism is un­
likely [32,44]. 

The third stage of the evaluation of the patient with primary aldosteronism 
guides the therapeutic approach by distinguishing AP A and P AH from IHA 
and GRA (Fig. 6). Unilateral adrenalectomy in patients with an APA or PAH 
results in normalization of hypokalemia in all these patients and of hyperten­
sion in approximately 60-70% of them. In IHA and GRA, unilateral or 
bilateral adrenalectomy seldom corrects the hypertension [33]. The studies 
outlined in this section should be considered only after the diagnosis of pri­
mary aldosteronism is confirmed. This differentiation may require one or 
more studies, the first of which is imaging the adrenal with computed 
tomography (CT) or magnetic resonance imaging (MRI) (see Fig. 6). The 
diagnostic accuracy of adrenal CT scanning is approximately 70-90% 
[53]. Patients with APAs have more severe hypertension, more profound 
hypokalemia «3.0mEq/I), higher plasma (>25ng/dl) and urinary (>30J.1g/ 
24hr) levels of aldosterone, and younger age «50 years) than those with 
IHA [54]. 

Patients fitting these descriptors are considered to have a 'high probability 
of APA' (see Fig. 6). Unfortunately, these factors are not absolute predictors 
of unilateral versus bilateral adrenal disease. The patient with a high probabil­
ity of AP A who has a unilateral adrenal nodule > 1 cm should be considered 
for unilateral adrenalectomy. However, even in this group, there is a risk of 
operating on a nonfunctioning adrenal nodule. The concern about apparent 
adrenal microadenomas (:51 cm) is that they may represent areas of 
hyperplasia and unilateral adrenalectomy would be inappropriate [55]. The 
most frequent error may be incorrectly labeling a small AP A as IHA on the 
basis of CT findings of bilateral multinodularity or normal-appearing adrenals 
[56]. Adrenal venous sampling for aldosterone helps resolve these diagnostic 
dilemmas (Fig. 7). 
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Figure 6. Subtype evaluation of primary aldosteronism. The details are discussed in the text. 
CT = computed tomography; APA = aldosterone-producing adenoma; IHA = idiopathic 
hyperaldosteronism; PAH = primary adrenal hyperplasia; GRA = glucocorticoid-remediable 
aldosteronism; A VS = adrenal venous sampling. (Modified from Young et al. [53]. Reproduced 
with permission.) 

Selective adrenal venous sampling for aldosterone was one of the first tests 
used to distinguish APA from IHA [56,57). Although it continues to be the 
most accurate test when both adrenal veins are sampled, it is an invasive and 
difficult technique. The failure rate for catheterization of the right adrenal 
vein in the cases reported in the literature is 26% [33], necessitating the 
performance of this test in referral centers. Bilateral adrenal/peripheral 
cortisol gradients validate successful catheterization of both adrenal veins. 
Normal adrenal vein PACs are in the range of 100-400ng/dl [58). After 
infusion of cosyntropin, patients with APA and PAH have adrenal vein 
PACs of 1000-20,OOOng/dl: PAC lateralization ratio of > 10: 1 (APA or PAH 
adrenal PAC: contralateral adrenal PAC); 'cortisol-corrected' (PAC divided 
by plasma cortisol concentration) PAC lateralization ratio >5: 1 (APA or 
PAH adrenal PAC/cortisol: contralateral adrenal PAC/cortisol); and 
PAC: plasma cortisol ratio from unaffected adrenal less than the ratio from 
the peripheral vein [56,58]. Measuring epinephrine concentrations in the adre­
nal effluent, although rarely needed, will detect patients suspected of having 
cortisol cosecretion from an adenoma because this may suppress cortisol 
secretion from the contralateral gland, resulting in apparent suboptimal 
sampling of adrenal venous effluent. The effective use of high-resolution 
adrenal computerized imaging and adrenal venous sampling has made many 
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Results of Bilateral Adrenal Vein Sampling* 

Vein Adosterone Cortisol A/C Aldosterone 
(A) ng/dL (C) mcg/dL Ratio Ratio· 

RT Adrenal 431 613 0.7 Vein 
LT Adrenal 11,341 709 16.0 22.8 Vein 

IVC 109 30 3.6 

B *Left adrenal vein Ale ratio divided by right adrenal vein Ale ratio 

Figure 7. A: Computed tomographic (IT) scan from a 26-year-old woman who presented with 
new-onset hypertension and spontaneous hypokalemia (2.8mEq/l). The screening plasma aldos­
terone to plasma renin activity ratio was 56. The 24-hour urinary excretion of aldosterone was 
67 Ilg (with urinary sodium> 200 mEq). The IT scan shows a 1-cm nodule in the lateral limb of the 
left adrenal gland (arrow). B: The results of adrenal vein sampling confirmed the left adrenal 
gland to be the source of excess aldosterone. Following laparoscopic removal of the left adrenal 
gland with a O.5-cm cortical adenoma, the hypertension and hypokalemia resolved. 

SUbtype tests obsolete (e.g., posture stimulation test, adrenal scintigraphy 
with 1311 -19-iodocholesterol, and the plasma I8-hydroxycorticosterone 
concentration). 

Patients with primary aldosteronism who have normal findings with adrenal 
computerized imaging, or no lateralization of aldosterone on adrenal venous 
sampling, should be evaluated for the possibility of GRA (see Fig. 6). Typi­
cally, the diagnosis in these patients is made in the first to third decades. Also, 
the patients usually have a positive family history of onset of hypertension at 
a young age. A 24-hour urine I8-hydroxycortisol excretion in excess of 
3000nmol [46,59] or direct genetic blood testing to detect the chimeric gene 
[39] confirm the diagnosis. 
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Treatment 

The treatment goal is to prevent morbidity and mortality associated with 
hypertension and hypokalemia. The cause of the primary aldosteronism deter­
mines the appropriate treatment. Although hypertension is frequently cured 
with unilateral adrenalectomy in patients with AP A and PAR, the average 
cure rate for IRA is only 19% with unilateral or bilateral adrenalectomy [33]. 
IRA and GRA should be treated medically. 

The treatment of choice for AP A and PAR is unilateral total adrena­
lectomy. The blood pressure response to spironolactone preoperatively often 
predicts the blood pressure response to unilateral adrenalectomy in patients 
with APA [60,61]. To decrease the surgical risk, hypokalemia should be 
corrected with spironolactone before the operation. Accurate preoperative 
localization permits unilateral posterior surgical approach, which is associated 
with shorter hospitalization and minimal morbidity and mortality than the 
abdominal approach [62,63]. Unilateral adrenalectomy obviates the need for 
corticosteroid coverage. Laparoscopic adrenalectomy appears to be a safe 
alternative surgical approach with a significantly shorter hospital stay and 
posthospitalization recovery [64,65]. 

Typically, the hypertension takes 1-6 months to resolve. Although nearly 
100% of patients have improved blood pressure control postoperatively, aver­
age long-term cure rates with unilateral adrenalectomy for APA are 60--70% 
[53]. Persistence of hypertension may be related to change in baroreceptor 
sensitivity, established hemodynamic changes, structural changes of the blood 
vessels, altered sensitivity of the vessels to pressor substances, renal functional 
or structural changes, and coincident primary hypertension. 

The nonpharmacologic treatment of IRA includes dietary sodium restric­
tion «100mEq sodium/day), maintenance of ideal body weight, and alcohol 
avoidance. Potassium supplementation in the form of medication or as a 
diet rich in potassium is ineffective in correcting the hypokalemia of prim­
ary aldosteronism. Spironolactone often controls the hypertension and 
hypokalemia. Unfortunately, spironolactone also blocks both testosterone 
biosynthesis and peripheral androgen action. Impotence, decreased libido, 
gynecomastia, menstrual irregularities, and minor gastrointestinal tract symp­
toms may be found with spironolactone treatment. Amiloride is the drug of 
choice for men and for women who are intolerant of spironolactone. If hyper­
tension persists despite adequate tolerable doses, a second-step agent [e.g., 
calcium-channel antagonist, angiotensin-converting enzyme (ACE) inhibitor, 
angiotensin II receptor blocker, or a thiazide diuretic] should be added. 
Nifedipine decreases plasma aldosterone levels and normalizes blood pressure 
in some patients with primary aldosteronism [66]. The ACE inhibitor enalapril 
returns blood pressure to normal values, decreases aldosterone secretion 
rates, and improves potassium balance in selected patients with IRA. 
Lisinopril, benazepril, ramipril, and fosinopril, other long-acting ACE inhibi­
tors, and angiotensin II receptor blockers (e.g., losartin) should be similarly 
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effective. Hypervolemia is a major reason for drug resistance. Low doses (e.g., 
12.5-50mg of hydrochlorothiazide daily) of a thiazide diuretic add to blood­
pressure control when used in combination with the potassium-sparing di­
uretic [41]. 

Glucocorticoids given in physiologic to suppressive doses correct the hyper­
tension and hypokalemia in patients with GRA. However, spironolactone is 
just as effective and may be more practical for long-term therapy [67]. 

Although one of the first instances of primary aldosteronism to be de­
scribed [68] was due to an aldosterone-producing adrenal carcinoma, it is the 
rarest form of primary aldosteronism. Distinguishing histologically between 
benign and malignant adrenal cortical tumors is inherently difficult and 
remains controversial [69]. The only absolute criterion is the presence of 
local invasion or metastatic lesions. Adrenal carcinoma should be suspected 
in patients with aldosterone-producing tumors >3 cm in diameter (Fig. 8). 
Over 60 cases of aldosterone-producing adrenocortical carcinoma have 
been reported in the literature [70] . However, more than one half of 
the reported instances have been associated with excessive excretion of gluco­
corticoid, androgen, or aldosterone precursors. Isolated excessive aldosterone 
secretion from an adrenocortical carcinoma is rare. In general, carcinoma of 
the adrenal cortex carries a poor prognosis, with an overa1l5-year survival rate 
of 16-30% [71]. 

Because of its low incidence, well-designed prospective therapeutic trials 
involving large numbers of patients with adrenocortical carcinoma are lacking. 
Surgical excision is the treatment of choice. Most patients with metastatic 

Figure 8. Abdominal computed tomographic (CT) scan from a 54-year-old woman with hyperten­
sion and hypokalemia caused by primary aldosteronism. The CT image shows a 13 x 8cm left 
adrenal mass, which proved to be a 890g grade 2 adrenocortical carcinoma at surgery. 
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disease are treated with mitotane (o,p'-DDD). However, the effectiveness of 
mitotane is controversial [71,72]. One study has shown mitotane to be effective 
only if high drug blood levels are achieved [73]. Suramin is an adrenal toxic 
agent that has limited efficacy and serious toxicity [74]. Spironolactone is 
effective in blocking the effects of excessive aldosterone secretion. If the 
tumor cosecretes excessive glucocorticoids, the hypercortisolism may be con­
trolled with ketoconazole. 

Conclusion 

The diagnosis of a pheochromocytoma or an aldosterone-producing adrenal 
tumor provides the clinician with a unique treatment opportunity, that is, to 
render a surgical cure or achieve a dramatic response to pharmacologic 
therapy. Major advances have been made in the diagnosis and treatment of 
pheochromocytoma and primary aldosteronism since the first surgical cures in 
1926 and 1955, respectively. The biochemical diagnoses are now straightfor­
ward. Localization of both of these tumor types has advanced with the revolu­
tion in computerized imaging. Specialized localization studies, such as MIBG 
scintigraphy and adrenal venous sampling, are options in specific instances of 
pheochromocytoma and primary aldosteronism, respectively. The major chal­
lenge that remains is the need for physicians to suspect these two disorders on 
the basis of the clinical presentations. 
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13. Incidentally discovered adrenal masses 

Richard T. Kloos, Melvyn Korobkin, Norman W. Thompson, 
Isaac R. Francis, Brahm Shapiro, and Milton D. Gross 

Currently, adrenal masses are discovered incidentally in 0.35-5% of patients 
imaged with computed tomography (CT) and are referred to as adrenal 
incidentalomas [1,2]. As a result, the diagnostic dilemma of separating the 
small fraction of hypersecretory and/or malignant masses from the majority 
that are nonhypersecretory adrenal adenomas has become common. Given 
the fourfold greater autopsy incidence of adrenal adenomas compared with 
the radiographic incidence, and the oncology data that only 20-41% of 
adrenal metastases are detected by CT [1,3], it is likely that an increase in 
prevalence will occur if the spatial resolving capacity of abdominal imaging 
improves, if abdominal imaging occurs more frequently, and if routine 
abdominal imaging slice thickness is decreased. 

This chapter reviews current approaches to adrenal incidentaloma, includ­
ing biochemical evaluation, mass size, unenhanced CT attenuation values, 
chemical-shift magnetic resonance (MR), adrenocortical scintigraphy, percu­
taneous adrenal biopsy, and surgery. Further, current experimentation regard­
ing the utility of 1-hour post contrast CT attenuation values, positron emission 
tomography (PET), ethanol injection therapy, surgical resection of adrenal 
metastases, and subtotal adrenalectomy surgery are also discussed. 

Epidemiology 

The differential diagnosis of adrenal masses and their relative prevalences as 
incidentalomas are shown in Tables 1 and 2. The highest values are most likely 
overestimated due to the small sample sizes of the studies from which they 
were derived (e.g., adrenocortical carcinoma, cysts, and metastases in 
non-oncology patients). The majority of adrenal incidentalomas are 
nonhypersecretory adenomas, likely representing 70-94% of all adrenal 
masses in non-oncologic and general patient populations [1]. They occur 
equally in males and females, are uncommon under age 30 years, and their 
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Table 1. Etiological classification and relative frequency of various adrenal incidentalomas 

Mass etiology 

Adrenal cortex 
Adenoma 
Non-oncology and non-selected series 
Oncology patients 
Pigmented nodules ('black adenomas') 
Nodular hyperplasia 
Carcinoma 

Adrenal medulla 
Carcinoma 
Ganglioneuroma 
Ganglioneuroblastoma 
Pheochromocytoma 
Neuroblastoma (children) 

Other adrenal masses 
Angioma/hemangioma 
Angiomyolipoma 
Angiosarcoma 
Abscess 
Amyloidosis 
Cysts 

Parasitic (echinococcal most common): 6% of cysts 
Retention: 2% of cysts 
Endothelial (lymphatic or angiomatous): 44% of cysts 
Degenerative adenomas: 7% of cysts 
Pseudocyst (most likely hemorrhage into normal tissue or adrenal 

neoplasm): 39% of cysts 
Other (e.g., dermoid): 2% of cysts 

Extramedullary hematopoiesis 
Fibroma 
Granulomatouslinfectious-(blastomycosis, coccidiomycosis, 

cryptococcosis, cytomegalovirus, histoplasmosis, mycobacterium, 
sarcoidosis) 

Hamartoma 
Hematomalhemorrhage 
Leiomyosarcoma 
Leiomyoma 
Lipoma 
Liposarcoma 
Lymphangioma 
Myelolipoma (0.2% autopsy incidence) 
Myoma 
Neurofibroma 
Teratoma 
Xanthomatosis 

Metastases 
Non-oncology and nonselected series 
Oncology patients 
Breast carcinoma 
Kidney 
Leukemia 
Lung cancer 
Lymphoma 
Melanoma 
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Frequency among 
incidentalomas 

36-94% 
7...{i8% 

7-17% 
0-25% 

Q...{i% 

0-11% 

4-22% 

0-4% 

0-11% 

7-15% 

0-21% 
32-73% 



Table 1. (cont.) 

Mass etiology 
Frequency among 
incidentalomas 

Ovarian 
Others 

Pseudo- and peri-adrenal masses 
Paraganglioma; gastric diverticulum; lesions and pseudolesions of the 

diaphragmatic crura, stomach, gallbladder, kidney, liver, 
lymphactics (para-aortic, paracaval, retropancreatic, retocrural), 
omentum, pancreas, retroperitonium (neoplasm, hematoma, cyst), 
small and large bowel, spleen/accessory spleen, and vasculature 
(especially aneurysms, varices, tortuosities, dilated inferior vena 
cava, renal veins) 

Technical artifacts (particularly with prior abdominal surgery) 

Modified with permission from Kloos et al. [1]. © The Endocrine Society. 

Table 2. Suggested biochemical screening tests for adrenal incidentalomas 

Hypersecretory Frequency among 
state incidentalomas Screening test 

Pheochromocytoma 0--11% Serum catecholamines 
or 

24-hour urinary catecholamines 
or 

24-hour urinary metanephrines 

Cushing's or pre- 0--18% 1-mg oral overnight dexamethasone 
Cushing's suppression test for 0800-hour 
syndrome serum cortisol 

Mineralocorticoid 0--7% Blood pressure 
hypertension Serum potassium 

In hypertensive patients. 
Paired upright plasma renin activity 
Plasma aldosterone concentration 

Masculinizing 0--11% Serum dehydroepiandrosterone 
tumor sulfate (DHEAS) 

(Serum total and free testosterone and 
congenital adrenal hyperplasia 
evaluation in virilized females and 
boys with precocious sexual 
development) 

Feminizing tumor Rare (Serum estradiol in feminized men) 

Total cost 

a At the University of Michigan Medical Center (January 1996). 
bOften obtained previously for other reasons in a biochemical panel ($40). 
Modified with permission from Kloos et al. [1]. © The Endocrine Society. 

Costa 
(U.S. $) 

$139 

$102 

$79 

$70 

$0 
$15b 

$90 
$160 

$96 

$260--570 
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prevalence increases with age [1,4]. Nonhypersecretory adrenal adenomas are 
associated with hypertension, black versus white race, diabetes mellitus (two­
to fivefold), obesity, heterozygote carriers of congenital adrenal hyperplasia 
(CAH), multiple endocrine neoplasia (MEN), and the McCune-Albright syn­
drome [1,5]. Adrenocortical adenomas may be monoclonal (43%), polyclonal 
(28.5%), or of an intermediate form (28.5%); however, the pathogenesis of 
adrenocortical tumors remains poorly understood [1,5,6]. 

In patients having no known extra-adrenal primary malignancy, the chance 
is low that an adrenal incidentaloma is a metastasis or primary adrenal malig­
nancy (see Table 1). Between 8% and 38% of patients with known extra­
adrenal malignancies have adrenal metastases at autopsy, most commonly 
from the breast, lung, kidney, melanoma, and lymphoma [1]. Malignancy rates 
of adrenal masses with a known extra-adrenal primary malignancy have 
ranged from 32% to 73%, while benign masses have been reported in 27-68% 
of such cases [1]. Further, in this setting malignancy rates in adrenal masses 
=:;;3cm have ranged from 0% to 50%, while in adrenal masses >3cm, malig­
nancy rates have ranged from 43% to 100% [1]. The distinction between a 
metastasis and other causes of adrenal masses may be critical in patients who 
may benefit from curative surgery if their primary malignancy is not dissemi­
nated. Further, a small and controversial literature suggests that the resection 
of isolated adrenal metastases from some extra-adrenal primary malignancies 
may be beneficial [2,7,8]. 

Biochemical evaluation 

Hypersecretory masses require specific therapy, usually surgical extirpation. 
However, adrenal surgery is not generally indicated for CAH, primary 
aldosteronism secondary to bilateral adrenal hyperplasia, or adrenocorti­
cotrophic hormone (ACTH)-dependent Cushing's syndrome with secondary 
macronodular adrenal hyperplasia. History and physical examinations must 
consider hypersecretion of cortisol, androgens, estrogen, mineralocorticoids, 
and catecholamines. However, biochemical screening of all adrenal masses 
lacking an obvious radiological diagnosis (e.g., simple cyst, myelolipoma; 
Fig. 1), regardless of the history and physical examinations, cannot be over­
emphasized. CT and MR are unable to distinguish hypersecretory from 
nonhypersecretory lesions, while clinically silent hypersecretory adrenal 
masses are common (see Table 2) [1]. Fifty to 70% of adrenocortical carcino­
mas are hypersecretory [1,10-12]. Partially cystic lesions warrant complete 
evaluations regarding their secretory status and as potential malignancies. 
Table 2 suggests a minimal, yet adequate, initial screening evaluation of the 
adrenal incidentaloma. 

The prevalence of pheochromocytoma in patients with classic symptoms of 
episodic headache, palpitations, and diaphoresis is comparable with that of 
pheochromocytoma amongst adrenal incidentalomas (see Table 2) [1]. Be-
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Figure I. Adrenal myelolipoma. A small amount of fat-attenuation tissue (arrow) is seen within 
this right adrenal mass. (Reprinted with permission from Korobkin and Francis [9].) 

tween 19% and 76% of pheochromocytomas are not diagnosed during life, 
while up to 80% of unsuspected pheochromocytoma patients who underwent 
surgery or anesthesia have died [1]. Sixty-five percent of pheochromocytomas 
have an overlap with adrenal metastases in relative signal intensity on 
T2-weighted spin-echo MR, and percutaneous adrenal biopsy of pheo­
chromocytoma may precipitate hypertensive crisis, severe retroperitoneal 
bleeding, and death [1]. 

Plasma or urinary catecholamines and metanephrines, and urinary 
vanillylmandelic acid (VMA), are of approximately equal utility; however, the 
latter may be the least sensitive [1,13]. An understanding of factors that may 
result in false-negative and false-positive tests is required for proper test 
selection, performance, and interpretation (Table 3) [14]. Pharmacological 
stimulation or suppression tests may rarely be helpful [14,15]. Clonidine de­
creases catecholamines in nonpheochromocytoma subjects but has little effect 
in pheochromocytoma. Clonidine decreases plasma aldosterone concentration 
(PAC) and plasma renin activity (PRA) in normal and hypertensive subjects 
but has little effect in primary aldosteronism (Table 4). Thus, clonidine may be 
the antihypertensive agent of choice in patients with adrenal incidentalomas 
in whom antihypertensive therapy must be continued during diagnostic 
investigations. 

We advocate metaiodobenzylguanidine (MIBG) scintigraphy for further 
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Table 3. Drug interactions with pheochromocytomas and their diagnosis 

Contraindicated Increase Reduce Interval of drug 
with possible catecholamines MIBG withdrawl before 

Drugs pheochromocytoma and metabolites uptake MIBG imaging 

Acute clonidine or Yes Yes No None 
alcohol withdrawl, 
beta-blockers, 
minoxidil, 
hydralazine 

Phenoxybenzamine, No Yes No None 
phentolamine, 
prazosin, doxazosin, 
diuretics, 
spironolactone, 
amiloride, levodopa, 
methyldopa 

Cocaine, Yes Yes Yes 1 week 
sympathomimetics 

Dopamine, Yes Yes Possible 1 week 
dopaminergic drugs 

Clonidine, ACE No No No None 
inhibitors 

Butyrophenones, No Yes Possible 1 week 
amphetamines 

Labetalol No Yes Yes 4 weeks 
Guanethidine, Yes No Possible 1 week 

guanadrel 
Phenothiazines Possible Variable Possible 1 week 
Tricyclic No Variable Yes 4 weeks 

antidepressants 
Calcium-channel No No Possible 1 week 

blockers 
Methylglucamine No False normal up No None 

(component of to 72 hours 
iodinated contrast) 

Reserpine No No Yes 4 weeks 

Adapted from Kloos et al. [1] and Bravo [14], with permission. 

evaluation of suspected pheochromocytoma when biochemical screening 
tests are abnormal (Fig. 2). e231 or 1311] MIBG and [111In] pentetreotide 
(OctreoScan®) detect pheochromocytomas almost equally (sensitivity 88%) 
and may detect additional paragangliomas or evidence of metastatic disease. 
MIBG offers advantages of greater sensitivity for neuroblastoma (92% vs. 
77%) and ganglioneuroma (100%), with absent or minimal confounding 
normal renal and hepatic radiotracer accumulation, and the potential for 
therapy should the neural crest tumor be malignant [21,22]. Normal adrenal 
glands are visualized in up to 10% and 32% of patients studied with [1311] and 
[ 1231] MIBG, respectively (Fig. 2) [23]. [1231] MIBG is an investigational drug 
with significantly better radiation dosimetry, superior image quality, and 
better identification of metastatic foci than [1311] MIBG. [1231 or 1311] MIBG is 
administered as a slow intravenous injection. Imaging is performed after 24 
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and 48 hours with additional imaging after 72 hours for e311] MIBG [1]. Some 
data suggest that e231 or 1311] MIBG and [l11ln] pentertreotide may serve 
complementary roles [1,24]. The utility of MIBG scintigraphy in patients 
with normal biochemistry and discordant adrenocortical scintigraphy is 
uncharacterized [25]. 

It is likely that a spectrum of cortisol excess exists and that clinically obvious 
manifestations occur relatively late, while blunting of diurnal variation and 
loss of cortisol suppressibility occurs before baseline steroid hormone excre­
tion exceeds normal limits [1]. Given the prevalence of Cushing's and pre­
Cushing's syndrome (biochemical evidence of Cushing's syndrome without 
physical stigmata) amongst adrenal incidentalomas (see Table 2) [1,26-28], we 
suggest that cortisol secretory status be investigated with an overnight l.O-mg 
dexamethasone suppression test (DST). One may consider measures of corti­
sol secretory rhythm with paired 0800-hour and 1600-hour cortisol levels [1], 

Table 4. Drug interactions with aldosterone and renin determinations 

Values 
Values suggesting 

Renin- Effect on diagnostic possible 
angiotensin Effect on Effect PA:PRA of primary primary 
system drugs PRA onPA ratio aldosteronism aldosteronism 

None, prazosin, None 0 0 a b, c, or d 
doxazosin, (0) 
guanadrel, 
guanethidine 

Clonidine Decrease D 0 a b, c, or d 
(D) 

Minoxidil, Increase 00rD a b, c, d, e, or f 
hydralazine (I) 

Diuretics, 1 00rD a b, c, d, e, or f 
spironolactone, 
amiloride 

ACE inhibitors, D D a b,c,d,g,orh 
calcium-
channel 
blockers 

Beta-blockers, D 00r a b, c, or d 
antisympathetic minor 
agents, D 
NSAIDS 

'Suppressed PRA and elevated PA, either supine or upright. 
bUpright PRA <1nglmllhr (normal range 1.0-7.0) and PA >lOngldl (normal range 4.0-31.0). 
'Upright PRA <3.0nglmllhr and PA >15ngldl. 

Interval of 
drug withdrawl 
before 
further study 

None 

None 

1-2 weeks 

4-6 weeks 

1-2 weeks 

None or 1-2 
weeks 

dSupine PRA <2.5nglmllhr (normal range 0.5-3.5) and PA >15ngldl (normal range 1.0-16.0). 
'Upright PAIPRA ratio >30 and PA >20ngldI. 
'Elevated PA, either supine or upright. 
'Upright PA >15ngldl. 
"Upright PAIPRA ratio >20. 
Adapted from Weinberger et al. [16], Weigel et al. [17], Melby and Azar [18], Bravo [19], and Bunnag and Tuck 
[20]. 
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Figure 2. Pheochromocytoma. A: Unenhanced abdominal cr obtained for constipation following 
prostate cancer radiation therapy demonstrates a 5--{)cm right adrenal mass (arrow) containing 
areas of low density in a normotensive and asymptomatic man with urine catecholamines and 
metabolites ranging from normal to 4.6 times the upper limits of normal. B: Posterior NP59 scan 
7 days post-radiotracer administration demonstrates a discordant image pattern with diminished 
and distorted right adrenal gland uptake (large arrowhead), normal left adrenal gland uptake 
(small arrowhead), and marked stool (S) radio tracer activity throughout the colon despite laxa­
tives. C: Posterior [123I]MIBG scan 24 hours after radiotracer administration reveals intense right 
adrenal mass uptake (arrow) with normal left adrenal gland (arrowhead) and liver uptake. 

or a single 2400-hour cortisol value [29,30]. However, support of surgical 
intervention for an abnormal serum cortisol rhythm with a normal overnight 
DST, 24-hour urinary free cortisol (UFC) excretion, and absent physical 
stigmata of Cushing's syndrome is not available [1]. We recommend NP59 
scintigraphy for patients with ACTH-independent Cushing's and pre­
Cushing's syndrome, which would demonstrate unilateral radiotracer uptake 
within the tumor and absent uptake in the contralateral adrenal gland in all 
Cushing's adenomas and very rarely in cortisol-secreting well-differentiated 
adrenocortical carcinomas, which usually demonstrate bilateral adrenal 
nonvisualization (see later). Bilateral adrenal visualization on NP59 
scintigraphy should raise the suspicion of bilateral macro-nodular and 
micronodular hyperplasia (ACTH-dependent or independent). 

While some evidence suggests a shift of steroidogenesis from the miner­
alocorticoid to the glucocorticoid pathway in nonhypersecretory adrenal 
adenomas [31], blood pressure and serum potassium should be measured to 
exclude mineralocorticoid excess. In the absence of hypertension, we do not 
pursue mineralocorticoid excess if the serum potassium is normal (> 3.5 mmoll 
1). Spontaneous or easily provoked hypokalemia (::;3.5 mmol/l) or diuretic­
induced hypokalemia (::;3.0 mmol/l) should prompt further investigation [1]. 
In patients with hypertension, we also obtain a (>2 hours because supine) 
paired upright PAC and PRA. These determinations are most accurate after 
interfering medications have been discontinued for an appropriate interval 
(see Table 4). However, reasonable exclusion of primary aldosteronism may 
be achieved in the majority of patients in the presence of continued interfering 
medications. An elevated PAC with a suppressed PRA is always diagnostic of 
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primary aldosteronism. PAC and PRA values suggesting the possibility of 
primary aldosteronism should be further evaluated following discontinuation 
of all potentially interfering medications with repetition of baseline values, 
and/or saline or captopril suppression testing. Suppressed PRA and PAC 
values with hypokalemia suggest non-aldosterone-mediated mineralocorti­
coid hypertension [e.g., deoxycorticosterone (DOC)]. 

The incidentaloma patient found to have primary aldosteronism requires 
an investigation to distinguish a unilateral process from bilateral adrenal 
hyperplasia. Further discussion of these techniques may be found in Chapter 
12. Briefly, they include the magnitude of the PAC, the PAC/PRA 
ratio, the 18-hydroxycorticosterone level, postural PAC and PRA studies, 
dexamethasone-suppressed NP59 scintigraphy, and bilateral adrenal 
vein hormone sampling. 

In the setting of a unilateral process (almost always an adenoma, and rarely 
unilateral hyperplasia or a well-differentiated hypersecretory adrenocortical 
carcinoma), a dexamethasone-suppressed NP59 scan demonstrates early 
radiotracer uptake in the lesion and nonvisualization of the contralateral 
adrenal gland [32-35]. In the setting of bilateral adrenal hyperplasia, the 
dexamethasone-suppressed NP59 scan will demonstrate early bilateral adre­
nal visualization. In the rare setting of a hypersecretory adrenocortical carci­
noma or a glucocorticoid-remediable form of primary aldosteronism, the 
dexamethasone-suppressed NP59 scan will demonstrate absent early adrenal 
visualization bilaterally. In the former setting, the late images will charac­
teristically demonstrate absent or decreased radiotracer accumulation in the 
mass relative to the normal contralateral adrenal gland. In the later setting, 
the blood pressure and biochemical abnormalities will normalize on 
dexamethasone and the late images will demonstrate a normal (non­
lateralizing) NP59 image pattern. 

As none of the noninvasive tests are 100% accurate in distinguishing a 
unilateral from a bilateral etiology of primary aldosteronism, and because 
bilateral adrenal vein catheterization requires a skilled and experienced 
angiographer, we recommend that a combination of noninvasive tests be 
performed. Bilateral adrenal vein catheterization is recommended when the 
results are discrepant. These functional tests are important because of 
the relatively high prevalence of coexistant nonhypersecretory adrenal 
adenomas, and due to the fact the bilateral adrenal hyperplasia may occur 
asymmetrically. 

Some evidence suggests that adrenocortical carcinomas may demonstrate 
an enzymatic defect (ll-beta hydroxylase) in the mineralocorticoid synthetic 
pathway. A significant, although incomplete, separation of adrenocortical car­
cinomas from adenomas has been demonstrated by comparison of mineralo­
corticoid precursor levels to the end product aldosterone by the calculation 
(aldosterone X l00)/(DOC + 18-0R-DOC) or (aldosterone x 100)/DOC. 
The two patients studied with malignancy metastatic to the adrenal gland 
demonstrated ratios similar to those of adrenocortical carcinomas; however, 
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neither had an elevated baseline DOC level, in contrast to all the adrenocor­
tical carcinomas studied [36]. 

Dehydroepiandrosterone sulfate (DHEAS) as a marker of adrenal andro­
gen excess (e.g., virilizing adenomas, adrenocortical carcinomas, and CAH) 
should always be measured. Low DHEAS values may represent suppressed 
normal adrenal androgen secretion by autonomous cortisol hypersecretion 
[26,28,37,38], and thus DHEAS should not be measured concomitantly with 
the overnight DST. A low DHEAS value may also suggest primary adrenal 
insufficiency [26]. We do not routinely obtain screening testosterone or estra­
diollevels in asymptomatic patients [39]. 

We do not advocate serum 17-0H progesterone or Cortrosyn stimulation 
testing for CAH in asymptomatic individuals because NP59 scintigraphy in 
uncomplicated cases will suggest a benign process [1,38]. This approach im­
plies that clinically silent CAH does not require therapy. CAH should be 
considered in the differential diagnosis of androgen and mineralocorticoid 
excess. Interestingly, an increased 17-0H-progesterone response to ACTH 
stimulation has been demonstrated in some patients with incidental 
nonhypersecretory adrenal adenomas, which returned to normal after unilat­
eral adrenalectomy, suggesting an acquired 21-hydroxylase deficiency intrinsic 
to the adrenal lesion [38]. 

Computed tomography 

The CT appearance of most adrenal masses does not allow one to differentiate 
a benign from a malignant lesion. Adrenal hemorrhage (high attenuation) and 
adrenal myelolipoma (fat attenuation; see Fig. 1), however, have CT features 
sufficiently characteristic to permit a confident diagnosis in most cases [40-43]. 
For patients with adrenal lesions typical of myelolipoma, observation can be 
advised in the asymptomatic patient. Larger myelolipomas (>5 cm) are often 
associated with pain and are treated by adrenalectomy [44,45]. The diagnosis 
of an adrenal cyst is sometimes made by CT, but many large cysts have 
suspicious features that require surgical resection to exclude a malignancy 
[46]. A simple thin-walled adrenal cyst may be aspirated rather than surgically 
excised. Thick-walled cysts are more likely to be neoplasms with central necro­
sis. We have encountered both pheochromocytomas and adrenocortical carci­
nomas that were originally considered to be benign cysts. Tuberculosis, 
histoplasmosis, or other granulomatous infections usually involve both glands, 
but often asymmetrically. The CT findings are nonspecific and include soft­
tissue masses, cystic changes, and calcification reflecting the age of the process 
and degree of necrosis [47]. Percutaneous biopsy is often required to confirm 
that diagnosis and to identify the organism. 

Patients with adrenal hemorrhage and adrenal myelolipoma represent only 
a small fraction of those with CT -detected, nonhypersecretory adrenal masses. 
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In the remaining patients, the problem is to differentiate benign from malig­
nant lesions. In patients without a known or suspected extra-adrenal primary 
neoplasm, the main differential diagnosis is between an adrenocortical 
adenoma and an adrenocortical carcinoma. 

Lesions >5 cm or those with irregular margins have often been surgically 
removed because they are atypical of benign adenoma. Features typical of 
carcinoma are size >5 cm; central areas of low attenuation due to tumor 
necrosis; tumor calcification; and evidence of hepatic, nodal, or venous spread 
[48,49]. Classical CT features typical of benign adenomas include smooth 
contour, sharp margination, and size <5 cm. When these features are present 
and biochemical studies are normal, surveillance with CT at 6 and 12 months 
has often been recommended to confirm lack of growth. However, size criteria 
are weak discriminators between adenomas and nonadenomas [50,51]. In our 
own study of 135 adrenal masses, the mean diameter of the adenomas was 
significantly lower than the nonadenomas (2.4cm vs. 4.5cm), but there was 
sufficient overlap between the two groups at the smallest sizes that a threshold 
value for a highly specific diagnosis was not present [52]. Another word of 
caution regarding the serial CT follow-up of adrenal incidentalomas based on 
their small size «3.5-5.0cm), lack of biochemical hypersecretion, and/or lack 
of suspicious anatomic imaging is that we have now seen three unfortunate 
patients with tumors ranging from 3 to 5 cm in diameter when initially found 
who were advised against operation after an initial evaluation. These patients 
were followed for 1-2 years elsewhere and then reassured that there was no 
further risk. Each patients was subsequently referred to our center 3-7 years 
later with obviously progressed adrenocortical carcinomas. 

When an adrenal mass is the only finding suspicious of metastatic disease in 
an oncologic patient, confirmation of its nature may be crucial in determining 
whether curative therapy of the primary neoplasm is warranted. Although 
some CT features are more commonly found in metastases, no single feature 
or combination of features can reliably distinguish a metastasis from an 
adenoma. Metastases tend to be larger, less well defined, have inhomogeneous 
attenuation, and a thick irregular enhancing rim. Adenomas tend to be smaller 
with a homogeneous density. Because morphologic CT features alone do not 
usually allow an unequivocal differentiation of adrenal adenoma from 
metastasis, recent attention has centered on the value of CT densitometry. 

Many adrenal adenomas have relatively low unenhanced CT attenuation 
values. Several studies have compared the attenuation values of adrenal 
adenomas and nonadenomas, and have reported the sensitivity/specificity ra­
tio for diagnosing an adrenal mass as an adenoma at a given threshold attenu­
ation value. In one series, the mean attenuation value of 38 adenomas was 
2.2HU, compared with 28.9HU for 28 metastases [51]. In another series, the 
mean value for adenomas versus nonadenomas was 8.6HU and 30.7HU, 
respectively [53]. In our own recent study, we found a mean unenhanced 
attenuation value of 2.5 HU in 41 adenomas versus 32HU in 20 nonadenomas 

273 



Figure 3. Adrenal adenoma. Unenhanced CT shows a small, sharply marginated right adrenal 
mass (arrow). The visible low attenuation of the mass measured close to 0 HU is highly suggestive 
of a benign lesion. (Reprinted with permission from Korobkin and Francis [9].) 

[52]. If one combines the results of the four largest published series, there is a 
73% sensitivity and 96% specificity for the diagnosis of adrenal adenoma using 
a threshold value of lOHU (Fig. 3) [52]. Unlike unenhanced CT attenuation 
values, enhanced CT values cannot accurately differentiate adrenal adenomas 
from nonadenomas [52]. 

Despite the impressive accuracy of unenhanced CT densitometry in charac­
terizing an adrenal mass as an adenoma, its utility is clearly limited by the fact 
that most abdominal CT is performed with contrast enhancement, necessitat­
ing another examination at a later date to obtain an un enhanced scan. To 
address this limitation, we recently investigated the utility of obtaining a 
delayed adrenal CT scan 1 hour after routine enhanced abdominal CT demon­
strated an adrenal mass [54]. The mean CT attenuation value of 41 adrenal 
adenomas (11 HU ± 13) was significantly lower (p < 0.001) than 10 adrenal 
metastases (49HU ± 8.3). More importantly, there was very little overlap 
between the two groups. At a threshold value of 30HU, the sensitivity/ 
specificity ratio for the diagnosis of adrenal adenoma was 95%: 100%. If 
these results are confirmed with larger numbers and diverse etiologies of 
nonadenomas, this simple technique could be a practical way to characterize 
an adrenal incidentaloma. 

274 



Magnetic resonance imaging 

There has been extensive investigation of MRI features of benign and malig­
nant adrenal lesions. Initial studies using low field-strength magnets (0.35-
0.5 T) suggested that adrenal adenomas had lower signal intensity on 
T2-weighted images than did nonadenomas [55-57]. This was reflected in a 
lower intensity ratio of adrenal tumor to adjacent liver or fat. Subsequent 
studies showed the separation between the two groups to be incomplete, with 
an overlap in about 20-30%. The overlap is even more extensive with higher 
field magnets; at 1.5 T the calculated T2 relaxation time of the tumor was 
found to be the most useful criterion, but even then some overlap between 
metastasis and adenoma is observed [58,59]. 

More recent MRI investigations have evaluated a number of different MRI 
sequences and techniques, including gradient echo sequences. The most prom­
ising of these approaches is chemical-shift imaging. Taking advantage of the 
different hydrogen-atom resonant-frequency peaks in water and triglyceride 
(lipid) molecules, this technique results in a decreased signal intensity (SI) of 
tissue containing both lipid and water compared with tissue without lipid. 
Previously used to identify fatty infiltration of the liver, this technique was 
described by Mitchell et al. [60] as an imaging method to detect the significant 
amount of lipid often present in adrenal adenomas and typically absent in 
most metastases and other nonadenomatous adrenal masses. Using breath­
hold opposed-phase gradient echo imaging, Mitchell et al. [60] showed a 
relative loss of SI in 95% of adrenal adenomas and in none of the 
nonadenomatous lesions (Fig. 4). It should be noted that very few adrenocor­
tical carcinomas have been assessed with opposed-phase chemical-shift MRI. 
Korobkin et al. [61] observed no decrease in relative SI in three carcinomas, 
but Schlund et al. [62] reported focal regions of SI loss in two cases 
which correlated with focal collections of macroscopic lipid in the resected 
specimen. Further experience with adrenocortical carcinomas is necessary to 
determine if the presence of uniform, rather than focal, areas of chemical-shift 
change will differentiate benign cortical adenomas from malignant cortical 
carcinomas. 

Despite the growing number of reports that indicate opposed-phase 
chemical-shift imaging can accurately differentiate adrenal adenomas from 
nonadenomas, it is still uncertain whether to use quantitative or qualitative 
methods to assess the images. Tsushima et al. [63] and Bilbey et al. [64] 
reported 100% accuracy based on quantitative signal-intensity measurements. 
Korobkin et al. [61] compared quantitative to qualitative assessment of 
opposed-phase images in 46 adrenal masses. Only adenomas showed a visible 
decrease in relative signal-intensity ratio (100% specificity), with a sensitivity 
of 81 %. At a quantitative relative SI loss of 12% compared with liver, specific­
ity was 100% and sensitivity was 84%. Mayo-Smith et al. [65] described similar 
results using the spleen as the reference control organ, reporting that simple 
visual inspection was nearly identical to quantitative ratios. 
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Figure 4. Bilateral adrenal adenomas. A: Tl-weighted in-phase gradient echo MR shows adrenal 
masses (arrowheads) that are nearly isointense compared with liver (L). B: Out-of-phase image 
shows the masses (arrowheads) are now markedly hypointense compared with liver (L), highly 
suggestive of lipid-rich adenomas. (Reprinted with permission from Korobkin and Francis [9].) 
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Many authors have commented on the much greater potential applicability 
of an MRI characterization scheme based on simple visual analysis rather than 
quantitative formulas or ratios, regardless of how simple they may seem. 
The greater the operator-dependent interaction with the console to make 
measurements or calculations, the less the likely the method will be used 
[66]. Since qualitative methods appear to be as accurate as quantitative 
analysis [61,65,67], it seems likely that characterization of adrenal masses 
by opposed-phase chemical-shift MRI will be made often by simple visual 
analysis alone. 

In order to combine the accuracies of unenhanced CT densitometry and 
chemical-shift MRI in differentiating benign from malignant adrenal masses, 
McNicholas et al. [68] developed an algorithm based on their study of 37 
adrenal masses using both techniques. MRI adrenal SI normalized to spleen 
was used to calculate an adrenal-spleen ratio (ASR). The results of their study 
suggested that lesions of :::;0 HU may be regarded as benign without further 
workup. Lesions with a density >20HU are likely to be malignant and 
should be biopsied if the result will influence patient management. For CT­
indeterminate lesions, chemical-shift MR should be obtained: An <70 
indicates a benign mass, whereas an ASR >70 needs biopsy to confirm or 
exclude a metastasis. This report is the first of what will probably be many 
attempts to synthesize an effective algorithm for use of CT and chemical-shift 
MR to categorize adrenal masses. 

CT and MRI correlations 

Recent evidence suggests that the adrenal imaging features that are highly 
associated with benign adenomas on CT densitometry and chemical-shift 
MRI are manifestations of the same property, namely, the amount of 
intracytoplasmic lipid. Although many authorities have previously speculated 
on this possible association using anecdotal examples, a systematic and quan­
titative evaluation was lacking. In one recent study a correlation coefficient of 
0.88 was found between unenhanced CT attenuation values and quantitative 
SI loss on out-of-phase chemical-shift MRI in 32 adrenal masses [69]. In 
addition, both techniques were indeterminate for a similar subset of benign 
lesions, suggesting that both techniques were measuring the same underlying 
property of benign adrenal masses. 

To evaluate the relationship between lipid in adrenal adenomas and their 
CT attenuation values and chemical-shift MRI signal intensities, we recently 
assessed the percent of lipid-rich cortical cells in histologic sections from 26 
surgically resected adenomas [70]. We found an inverse linear relationship 
between the percent of lipid-rich cortical cells in 13 hypersecreting and 13 
nonhypersecreting adenomas and their unenhanced CT attenuation value (R2 
= 0.68, P = 0.0005). There was a similar inverse linear relationship to the 
change in relative MRI SI on opposed-phase chemical-shift images, using both 
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quantitative (R2 = 0.83, P = 0.004) and qualitative (R2 = 0.70, P = 0.019) 
assessments. Our results suggest that the amount of intratumoral lipid ac­
counts for the presence and degree of low CT attenuation and relative loss of 
opposed-phase MRI SI observed in many adrenal adenomas. 

Radionuclide scintigraphy 

The first radiocholesterol analog localization studies were performed in the 
late 1960s and early 1970s [35]. [l31I]-6-beta-iodomethyl-norcholesterol (NP59) 
and [75Se]-selenomethyl-norcholesterol (Scintadren®) are the two agents in 
current clinical use. Steroid hormone-producing tissues, such as the adrenal 
cortex, ovarian corpora lutea, and the testicular Leydig cells, store cholesterol, 
which is the synthetic backbone from which all steroid hormones are synthe­
sized. Eighty percent of cholesterol for adrenal steroidogenesis is from plasma 
low-density lipoproteins (LDL) and the remainder from de novo biosynthesis 
from acetate [34,71]. Twenty percent of the intravenously injected radiotracer 
is bound to LDL and a fraction undergoes cell-membrane LDL-receptor­
mediated uptake into the adrenal cortex [33,35]. These radiocholesterol 
analogs are esterified and stored in intracellular lipid droplets and effectively 
trapped, because less than 4 % are converted to measurable adrenal steroid 
hormone metabolites [33,35]. Calculated normal adrenal uptake of the 
injected dose ranges from 0.07% to 0.26% (mean 0.16%) for each gland. 
Uptake is positively influenced by ACTH stimulation and is negatively 
influenced by intravascular volume status and serum total and LDL choles­
terol [34,35]. LDL receptors appear to be overexpressed in some adrenal 
tumors [72]. 

The usual NP59 dose is 1mCi (37MBq) administered intravenously [32]. 
Saturated potassium iodide solution (SSKI, one drop in any beverage three 
times per day), Lugol's solution, or another suitable iodine-containing prepa­
ration is begun 48 hours before NP59 injection and is continued for 14 days to 
block thyroidal uptake of free 1311 derived from in vivo deiodination. A laxa­
tive is used to decrease bowel background radioactivity, given the significant 
enterohepatic circulation and gastrointestinal excretion of NP59 (bisacodyl 
10mg orally two times daily beginning 2 days before imaging). Images are 
obtained by a gamma camera with a parallel-hole collimator interfaced with a 
dedicated, digital computer typically on days 5, 6, or 7 following NP59 admin­
istration (;::::50,000 counts/image). Additional images may be obtained daily or 
on alternate days for up to 3 weeks, but rarely are more than 1-2 days of 
imaging necessary. 

The posterior view affords the best adrenal gland visualization and is often 
the only image necessary. The right adrenal gland is usually more cephalad 
and posterior than the left. Consequently, normal posterior images demon­
strate equal or very slightly greater radio tracer accumulation in the right 
adrenal gland compared with the left, while the opposite is true for the ante-
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rior view [35]. A lateral view may assist in differentiating left adrenal gland 
radiotracer accumulation from hepatic activity, or right adrenal gland ac­
cumulation from gallbladder activity. NP59 and/or rSSe]-selenomethyl­
norcholesterol is widely commercially available throughout the world as a 
routine imaging agent (especially in Europe). In the United States, NP59 is 
available as an investigational new drug (IND) and can be obtained on a 
regular basis from the University of Michigan Nuclear Pharmacy after filing an 
abbreviated Physician Sponsored IND Application with the U.S. Food and 
Drug Administration. 

Adrenal scintigraphy is comparable with thyroid scanning to characterize 
lesions as nonfunctioning ('cold,' and possibly malignant) versus functioning 
(,hot,' and probably benign) [1]. Nonhypersecretory adrenocortical carcino­
mas, metastases, pheochromocytomas, and other space-occupying or destruc­
tive lesions (e.g., nonadenomas) demonstrate decreased, distorted, or absent 
radiocholesterol uptake in the affected adrenal gland (discordant image; 
see Fig. 2). Hormonally hypersecretory and nonhypersecretory adrenal 
adenomas, as well as a rare minority of hypersecretory adrenocortical carcino­
mas, demonstrate increased NP59 accumulation (concordant image; Fig. 5). 
Most hypersecretory adrenocortical carcinomas are inefficient tumors with 
respect to hormone synthesis and uptake of the radiolabeled hormone precur­
sor (as are thyroid cancers). Thus, there is typically adrenal nonvisualization 
bilaterally with Cushing's syndrome caused by an adrenocortical carcinoma 
due to poor tumor radiotracer uptake and suppressed function of normal 
adrenocortical tissues [1]. 

With over 25 years of experience to date, in the setting of a normal bio-

Figure 5. Adrenal adenoma. A: Contrast-enhanced abdominal CT demonstrates an 
inhomogeneous 5.3 x 4.7cm right adrenal mass (arrow) and a normal left adrenal gland (not 
shown) with normal adrenal hormone secretion by routine testing. B: Posterior NP59 scan 5 days 
after radiotracer administration demonstrates a concordant image pattern with marked uptake 
within the right adrenal mass (arrowhead), normal liver (L) uptake, and suppressed uptake in the 
left adrenal gland. 
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chemical screening evaluation (and the absence of interfering medications, 
e.g., mitotane), NP59 avidity has been a 100% accurate predictor of benignity, 
while discordant imaging has been a 100% accurate predictor of a 
nonadenomatous lesion [1]. Similar accuracy has been reported with rSSe]­
selenomethyl-norcholesterol [73]. Symmetrical NP59 uptake bilaterally 
(normal, or nonlateralizing scan pattern) is seen in all periadrenal and 
pseudoadrenal masses. Unfortunately, noniateralizing scans occur in some 
patients harboring both benign and malignant adrenal masses :s2 cm. This fact 
is reflected in the decreased sensitivity and predictive value of a negative test 
for detecting nonadenomatous lesions reported in 220 nonhypersecretory uni­
lateral adrenal incidentalomas of all sizes by Gross et al. [74]. Scintigraphic 
images were concordant in 159, discordant in 44, and nonlateralizing in 17 
intra-adrenal masses, yielding a sensitivity of 72%, a specificity of 100%, an 
accuracy (diagnostic image) of 92 %, a negative predictive value of 90%, and a 
positive predictive value of 100%. In a recent analysis of unilateral adrenal 
masses :s3cm, nonhypersecretory masses :slcm, >1 to :s2cm, and >2 to 
:s3cm yielded diagnostic (e.g., lateralizing) images in 52%, 89%, and 100% of 
patients, respectively. Nonadenomatous lesions, including malignancies, > 1 to 
:s2cm and >2 to :s3cm were present in 9% and 10% of patients, respectively 
[75]. Given its reasonably high sensitivity and favorable costs, adrenocortical 
scintigraphy may be the single most cost-effective diagnostic modality to char­
acterize the adrenal incidentaloma [76]. 

Optimal follow-up for nonhypersecretory adrenal adenomas is not known. 
In a small number of documented instances, progression to frank Cushing's 
syndrome has occurred. We suggest a minimum of an annual complete history 
and physical examination. Overnight dexamethasone-suppression testing on 
an infrequent basis may also be reasonable. There are currently no data to 
support the use of serial NP59 scintigraphy. 

As with scintigraphic imaging of functioning thyroid nodules, unilateral 
nonhypersecretory adrenal adenomas produce a range of patterns in remain­
ing normal tissue from clear visualization to absent uptake (see Fig. 5) [1]. 
It is likely that NP59 uptake in normal tissue is reduced in these latter cases 
due to ACTH suppression (albeit incomplete or partial) by the functioning 
adenoma, suggesting autonomy and relative hypersecretion despite 'normal' 
biochemistry based on simple screening tests (such as the 24-hour UFC and 1-
mg overnight DST). Presently, there is no evidence that these patients benefit 
from adrenalectomy unless clear biochemical evidence of Cushing's syndrome 
develops (with or without clinical features). Optimal follow-up for these pa­
tients is not known. A prudent approach may be 6-month follow-up history 
and physical examinations along with I-mg overnight DST screening for 1 
year, then annually for several years, and eventually decreasing the biochemi­
cal evaluation to every 2-5 years. 

Adrenal masses are bilateral in 11-16% of incidental om a cases [1,27]. Haab 
et al. reported six cases with bilateral masses and normal biochemical evalua­
tions. Surgical pathology demonstrated bilateral metastases in two and bilat-
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eral adenomas in four [77]. In this setting, Gross et al. [78] considered visual 
NP59 uptake that is greater than equal to that in the contralateral adrenal 
gland and/or liver (as a normal reference tissue) to compatible with a benign 
process, while NP59 uptake markedly less than the contralateral adrenal 
gland and/or liver was compatible with a nonadenomatous lesion. Adrenal 
metastases were reported in 45% of cases, despite 59% of cases having pre­
existing malignancies. Further, 7% had both a nonhypersecretory adrenal 
adenoma and a contralateral smaller metastasis. These findings suggest that 
NP59 scintigraphy may identify bilateral benign adrenal masses, as well as 
those toward which further evaluation should be directed. Clinical and bio­
chemical evaluations in this setting remain critical given the likely increased 
presence of CAH and the uncommon occurrence of primary adrenal insuffi­
ciency from bilateral destruction by solid tumor metastases, hematologic ma­
lignancy, hemorrhage, infection, or granulomatous diseases. 

Positron emission tomography 

PET with 2-[fiuorine-18]-fiuoro-2-deoxy-D-glucose (FDG) has been used to 
characterize adrenal masses (1.5-lOcm in diameter; mean 2.8cm) in 20 pa­
tients with cancer [79]. PET tumor-to-background ratios [standardized uptake 
value (SUV)] correctly differentiated benign (0.2-1.2 SUV) from all malignant 
lesions (2.9-16.6SUV). However, adrenal masses <1.5cm were excluded, and 
the estimated spatial resolution is 1 cm (possibly less for lesions with intense 
FDG uptake). This remarkable separation of benign from malignant tumors 
has not yet been our experience (unpublished observation), nor has is been 
duplicated by others. Further, the SUV as a quantitative measure for this 
purpose has come under strong criticism [80]. Nevertheless, additional study is 
clearly warranted. 

Percutaneous adrenal biopsy 

Percutaneous adrenal biopsy is commonly used for the evaluation of adrenal 
masses detected by CT in patients with a known primary neoplasm and either 
no other evidence of metastatic disease or no other lesions more amenable to 
biopsy. A positive biopsy will usually place a patient into a nonsurgical treat­
ment regimen, whereas a negative biopsy may allow for curative resection of 
the primary neoplasm. As with many endocrine tissues, histologic distinction 
between benign and well-differentiated primary malignancy of the adrenal 
gland is often difficult, with a reported cytologic sensitivity of only 54--86% [1]. 
Furthermore, it should be emphasized that if adrenal carcinoma is suspected 
and there is no evidence of metastastic disease, we consider percutaneous 
adrenal biospy relatively contraindicated because of the possibility of implan­
tation of malignant cells in the retroperitoneum in a patient who may other­
wise be potentially curable. 
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Percutaneous adrenal biopsies are usually performed with 20- to 22-gauge 
needles, although a larger caliber needle (18- or 19-9auge) can be used without 
increased morbidity [81]. Either a single-needle or coaxial technique can be 
used. For a right adrenal mass, either a posterior approach (in the prone or 
right lateral decubitus position) or a supine transhepatic approach (to help 
avoid a pneumothorax) is used. A left adrenal mass biopsy is usually more 
difficult because the posterior approach is often the only safe one available. 
Biopsy of a left adrenal mass from an anterior approach has a small, but not 
insignificant, risk of severe acute pancreatitis because the needle often 
traverses the pancreatic tail [82]. 

Bleeding and pneumothorax are the most common complications of percu­
taneous adrenal biopsy [83]. Less commonly observed is significant pain, fever, 
bacteremia, abdominal discomfort and nausea, needle-tract metastasis (Fig. 
6), and severe acute pancreatitis [82-85]. Overall complication rates range 
from 8% to 12.7% when mild and self-limited events are included [84-87]. The 
rate is closer to 3% when only major complications are included, that is, those 
requiring hospitalization or therapeutic intervention [81,83]. 

Unlike percutaneous biopsy of many other abdominal masses, cytological 
assessment of aspirated specimens is usually sufficient, obviating the need for 
core biopsies. Adrenal masses are often quite small, and multiple biopsies of a 
single mass can be necessary for adequate sampling [84,88]. Silverman et al. 
[86] reported an 86% diagnostic result on initial biopsy. Bernardino et al. [89] 
similarly reported a correct diagnosis in 83% of their patients on initial biopsy. 
Four of their nine failures had repeat procedures, which yielded an overall 
accuracy of 90.6 % when both biopsies were included. The overall accuracies of 
fine-needle aspiration biopsy of adrenal masses range from 80% to 100%, and 
with experienced cytopathologists the positive predictive value approaches 
100% [1]. The false-negative rate (probability that a metastasis is present 
given a negative result) depends on the size of the adrenal mass. Silverman et 
al. [86] reported an overall negative predictive value of 91 %, but this increased 
to 100% for masses 2:::3 cm. 

We routinely administer local anesthesia with 1 % subcutaneous lidocaine 
for the biopsy procedure; intravenous sedation is rarely used. All patients have 
screening coagulation studies [prothrombin time (PT), partial thromboplastin 
time (PTT), and platelets] prior to the procedure and are questioned regarding 
a history of bleeding disorders. We have a cytopathologist present to review 
the material after each pass to determine if sufficient tissue was obtained for 
diagnosis in order to reduce the number of nondiagnostic procedures. Outpa­
tients are typically monitored by a nurse for 4 hours and then discharged with 
appropriate instructions. 

A positive biopsy is defined as the presence of malignant cells. A biopsy is 
considered consistent with an adrenal adenoma if it contains normal or 
benign-appearing adrenal cortical cells, no malignant cells, and the needle tip 
is demonstrated to be in the adrenal mass by cross-sectional imaging (almost 
always CT). A biopsy is considered insufficient, or nondiagnostic, if adrenal 
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Figure 6. Needle-tract metastasis complicating percutaneous adrenal biopsy. A: Coaxial needle 
biopsy in a patient with lung cancer and an adrenal mass (arrow). The biopsy was positive for 
metastasis. B: A CT scan 5 months later shows a new solitary liver lesion (arrowhead) along the 
previous needle tract and an enlarging adrenal metastasis (arrow). (Reprinted with permission 
from Mody et al. [83].) 
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cortical cells and malignant cells are absent. Nondiagnostic aspiration biopsy 
rates have ranged from 6% to 12% [83,84,90]. 

Surgery 

Currently, the adrenal mass discovered incidental to an imaging study ob­
tained for a variety of reasons unrelated to suspected adrenal pathology is the 
most common problem referred to a surgeon for possible adrenalectomy. As 
noted earlier, all such patients require a careful biochemical assessment of the 
secretory activity of the mass before a rational decision can be made as to 
further management. With rare exception, we consider all patients with 
hypersecretory neoplasms as surgical candidates. These include patients with 
neoplasms secreting catecholamines, cortisol, mineralocorticoids, and rarely 
sex hormones. Rarely, patients are judged to be of an unacceptably high 
surgical risk. A small but promising literature is accruing that suggests 
the successful use of percutaneous ethanol injection therapy to treat 
hypersecretory adrenocortical adenomas in such patients [91,92]. Long-term 
studies will be needed before final conclusions may be drawn regarding the 
final efficacy and safety of the procedure, Venous retrograde adrenal gland 
ablation is not employed given reports of only temporary success, intense 
longlasting pain, and safety concerns [92]. Chemoembolization of adrenocor­
tical carcinomas has been shown to slow tumor growth in otherwise inoperable 
patients [92]. 

Patients with pheochromocytomas are prepared for surgery with a 1- to 
2-week course of alpha-adrenergic blockade starting with phenoxybenzamine 
(Dibenzyline) lOmg four times a day, with a doubling of the dose every other 
day until orthostatic hypotension has been noted. This serves as an endpoint 
for the dose escalation. Most patients are also given a beta blocker (e.g., 
Inderal 20mg) early on the morning of surgery with a sip of water. Our 
preferred surgical approach continues to be transabdominal through an upper 
abdominal bucket handle or chevron incision, which allows for the exposure of 
both adrenal glands and a retroperitoneal exploration for a possible occult 
extra-adrenal pheochromocytoma (paraganglioma). The right adrenal is 
exposed after mobilizing the right lobe of the liver medially and performing a 
Kocher maneuver. This allows an essentially 'on touch' technique of the tumor 
until the inferior phrenic vessels have been clipped and divided as well as 
the short central adrenal vein. The left adrenal is approached through 
the lesser sac after mobilizing the body and tail of the pancreas anteriorly, 
allowing direct exposure of the left renal and central adrenal veins. The latter 
is ligated and divided without tumor manipUlation. This lateral and cephalic 
dissection allows exposure, clipping, and division of the inferior phrenic 
vessels, after which the adrenal gland can be manipulated without release 
of catecholamines. When the tumor has been excised, the contralateral 
adrenal gland is then palpated to rule out an occult tumor. The Kocher 
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maneuver is extended to include the right colon and the retroperitoneum 
from the celiac axis to the pelvis to quickly facilitate exclusion of a coexistant 
paraganglioma. 

Currently there are two alternative approaches to the small «6cm) inci­
dental pheochromocytoma in the nonfamilial setting. These approaches are 
based on the assumption that current imaging using CT, MRI, and MIBG are 
nearly 100% reliable in confirming that a pheochromocytoma is singular and 
apparently benign. One is an open, unilateral posterior approach through 
the bed of the 12th rib, and the other is a minimally invasive laparoscopic 
procedure, either through the abdomen or most recently through the 
retroperitoneum [2,93-104]. Thus far, in experienced hands, these procedures 
appear to be safe and are gaining increasing acceptance and popularity. The 
obvious advantages of these alternative approaches are less disability and a 
shorter period of hospitalization. It is likely that the laparoscopic approach 
will be used with increasing frequency in the future, accepting the fact that the 
rare patient might have an overlooked, occult second lesion. 

For patients with an aldosteronoma (and occasionally for primary 
aldosteronism secondary to markedly asymmetric bilateral adrenocortical 
hyperplasia), a unilateral adrenalectomy is performed with a posterior 
approach through the bed of the 12th rib. Again, an alternative procedure 
would be through a laparoscopic approach trans abdominally or through 
the retroperitoneum. As experience is gained with the laparoscopic 
adrenalectomy, it is anticipated that this will be the procedure of choice for 
aldosteronomas. 

We recommend unilateral adrenalectomy for patients with unilateral 
ACTH-independent Cushing's or pre-Cushing's syndrome. These patients re­
quire perioperative glucocorticoid stress therapy with rapid tapering to a 
maintenance dose of 30-35mg of hydrocortisone per day. Many of these 
patients can be weaned from steroid replacement therapy after 3-6 months, 
but more prolonged adrenal suppression is not uncommon. The standard 
surgical approach in this group is posteriorly through the bed of the 12th rib. 
Here also, laparoscopic adrenalectomy for tumors <6 cm in diameter is be­
coming increasingly popular. 

Nonhypersecretory adrenal masses that fail to concentrate NP59, or are 
considered nonadenomatous by a reliable anatomical imaging technique, are 
of concern because of the possibility of either primary adrenocortical carci­
noma or metastatic disease to the adrenal gland. When the patient has a 
known previous malignancy and no other evidence of metastatic disease, 
percutaneous fine-needle aspiration cytology may be considered when the 
lesion is suspected to be a metastasis. Adrenalectomy should be considered in 
exceptional circumstances, such as in lung cancer and renal-cell carcinoma 
metastatic to the adrenal gland with no other detectable disease [2,105,106]. 
The adrenal appears to be the site of predilection for solitary metastases with 
this latter neoplasm, and a long-term tumor-free interval may result from its 
resection [7]. Further, a small literature exists suggesting the possibility of 
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partial adrenalectomy with preservation of adrenal function in patients with 
bilateral adrenal involvement [107]. Adrenalectomy is indicated for suspected 
adrenocortical carcinoma. In selected patients with recurrent and/or extra­
adrenal metastases, repeated surgical resection possibly offers extended 
palliation [108]. 

Conclusions 

The optimal approach to the incidental adrenal mass remains highly con­
troversial. We strongly emphasize biochemical screening for adrenal hormone 
hypersecretion in all patients. Size criteria lack utility because many adrenal 
adenomas are large, while some metastases and potentially curable adrenocor­
tical carcinomas are small. Unenhanced cr attenuation values are currently 
the most useful CT measure to separate adrenal adenomas «0-10 HU) 
from nonadenomatous lesions. Exciting preliminary data suggest that similar 
utility may be derived from l-hour post-contrast attenuation values «30 HU). 
Unlike routine MRI characteristics, MR chemical-shift imaging appears 
to contribute significantly toward characterization of adrenal masses by 
demonstrating the lipid-rich composition of most adrenal adenomas (and all 
myelolipomas) compared with the lipid-depleted nature of the vast majority 
of nonadenomatous lesions. NP59 scintigraphy has been 100% accurate in 
correctly characterizing all nonhypersecretory adrenal masses >2cm in 
greatest diameter as either adenomas or nonadenomas, and offers accurate 
diagnoses in the majority of masses :s:2cm. It may be the single most cost­
effective diagnostic modality. However, NP59 is not commercially available in 
the United States, and the repeated visits for radiotracer injection and imaging 
are inconvenient. 

One preliminary study on PET reported dramatic accuracy. However, 
this method has not been confirmed by others and must be considered inves­
tigational until further characterized. The frequent cytological difficulty of 
distinguishing benign from malignant endocrine tissues and the low, but ap­
preciable, rate of complications limit the primary role of percutaneous adrenal 
biopsy. The procedure may be best utilized to further characterize an adrenal 
mass deemed nonadenomatous, or suspicious, by a noninvasive technique 
in a patient with a potentially respectable known extra-adrenal primary 
malignancy "without evidence of other metastatic foci. The use of accurate 
noninvasive testing has greatly reduced the number of unnecessary surgical 
procedures. Adrenalectomy is generally reserved for unilateral hypersecretory 
processes and nonadenomatous lesions suspicious for adrenocortical carci­
noma. Perioperative care of patients with pheochromocytomas and Cushing's 
syndrome remains critical. Open adrenalectomy techniques are the current 
standard of care and should be employed when malignancy is likely, given the 
need for intraoperative staging and the decreased risk of seeding malignant 
cells when the tumor is removed intact. Laparoscopic adrenalectomy is rapidly 
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gaining favor and is likely to soon be the procedure of choice for most benign 
unilateral hypersecretory lesions. 
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14. Gastrin-producing tumors 

Robert T. Jensen 

Definition and classification 

Strictly defined, gastrin-producing tumors include any tumor that produces 
gastrin. A gastrin-producing tumor in this strict definition would not be 
synonymous with the term Zollinger-Ellison syndrome. Gastrin can be de­
tected in tumors by immunocytochemistry or by various molecular biological 
methods (in situ hybridization, peR, Northern analysis, etc) and not cause any 
clinical syndrome or be associated with hypergastrinemia [1-4]. Whether 
hypergastrinemia and gastric hypersecretion are present or not, the tumor 
is still a gastrin-producing neoplasm. However, the diagnosis of Zollinger­
Ellison syndrome is generally only made if the patient has the appropriate 
clinical findings (i.e., hypergastrinemia with simultaneous gastric acid hyper­
secretion), as discussed later. Strictly speaking a gastrin-producing tumor 
is synonymous with the term gastrinoma; however, generally the term 
gastrinoma is equated with Zollinger-Ellison syndrome. In this chapter this 
general usage will be retained. Therefore, a tumor in which gastrin is detected, 
without associated hypergastrinemia or gastric hypersecretion, would not be 
included in the general use of this term. Tumors that produce gastrin but are 
not associated with hypergastrinemia clinically present no unique hormonal 
features and thus clinically should be classified in a separate category than 
functional tumors (Table 1). 

Because of the above-mentioned considerations, gastrin-producing neo­
plasms can be classified clinically into three categories (see Table 1). These 
different categories depend on whether Zollinger-Ellison syndrome is present 
or not and whether multiple endocrine neoplasia type I (MEN-I) is also 
present or not (see Table 1). Patients with Zollinger-Ellison syndrome with 
MEN-I differ clinically in their natural history, pathogenesis, and treatment 
from patients with Zollinger-Ellison syndrome without MEN-I [1,5], and 
therefore they are best considered in a separate clinical category (see Table 1). 
In this chapter, the discussion is almost entirely restricted to the clinical 
categories associated with the Zollinger-Ellison syndrome (see clinical catego­
ries I and II, Table 1) because these categories have the unique hormonal 
features that distinguish them from other pancreatic endocrine tumors (PETs) 
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Table 1. Clinical classification of gastrin-producing neoplasms 

I. Accompanied by the Zollinger-Ellison syndrome but not associated with multiple­
endocrine neoplasia type-I (MEN-I) (sporadic form of Zollinger-Ellison syndrome -75-
80% of all Zollinger-Ellison syndrome cases) 

II. Accompanied by the Zollinger-Ellison syndrome and MEN-I (familial form; 20-25% of all 
Zollinger-Ellison syndrome). 

III. Not accompanied by the Zollinger-Ellison syndrome. Gastrin production demonstrated 
only in the tumor and not associated with hypergastrinemia and gastric-acid 
hypersecretion. 

and carcinoid tumors. In addition, in this review the newer aspects of the 
tumor biology, diagnosis, and treatment of gastrin-producing tumors associ­
ated with Zollinger-Ellison syndrome are emphasized. Recent advances are 
emphasized because a number of recent papers of studies cover in detail 
various aspects of Zollinger-Ellison syndrome, including the disease in general 
[1,6,7], diagnosis [1,8,9], pathology [10], tumor localization [11-13], MEN-I 
with Zollinger-Ellison syndrome [14], medical treatment of the acid hyperse­
cretion [9,15], medical treatment of the gastrinoma [9,16], and surgical treat­
ment directed at the gastrinoma [6,17-19]. 

Gastrin-producing neoplasms not associated 
with Zollinger-Ellison syndrome 

Gastrin mRNA or various forms of gastrin peptides have been detected in 
bronchogenic carcinoma, acoustic neuromas, pheochromocytomas, ovarian 
carcinomas, colorectal carcinomas, and other pancreatic endocrine tumor syn­
dromes than Zollinger-Ellison syndrome [2,20-23]. Normal and tumorous 
tissue give rise to identical cDNA clones [2], which suggests that the 
overexpression of the gastrin gene may be due to an alteration of the regula­
tory regions of the gene, such as in the 5' untranslated region, resulting in an 
altered transcription rate or altered stability of the gene-specific mRNA. 
These results in colorectal carcinomas and ovarian carcinomas are of particu­
lar interest. In a recent study [3] either amidated gastrin, glycine-extended 
gastrin, or progastrin was detected in 12 ovarian serous cystadenocarcinomas, 
three ovarian non differentiated carcinomas, and five ovarian serious 
cystadenomas, mucinous cystadenomas, or follicular cysts. In 50% of the 
malignant ovarian tumors, significant concentrations of amidated gastrin were 
found. These results demonstrate that, in contrast to bronchogenic carcino­
mas, acoustic neuromas, and colon cancers, ovarian tumors can fully process 
the progastrin to the biologically active amidated form [2-4]. This result is 
particularly interesting because there are numerous case reports of Zollinger­
Ellison syndrome occurring in patients with ovarian tumors [1-3,24], but 
hypergastrinemia does not occur in bronchogenic carcinoma, colorectal carci­
noma, or acoustic neuromas [2]. 
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In the case of colorectal tumors, the observation that these tumors 
contained gastrin mRNA or various forms of not fully processed gastrin has 
been of considerable interest [2,25,26]. Considerable experimental data 
exist demonstrating gastrin-related peptides can stimulate the growth of 
colorectal tumors and the development of these tumors [2,26-29]. Further­
more, a recent study reports increased proliferative rates of colonocytes in 
patients with Zollinger-Ellison syndrome [30]. However, the applicability of 
these results to human adenocarcinoma is unclear because epidemiological 
studies in patients with Zollinger-Ellison syndrome or pernicious anemia do 
not show a clear association of hypergastrinemia with colon cancer [2,26,29]. 
Recent studies demonstrate that many patients with colorectal carcinomas 
have detectable amounts of progastrin or elevated nonamidated gastrin levels 
in the circulation, regardless of Helicobacter pylori status [21,28,29]. These 
data, coupled with the recent demonstration that glycine-extended gastrin 
precursors can interact with a specific receptor, distinct from the CCKB/gastrin 
receptor, to cause growth-promoting effects in AR 42J cells and Swiss 
3T3 cells [31,32], further increase the possibility that a gastrin peptide might 
function as an autocrine or paracrine growth factor for colorectal cancers 
[25,26]. 

Gastrin-producing tumors associated with Zollinger-Ellison syndrome 
with or without MEN-I 

General 

Patients with Zollinger-Ellison syndrome without (see category I, Table 1) 
or with MEN-I (see category II, Table 1) share a number of common 
features, such as aspects of the clinical presentation, diagnosis, localization 
studies, and aspects of treatment. These common features are discussed to­
gether. The aspects in which patients with Zollinger-Ellison syndrome with 
MEN-I differ markedly from without MEN-I, including aspects of the clinical 
presentation, tumor localization, and treatment, are discussed in a separate 
section. 

Zollinger-Ellison syndrome can be defined as a clinical syndrome caused 
by the ectopic release of gastrin by a gastrin-producing tumor (>99% in 
pancreas, duodenum, and surrounding lymph nodes), which results in 
hypergastrinemia, which, in turn, causes gastric acid hypersecretion (resulting 
primarily in peptic ulcer disease and malabsorption). The syndrome was origi­
nally described by Zollinger and Ellison in 1955 [33] in two patients with 
extreme gastric-acid hypersecretion, resulting in refractory peptic ulcer dis­
ease, satisfactorily treated only by total gastrectomy and a non-beta-islet cell 
tumor. Subsequent studies demonstrated these tumors released gastrin [1]. 
Although occasional reports have described PETs associated with gastric-acid 
hypersecretion but not releasing gastrin [34], at present no additional 
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peptides or secretagogues have been isolated from such tumors. Therefore, at 
present gastrin is the only known peptide responsible for this syndrome with a 
pancreatic endocrine tumor. 

Recent studies suggest that Zollinger-Ellison syndrome is more common 
relative to other pancreatic endocrine tumors than previously thought, but less 
common than some early studies suggested. It was originally proposed that the 
Zollinger-Ellison syndrome might occur in 0.1 % of patients with duodenal 
ulcer disease [35]; however, studies show it has an incidence of 0.5 patients/ 
million populationJyr in Ireland, 1-3 patients/millionJyr in Sweden, and 1 
patient/million populationJyr in Denmark [1,2]. Zollinger-Ellison syndrome 
was originally thought to be less common than insulinomas; however, in recent 
studies gastrinomas occur with equal [36] or greater [2] frequency than 
insulinomas, from 0.5 to 1.5 more commonly than nonfunctioning PETs or 
pancreatic polypeptide-producing tumors (Pomas), two to four times more 
frequently than VIPomas, and 8 to 15 times more common than glucagonomas 
or somatostatinomas. Therefore, gastrinomas are the most common symptom­
atic, malignant PET. 

Clinical features 

General. In most series, Zollinger-Ellison syndrome is slightly more common 
in males (60%), the mean age at the onset of symptoms is approximately 50 
years (range 7-90 years), and 20-25% of patients have the MEN-I syndrome 
[1,8]. In almost all patients the initial and persisting symptoms are caused by 
the gastric acid hypersecretion [1,8,37]. Only late in the course of the disease 
in patients with widespread metastatic disease are symptoms caused by the 
gastrinoma per se [1,37]. Abdominal pain primarily caused by duodenal ulcer 
disease or reflux esophagitis is the most common symptom, occurring in >75% 
of patients, either alone or with diarrhea. The abdominal pain in most patients 
is clinically indistinguishable from that which occurs in patients with idiopathic 
peptic ulcer disease [1]. Diarrhea may be the sole presenting feature, and in 
several recent studies it is the second most common clinical feature, occurring 
alone in 9-20% of patients and with abdominal pain in 49-65% [1,8]. Esoph­
ageal symptoms are now frequently described, with 31 % of patients having 
pyrosis and/or dysphagia as the initial symptom in one recent large series and 
45-60% of patients having esophageal symptoms and/or esophageal lesions at 
presentation [1,8,38]. Patients with Zollinger-Ellison syndrome continue to 
present with complications of peptic ulcer disease, with recurrent upper gas­
trointestinal (UGI) bleeding, severe nausea and vomiting, and intestinal per­
foration reported in 10%, 31 %, and 7% of patients in recent studies [39,40]. 

Patients with Zollinger-Ellison syndrome with MEN-I. MEN-I is an 
autosomal-dominant disorder characterized by tumors or hyperplasia of mul­
tiple endocrine organs, particularly the parathyroid glands, pancreas, pituitary, 
and, to a lesser degree, the adrenal gland [1,5]. The specific chromosomal 
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defect remains unknown, although it has been localized by restriction frag­
ment length polymorphism (RFLP) studies to chromosome 11q12-13 near the 
skeletal muscle glycogen phosphorylase locus (PYGM) [41,42]. The genetic 
alteration is discussed further under Pathogenesis in the next section. 

Hypercalcemia due to primary hyperparathyroidism is the most common 
clinical abnormality in patients with MEN-I, occurring in 95-98% of patients 
[1,5,42]. Pancreatic endocrine tumors develop in 80--100% of patients [non­
functional tumors or pancreatic polypeptide-producing tumors (PPomas)], 
with functional PETs developing in 50--80% of patients [1,5]. Gastrinomas are 
the most common functional PET, occurring in 54%, whereas insulinomas 
occur in 21%, glucagonomas in 3%, and VIPomas in 1% [1,5]. Pituitary 
adenomas occur in 16-100% and can cause symptoms due to local encroach­
ment or hormone release. In various studies 41-76% are prolactinomas, 11-
33% are associated with acromegaly, and Cushing's syndrome develops in 
5-19% [5,43,44]. Patients with Zollinger-Ellison and MEN-I differed clinically 
from patients with the sporadic form of Zollinger-Ellison syndrome in that 
they present at an early age (43 vs. 48 years in one study) [18], most patients 
have hyperparathyroidism or pituitary disease at the time of the presentation 
of the Zollinger-Ellison syndrome, and the presence of the hypercalcemia can 
make it more difficult to control the gastric-acid hypersecretion [1,5,45]. 

Pathology, tumor biology, and pathogenesis 

Pathology 

Gastrinomas were originally reported to occur primarily [46,47] in the pan­
creas with a distribution of 4: 1 : 4 in head: body: tail. In more recent studies 
only 30--50% occur in the pancreas [46,47]. In recent studies, 60-90% of 
gastrinomas occur in the gastrinoma triangle, an area formed by the junction 
of the cystic and common bile ducts superiorly, the junction of the second 
and third portions of duodenum inferiorly, and the junction of the neck and 
body of the pancreas medially [1,47,48]. The decreasing proportion of pan­
creatic gastrinomas is due to the increased use of careful exploration of 
the duodenum, which has resulted in an increased detection of duodenal 
gastrinomas [47]. Duodenal gastrinomas now comprise 45-60% of all tumors 
found at surgery in recent series [46,47,49]. Duodenal gastrinomas are distrib­
uted in a decreasing gradient proceeding distally, with 71 % in the first portion 
of the duodenum, 21 % in the second, 8% in the third, and 0% in the fourth 
[50]. 

Gastrinomas are increasingly found in lymph nodes in the pancreatic head 
area (19-40%) [49,51,52]. It is controversial whether gastrinomas can arise in 
lymph nodes or whether these all represent metastases from occult primaries 
[1,51]. The possibility of these being lymph-node primary gastrinomas is sup­
ported by studies that demonstrate cure postresection of a lymph-node tumor 
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only [1,51], which in one study [51] occurred in 43% of such patients with a 
mean follow-up of 5.3 years. Furthermore, a recent study [53] has demon­
strated 3% of patients without endocrine tumors possessed chromogranin B 
rests in abdominal lymph nodes, providing support that neuroendocrine 
arrests can occur in lymph nodes and may give rise to these nodal gastrinomas. 
A number of cases of ovarian tumor causing Zollinger-Ellison syndrome 
have been reported, primarily cystadenocarcinomas [1,54], and very rarely 
gastrinomas have been reported in the stomach, mesentery, and renal capsule 
[1 ]. 

In older studies 60-90% of gastrinomas were malignant, whereas in more 
recent studies 34% are associated with metastatic disease [1]. These older data 
suggest all gastrinomas should be considered potentially malignant [1). 
Gastrinomas metastasize primarily to lymph nodes and the liver [1]. Increas­
ingly, bone metastases [55] are being recognized as occurring exclusively in 
patients with liver metastases and far advanced disease [55]. 

Gastrinomas, like other PETs, are neuroendocrine neoplasms [10]. All 
neuroendocrine tumors have certain common features because they share 
the expression of various genes encoding certain makers and hormonal 
products, and have been classified as APUDomas (Amine Precursor Uptake 
and Decarboxylation) [10]. General markers include chromogranin A and B, 
synaptophysin, neuron-specific enolase, 7B2, and epitope Leu-7 [10]. 

Histologically, gastrinomas usually contain uniform cuboidal cells with few 
mitoses and fine granular eosinophilic cytoplasm [1,10]. They can exist in 
trabecular, gyriform, or glandular patterns [1,10). Similar to other neuroendo­
crine tumors [10,56], the biological behavior of the tumor cannot be reliably 
predicted from histological features, ultrastructural studies, or immunocy­
tochemical studies. Neither the type of hormone released nor the aggressive­
ness can be predicted from these parameters. The only reliable criteria of 
malignancy is the presence of metastasis. The presence of vascular invasion is 
suggestive of malignancy [10]. 

The exact cell of origin of gastrinomas remains unclear [1]. Recent studies 
suggest duodenal and pancreatic gastrinomas may originate from a different 
cell type. Duodenal and pancreatic gastrinoma differ in biological behavior 
[1,46,57], and a recent study [58] supports the proposal that duodenal 
gastrinomas might arise from the ventral pancreatic bud tissue and pancreatic 
body/tail gastrinomas from the dorsal pancreatic bud tissue [57,58]. In this 
study [58] pancreatic polypeptide (PP) immunoreactivity, which is found pri­
marily in pancreatic islets derived from the ventral pancreatic bud, was found 
in 80% of gastrinomas found to the right of the superior mesenteric artery 
(SMA) (n == 14) [58], which was significantly greater (p == 0.021) than the 0% 
of gastrinomas to the left of the SMA (n == 5) that had PP immunoreactivity 
[58]. 

On pathologic analysis, patients with Zollinger-Ellison syndrome with 
MEN-I differ from patients without MEN-I with Zollinger-Ellison syndrome 
in that patients with MEN-I contain large numbers of pancreatic 
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microadenomas throughout the pancreas [1,59,60). Some micro adenomas 
produce multiple GI hormones according to immunocytochemical studies, 
with 80% producing PP [59,60], 60% somatostatin, 42% insulin, 33% gastrin, 
and 8% VIP in one study [60]; however, frequently no associated plasma 
peptide elevation is found. Recent studies [61-64] demonstrate that 60-80% of 
the gastrinomas in patients with MEN-I with Zollinger-Ellison syndrome oc­
cur in the duodenum. These gastrinomas are frequently multiple, and in one 
recent study 86% had metastasized to lymph nodes at the time of resection 
[63]. 

Tumor biology 

Gastrinomas, like other PETs, in immunocytochemical studies frequently pro­
duce multiple GI peptides [1,65,66]. Gastrin is found in 80-100%, insulin in 
30%, human pancreatic polypeptide in 35%, glucagon in 29%, and somatosta­
tin in 21 % [66]. Similarly, a plasma elevation of additional GI hormones other 
than gastrin occurs in 62% of patients with Zollinger-Ellison syndrome, with 
44% having one additional and 18% two additional hormones elevated [66]. 
Plasma motilin levels were the most frequently elevated, in addition to plasma 
gastrin levels (29%), followed by human PP (27%), neurotensin (20%), and 
GRP (10%), whereas insulin, glucagon, and somatostatin were not elevated in 
any of the 45 patients with Zollinger-Ellison syndrome studied [66). The 
presence of MEN -I did not affect whether or not a plasma elevation of another 
peptide was found [66]. Even though immunocytochemically other peptides 
associated with symptomatic syndromes are frequently found in gastrinomas 
(i.e., insulin, glucagon, somatostatin), the occurrence of a second symptomatic 
syndrome in patients with Zollinger-Ellison syndrome is relatively uncommon 
[66]. One study [67] in patients with various symptomatic PETs demonstrated 
that 7% developed a second symptomatic PET syndrome within a 34-month 
period. However, in 45 patients with Zollinger-Ellison syndrome, only one 
patient developed a secondary syndrome over a 10-year period, for a rate of 
two patients per 100 patients followed for 10 years [66], which is a relatively 
low rate. 

Gastrinomas, similar to other PETs and carcinoid tumors, frequently syn­
thesize and release chromogranin A and B, as well as the a and ~ subunits of 
human chorionic gonadotropin (a-HCG, ~-HCG) [68,69]. Chromogranin A is 
elevated in the plasma in 100% of untreated patients (i.e., no somatostatin 
analogues, not postresection) with Zollinger-Ellison syndrome [68,69]. It has 
been proposed that plasma chromogranin levels can be used as a general 
marker for PETs [68]; however, chromogranin A is a 48-kD protein that is 
costored and coreleased with peptide hormones from many gut endocrine cells 
or tumors [1,68], including from antral G cells and gastric enterochromaffin­
like cells (ECL cells). This latter point is important in patients with Zollinger­
Ellison syndrome because these patients characteristically have ECL 
hyperplasia [70-72). In one study it was concluded that the ECL cells, not the 
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gastrinoma, were the principal source of chromogranin A in patients with 
Zollinger-Ellison syndrome [73]. 

However, a recent study measured both plasma chromogranin A levels and 
pancreastatin levels, with the latter being produced by the breakdown of 
chromogranin A in patients with Zollinger-Ellison syndrome [69], and demon­
strated a significant correlation between the serum gastrin level and plasma 
pancreastatin levels (r = 0.7, P < 0.002) but no correlation between serum 
gastrin and plasma chromogranin A levels. This study [69] also concluded 
that the gastrinoma is not the main source of plasma chromogranin A in 
patients with Zollinger-Ellison syndrome, but that measurement of plasma 
pancreastatin levels likely did reflect activity of the gastrinoma. In one study 
[73] no correlation was found between the chromogranin A level and the 
presence of malignancy, whereas in another study [69] a weak correlation (p = 
0.04) existed. a-Human chorionic gonadotropin (HCG) and ~-HCG have 
been reported to be elevated in 41 % and 30%, respectively, of patients with 
PETs including Zollinger-Ellison syndrome, and their presence has been cor­
related with malignancy [68]. However, in one study involving 30 patients with 
Zollinger-Ellison syndrome [74], 57% of patients with malignant tumors and 
45% with benign tumors had elevated plasma a-HCG levels. Seven patients 
had elevated ~-HCG plasma levels and 4 of the 7 patients had malignant 
disease. Normal levels can occur in the presence of malignancy and vice versa; 
therefore, it has been concluded that the usefulness of a level of 0.- or ~-HCG 
in management is unclear [1]. 

Gastrinomas release, in addition to gastrin-17-I and gastrin-34, smaller and 
larger forms of gastrin, amino- and carboxy-terminal fragments, and carboxy­
terminal glycine-extended forms [1,2,4]. Furthermore, post-translational pro­
cessing may be altered in gastrinomas, leading to altered ratios of various 
fragments and increased amounts of gastrin precursors released [1,2,4,75,76]. 
Higher plasma progastrin levels have been reported in patients with metastatic 
gastrinomas in the liver [1,75] as well as a lower percentage of amidated gastrin 
of the total plasma gastrin immunoreactivity. Glycine-extended forms have 
been reported to predominate in benign disease [1,75]. Furthermore, the ratio 
of NH2 to COOH-terminal gastrin fragments in the plasma in patients with 
Zollinger-Ellison syndrome is said to be predictive ofthe extent of gastrinoma. 
However, altered NH2- to COOH-terminal ratios have not been found by all 
investigators, and because of the variability of the plasma levels of different 
gastrin fragments and precursors in different patients, it has been concluded 
that a single measurement of a progastrin product has little diagnostic meaning 
[4]. It has been proposed that a processing-independent gastrin analysis is 
more sensitive and may correlate better with malignancy [4]. 

Until recently, factors affecting the natural history of gastrinomas were 
largely unknown. In contrast to carcinoid tumors, the importance of the effect 
of gastrinoma location or size on malignant potential was unclear [1,43]. 
Furthermore, the effect of MEN -I on prognosis remained unclear [1]. A recent 
large study from the National Institutes of Health (NIH) [46] demonstrated 
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Figure 1. Effect of primary gastrinoma location or size on the frequency of metastases to the liver, 
lymph nodes, or both (top) and the survival of patients with Zollinger-Ellison syndrome (bottom). 
Top: Results on the left are from 83 patients with pancreatic (n = 42) or duodenal (n = 41) 
gastrinomas only. Results on the right are from 118 patients in whom primary tumors were 
localized and size of the primary (diameter) was assessed. Data are modified from Weber et al. 
[46]. Bottom: The data are plotted in the form of Kaplan-Meier curves. Results are from 36 
patients with hepatic metastases and 149 patients without hepatic metastases. Results are shown 
from 31 patients who had a primary gastrinoma only, determined by surgical exploration, and 24 
patients who had a primary gastrinoma with lymph-node metastases only, determined by surgical 
exploration. Data are modified from Weber et al. [46]. 

that the presence of liver metastases was highly dependent on both the size (p 
< 0.00001) and location (p < 0.00001) of the gastrinoma (Fig. 1). Pancreatic 
gastrinomas and large size (>3cm) were associated with increased hepatic 
metastases (Fig. 1). Most duodenal gastrinomas were small (i.e., 92% ::51cm 
compared with 8% for pancreatic tumors), and therefore there were not 
sufficient large duodenal tumors or small pancreatic tumors to establish 
whether size and location were independent predictors [46]. In this study [46] 
the percentage of duodenal and pancreatic tumors with lymph-node 
metastases did not vary (see Fig. 1; i.e., they were 48% vs. 47%), and therefore 
the development of lymph-node metastases were not dependent on size or 
primary location. These data demonstrate duodenal and pancreatic 
gastrinomas are equally malignant (-50% metastasized to lymph nodes); 
however, they differ in the presence of more distal metastases and therefore 
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Figure 2. Results of Somatostatin receptor scintigraphy (SRS) and endoscopic ultrasound local­
ization of a gastrinoma in a patient with Zollinger-Ellison syndrome (NIH #1594011). SRS 
localized a gastrinoma to the duodenum/pancreatic head area (arrow-labeled tumor), and 
endoscopic ultrasound localized a gastrinoma in the pancreatic head (labeled tumor) situated 
between the pancreatic duct (Pan duct) and common bile duct (CBD). The tumor was partially 
obstructing the common bile duct, which is dilated. 

their aggressiveness. This study demonstrated that a higher percentage of 
patients without MEN-I presented initially with metastatic disease in the liver 
compared with patients with MEN-I (6% vs. 22%, p < 0.03); however, the 
percentage of patients with or without MEN-I who developed metastatic 
disease during follow-up (9% vs. 5%, P = 0.4) and the survival in patients 

302 



without metastases initially was not significantly different (95% vs. 96%, 5 
years) [46]. These data, coupled with other analyses, led the authors [46] to 
conclude that a higher proportion of patients with sporadic Zollinger-Ellison 
syndrome have an aggressive form of gastrinoma than do patients with 
Zollinger-Ellison syndrome and MEN-I. 

In this large NIH study [46] in which the mean disease duration was 12.5 ± 
0.6 years (range 1-35 years), the most important determinant of survival was 
the presence of liver metastases (see Fig. 1, bottom). In patients without liver 
metastases the 10-year survival was 90% (CI 82-95%), which was significantly 
greater (p < 0.0001) than the 30% (CI 14-52%) that occurred in patients with 
liver metastases. The presence or absence of lymph-node metastases had no 
effect on survival (see Fig. 1, bottom), similar to that reported in a number of 
smaller studies previously [1,77,78]. This excellent long-term survival, even 
with lymph-node metastases, has important implications for determining 
how aggressive one should be in the surgical treatment of the gastrinoma and 
is discussed further later. This recent NIH study [4] provided support for 
two distinct clinical forms of gastrinoma that had been proposed previously 
[77]. These two clinical forms have been called benign and malignant 
form [46,77], and these names are retained in Table 2; however, better names 
are nonaggressive form and aggressive form because patients with only lymph­
node metastases have an excellent prognosis (nonaggressive course; Fig. 2); 
however, the gastrinoma is clearly malignant. Patients in whom 
the gastrinoma pursues an aggressive course (malignant form) comprise 
approximately one fourth of the patients, are more frequently female, are less 
likely to have MEN-I, have a short time from the onset of symptoms to the 
diagnosis, have primarily larger pancreatic gastrinomas with markedly el­
evated serum gastrin levels, and have a poor prognosis (Table 2). More aggres­
sive disease has been shown [79] in a flow cytometry study to be associated 
with a higher mean S phase for the gastrinoma, a lower percentage of 
nontetraploid aneuploid, and a higher percentage multiple stem-line aneup­
loid [79] (see Table 2). 

Despite these advances in the clinical classification of Zollinger-Ellison 
syndrome and in the value of flow cytometry in a group of patients [79], the 
major problem in the treatment of patients with gastrinoma is in developing 
methods that might be useful in an individual patient to predict tumor aggres­
siveness. Patients are now being seen earlier in their disease courses, and if 
predictive criteria could be developed, more appropriately aggressive treat­
ment could be initiated earlier. At present, insights from studies of growth 
factors or molecular biologic studies of gene abnormalities are only beginning 
to be made, and it remains unclear how useful they will be. In most of the 
studies reported, patients with gastrinoma have been considered together with 
other malignant PETs (glucagonomas, VIPomas, nonfunctioning tumors, 
PPomas) and in some cases have been combined with carcinoid tumors. 

Gastrinoma cells have been difficult to grow in culture from patients, and 
there are minimal data on the direct effect of growth factors on tumor growth. 
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Table 2. Comparison of clinical and laboratory characteristics of patients with a benign or malig­
nant clinical course with gastrinoma 

Clinical course (% all patients) 

Characteristics· 

Percent of patients 
Present with liver metastases 
Develop liver metastases 
Gender 
MEN-I at initial evaluation 
Time from onset to diagnosis 
Serum gastrin level< 

Size of primary tumor 
Location of primary tumor 
Survival at 10 years 
Flow cytometry of tumor 

Benignb 

76% 
0% 
0% 

Predominantly male (68%) 
21% 
Long (mean 5.9yr) 
Moderately elevated 

(mean, 1711 pglml) 
Small (";lcm) 
Primarily duodenum (66%) 
Excellent (96%) 
Low S phase (mean, 3.3) 
High % nontetraploid 

aneuploid (32%) 
Multiple stem-line 

aneuploid rare 

Malignantb 

24% 
19% 
5% 

Predominantly female (67%) 
Uncommon (6%) 
Short (mean, 2.7yr) 
Very elevated 

(mean, 5157pglml) 
Large (>3cm) 
Primarily pancreatic (92 % ) 
Poor (30%) 
High S phase (mean, 5.1) 
Low % non tetraploid 

aneuploid 
Multiple stem-line aneuploid 

frequent (25%) 

• All characteristics were significantly different (p < 0.0001) between the two groups. 
bThe benign or nonaggressive course was not associated with the development of liver metastases 
(n = 140), whereas patients in whom the gastrinoma pursued a malignant or aggressive course 
had liver metastases either at the initial evaluation (n = 36) or developed liver metastases (n = 

9) during follow-up. 
<Normal serum gastrin level <100pglml. 
Data are modified from Weber et al. [46] from the study of 185 patients with Zollinger-Ellison 
syndrome. The flow cytometry data are modified from Metz et al. [79]. 

Various studies have demonstrated that PETs, including gastrinomas, similar 
to carcinoid tumors [80,81], frequently express both growth factors [PDGF, 
TGF-~l' -~2' and -~3' and bFGF) as well as growth factor receptors (PDGF-ex 
and -~ receptor, EGF receptor). In addition, all gastrinomas, but not VIPomas 
or insulinomas, and 2S% of nonfunctioning PETs, were found to express [82] 
the hyaluronate receptor, CD44 [81,82]. The expression of CD44 positivity in 
tumors correlated with a tendency to metastasize to lymph nodes (p = O.OOS) 
as compared with CD44-negative tumors [82]. Each gastrinoma examined 
overproduced an alternatively spliced larger molecular variant of CD44 as 
compared with other PETs [82]. Various measures of cell proliferation in 
gastrinomas and other PETs have been shown to correlate with aggressive­
ness, including studies of the nucleolar organizer region-associated proteins, 
the level of expression of the Ki-67 antigen, and the level of expression of the 
proliferating cell nuclear antigen [83-8S]. 

Numerous studies demonstrate various protooncogenes, and alterations in 
various tumor suppressor genes may playa role in the pathogenesis of some 
human malignancies [86,87], including some endocrine tumors [88,89]. Re­
cently the protooncogene HER-2Ineu, which is a member of the erb-~-like 
oncogene family that encodes a protein (p18soeu) that has tyrosine kinase 
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activity and is analogous to the EGF receptor, was examined in 11 gastrinomas 
[90]. It was found to be overexpressed (>twofold amplification) in all 
gastrinomas; however, in contrast to that reported by others in other tumors, 
the extent of amplification did not correlate with aggressiveness [89,90]. In 
contrast to the HER-2/neu oncogene, no alterations in K-ras, N-ras, H-ras 
were found in 23 gastrinomas in two studies [90,91]. In numerous studies only 
rarely have p53 mutations been detected in gastrinomas as well as in other 
PETs [89]. Loss of heterozygosity of the retinoblastoma gene has been re­
ported in some endocrine tumors, such as parathyroid carcinomas [92], and in 
20% of lung carcinoid cell lines [93]; however, there have been no studies on 
patients with gastrinomas [89]. 

Recently alterations in the expression of guanine nucleotide binding pro­
teins have been reported in a number of endocrine tumors [89,94,95]. Alter­
ations in the ex chain of G., resulting in an inhibition of its GTPase activity 
causing the oncogene gsp [94], and of the ex chain of G i2, resulting in a putative 
oncogene gip2 [95], are reported in pituitary and thyroid adenomas; however, 
in a recent study [96] no gsp or gip2 mutations were found in two gastrinomas 
or nine insulinomas. However, the mRNA of the ex subunit of Gs is reported 
[97] to be overexpressed up to 35-fold in an ACTHoma and an insulinoma but 
not in a gastrinoma, and therefore overexpression of G-protein subunits may 
be important in the unregulated hormone secretion by some PETs. 

The tumor biology of gastrinomas in MEN-I is only briefly discussed be­
cause it has been reviewed recently [41,42,89,98]. The exact genetic defect in 
MEN-I remains unknown; however, it is known by restriction fragment length 
polymorphism (RFLP) studies to be located on chromosome 11q12-13 near 
the PYGM locus. These studies provide evidence that MEN-I is due to inacti­
vation of a tumor suppressor gene at this location. Recently allelic losses on 
chromosome 11 have been reported to differ in different endocrine tumors in 
the same patient [99] and were not present in all tumors in patients with MEN­
I, suggesting different mutation events may be involved in the pathogenesis of 
the different endocrine tumors in MEN-I. Recent studies provide evidence 
that loss of heterozygosity on chromosome 11 may also be important in the 
pathogenesis of sporadic gastrinomas and other sporadic PETs 
[41,89,100,101]. In one study [100], 5 of 11 sporadic gastrinomas had a loss of 
heterozygosity in this region, and in another study [101] of 39 sporadic PETs, 
30% had a loss of heterozygosity in the region of the putative MEN-I gene. In 
an additional study [41], all 10 patients with MEN-I had allelic10ss ofthe PET 
on chromosome 11q13; however, only 10 of 27 (32%) of sporadic tumors had 
an alteration on this chromosome. 

Pathogenesis 

All of the symptoms that patients with Zollinger-Ellison syndrome character­
istically develop, except late in the course of the disease, are due to the massive 
gastric acid hypersecretion. Recent studies [102,103] demonstrate that gastric 
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carcinoid tumors (ECLomas), which patients with MEN-I with Zollinger­
Ellison syndrome develop with increased frequency [1,72,102,104,105], are 
also due to a loss of heterozygosity on chromosome llq12-3 [1,37]. The 
chronic hypergastrinemia has a trophic effect on the gastric mucosa, causing 
parietal cell hyperplasia, with the result that patients with Zollinger-Ellison 
syndrome have a parietal cell mass four to six times normal [1,37]' This 
increased parietal cell mass results in increased gastric acid secretory capacity. 
The hypergastrinemia also stimulates acid secretion [37]. The result of these 
two effects of gastrin is that basal acid output (BAO) is increased and it is 
characteristically a higher percentage of the maximal acid output (MAO). 
Furthermore, because of the increased parietal cell mass, both the BAO and 
MAO are increased. The increased acid output results in peptic ulceration, 
and also frequently diarrhea, because of direct effects on the small intestinal 
mucosa and the low pH inactivates lipase and precipitates bile acids [1]. The 
hypergastrinemia per se does not cause effects on intestinal secretion because 
patients with Zollinger-Ellison syndrome are asymptomatic when the acid 
hypersecretion is controlled [1,37]. 

Differential diagnosis and diagnosis 

General features that should suggest Zollinger-Ellison syndrome 

The mean delay from the onset ofthe Zollinger-Ellison syndrome to diagnosis 
remains 3-6 years [1]. This delay occurs primarily because the Zollinger­
Ellison syndrome is an uncommon condition (1-3 new cases/million popula­
tion/yr), which, especially early in its course, mimics common conditions such 
as peptic ulcer disease (incidence of 230 new cases/lOO,OOO population/yr 
[106]) and reflux esophagitis (3-4% of the popUlation). Furthermore, most 
patients present with a duodenal ulcer, which is clinically and endoscopically 
indistinguishable from a routine peptic ulcer. There are certain clinical and 
laboratory features (Table 3), however, that should suggest Zollinger-Ellison 
syndrome. Zollinger-Ellison syndrome should be particularly suspected in a 
patient with peptic ulcer disease (PUD) with diarrhea, which is rarely present 
in patients with idiopathic PUD now that antacids are not used. Zollinger­
Ellison syndrome should also be particularly suspected if H. pylori is not 
present because H. pylori is present in 90--98% of idiopathic duodenal ulcers 
but only in <50% of patients with Zollinger-Ellison syndrome [9,107] (see 
Table 3). Similarly, >90% of PUD heals with eradication of H. pylori or with 
histamine Hz-receptor antagonists, and therefore failure to heal a duodenal 
ulcer with these treatments should lead to a suspicion of Zollinger-Ellison 
syndrome. 

In various studies 30-65% of patients with Zollinger-Ellison syndrome 
present with diarrhea and in 7-20% of patients the diarrhea is the main 
symptom [1,8]. Therefore, in a patient with chronic diarrhea that persists 
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Table 3. Clinical and laboratory conditions that should lead to suspicion of Zollinger-Ellison 
syndrome 

A. Clinical features 
1. In patients with a duodenal ulcer 

a. No H. pylori present 
b. Presence of diarrhea 
c. Failure to heal with treatment of the H. pylori or with histamine H2-receptor 

antagonists 
d. Presence of a pancreatic tumor 

2. Multiple duodenal ulcers or ulcers in unusual locations 
3. Severe peptic ulcer disease leading to a complication (perforation, intractability, 

bleeding) 
4. Severe or resistant peptic esophageal disease 
5. Chronic secretory diarrhea 
6. Nephrolithiasis or endocrinopathies 
7. Family history of nephrolithiasis or endocrinopathies, or peptic ulcer disease 

B. Laboratory features in a patient with peptic ulcer disease that should suggest Zollinger­
Ellison syndrome 
1. Hypergastrinemia 
2. Hypercalcemia 
3. Endocrinopathy 
4. Prominent gastric folds on UGI x-ray or at endoscopy 

during fasting or decreases with gastric-acid antisecretory treatment, 
Zollinger-Ellison syndrome should be suspected. Later in the disease course, 
particularly, the PUD in patients with Zollinger-Ellison syndrome is more 
severe than routine PUD; therefore, any patient with multiple ulcers, ulcers 
in unusual locations, refractory disease, or complications of PUD, including 
refractory reflux symptoms or esophageal strictures, should be suspected 
of having Zollinger-Ellison syndrome [1,9] (see Table 3). In any patient 
with PUD found to have hypergastrinemia, the diagnosis of Zollinger­
Ellison syndrome should be entertained. Similarly, prominent gastric folds 
are not common in patients with routine PUD, and if these are found by 
barium studies or UGI endoscopy, Zollinger-Ellison syndrome should 
be suspected. Any patient with PUD with a pancreatic tumor, especially 
if it is endocrine in origin, should be considered as possibly having Zollinger­
Ellison syndrome. Lastly, because 20% of patients with Zollinger-Ellison 
syndrome have MEN-I, the presence of other endocrinopathies, a 
family history of other endocrinopathies, particularly nephrolithiasis, 
hypercalcemia, or other laboratory data suggesting endocrinopathies in a pa­
tient with PUD should raise the possibility of the Zollinger-Ellison syndrome 
(see Table 3). 

Differential diagnosis and diagnosis of Zollinger-EDison syndrome. If the 
diagnosis of Zollinger-Ellison is suspected, measurements of the fasting serum 
gastrin level and the gastric pH should be used to determine if the patient 
likely has Zollinger-Ellison syndrome [1,9,108]. Frequently, only the fasting 
gastrin level is initially measured. Fasting serum gastrin levels were reported 
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Table 4. Causes of chronic hypergastrinemia 

A. Associated with gastric-acid hyposecretion/achlorhydria 
1. Pernicious anemia/atrophic gastritis 
2. Treatment with potent gastric-acid antisecretory agents (especially with H+-K+ ATPase 

inhibitors) 
3. Chronic renal failure (common) 
4. H. pylori infection 
5. Post gastric acid-reducing surgery 

B. Associated with gastric acid hypersecretion 
1. Retained gastric antrum syndrome 
2. Chronic renal failure (rare) 
3. Antral G-cell hyperfunctionlhyperplasia 
4. Gastric-outlet obstruction 
5. Short-bowel syndrome 
6. H. pylori infection 
7. Zollinger-Ellison syndrome 

to be elevated in >98% of patients with Zollinger-Ellison syndrome, espe­
cially if drawn on at least two separate occasions [1]. Recently patients with 
Zollinger-Ellison syndrome with normal fasting gastrin have been described, 
making up 17% of the patients in one series [109,110]. Many of these patients, 
however, had positive secretin provocative tests (see later). In most series, 
>90% of patients with Zollinger-Ellison syndrome will have an elevated 
fasting serum gastrin; therefore, this remains the best single initial screening 
study. If the fasting serum gastrin level is elevated, then it should be repeated 
and gastric fluid pH measured at the same time. If the fasting gastrin level 
remains elevated and the gastric fluid pH is <2.5, then the patient may 
have Zollinger-Ellison syndrome. If the pH is >2.5, it is very unlikely that 
the hypergastrinemia is due to Zollinger-Ellison syndrome, and it is likely 
due to one of the other causes of hypochlorhydria or achlorhydria listed in 
Table 4. 

One condition in this category that can be difficult to differentiate from 
Zollinger-Ellison syndrome and is now a frequent cause of hypergastrinemia is 
drug-induced hypergastrinemia. With the widespread use of potent acid­
suppressant agents such as the H+-K+ ATPase inhibitors, omeprazole and 
lansoprazole, this is becoming an increasing problem. In recent studies 
80-100% of patients treated long-term with omeprazole develop hyper­
gastrinemia, and in some studies gastrin levels increase more than five times 
the normal level [9]. Therefore, if the patient is taking these drugs, the 
hypergastrinemia could either be drug-induced or caused by a gastric acid 
hypersecretory state that caused the symptoms that led to the patient being 
treated with these drugs. To differentiate these possibilities, H+ -K+ ATPase 
inhibitors should be stopped for at least 7 days and histamine H2 blockers for 
at least 30 hours prior to the determination of gastric pH. If the gastric pH fluid 
is <2.5 and the serum gastrin level is > 1000pglml (normal <l00pglml), the 
patient almost certainly has Zollinger-Ellison syndrome if the possibility of the 
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retained gastric antrum syndrome (see later) can be excluded. Thirty percent 
of patients with Zollinger-Ellison syndrome fall into this category [72]. A 
number of conditions can cause moderate elevations of serum gastrin levels 
(101-999pg/ml, normal <l00pg/ml) and a gastric pH <2.5 (see Table 4), and 
Zollinger-Ellison has to be distinguished from these conditions. Seventy per­
cent of patients fall into this range, with their fasting gastrin levels between 101 
and 999pglml [72]. 

In patients with moderate serum gastrin elevations (101-999 pglml) with the 
gastric fluid pH < 2.5 or in whom Zollinger-Ellison syndrome is strongly 
suspected but fasting gastrin levels are normal, a gastric analysis to measure 
BAO and a secretin test should be performed [8,9]. Diagnostic criteria for 
BAO usually used are> 15 mEq/hr for patients without previous acid-reducing 
surgery and >5 mEq/hr for those with previous acid-reducing surgery [1]. This 
will include 66-99% of patients with Zollinger-Ellison syndrome in different 
series and will exclude 90% of patients with duodenal ulcer disease [8,9]. 
These criteria, unfortunately, are not specific for Zollinger-Ellison syndrome 
and can occur in the conditions listed in Table 4 associated with gastric acid 
hypersecretion. To distinguish Zollinger-Ellison syndrome from these 
other conditions, a secretin provocative test should be performed measuring 
fasting gastrin levels before and 2, 5, 10, and 20 minutes post iv injection of 
secretin (2 clinical units/kg). A positive response is greater than a 200 pg/ml 
increase over the preinjection gastrin level, and this will occur in 87% of 
patients with Zollinger-Ellison syndrome [111]. This test has no reported false­
positive responses in patients who are not achlorhydric. Thirteen percent of 
patients with Zollinger-Ellison syndrome will have a negative secretin test. 
One third of the patients with a negative secretin test will have a positive 
calcium infusion test [111], and many of the remainder will have positive 
imaging studies supporting a diagnosis of Zollinger-Ellison syndrome. If a 
patient has a negative secretin test and fits the other criteria for Zollinger­
Ellison syndrome but has H. pylori, then the H. pylori should be treated and 
the patient reassessed post eradication of the H. pylori. Recent reports de­
scribe such patients who did not have Zollinger-Ellison syndrome but had 
hypergastrinemia and hyperchlorhydria, which was caused by the H. pylori 
infection [112,113]. 

Diagnosis of MEN-I with Zollinger-Ellison syndrome. Until recently the di­
agnosis of MEN-I in patients with Zollinger-Ellison syndrome was not gen­
erally thought to be difficult [1,5,9,108]. This was because it was generally 
accepted that 95-98% of patients with Zollinger-Ellison syndrome as part of 
the MEN-I syndrome had developed hyperparathyroidism or pituitary disease 
prior to the gastrinoma and, therefore, by measuring serum calcium levels and 
plasma PTH levels or pituitary function at the time of the diagnosis of 
Zollinger -Ellison syndrome, it would be easy to establish that it was part of the 
MEN-I syndrome. However, recent studies show that patients with MEN-I 
can initially present only with a PET or Zollinger-Ellison syndrome, and thus 
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it may be difficult to distinguish patients with or without MEN-I [114,115]. In 
one study [114] of 28 patients with Zollinger-Ellison syndrome with MEN-I, 
one third of the patients initially presented with Zollinger-Ellison syndrome 
and only developed laboratory or clinical features of hyperparathyroidism or 
pituitary dysfunction later. Despite serial serum calcium levels, plasma PTH 
levels, and pituitary function studies in this one third of patients with 
Zollinger-Ellison syndrome, the diagnosis of MEN-I was not established until 
12-264 months after the diagnosis of Zollinger-Ellison syndrome. These data 
strongly support the conclusion that when specific genetic tests for MEN-I 
become available, all patients with Zollinger-Ellison syndrome should be ex­
amined because of the effect of the MEN-I diagnosis on treatment and, per­
haps, on family screening. 

Management of the gastric hypersecretion 

Medical management of gastric hypersecretion 

The first goal in the management of patients with Zollinger-Ellison syndrome 
is to control the gastric acid hypersecretion. It is important that the gastric acid 
secretion be controlled before the diagnosis is completely established 
if the patient is acutely ill because acid-peptic complications can develop 
rapidly in these patients. It is now widely accepted that gastric acid hyper­
secretion should be treated medically in all patients with Zollinger-Ellison 
syndrome, except for the small percentage «1 %) who cannot or will not take 
regular oral gastric acid antisecretory agents [1,6,9,15,17]. The gastric acid 
antisecretory drugs of choice are now the H+-K+ ATPase inhibitors, either 
omeprazole or lansoprazole [9,15]. These agents have the advantage over the 
histamine Hz-receptor antagonists of being long acting, with the result that 
once or twice daily dosing is possible in almost every patient [1,15,116]. Recent 
studies demonstrate that omeprazole and lansoprazole have similar long dura­
tions of action (to.s, 35hr) [15,117,118]. Patients have now been treated con­
tinuously for up to 9 years with omeprazole with no loss of efficacy, no 
drug-related side effects, and no patient requiring emergency surgery or devel­
oping a complication due to treatment [119]. 

In the past, various criteria have been proposed that represent adequate 
control of gastric acid hypersecretion [1,15,37,108,117,120]. However, now 
almost all use the criterion of reduction of gastric acid secretion to <lOmEq/ 
hr for the hour prior to the next dose of gastric antisecretory drug 
[1,15,37,108,117,120]. In patients with previous Billroth II procedures or with 
severe reflux esophagitis symptoms and/or disease, gastric acid hypersecretion 
needs to be reduced to <5 mEq/hr and in some cases to <1 mEq/hr 
[1,15,38,121 ]. 

Many patients suspected of having Zollinger-Ellison syndrome are acutely 
ill at presentation, and parenteral gastric acid antisecretory therapy may be 
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needed. Parenteral omeprazole is highly effective [122,123] but is not available 
in the United States, and, therefore, parenteral histamine H2-receptor 
antagonists are required [15,117]. Any of the histamine H2-receptor 
antagonists can be used, but the most extensive experience is with iv ranitidine 
[124] or cimetidine [125]. Typically, a bolus injection of 150mg of ranitidine 
is given, followed by a continuous iv infusion starting a 1 mg/kg body 
weight/hr. If cimetidine is used, a threefold higher dose is needed. Acid 
secretion should be rechecked after several hours, and if acid secretion is 
not controlled «10 mEq/hr) , the ranitidine dose should be increased by 
0.5mglkglhr. The mean dose of ranitidine is 1mglkglhr, with a range of 
0.5-2.5mglkg/hr [124], and for cimetidine the mean dose is 1.9mg/kg/hr 
with a range of 0.5-O.7mg/kglhr [125]. Patients with Zollinger-Ellison syn­
drome have had acid secretion controlled for up to 2 months without side 
effects [124,125]. 

In patients post-successful resection of the gastrinoma, gastric acid 
secretion decreases such that by 6 months postresection, MAO decreased by 
40%, and BAO decreased by 75% [126]. Even with follow-up up to 4 years, 
67% of patients post-curative resection remained mild gastric acid 
hypersecretors [BAO <30mEqlhr, mean 14) and required low doses of 
ranitidine [126]. The cause for this continued mild hypersecretion remains 
unclear [126]. 

Surgical management of gastric-acid hypersecretion 

Total gastrectomy should now be reserved for the rare patient who will not or 
cannot take regular oral medication [1,127]. At present a total gastrectomy is 
relatively safe in a patient with Zollinger-Ellison syndrome [128]. Overall 
operative mortality was 5.6% in 248 cases reported since 1980 and 2.4% 
for elective cases [128]. The morbidity is unclear but in some studies up to 
50% have moderate to severe side effects [1]. In 1985 parietal cell vagotomy 
(peV) at the time of the surgical exploration to remove the gastrinoma was 
recommended [129] because it produced a mean decrease in BAO of 41 % and 
doses of antisecretory drugs were reduced by 40%. However, pev only aug­
mented the inhibitory effect of the histamine H2-receptor antagonist, and no 
patient was able to discontinue antisecretory drugs [129]. With the subsequent 
availability of more potent histamine H2-receptor antagonists and more re­
cently, H+-K+ ATPase inhibitors, pev was rarely used. However, a recent 
long-term follow-up of these patients [130] demonstrates 36% had been able 
to discontinue all antisecretory drugs, and 86% continued to have BAOs 80% 
reduced from the preoperative level. This led the authors to propose that pev 
now be routinely used at the time of laparotomy. An editorial analysis of this 
study [131] agreed with this conclusion, pointing out the importance of drug 
expense, the value to the patients who were able to stop all drugs, and avoid­
ance of the need for long-term H+-K+ ATPase treatment with a successful 
pev. 

311 



Tumor localization 

General 

After control of the gastric acid secretion to adequately treat a patient with 
Zollinger-Ellison syndrome, the location and the extent of the gastrinoma 
needs to be established [1,13]. Localization of the tumor extent is essential to 
determine whether surgical resection of the primary tumor should be at­
tempted, whether cytoreductive surgery for more extensive disease needs to 
be considered, or whether treatment directed against metastatic disease needs 
to be considered [1,13]. Location of the primary is important because these 
tumors are frequently small and multiple, and can be difficult to find at 
laparotomy. 

Conventional imaging studies [ultrasound, CT scan, magnetic resonance 
imaging (MRI), selective abdominal angiography] and bone scanning have 
been the procedures mainly used in the past [1,13]. Functional localiza­
tion studies measuring gastrin venous gradients, either by percutaneous 
transhepatic portal venous sampling (PVS) or after intra-arterial secretin in­
jections, with hepatic venous sampling for gastrin levels, have also been used 
both to localize the primary tumor [12,132,133] and metastatic gastrinomas to 
the liver [134]. Recently two newer methods, endoscopic ultrasound [135,136] 
and radionuclide scanning after injection of radio labeled octreotide [(111In­
DTPA-DPhe1 )octreotide; somatosatin receptor scintigraphy (SRS)] [137-140], 
are being increasingly used. Because greater than 90% of gastrinomas have 
somatostatin receptors, SRS has been reported to be a particularly sensitive 
method to image gastrinomas, as well as most other PETs [138,139,141]. It has 
been difficult to compare the sensitivities and specificities of these procedures 
because only some procedures are done in some studies, many studies have 
only small numbers of patients, and the patients may vary in disease extent in 
different studies. Recently a prospective NIH study [140] evaluated the sensi­
tivity of conventional imaging studies (ultrasound, CT scan, MRI, selective 
angiography) and SRS in 80 consecutive patients with Zollinger-Ellison syn­
drome, allowing a direct comparison of the different methods. These data are 
included in Table 5 with data from other studies. From a clinical point of view, 
it is important to consider the abilities of the different modalities to image the 
primary gastrinoma separate from their ability to localize gastrinoma meta­
static to the liver [1,140]. Primary tumors are imaged to determine potential 
respectability, whereas metastatic liver lesions are frequently imaged to deter­
mine the need for treatment directed against the tumor, to determine that 
exploratory laparotomy for cure is not indicated, and to assess the results of 
antitumor therapy. 

In recent studies, such as the NIH study of 80 consecutive cases [140], 
ultrasound, CT scan, MRI, and angiography localized an extrahepatic lesion in 
less than 50% of cases, although their specificities remain high (Table 5). The 
SRS is more sensitive in most studies than any conventional imaging study (see 
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Table 5. Ability of localization methods to identify extrahepatic and hepatic gastrinomas 

Sensitivity (%) Specificity (%) 

Literature Literature 
1996 NIH study 
(140) Mean (range) Mean (range) 

Extrahepatic lesions 
Ultrasound 9' 23 (21-28) 92 (92-93) 
CTscan 31' 38 (0-59) 90 (83-100) 
MR 30' 22 (20-25) 100 (100) 
Angiography 28' 68 (35-68) 89 (84-94) 
SRS 58 72 (58-77) 100 
Endoscopic ultrasound 70 (16-86) 
Intra-arterial secretin test 89 (55-100) 
PVS 68 (60-94) 
Intraoperative US 83 (75-100) 

Metastatic liver disease 
Ultrasound 46' 14 (14-63) 100 
CTscan 42' 54 (35-72) 99 (94-100) 
MR imaging 71 63 (43-83) 92 (88-100) 
Angiography 65' 62 (33-86) 98 (96-100) 
SRS 92 97 (92-100) 
Intra-arterial secretin test 40 

'p < 0.05 compared with SRS alone. 
SRS data from refs. 137, 139, and 140. Endoscopic US from refs. 135-137 and 142. Intra-arterial 
secretin test for liver metastases from ref. 134. Other imaging studies from refs. 1, 12, 13,47,52, 
132, 139, 143, 145, and 147. 
CT scan = computed tomographic scan; MRI = magnetic resonance imaging; SRS = somatostatin 
receptor scintigraphy using pllIn-DTPA-DPhe1joctreotide; PVS = transhepatic portal venous for 
gastrin gradients; US = ultrasound. 

Table 5), and in the recent NIH study it was equal in sensitivity for localizing 
an extrahepatic gastrinoma to all the conventional imaging studies combined. 
Figure 2 shows the results of SRS in a patient with a negative conventional 
imaging study in which the SRS localized a gastrinoma in the pancreatic head 
area. Endoscopic ultrasound has been reported to be particularly useful for 
identifying pancreatic gastrinomas [135,142] (see Table 5). In a recent com­
parative study [137] of 32 patients with Zollinger-Ellison syndrome, SRS 
detected a pancreaticoduodenal tumor in 56%, endoscopic ultrasound in 40%, 
and both together in 69%. In a recent study, endoscopic ultrasound detected 
50% of duodenal gastrinomas, 75% of the pancreatic tumors, and 62% of the 
gastrinomas in lymph nodes [135]. Figure 2 illustrates the results of endoscopic 
ultrasound in which SRS had shown a lesion in the pancreatic head/duodenal 
area. Endoscopic ultrasound visualizes a pancreatic head gastrinoma that was 
partially obstructing the biliary duct. 

Numerous studies demonstrate that the ability to localize duodenal 
gastrinomas may be particularly difficult. The ability of ultrasound, CT scan, 
and MRI to identify a gastrinoma is dependent on the size of the lesion [13]. 
With lesions <lcm no tumors are generally seen, with a diameter of 1-3cm 
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15-30% are seen, and with tumors >3cm in diameter 95-100% are detected 
[13]. Therefore, conventional imaging studies miss most duodenal gastrinomas 
that are characteristically <1 cm. In two studies CT scan detected only 9% of 
duodenal tumors in one study [135], and in another study [47] of 35 patients 
with surgically proven duodenal gastrinomas, 55% of which had metastases to 
lymph nodes, the combination of ultrasound, CT scan, and MRI identified a 
tumor in only 15% of the patients, and angiography detected it in 47%. In 
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Figure 3. Results of portal venous sampling for gastrin (top) and intra-arterial secretin injection 
with hepatic venous gastrin sampling (bottom) in a patient with Zollinger-Ellison syndrome. Top: 
Serum gastrin concentrations at the indicated location. The peripheral venous gastrin concentra­
tion was 560pg/ml. A positive gastrin gradient (>100%) of 2343% [(13,686--5601560)(100») was 
found in the superior pancreaticoduodenal vein. Bottom: Hepatic venous gastrin levels expressed 
as a percentage of the preinjection level, after injection of secretin (75 clinical units) into the 
superior mesenteric, gastroduodenal, and splenic arteries. A positive gradient (>50 increase at 30 
seconds, 105% at 1 minute [143)) is seen in the SMA and GDA. A duodenal wall gastrinoma was 
found at surgery in the area indicated in the top panel and supplied by the SMA and GDA in the 
bottom panel. Data are modified from Thorn et al. [143). PV = portal vein; SPDV = superior 
pancreaticoduodenal vein; SV = splenic vein; TPV = transverse pancreatic vein; IMV = inferior 
mesenteric vein; SMV = superior mesenteric vein; IPDV = inferior pancreaticoduodenal vein; 
GCV = gastrocolic vein. 
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many cases it is likely the angiogram was actually identifying lymph nodes, 
not the small duodenal tumor. These studies [135,142] suggest that both 
endoscopic ultrasound and SRS may miss more than 50% of all duodenal 
gastrinomas. 

Functional studies measuring serum gastrin gradients are not dependent 
on tumor size. Recent studies demonstrate that hepatic venous sampling 
after a selective intra-arterial secretin study was more frequently positive 
than PVS (89% vs. 68%; see Table 5). With duodenal gastrinomas the intra­
arterial secretin test was more frequently positive (78% vs. 28%) [143]. 
Similarly, in a recent study [47] on localizing duodenal gastrinomas, the intra­
arterial secretin test was the most sensitive localization method (96%), which 
was greater than PVS (77%) and conventional imaging studies (52%). An 
example of an intra-arterial secretin test result and PVS in a patient with 
Zollinger-Ellison syndrome is shown in Figure 3. Both PVS and the intra­
arterial secretin test were positive in this patient for the duodenum/pancreatic 
head area and at surgery a duodenal gastrinoma was found. It has been 
recently proposed that because of its increased sensitivity, ease of perfor­
mance, and lower complication rate, the intra-arterial secretin test should 
replace PVS [12,143]. 

Functional localization has also been reported using injections of secretin 
into hepatic arteries and hepatic venous gastrin sampling to clarify equivocal 
liver lesions [134]. In a recent study [134], criteria were developed for a 
positive gradient in such a study and, although it had a lower sensitivity 
(41 %) than cr (64%), ultrasound (64%), MRI (77%), or angiography (77%), 
the intra-arterial secretin test assisted in management in 22% of the patients. 
At present, functional localization studies are not routinely recommended 
[12]. In the case of extrahepatic lesions, functional studies localize only to the 
general area and not to specific structures within this area (i.e., pancreatic 
area, not duodenum). Because >70% of gastrinomas are in the pancreatic 
head area, the study is primarily of assistance in the 30% outside this area. A 
functional study should be particularly considered in two situations. First, if a 
proximal pancreaticoduodenectomy (Whipple) is planned if no tumor is 
found, then functional studies establish the presence of gastrinoma only in 
this area [12]. Secondly, if a patient has MEN-I and multiple tumors, func­
tionallocalization will assist in excluding the 20% of gastrinomas outside the 
duodenum. 

For imaging metastatic disease in the liver, the recent NIH study [140] 
confirms the results of a number of previous studies [138,139] that SRS is the 
single most sensitive modality (see Table 5). These studies demonstrate that 
SRS will identify greater than 90% of patients with Zollinger-Ellison syn­
drome with hepatic metastases (see Table 5), and in the NIH study [140] SRS 
was equal in sensitivity to the combination of all conventional studies for 
identifying patients with metastatic liver lesions (92 % vs. 83 % ). It is important 
to realize that maximal sensitivity with SRS can only be obtained if SPECT 
(single photon emission computed tomographic scanning) is performed [144]. 
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Figure 4. Intraoperative detection of duodenal gastrinomas. The ability of palpation (performed 
first), followed by intraoperative ultrasound (IOUS), followed by intraoperative endoscopy with 
transillumination (IOE) and duodenectomy to find a duodenal tumor in 42 consecutive patients 
with Zollinger-Ellison syndrome was studied. Gastrinomas were found in 95% of the patients, 30 
of which had 36 duodenal tumors. Results are expressed as the percentage of the duodenal tumors 
found by the indicated method, with the black portion representing the percentage of new tumors 
found by the indicated method and the white area representing the percentage localized by the 
indicated method that had been found with the previous methods. Data are modified from Jensen 
and Fraker [6]. 

This is particularly true with liver lesions because they may be small, and it is 
unclear whether the lesions seen represent primary tumors or metastases. 
Recent improvements in MRI scanning have greatly increased its sensitivity, 
and especially if STIR sequences (short inversion-time inversion recovery 
sequences) are used, liver metastases are easily seen. The recent NIH study 
compared SRS with other imaging studies (see Table 5) [140], and the SRS and 
MRI had similar sensitivities (92% vs. 71 %, P = 0.12). Therefore, if SRS is 
negative and the possibility of liver metastases is still of concern, MRI should 
be done. 

If exploratory laparotomy is performed, three intraoperative procedures 
can help localize gastrinomas. Intraoperative ultrasound (IOUS) is par­
ticularly helpful for identifying pancreatic gastrinomas, localizing 91 % of pan­
creatic gastrinomas but only 30% of duodenal gastrinomas [145,146]. The use 
of IOUS altered surgical management in 10% of cases in one study [146]. 
Transillumination of the duodenum at the time of surgery [147] will detect 
20% more duodenal gastrinomas than palpation alone and is useful for plan­
ning the location of the duodenotomy in some cases [47,147] (see Fig. 3). 
Duodenotomy identifies 100% of all duodenal tumors, and a recent prospec­
tive study demonstrates it localizes 15% more duodenal gastrinomas than 
palpation, IOUS, and transillumination combined (Fig. 4). It is now recom­
mended that IOUS and duodenotomy should be used in all Zollinger-Ellison 
syndrome cases during surgical exploration [17,145]. 
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Treatment of the gastrinoma 

Treatment of the gastrinoma in patients with Zollinger-Ellison syndrome 
without liver metastases or MEN-J 

Until recently, there was considerable difference of opinion about whether 
all patients with Zollinger-Ellison syndrome without MEN-lor medical 
contraindications to surgery should have surgical exploration [1,18,148-150]. 
This difference in opinion, in large part, was due to three different reasons 
[1,149,151,152]. There was a lack of agreement on the natural history of 
gastrinomas. There was a failure of any surgical studies to demonstrate for 
patients with Zollinger-Ellison syndrome or any malignant PET that early 
surgical removal of the primary tumor decreased the development of 
metastases or extended survival. Finally, there was an uncertainty about long­
term cure rates postresection [1,149,151,152]. Within the last 2 years there 
have been a number of studies that address these three concerns and support 
the recommendation that all patients without metastatic liver disease, MEN-I, 
or medical contraindications to surgery or limiting life expectancy should 
undergo surgical exploration for possible cure [1,6,17,108]. 

First, a recent NIH study provides evidence for the first time that surgi­
cal excision decreases the rate of development of metastases [152]. In this 
study only 3 of 98 patients (3) undergoing surgery for cure developed liver 
metastases, whereas 6 of 26 patients (23%; p < 0.0003) not undergoing surgery 
developed hepatic metastases (Fig. 5). Furthermore, two deaths due to meta­
static disease occurred in the nonoperative group, and there were no disease­
specific deaths in the surgical group (p = 0.085) [152] (see Fig. 5). Although 
this was not a readomized study, the groups were well matched for clinical 
characteristics, time of onset to follow-up (15.4 vs. 14.0 years), and time since 
diagnosis (9.4 vs. 7.7 years). The percentage of patients with MEN-I in the no­
operation group was numerically higher, but the difference was not significant 
(35% vs. 15%, P > 0.05). 

Secondly, at least three studies [46,130,152] now provide some long-term 
follow-up data on patients with Zollinger-Ellison syndrome, either after un­
dergoing surgical explorations (n = 120) or not (n = 28). The data from the 
large NIH study [46] are particularly helpful because they provide evidence 
that in 75% of patients (see Table 5) the gastrinoma pursues a relatively 
benign nonaggressive course, whereas in 25% it has an aggressive course. At 
present, unfortunately, as discussed in the tumor biology section, it is not 
possible to predict which individual patient will be in the aggressive or 
nonaggressive tumor group. 

Lastly, data exist on short- and long-term cure rates. Presently gastrinomas 
are found at surgery in >90% of cases, and in the most recent NIH study 60% 
of patients were disease free immediately postoperative and 30% were disease 
free at 5 years [151,153]. These results can only be obtained if a thorough 
search of the duodenum is performed, including the routine use of 
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Figure 5. Effect of surgery for cure on development of hepatic metastases and survival in patients 
with the Zollinger-Ellison syndrome. The percentage of patients medically managed without 
surgical exploration for cure (n = 26) and the percentage of patients undergoing surgery for cure 
(n = 98) who developed hepatic metastases during follow-up (mean 7 years) are shown Inset: 
Survival in these two groups of patients. Data are from Fraker and Norton [152]. 

duodenotomy [6,47] (see Fig. 4). In a recent study [6] of 42 patients with 
Zollinger-Ellison syndrome in 95% of whom gastrinomas were found, 71 % of 
the patients had duodenal tumors. Palpation alone found 65% of the duodenal 
tumors, intraoperative ultrasound localized no new duodenal tumors, 
endoscopic transillumination identified an additional 20%, and duodenotomy 
detected an additional 15% (see Fig. 4). These results demonstrate that rou­
tine duodenotomy should now be performed in all patients with Zollinger­
Ellison syndrome undergoing exploratory laparotomy. 

Treatment of the gastrinoma in patients with Zollinger-Ellison syndrome 
without liver metastases with MEN-J 

Currently, there is no agreement on the best method to treat the gastrinoma in 
patients with MEN-I [1,5,43,148]. Until a few years ago it was recommended 
that these patients not undergo routine exploratory laparotomy because they 
were rarely cured by tumor enucleation [1,5,43,148]. In 1990 [64] 8 patients 
with Zollinger-Ellison syndrome and MEN-I were described, all of whom had 
only duodenal gastrinomas and in 4 of 6 patients with the gastrinoma excised, 
serum gastrin became normal. Based on these results [64], it was proposed that 
patients with Zollinger-Ellison syndrome with MEN-I should have surgical 
explorations to remove the duodenal tumors. Two recent studies have impor­
tant findings commenting on this approach. In two studies [14,61,149] pancre­
atic gastrinomas were reported in 20% and 62% of patients with MEN-I and 
Zollinger-Ellison syndrome; therefore, gastrinomas do not exclusively occur in 
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the duodenum in these patients. In a recent prospective study [63], the ability 
to surgically cure patients with MEN-I and Zollinger-Ellison syndrome by 
careful duodenal exploration was assessed in 10 consecutive patients. All 
patients with MEN-I had gastrinomas found at exploration and 70% of pa­
tients had a duodenal gastrinoma, 20% a pancreatic gastrinoma, and 10% a 
gastrinoma in lymph nodes only [63]. No patient was cured. Failure to cure 
these patients was due to the fact that 86% of the duodenal gastrinomas 
had metastasized to the lymph nodes, 30% of patients had >20 duodenal 
gastrinomas, and enucleation of the pancreatic gastrinomas did not result in 
cure, suggesting there must be either retained metastases to lymph nodes or 
multiple primaries [63]. This study [63] clearly demonstrates these patients 
cannot be cured by gastrinoma enucleation alone. Some [154,155] have recom­
mended Whipple resections be considered in patients with Zollinger-Ellison 
syndrome with MEN-I and in one study [155] three such patients remained 
cured for 7,9, and 13 years postresection. At present this recommendation is 
not generally endorsed. The principal difficulty is that it remains unclear what 
the natural history of the PETs are in patients with MEN-I, and, therefore, it 
is unclear whether any surgical intervention prolongs survival. In the case of 
the Zollinger-Ellison syndrome, in which the symptoms of hypersecretion can 
be controlled effectively in all patients, the question of whether resection of 
the gastrinoma alone reduces the rate of metastatic disease and prolongs life 
remains unanswered. 

Treatment of the gastrinoma in patients with Zollinger-Ellison syndrome 
with fiver metastases 

General 

Although gastrinomas are, along with other malignant PETs, considered to be 
slow-growing tumors, in recent studies the 5-year survival of patients with 
metastatic disease is as low as 20% [1,43] (see Fig. 1). Furthermore, now that 
the gastric acid hypersecretion can be controlled medically or surgically in all 
patients, the natural history of the gastrinoma is increasingly becoming the 
primary determinant of survival [1,43]. There is thus an increasing need for 
effective treatment of metastatic gastrinomas. Chemotherapy, systematic re­
moval of all resectable tumor (cytoreductive surgery), hormonal therapy with 
the long-acting somatostatin analogue octreotide, treatment with interferon, 
hepatic embolization alone or with chemotherapy (chemoembolization), and 
liver transplantation have all been advocated [1,16,19,156-160] (Table 6). 
Treatment with each of these modalities has recently been reviewed [156], 
including chemotherapy [16], cytoreductive surgery [159], vascular occlusion 
[160], liver transplantation [19], treatment with octreotide [161,162], and inter­
feron [163] and thus is only briefly discussed here. 

At present the role of each of these modalities in the treatment of patients 
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Table 6. Drug therapy for metastatic gastrinomas 

Objective 
Patients response 

Agent (no.) (% ) Author Year Ref. 

STZ 24 12 (50%) Jensen et al. (1983) [37] 
Moertel et al. (1980) [167] 

DTIC 5 o (0%) NIH (1987) 
Etoposide 2 0(0% ) Kelsen et al. (1987) [166] 
CZT 4 1 (25%) Moertel et al. (1992) [168] 
Carboplatin 3 0(0% ) Saltz et al. (1993) [165] 
Etoposide + cisplatin 8 2 (25%) Moertel et al. (1991) [176] 
STZ + 5-FU 3 1 (33%) Moertel et al. (1980) [167] 

10 8 (80%) Mignon et al. (1986) [171] 
5 1 (20%) Hofmann et al (1973) [172] 

22 1 (5%) Ruszniewski et al. (1991) [173] 
11 5 (45%) Moertel et al. (1992) [168] 

CZT + 5-FU 12 3 (25%) Bukowski et al. (1992) [169] 
SZT+ DOX 11 7 (64%) Moertel et al. (1992) [168] 
STZ or 5-FU + STZ (n = 17) 45 (42%) Bonfils et al. (1986) [175] 
STZ + 5-FU + DOX 10 4 (40%) von Schrenck et al. (1988) [174] 
Octreotide 9 1 (11%) Kvols et al. (1987) [197] 

16 3 (19%) Maton et al. (1989) [196] 
21 3 (14%) Maton et al. (1989) [198] 
6 o (0%) Arnold et al. (1993) [162] 

Interferon 4 2 (50%) Eriksson et al. (1986) [188] 
11 o (0%) Pisegna et al. (1993) [187] 

STZ = streptozotocin; DOX = doxorubicin; CZT = chlorozotocin; 5-FU = 5-fiuorouracil; DTIC 
= dacarbazine. 

with metastatic gastrinoma remains unclear [1,43,156]. This has occurred for a 
number of reasons. First, gastrinomas are usually combined in different series 
with other malignant PETs or carcinoid tumors, and it is not established that 
they respond similarly [1,43,156]. Secondly, because oftheir rarity, few system­
atic studies of different modalities in significant numbers of patients have been 
done (see Table 6). Lastly, there is no agreement on dosing frequency, dosage, 
and when therapy should be started, continued, or discontinued [1]. More 
importantly, there have been no placebo-controlled trials that clearly establish 
the benefit of any chemotherapy. Although different treatments have been 
compared with each other and the superiority of some has been shown, be­
cause of the variable course of different patients it still remains unclear how 
much advantage a given treatment has over no treatment. 

Chemotherapy 

In studies involving different types of PETs including gastrinomas, except for 
streptozotocin and chlorozotocin, single-agent chemotherapy has had low suc­
cess rates [43,156,158,164]. Similar results are reported specifically in small 
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numbers of patients with gastrinomas with low response rates with carboplatin 
[165], etoposide [166], and DTIC (see Table 6). Streptozotocin [37,167] and 
chlorozotocin [168] alone have given response rates of 25-50% (see Table 6). 
Combinations of streptozotocin or chlorozotocin in patients with a variety of 
PETs have been evaluated in a number of studies [16,43,156,158,164,169]. In a 
prospective ECOG study [167], the combination of streptozotocin plus 5-
fluorouracil was more effective than streptozotocin alone (63% vs. 40% re­
sponse rate). A subsequent study by the same group [168] in patients with a 
variety of malignant PETs demonstrated that streptozotocin plus doxorubicin 
was superior to streptozotocin plus 5-fluorouracil or chlorozotocin alone (re­
sponse rates of 69%, 45, and 30%, respectively). The median durations of 
tumor regression were 18 months, 14 months, and 17 months, respectively; 
however, the survival time for patients treated with the doxorubicin combina­
tion was longer [168]. 

Streptozotocin plus 5-fluorouracil [170--173], streptozotocin plus 
doxorubicin [168], and streptoxotocin plus both drugs [174] have been used 
in small numbers of patients with metastatic gastrinomas in various series 
(see Table 6). However, in two prospective studies involving only patients 
with metastatic gastrinoma [174,175], the response rates were lower than 
reported in the ECOG studies that involved patients with a number of 
different malignant PETs. In one study [174] involving 10 patients with 
metastatic gastrinomas increasing in size in the liver, the objective response 
«25% decrease in tumor diameter) was 40% with streptozotocin, 5-
fluorouracil, and doxorubicin. Furthermore, no complete remissions occurred, 
and' there was no difference in the survival of responders versus 
nonresponders [174]. In another study of 21 patients with hepatic metastases 
with Zollinger-Ellison syndrome, only 5% (one patient) had an objective 
response (>50% decrease in size), whereas three patients had a transient, 
partial response (25-49% decrease in size) [162]. The combination of 
etoposide and cisplatin [176] is reported to give a response rate in 67% of 
anaplastic neuroendocrine tumors; however, the response rate in metastatic 
gastrinomas was 25% (see Table 6). 

Hepatic embolization with or without chemotherapy 

Hepatic embolization with or without chemotherapy has been recommended 
to be of value in small numbers of patients with metastatic gastrinomas and 
other PETs [43,156,160,177,178]. Because the liver derives only 20--25% of its 
blood supply from the hepatic artery and 75-80% from the portal vein, and 
because most PETs, including gastrinomas, are vascular with an arterial sup­
ply, hepatic artery embolization can be used if the portal vein is patient. In 
combined series of PETs, 68--100% of patients are reported to show improve­
ment with this treatment [156]. In one large series [179] involving 111 patients, 
hepatic arterial occlusion with chemotherapy (doxorubicin plus dacarbazine 
or streptozotocin and 5-fluorouracil) resulted in an objective response in 80% 
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compared with 60% with occlusion alone. With occlusion alone the mean 
duration of the response was 4 months, and when chemotherapy was added it 
was 18 months. 

Recently chemoembolization with doxorubicin in iodized oil combined 
with either sponge particles or gelatin powder has been reported to decrease 
tumor size in 57-100% of patients [156,177,178,180]. In a recent study [181] 
five patients with metastatic gastrinoma in the liver were treated with such a 
regimen. In contrast to 18 patients with carcinoid tumors in which symptoms 
of the carcinoid syndrome were controlled in 80% and the size of liver 
metastases decreased by 50% in one half of the patients, in patients with 
Zollinger-Ellison syndrome 60% (3 of 5 patients) had a minor response (n = 
1) or stabilization (n = 2). The authors of this study [181] concluded that 
gastrinomas may be less responsive to chemoembolization than carcinoid 
tumors, although the experience was small. 

Cytoreductive surgery 

Systematic removal of all resectable tumor has been recommended in general 
for treating metastatic PETs [159,182-184]. A number of recent studies [182-
185] and a recent review [159] have provided support for such an approach. In 
one study [183] involving 17 cases with potentially respectable PETs, in 80% 
of the cases tumor was completely resected and survival was 79% at 5 years. In 
this study [183] patients with extensive metastases had a 5-year survival of 
28% and inoperable patients 28%, whereas patients with limited resections 
had a significantly prolonged surival (p = 0.02). In a second study [182] in 
74 patients with potentially respectable disease, neuroendocrine hepatic 
metastases of different types, a hemihepatectomy, extended hepatectomy, or 
nonanatomic hepatic resection was done. Perioperative mortality was 2.7%, 
morbidity was 24%, and 4-year survival was 73%. Unfortunately only a small 
proportion of all patients with PETs fall into the potentially resectable cat­
egory (i.e., 9% in one study [184] and 5% in another [183]). Such an approach 
has been advocated in patients with Zollinger-Ellison syndrome with poten­
tially resectable metastatic disease [185,186]. In one study [185] 20% of pa­
tients with metastatic liver disease with Zollinger-Ellison syndrome were 
potentially resectable on imaging, each underwent hepatic resection, and two 
patients maintained normal serum gastrin levels postresection. These data, as 
well as experience with other PETs, suggest that if imaging studies determine 
the metastatic disease is confined to one liver lobe and the primary tumor is 
resectable, or if greater than 90% of the imaged tumor can be safely resected, 
surgical resection should be attempted. 

Treatment with interferon 

Interferon has been reported to be effective in both controlling symptoms and 
also in inhibiting further tumor growth of metastatic PETs in a number of 
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studies [43,156,163,187,188]. In a recent review [163] of a number of series 
involving 322 patients with various neuroendocrine tumors, 43% showed a 
biochemical response (>50% decrease in hormone levels) and 12% showed a 
decrease in tumor size with interferon. Of the 57 patients with PETs, 47% had 
a biochemical response and 12% a decrease in tumor size [163]. Disease 
stabilization was seen in 25% [163]. Interferon has been used in a small 
number of patients with metastatic gastrinoma [187,188]. In one recent study 
[187] of 11 patients with metastatic gastrinoma increasing in size in the liver 
treated with daily (l interferon (5 million units/day), no patients had a decrease 
in tumor size but three patients (30% ) had a stabilization of tumor size. These 
results and those in other metastatic PETs demonstrate that inteferon rarely 
causes a decrease in tumor size but has a tumoristatic effect, stabilizing the 
metastatic disease in 25-30%. Whether interferon prolongs survival is not 
established. 

Treatment with somatostatin analogs 

In animal somatostatin analogs can inhibit tumor growth and the growth 
of transplanted insulinomas [156,189]. Greater than 90% of gastrinomas as 
well as other PETs, except insulinomas, possess somatostatin receptors 
[139,156,189-192] that mediate the action of somatostatin on these tumors. 
Two long-acting somatostatin analogs have been used in clinical studies, 
lanreotide and octreotide [192,193]. Recent studies provide evidence for five 
somatostatin receptor subtypes, and the actions of these two long-acting soma­
tostatin analogs is primarily mediated by subtype 2 or 5 [190--192]. In a recent 
review of 66 patients treated with octreotide with metastatic neuroendocrine 
tumors, octreotide caused a decrease in tumor size in 12 % of patients (eight 
patients); however, in other studies it caused a disease stabilization in 25-50% 
[156,162,194-198]. Similar studies have been performed on a small number of 
patients with metastatic gastrinoma [156,162,194,195]. These data suggest that 
long-acting somatostatin analogs likely have a tumorstatic effect in some 
patients with metastatic gastrinoma, but that they rarely have a tumoricidal 
effect, resulting in a decreasing tumor size. Whether these analogs will prolong 
life is not established. Long-acting somatostatin analogs will also inhibit acid 
secretion and decrease serum gastrin levels in Zollinger-Ellison syndrome 
patients [199]; however, in Zollinger-Ellison syndrome with the availability of 
highly effective oral gastric acid antisecretory agents, parenteral octreotide is 
rarely needed. 

Liver transplantation 

Liver transplantation has been performed in a small number of patients with 
metastatic PETs and with metastatic gastrinomas [19,157,200,201]. Each of 
these reports has small numbers of cases «11 patients). All of these reports 
recommend liver transplantation be considered in selected cases, particularly 
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in patients without extrahepatic disease. It appears from the small number of 
cases (n = 23) that long-term cure is uncommon, with recurrence to bone, 
lymph nodes, or liver being most common. At present it remains unclear which 
patients, if any, with metastatic gastrinoma or other PETs should undergo liver 
transplantation. 
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15. Insulinoma and other islet-cell tumors 

F. John Service 

Historical aspects 

The recognition of islet-cell tumors of the pancreas histologically preceded 
their clinical identification by many decades. In the case of insulinoma, its 
existence was predicted from the occurrence of 'insulin reactions' in 
nondiabetic persons [1]; in the case of other islet-cell tumors, their existence 
(glucagonoma, somatostatinoma, VIPoma, PPoma) followed the development 
of the ability to measure in the circulation the polypeptides that were secreted 
in excess. In most (somatostatinoma, glucagonoma, VIPoma) but not 
(PPoma) all instances, a clinical syndrome could be identified with the el­
evated levels of specific polypeptides. 

Insulinomas derive from beta cells, glucagonoma from alpha cells, and 
somatostatinoma from delta cells of the pancreatic islets. The cells of origin of 
VIP and pancreatic polypeptide (HPP) have not been identified [2]. The first 
reports of patients either with the clinical syndromes associated with these 
disorders or with the association of polypeptide hypersecretion in the presence 
of an islet-cell tumor were insulinoma in 1927 [3], glucagonoma in 1966 [4], 
VIPoma in 1958 [5], and somatostatinoma in 1977 [6,7). Because PPoma 
appears not to be a distinct entity (elevated levels of HPP may be seen in islet­
cell tumors which secrete predominantly another polypeptide), it was not 
recognized until approximately the mid-1970s [2). Gastrinoma is discussed in 
Chapter 14. 

Epidemiologic and demographic features 

These tumors are rare. During the period 1970-1985 an effort was made to 
identify all pancreatic endocrine tumors in a well-defined population of 1.5 
million persons living in Northern Ireland. Forty-nine were identified, 21 of 
which were insulinomas, 13 were gastrinomas, 11 were islet-cell tumors of 
unknown type, 2 were VIPomas, 1 was glucagonoma, and 1 was an adrenocor­
ticotrophic hormone (ACTH)-producing malignant islet-cell tumor [8]. From 
a population-based study conducted in Olmsted County, Minnesota, the inci-

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9. 
All rights reserved. 



Table 1. Demographic features of islet-cell tumors 

Age· Gender Size· Malignant Multiple MEN-I Clinical 
(yr) ('Yo F) (cm) ('Yo) ('Yo) ('Yo) syndrome 

Insulinoma [9,13] 47 59 1.5 5.8 8.9 7.6 + 
(8-82) (0.4-8) 

Glucagonoma [2] 52 58 5 70 2-4 Rare + 
(19--73) (1-35) 

VIPoma [2] 47 65 3 90 15-20 4 + 
(5-79) (1-20) 

Somatostatinoma [2] 53 67 5 71 10 45 + 
(38-84) (2-10) 

PPoma 51 50 5.6 43 5 18-44 
(20--74) (0.7-15) 

• Median or mean, range in parentheses. 

dence of insulinoma was found to be 1 case per 250,000 person-years [9]. 
Although these results reflect the occurrence of insulinoma in persons with 
primarily Northern European heritage, insulinomas have been observed in 
African-Americans and Hispanic-Americans. The occurrence of other islet­
cell tumors is an order of magnitude less than insulinoma. In other studies, 
which unfortunately are at risk for referral bias, 48-50% of islet-cell tumors 
were insulinomas, 22-30% gastrinomas, 10--15% VIPomas, and 5-10% as­
sorted types, including glucagonomas, somatostatinomas, and PPomas [10,11]. 
The demographic features of these tumors are shown in Table 1. 

Clinical syndromes 

The major actions of insulin, glucagon, VIP, and somatostatin are shown in 
Table 2. 

Insulinoma 

These tumors lack the normal feedback control on insulin secretion exerted by 
circulating glucose concentrations. As a consequence of the continuous leak­
age of insulin, patients are at risk for hypoglycemia the longer they go without 
food. Because these tumors respond to the stimulatory effect of rising concen­
trations of nutrients in the circulation after food ingestion, some patients 
experience hypoglycemia postprandially. The frequency of symptoms is highly 
variable among patients: major symptoms arising from neuroglycopenia usu­
ally occur less frequently, but, on the other hand, are more memorable than 
those of the autonomic type. All patients with insulinoma eventually develop 
symptoms of the neuroglycopenic type. Studies done in normal and diabetic 
persons identified these as dizziness, confusion, tiredness, difficulty speaking, 
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headache, and inability to concentrate [12]. Among 60 patients with 
insulinoma, 85% had various combinations of diplopia, blurred vision, sweat­
ing, palpitations, and weakness; 80% had confusion or abnormal behavior; 
53% had amnesia or coma; and 12% had generalized seizures [13]. Unfortu­
nately, none of these symptoms is specific for hypoglycemia. 

It is essential, therefore, to confirm the presence of hypoglycemia by mea­
suring plasma glucose during the occurrences of symptoms. A reflectance 
meter glucose measurement is inadequate to confirm hypoglycemia with con­
fidence. Whipple's recommendation to biochemically confirm the existence of 
hypoglycemia during the occurrence of symptoms and the amelioration of 
symptoms by correction of the low glucose concentration (Whipple's triad) is 
a good rule to follow in the establishment of the presence of a hypoglycemic 
disorder [14]. If a patient is observed while symptomatic, blood should be 
obtained for plasma insulin, C-peptide, proinsulin, sulfonylurea, and 
betahydroxybutyrate. Correction of hypoglycemia can be achieved by an in­
travenous injection of 1 mg glucagon. These data obtained during a spontane­
ous episode of hypoglycemia or at the termination of a prolonged supervised 
fast (occurrence of symptoms and plasma glucose :S45mgldl) permit an accu­
rate diagnosis. 

The detection of any of the beta-cell polypeptides in the circulation while a 
patient is hypoglycemic probably represents abnormal beta-cell function. Our 
criteria for insulinoma are plasma insulin ;::::6IlU/ml, C-peptide ;::::200pmol/l, 
and proinsulin ;::::5pmol/l [15]. Insulin to glucose (or vice versa) ratios are 
useless for the diagnosis of insulinoma [16]. Betahydroxybutyrate is sup­
pressed to <2.7 mmolll, and the plasma glucose increases by ;::::25 mgldl over 30 

Table 2. Major actions 

Insulin 

Decreases hepatic 
glucose 
production 

Increases glucose 
utilization 

Glucagon 

Stimulates 
glycogenolysis and 
gluconeogenesis 

Decreases plasma 
amino acids 

a Data from Anderson and Bloom [28]. 
bData from Grier [25]. 

VIP' 

Stimulation of 
intestinal pancreatic 
and biliary secretion 

Stimulation of colonic 
potassium secretion 

Stimulation of bone 
resorption 

Decreased GI transit 
time 

Inhibition of gastric­
acid secretion 

Inhibition of 
gallbladder 
contraction 

Vasodilation 
Glycogenolysis 

Somatostatinb 

Generalized inhibition 
of hormonal release 

Inhibition of gastric 
emptying, pancreatic 
exocrine secretion, 
gallbladder 
emptying, gut 
motility, and nutrient 
absorption 
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minutes after the injection of glucagon in insulinoma or other conditions in 
which hypoglycemia is mediated by insulin, for example, insulin factitial 
hypoglycemia [15] (Fig. 1). It is important to recognize that most methods 
for measuring second-generation sulfonylureas are insensitive. New liquid­
chromatographic mass-spectroscopy methodology is in development for the 
detection of these drugs. It is essential, therefore, to examine a patient's 
medication personally or via a pharmacist for the purpose of correctly 
identifying all drugs because dispensing error (sulfonylurea in the place of the 
intended drug) is a common cause of hypoglycemia [15]. 

In many instances, the diagnosis of insulinoma is straightforward if the 
biochemical and hormonal determinations have been conducted on specimens 
collected under appropriate circumstances. In other instances, test results are 
ambiguous or inconclusive. Additional testing or repeated testing may be in 
order. The C-peptide suppression test [17] and tolbutamide test [18] are useful 
adjunctive diagnostic procedures. In the extraordinarily rare circumstance of a 
negative 72-hour fast in a patient with insulinoma, a correct diagnosis may 
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Figure 1. Distribution of plasma concentrations of insulin, C-peptide, and proinsulin at the end of 
the supervised fast in relation to the concurrent plasma and betahydroxybutyrate and glucose 
response to the intravenous glucagon glucose concentration in normal persons and patients with 
insulinoma. Criteria for diagnosis are represented by the vertical lines. (Reprinted from Service 
[15], with permission.) 
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depend on a positive C-peptide suppression or tolbutamide test. Patients who 
relate neuroglycopenic symptoms following food ingestion should be studied 
during and after ingestion of a mixed meal. Reproduction of hypoglycemic 
symptoms and an associated low plasma glucose concentration warrants fur­
ther evaluation for possible insulinoma. 

Patients with insulinoma appear to be healthy. Unless a patient is known to 
have MEN-lor has had a prior pancreatic exploration, the physical examina­
tion is normal. Insulinomas occur in persons of all walks of life, including 
health care workers, in whom the suspicion of factitial hypoglycemia is high. 
Insulinomas have been removed from pregnant women [19]. The tumors 
occur with an even distribution throughout the pancreas and are found in 
extrapancreatic locations in extremely rare instances [19]. 

Glucagonoma 

Unlike insulinoma, in which the pathogenetic polypeptide causes symptoms 
early in the course of the disease, the presumed initial biochemical disturbance 
of glucagonoma, that is, mild hyperglycemia, is nonspecific and, therefore, 
does not trigger a search for elevated glucagon concentrations. Should all 
persons with newly discovered hyperglycemia have a plasma glucagon level 
measured? Probably not, because the tumor frequency was found to be 
0.8% in ~ 1400 adult autopsies [20]. Diabetes may precede the diagnosis of 
glucagonoma by a decade or more. Unfortunately, therefore, the tumor does 
not manifest itself to such a degree that clinical recognition is feasible until it 
is sufficiently large or metastatic to cause mechanical symptoms or the degree 
and duration of hyperglucagonemia have been sufficient to cause severe meta­
bolic disturbances and their sequelae. 

Glucagonomas are usually larger than insulinomas and have a higher like­
lihood of malignancy. These tumors occur more often in the body and tail 
of the pancreas than in the head [21]. The glucagonoma syndrome includes 
mild diabetes, a pathognomonic dermatitis (migratory necrolytic erythema), 
angular stomatitis, vulvovaginitis, glossitis, hypo amino acidemia, weight 
loss, normochromic normocytic anemia, propensity to venous thrombosis, 
and mental status change [2]. The dermatitis is likely to be related to the 
hypoaminoacidemia because the former is often improved by correction of the 
latter. The rash has a characteristic histologic appearance. It has a predilection 
for the groin, perineum, and lower abdomen but may occur elsewhere. Most, 
but not all, patients have the characteristic rash; for those who do not, the 
diagnosis of glucagonoma early in the course of the disease is largely by 
serendipity. The rash waxes and wanes, and various areas of involvement may 
be at differing stages of its evolution. Histological features include subcorneal 
separation due to vesicles that have developed in the superficial epidermis and 
areas of focal parakeratosis [22]. 

In a recently compiled review of a single institution's experience, the largest 
series (n = 21) of patients with the glucagonoma syndrome were described. 
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Seventy-one percent experienced weight loss, 67% had necrolytic migratory 
erythema, 38% had diabetes mellitus, 29% had cheilosis or stomatitis, and 
29% had diarrhea. There was an almost equal gender incidence (10F, 11 M). 
Symptoms other than diabetes or typical skin rash led to the diagnosis in 33 % 
of the patients. All patients had metastatic disease at diagnosis. Abdominal CT 
scanning was positive in 86% of the patients. Median and range serum gluca­
gon levels were 1400 (range, 84-14,3OOpg/ml; normal, :560pg/ml). Serum glu­
cagon levels were higher in those patients with necrolytic migratory erythema 
and diabetes [23]. Elevated glucagon concentrations may be observed in other 
malignant endocrine tumors. In a review that spanned the period 1988-1993 at 
the same institution, 71 patients had serum glucagon levels twice the upper 
limit of normal and a malignant neuroendocrine tumor. Sixty-nine percent of 
the patients had tumors that secreted one or more peptides in addition to 
glucagon, for example, gastrin, insulin, HPP, ACTH, vasoactive intestinal 
polypeptide (VIP), calcitonin, and serotonin (5HIAA) [24]. Provocative tests 
are not necessary when the degree of hyperglucagonemia is extreme. 

VIPoma 

Most VIPomas occur in the pancreas, especially the tail, but may occur along 
the autonomic chain or in the adrenals (histologically, ganglioneuroma, 
ganglioblastomas, or neuroblastomas) in children [2,25]. The clinical syn­
drome of VIPoma is watery diarrhea, hypokalemia, hypochlorhydria, and 
acidosis (WDHA). The water diarrhea is secretory in type and may reach 
> 3 Llday. It persists during periods of no nutrient intake. Some patients expe­
rience hyperglycemia, flushing, and hypercalcemia. Other peptides may be 
elevated in this syndrome, such as HPP, Peptide histidine methionine (PHM), 
calcitonin, and prostaglandin E (PGE). 

Diarrhea may be constant or intermittent. The stool is rich in electrolytes. 
Fluid and electrolyte imbalance can lead to lethargy muscle weakness, cramps, 
nausea, and vomiting. The hypokalemia can cause abnormalities in renal 
function. Severely dehydrated patients are at risk for renal failure. A 24-
hour stool volume <7ooml excludes the diagnosis [26]. A plasma VIP level 
>200pg/ml is strongly suggestive of VIPoma. In one series, the average VIP 
level was -lOOOpg/ml, with the lowest being 255pg/ml [27]. 

Somatostatinoma 

The clinical syndrome ansmg from this tumor is diabetes, cholelithiasis, 
hypochlorhydria, and steatorrhea. Sixty-eight percent of these tumors arise 
in the pancreas (primarily the head), 19% occur in the duodenum, and 3% 
each in the ampulla of Vater and small bowel [29]. Diagnosis is made by 
finding a plasma somatostatin level greatly in excess of normal (:5100pg/ml). 
Values may be 100- to 200-fold greater than normal. Patients with the triad 
of neurofibromatosis, pheochromocytoma, and somatostatinoma have been 
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reported; this may be a novel multiple endocrine neoplasia (MEN) syndrome 
[30]. 

PPoma 

Because there is no clinical syndrome associated with elevated HPP concen­
trations and the latter may be observed in islet-cell tumors that secrete other 
polypeptides and PP levels have not been systematically measured in 
nonfunctioning islet-cell tumors, a clear delineation of this as a nosologic 
entity has not been developed [2]. 

Localization 

Because of their small size and low frequency of malignancy and, therefore, 
low frequency of metastases, insulinomas present the greatest challenge for 
localization. Despite their being the most frequently occurring pancreatic 
endocrine tumors, insulinomas are rare. Therefore, only a few tertiary-care 
centers have the opportunity to determine the effectiveness of various local­
ization procedures. Transhepatic portal venous sampling for insulin [31,32] 
and arterial stimulation venous sampling for insulin [33] have the disadvantage 
of being invasive and limited to merely regionalizing the tumor, rather than 
providing precise localization. Celiac axis arteriography with magnification 
and subtraction, computed tomography, and magnetic resonance imaging 
have not achieved the degree of sensitivity in localization reached by 
ultrasonography, especially intraoperative ultrasound [33]. Octreotide 
scanning has been disappointing in the localization of insulinomas [34]. 

Considering the high degree of success in localization from a combination 
of intraoperative ultrasound and manual palpation by a skilled surgeon expe­
rienced in insulinoma surgery, a role for invasive preoperative localization 
procedures such as endoscopic ultrasonography seems to be in limbo. Never­
theless, an accurate noninvasive preoperative localization procedure does pro­
vide a certain comfort level to the surgeon. Perhaps spiral CT may displace or 
match preoperative ultrasonography [32]. Because glucagonomas, VIPomas, 
and somatostatinomas are relatively large and frequently are metastatic, they 
often are readily identified by CT scanning, transabdominal ultrasonography, 
or arteriography [2,29,34]. Radionuclide imaging, such as that with octreoscan, 
may be positive should the pancreatic islet-cell tumor contain somatostatin 
receptors on their cell membranes. 

Treatment 

Surgical 

Every patient diagnosed as having an islet-cell tumor deserves a surgical 
consultation. In the case of insulinoma, where most patients have a single 
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benign tumor, a cure can be expected with surgical extirpation of the tumor 
[35,9]. Because these tumors are rare, they should be operated on in tertiary 
referral centers by surgeons experienced with this type of surgery. This admo­
nition is reinforced for patients who have had a failed initial pancreatic explo­
ration. The cure rate for even these patients is high if the surgery is conducted 
by an experienced surgeon [36]. Blind pancreatic resection for an occult 
insulinoma should be discouraged. 

In the instances of malignant islet-cell tumors, which by definition have 
metastatic disease, surgical debulking of the tumor is worthwhile. Debulking 
reduces the tumoral burden and thereby makes control of symptoms easier 
and may facilitate the effectiveness of tumoricidal therapy. Such an approach, 
although palliative, is to be recommended because of the rather indolent 
behavior of these tumors [37]. 

Medical 

Medical treatment of functioning islet-cell tumors involves the control of 
symptoms and tumoricidal therapy. Because of the unique biochemical effects 
of the various polypeptides secreted from islet -cell tumors, control of symp­
toms requires an approach peculiar to that tumor. Treatment of hypoglyce­
mic symptoms requires elevation of the low plasma glucose out of the 
hypoglycemic range. This can be achieved by parenteral administration of 
glucose or glucagon, or if feasible, oral administration of free carbohydrates. 
Preventative measures include frequent feeding and the use of diazoxide. Less 
effective or infrequently used medications are phenytoin sodium (Dilantin), 
propranolol, verapamil, or glucagon [15]. Somatostatin, a generalized inhibitor 
of polypeptide hormone release, should be effective in the treatment of islet­
cell tumors. Unfortunately, its success in control of hyperinsulinemia from 
insulinoma is poor [38]. 

The dermatitis associated with glucagonoma improves with parenteral 
administration of amino acids. Octreotide in doses from 150 to 1500~g/day 
is also an effective treatment for skin rash [39]. The most pressing need 
for patients with VIPoma is fluid volume replacement and correction of 
electrolyte and acid-base disturbance. There is a significant risk for dehydra­
tion, hypokalemia, and ultimately death from chronic renal failure. Intestinal 
absorption can be improved by use of glucocorticoids, angiotensin II and 
Uz-adrenergic agonists. Indomethacin, adenylate cyclase inhibitor, phenothiaz­
ines, propranolol, lithium carbonate, calcium-channel blockers, and opiates 
inhibit intestinal secretion [25]. Octreotide is particularly effective for the 
treatment of VIPoma [2]. The dose may be initiated at 100-150~g sc q8h 
and increased by 50-~g increments per dose to 200 ~g q8h if needed. 
Once effective control of symptoms has been achieved, the dose may be 
reduced [40]. There is no palliative pharmacotherapeutic agent for 
somatostatinoma [2]. 
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Antitumor 

Initiation of antitumor therapy for residual metastatic disease following surgi­
cal debulking depends on the degree of tumor burden and the degree of 
symptoms. A conservative approach is warranted because malignant islet-cell 
tumors run an indolent course [41]. 

Streptozotocin produces tumor regression in approximately 30% of pa­
tients. Randomized trials have shown an improved regression rate (45 % ) from 
a combination of fluorouracil and streptozotocin, compared with the latter 
alone and even a better regression rate (69%) from a combination of doxoru­
bicin and streptozotocin [41]. In addition to the drugs noted earlier, 
dacarbazine (DTIC) may be particularly effective for metastatic glucagonoma 
[42]. DTIC, human leukocyte interferon, and doxorubicin (Adriamycin) in 
combination with streptozotocin have been used in a small number of patients 
with VIPoma [42]. 

Because the liver is the predominant organ involved with metastatic islet­
cell carcinoma, treatment directed at removing disease from that organ is 
warranted. With modern surgical techniques, it may be possible to remove 
solitary metastases. In situations where there is diffuse hepatic involvement, 
an approach to devitalize metastases needs to be considered. This can be done 
by hepatic artery occlusion or embolization because metastatic tissue viability 
is dependent on hepatic arterial inflow, whereas hepatocytes can survive 
through portal venous blood flow alone. In a randomized study of 47 patients 
with islet-cell carcinoma metastatic to the liver, objective tumor regressions 
were observed in 43% of patients who underwent hepatic artery occlusion 
alone and in 78% of patients who underwent hepatic artery occlusion plus 
chemotherapy. The latter was initiated 3-4 weeks after the occlusion proce­
dure, first with doxorubicin, then dacarbazine, and 1 month later with 
streptozotocin and fluorouracil. Hormonal regression was greater than tumor 
regression regardless of the hormone produced [41]. 

Survival 

For patients with insulinoma, over 90% of whom have benign tumors, overall 
survival is excellent. We observed in 224 patients whose initial pancreatic 
exploration was both successful at the removal of the insulinoma and was also 
conducted at the Mayo Clinic, a normal survival (91 % vs. expected 89%) rate 
over 45 years of follow-up (Fig. 2). Incidentally, the recurrence rate was 21 % 
in patients with the MEN-I syndrome, but only 7% in patients without the 
MEN-I syndrome. In the small number of patients (n = 13) with malignant 
insulinoma, the survival at 10 years was 29% versus an expected survival of 
88% [9]. 

Among patients with a heavy hepatic tumor burden from metastatic islet­
cell carcinoma, the median survival tumor was 9 months in patients treated 
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Figure 2. Survival of the total cohort (n = 224) of patients with insulinoma contrasted with that 
expected (left) and with that in patients with benign (211) insulinoma and malignant (n = 13) 
insulinoma (right) observed over 45 years of follow-up. 

with hepatic artery occlusion alone and 35 months for those treated with 
hepatic artery occlusion and chemotherapy [41]. Among 27 patients with 
malignant islet-cell tumors (insulinoma = 13, VIPoma = 8, glucagonoma = 4, 
somatostatinoma = 2), the median survival was 151 months for insulinoma, 
103 months for VIPoma, and 50 months for glucagonoma [10]. The median 
survival among 59 patients with a variety of malignant islet-cell tumors, both 
functional and nonfunctional was 6.7 years [43]. 
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16. Persistent hyperinsulinemic 
hypoglycemia of infancy 

Pamela M. Thomas and Gilbert J. Cote 

Persistent hyperinsulinemic hypoglycemia of infancy (PHHI), also known as 
familial hyperinsulinism and nesidioblastosis, is a disorder of glucose homeo­
stasis characterized by unregulated hyperinsulinemia and profound 
hypoglycemia. Although rare, this disorder is the most common cause of 
persistent hyperinsulinemia in children. Description of PHHI as a unique 
clinical syndrome began 25 years ago with the association of nesidioblastosis, 
defined as the budding of isolated endocrine cells and islets from pancreatic 
duct cells, and severe infantile hypoglycemia [1]. Recent findings have 
elucidated the molecular cause for hyperinsulinemia in some families with 
this disorder, providing additional insight into the regulation of insulin 
secretion. 

Pancreatic development 

While frequently viewed as a single organ, discussion of pancreatic develop­
ment is commonly divided into the two separate functional identities of this 
gland, exocrine and endocrine. This discussion focuses on the endocrine as­
pects of pancreatic development because they are most relevant to the topic of 
this chapter. Detailed description of the functional development of the exo­
crine pancreas, as well as embryological development of the whole pancreas, 
can be found elsewhere [2,3]. Our understanding of human pancreatic 
development is a continually evolving process, with much of this knowledge 
based on a combined extrapolation of data obtained from comparative mor­
phology, animal models, and the study of pancreatic disorders [4,6]. In humans 
there is general consensus that the rudiments of the pancreas originate as 
dorsal and ventral outgrowths of the abdominal foregut beginning in fifth 
week of embryonic life. As development continues, these structures are ro­
tated into proximity, allowing a fusion ofthe larger dorsal bud with the smaller 
ventral outgrowth into a single glandular structure by the seventh week of 
gestation. The dorsal portion will ultimately give rise to the tail and body of 
the adult gland, while the ventral portion develops into the head and uncinate 
process. 
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At the microscopic level, most of the pancreas is comprised of primitive 
pancreatic tubules at the time of initial formation of the pancreas. It is 
not until between the 9th and 10th weeks of gestation that the appearance 
of endocrine cells is noted. In the mature pancreas the islet of Langerhans 
is comprised of four major cell types: the alpha cell (glucagon-producing), 
beta cell (insulin-producing), delta cell (somatostatin-producing), and PP 
cell (pancreatic-polypeptide producing). The order of cell appearance 
remains somewhat unresolved. An examination of 20 human embryos by 
Like and Orci in 1972 was able to detect the first appearance of alpha cells 
by 9 weeks, which was soon followed the appearance of delta cells and 
later beta cells at 10.5 weeks [7]. These observations were made using 
simple light and electron microscopy, and have been subject to reinterpre­
tation as immunohistochemical and molecular genetic approaches have 
advanced. 

Clark and Grant in 1983 were able to identify all cell types by 9 weeks 
gestation using immunostaining methods [8]. This observation is somewhat 
clouded by an incomplete understanding of the progenitor cell pathways 
followed during development. Recent studies in mice suggest that widespread 
immunostaining at this developmental stage may originate from precursor 
cells expressing multiple peptides, in which colocalization of two or more 
islet peptide hormones has been observed. Additional studies using RNA­
PCR suggest that, while untranslated, mRNA for all four major peptide hor­
mones is present in a common precursor islet cell [9,10]. As the pancreas 
continues to develop, peptide hormone expression must be specifically re­
pressed as endocrine cell differentiation occurs. In humans all four hormone­
producing cells are readily recognizable in well-formed islets by the 16th week 
of gestation. 

An interesting feature of the developing mammalian pancreas is the 
biphasic developmental islets originally noted by Langerhans in lambs and 
calves [5]. During the first 2 weeks following birth, a peculiar type of large 
islets (visible to the eye) exists in these animals. However, these islets rapidly 
degenerate and are ultimately replaced by a second generation of cells. 
Examination of human fetal and newborn pancreas suggests a similar degen­
eration. Early histologic studies by Liu and Potter in 1962 suggested that 
the primary islets that formed around the primitive pancreas had a defined 
life span [11]. The cells in these islets reached maturity during the fifth 
month of gestation, after which they underwent a degeneration process. These 
islets were then replaced by a second generation of islets, which began 
formation during the third month of gestation. The generation of the 
primary islet-cell population is likely to continue through birth because 
there is a notable decrease in the percentage of islet cells observed at 
birth (-10%), infancy (-7%), and through adulthood (-2%) [5). A 
disruption of this degenerative process is hypothesized to playa role in PHHI 
[12]. 
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Clinical and pathological aspects of PHHI 

Prompt recognition and treatment of this disorder is critical because uncor­
rected hypoglycemia in the newborn period is associated with permanent 
damage to the developing central nervous system. In the neonatal period, the 
presence of hypoglycemia leads to jitteriness, hypotonia, poor feeding, 
cyanosis, seizure, or sudden death [13]. Increased adiposity, due to persistent 
hyperinsulinemia, may be noted during an otherwise normal physical 
examination. 

Hypoglycemia in neonates, infants, and children may be classified accord­
ing to the duration of symptoms and organized into transient and persistent 
categories (Table 1). Traditionally, neonatal forms of hypoglycemia have 
referred to those with onset in the first 72 hours of life, and infantile 
and childhood forms with onset after 72 hours [14]. Transient forms of 
hypoglycemia usually correct within 3-7 days of life and require glucose infu­
sions near the maintenance glucose production rate of approximately 6mg/ 
kg/min to maintain normoglycemia [15]. In general, persistent forms of 
hypoglycemia are both more protracted and severe than transient forms. 
Hypoglycemia due to hyperinsulinemia most commonly begins during the first 
year of life in pediatric patients, although it may occur at any age [14]. The 

Table 1. Differential diagnosis of hypoglycemia in children 

I. Transient neonatal hypoglycemia 
Infants of diabetic mothers (transient neonatal hyperinsulinemia) 
Prematurity 
Small for gestational age 
Systemic disease, septicemia, asphyxia 
Erythroblastosis fetalis 
Beckwith-Wiedemann syndrome 

II. Persistent hypoglycemia of the infant or child 
Hyperinsulinemia 

PHHI 
Beta-cell adenoma 
Exogenous insulin abuse 
Sulfonylurea use 

Hormone deficiency 
Growth hormone 
Cortisol 
Glucagon 
Panhypopituitarism 

Inborn error of metabolism 
Glycogen storage diseases 
Fat metabolism disorders 
Amino-acid metabolism disorders 

Ketotic hypoglycemia 
Reye's syndrome 
Intoxication (salicylate, ethanol) 
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Table 2. Characteristics of persistent hyperinsulinemic hypoglycemia or infancy 

Inappropriate elevation of serum insulin despite the presence of hypoglycemia 
Increased glucose utilization rate (requires glucose infusion> 15 mglkglmin to maintain 

euglycemia) 
Nonketotic hypoglycemia 
Glycemic response to glucagon 

Table 3. Treatment of hyperinsulinism 

Intravenous glucose infusion to maintain euglycemia 
Medical therapy 

Diaxozide 
Octreotide 

Surgical therapy 
Near-complete pancreatectomy 

complete differential diagnosis of childhood hypoglycemia has been exten­
sively reviewed elsewhere [14,15]. 

The diagnostic features of PHHI are related to the unregulated production 
of insulin (Table 2). Hyperinsulinemia leads to hypoglycemia by increasing the 
rate of glucose utilization and by inhibiting endogenous glucose production. In 
the normal state, plasma insulin levels fall as blood glucose levels decrease. 
Repetitive glucose/insulin ratios of less than 2.6, obtained during an episode of 
hypoglycemia, are considered diagnostic for hyperinsulinemia [16]. However, 
many clinicians are hesitant to rely solely on such a ratio, especially in the case 
of preterm infants who routinely may have glucose levels of <40 mg/dl without 
suppressed insulin levels. In this case glucose utilization rates are not elevated 
and obesity, indicative of longstanding hyperinsulinemia, is lacking [16]. Insu­
lin action inhibits the production of ketone bodies. Therefore, nonketotic 
hypoglycemia is the rule in hyperinsulinemic states. The other diagnostic 
category associated with nonketotic hypoglycemia is disorders of fat metabo­
lism, including carnitine deficiency and fatty-acid acyl CoA dehydrogenase 
deficiency. Insulin levels will not be elevated in either of these disorders during 
episodes of hypoglycemia. Lastly, hyperinsulinemia leads to an increase in 
glycogen storage in the liver. Appropriate mobilization of glycogen during 
hypoglycemia is inhibited by hyperinsulinemia. Release of liver glycogen re­
serves is responsible for the elevations in blood glucose that occur following 
glucagon administration in PHHI. 

Once the presence of hyperinsulinemia has been established, determination 
of the etiology follows. The most difficult distinction to make is the 
preoperative diagnosis of an islet-cell adenoma versus the diffuse hyperplasia 
of islet-cell tissue seen in PHHI. This distinction becomes important for the 
operative management of these disorders. Islet-cell adenomas, although re­
ported, occur rarely in children [14]. When the diagnosis of an islet-cell 
adenoma is made, evaluation for other endocrine abnormalities, including 
hyperparathyroidism, hypergastrinemia, and pituitary tumor, should be 
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sought to establish whether the multiple endocrine neoplasia (MEN) type I 
syndrome might be present. No familial cases of isolated islet-cell adenomas in 
children have been reported. Plasma insulin levels following fasting or in 
response to secretagogues do not predict the underlying pancreatic pathology 
[14]. Use of ultrasonography and radionucleotide scanning have been found to 
be helpful in making the distinction between adenoma and PHHI [14,16]. 

Those with the Beckwith-Wiedemann syndrome, an overgrowth syndrome 
characterized by exomphalos, macroglossia, visceromegaly, gigantism, and 
ear-lobe creases, exhibit hyperinsulinemic hypoglycemia in approximately half 
of cases [17]. The hypoglycemia is usually transient in nature but may be 
persistent. The relationship between PHHI and Beckwith-Wiedemann syn­
drome, if any, remains to be determined. 

Drug-related causes of hyperinsulinemia are very rare in the infant and 
child. A measurement of C-peptide level discriminates endogenous from 
exogenous hyperinsulinemia. In the case of factitious hyperinsulinemia, in­
jected insulin, which lacks the C-peptide fragment, would lead to suppression 
of both insulin secretion and C-peptide levels in the affected individual. 
Sulfonylurea abuse produces hyperinsulinemia by stimulation of insulin secre­
tion from pancreatic islet beta cells. Sudden onset of nonketotic hypoglycemia 
unrelated to fasting requires careful attention to possible drug intoxication. 
Toxicology screens are available for the detection of the presence of 
sulfonylureas. 

For individuals affected with PHHI, prompt recognition, treatment, and 
rapid resolution of hypoglycemia are imperative to prevent permanent dam­
age to the developing central nervous system [16] (Table 3). The effects of 
hyperinsulinemia, including hypoglycemia, suppressed gluconeogenesis, and 
inhibition of fatty-acid metabolism, deprive the brain of all energy substrates. 
Maintenance of normal glucose levels can be difficult. Glucose infusions of 
more than 15 mg/kglmin are frequently required to maintain normoglycemia 
[13], presenting practical problems with intravenous delivery of the required 
solutions. Central line placement is often required for the delivery of hyper­
tonic solutions used to avoid volume overload. Prolonged use of such methods 
predisposes affected individuals to infection, venous sclerosis, and 
hepatomegaly [18]. 

Medical therapy for the treatment of hyperinsulinemia is often only tempo­
rizing, but when successful serves to avoid surgery. Diazoxide is the medial 
option for which the most experience has been gained. This nondiuretic 
benzothiadiazine was originally marketed for the treatment of hypertension. 
As a side effect, it was noted to produce hyperglycemia. While its mode of 
action has yet to be fully elucidated, it is known that diaxozide inhibits insulin 
secretion from pancreatic islet beta cells by stimulating membrane A TP­
sensitive potassium (KATP) channels [19]. The binding site for diazoxide is 
separate on the membrane from that of stimulators of insulin secretion, the 
sulfonylurea agents [19]. Dose ranges of 5-20mg/kglday of diazoxide have 
been utilized [13,18,20]. 
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Diazoxide has been documented as most effective in those initially present­
ing with hyperinsulinemia weeks to months after birth [18], although there has 
been success with treating those presenting within the first days of life [20]. 
Side effects of this medication include hypertrichosis, fluid retention, and 
heart failure. These side effects are not always dose related, and there is 
evidence that those with more severe disease more frequently develop side 
effects [20). In seven patients with PHHI and cardiorespiratory failure attrib­
uted to diazoxide therapy studied by Abu-Osba et al., symptoms of cardiores­
piratory failure resolved within 2-4 days after diazoxide was discontinued 
[20). 

In an attempt to identify alternative medical therapies for the treatment of 
PHHI, other possibilities have been explored. Two hormones produced by the 
pancreatic islets, glucagon and somatostatin, have been investigated. Over the 
short term, both raise plasma glucose levels in this condition. Prolonged use of 
long-acting analogs of glucagon has not been successful [21]. Better experience 
has been obtained with a long-acting analog of somatostatin, octreotide. Two 
reports investigating octreotide use over 5 and 7 years revealed that only 25-
50% of those studied had resolution of hypoglycemia, and many of those 
responsive to octreotide had undergone prior pancreatic surgery [22,23]. De­
livery of this drug is difficult, requiring subcutaneous injection three to four 
times daily. Concerns regarding long-term use of octreotide are present due to 
the inhibitory effects it has on growth hormone, thyrotropin and pancreatic 
exocrine secretion and subsequent possible adverse affects on growth and 
nutrition [18]. Most authors agree that octreotide use is beneficial for the 
short-term management of hyperinsulinemia to achieve normoglycemia and 
euvolemia prior to operative intervention. Long-term use of octreotide re­
mains controversial [21]. 

Current medical therapy does not lead to resolution of hypoglycemia in at 
least half of cases of hyperinsulinemia [24]. Surgery becomes the final solution 
in these cases. Aggressive and early control of hypoglycemia may result in 
avoidance of psychomotor retardation and neurologic dysfunction in those 
affected with PHHI [24,25]. Near-complete (95%) pancreatectomy is the pro­
cedure of choice to prevent recurrence of hypoglycemia [26]. While over the 
short term patients who have undergone 95% pancreatectomy have demon­
strated few ill effects [27,28], there is now evidence that pancreatic insuffi­
ciency may become problematic in this group following puberty [29]. 

Of interest, some cases of PHHI have been reported to resolve [30]. Over 
the course of years, disease responsive to medical therapy can abate to the 
point of withdrawal of medical therapy and not require pancreatectomy. How­
ever, careful scrutiny of these reports is required because asymptomatic 
hypoglycemia may occur and results in damage to the central nervous system 
[24]. In addition, long-term follow-up has revealed that those affected with 
PHHI exhibit abnormal insulin secretion several years after clinical remission; 
the islet-cell defect responsible for PHHI in infancy does not resolve com­
pletely despite the resolution of symptomatic hypoglycemia [29]. 
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Confusion remains in the histopathologic definition of PHHI. Morphologic 
findings in children affected with this disorder have included nesidioblastosis, 
described as a diffuse or disseminated proliferation of islet cells in close 
proximity to pancreatic ducts, islet-cell hyperplasia, islet-cell hypertrophy, 
multifocal ductulo-insular proliferation, and diffuse or focal islet-cell 
adenomatosis [31]. Upon review of 26 affected families, Thornton et al. found 
that histologic changes were not consistent among the affected individuals 
within a family. This led to the prediction that an abnormality of regulation of 
the beta cells is genetically determined, but that specific histopathological 
changes are not [32]. In addition, nesidioblastosis has been observed in normal 
control infants and young children, indicating that this finding is not 
pathognomonic for PHHI [31,33]. Several authors have described enlarged 
beta-cell nuclei in specimens obtained from individuals affected with PHHI, 
and this finding has been suggested as a possible morphologic criterion to 
differentiate focal from diffuse processes; although large nuclei have also been 
observed in adenomas, they appear to be present only in the focal lesion [34]. 
This finding of enlarged nuclei may be reflective of the increased activity of the 
beta cell due to unregulated production of insulin. 

Genetic basis of PHHI 

Recognition of familial forms of PHHI occurred following reports of affected 
siblings [35,36]. Inheritance in most cases is in an autosomal recessive pattern 
[32,37,38]. While the incidence of PHHI in a randomly mating Western popu­
lation has been estimated at 1 per 50,000 live births [16], the incidence has 
been established as 1 per 2675 in a Saudi Arabian population in which 50% of 
matings were consanguineous [35]. The increased incidence present in inbred 
populations is consistent with autosomal recessive inheritance. A milder form 
of PHHI, which appears to be inherited in an autosomal dominant fashion, has 
been described in a small number of families [39]. 

The availability of well-characterized families with apparent autosomal 
recessive inheritance allowed the use of a combination of genetic linkage 
analysis and the candidate gene approach to identify a gene responsible for 
PHHI. PHHI was linked by Glaser et al. to a 6.6-centiMorgan (cM) interval on 
chromosome 11 p in 15 independent families, 12 of which were Ashkenazi Jews 
[37]. Subsequent analysis revealed evidence for a founder effect in the 
Ashkenazi Jew ethnic population [40]. 

Using the homozygosity gene-mapping strategy, we confirmed and nar­
rowed the assignment of Glaser et al. [38]. The homozygosity gene-mapping 
strategy is based on the premise that a rare disease in the affected progeny of 
a consanguineous mating is due to inheritance of two identical copies of the 
disease gene from the common ancestor, a situation termed homozygosity by 
descent [41]. In addition, regions flanking the disease gene, calculated to be of 
a median length of 28cM in first-cousin matings, will be homozygous by 
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DllS1331 1 1 1 1 14 1 2 23 25 25 2 1 35 
DllS569 22 22 22 23 33 33 5 3 35 3 3 
DllS1334 3 3 23 32 3 1 25 25 27 22 57 
DllS926 1 1 3 1 1 3 1 3 22 22 1 1 2 1 2 1 
DllS1307 55 45 54 52 33 33 1 2 3 1 32 
DllS902 1 1 2 1 1 2 1 1 3 3 33 32 3 3 32 
DllS921 22 1 2 2 1 22 1 1 1 1 1 1 I 1 I I 
DllS899 4 1 1 1 4 1 I 4 8 8 88 89 8 8 89 
DllS865 1 2 22 1 2 2 I 44 44 3 3 43 43 
DllS929 22 32 23 22 1 1 11 3 3 I 3 I 3 

Figure 1. Simplified pedigrees and genotypes on chromosome 11, in the region of homozygosity, 
of members of two families affected with PHHI. Regions of homozygosity in affected children 
are boxed. In both families the parents are second cousins. Note that within each family the 
parents share the same disease allele haplotype, which presumably is derived from their common 
ancestor. Comparison of the regions of homozygosity in these two families allow boundaries for 
PHHI to be placed between the chromosome 11 markers D11S1334 and D11S899. These data 
were obtained as part of the homozygosity mapping analysis for PHHI [38], and similar figures 
appear elsewhere. 

descent in most cases. Other regions of the genome will also be homozygous 
by descent, but such regions will vary among affected children. For an infor­
mative, tightly linked marker, the calculations of Lander and Botstein re­
vealed that three first-cousin matings, each with a single affected offspring, will 
provide a LOD score >3.0, the accepted threshold for linkage [41]. Ten or 
more nonrelated nuclear families with affected pairs of siblings would be 
required to generate a similar score. Study of progeny of five consanguineous 
families of Saudi Arabian origin using this approach allowed placement of 
PHHI to a 5-cM interval on chromosome llpl4-15.1, between markers 
DllS1334 and DllS899 [38] (Fig. 1). Subsequent analysis narrowed the PHHI 
locus to an estimated 0.8-cM interval between markers DllS926 and DllS928 
on chromosome llp15.1 [40]. 

In vitro studies of pancreatic islet beta cells isolated from individuals af­
fected with PHHI have suggested a defect in glucose-regulated insulin secre­
tion [13,42]. Current models of insulin secretion propose that, as a result of 
glucose metabolism, increases in the intracellular ATP/ ADP ratio in pancre­
atic beta cells inhibit ATP-sensitive potassium (KATP) channels, leading to 
beta-cell membrane depolarization, opening of voltage-gated calcium chan­
nels, and ultimately an increase in exocytosis of insulin [43] (Fig. 2). This 
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Figure 2. A schematic drawing of events hypothesized to lead to insulin secretion by pancreatic 
islet beta cells. Alterations in intracellular ATP level leads to closure of ATP-sensitive potassium 
channels. Subsequent membrane depolarization, opening of voltage-gated calcium channels, and 
exocytosis of insulin follows. 

paradigm sets the pancreatic islets apart from other tissue systems because a 
metabolic signal, rather than an agonist-receptor signal, must be transduced to 
result in insulin secretion [44]. Therefore, candidate genes for PHHI included 
those involved in the beta-cell glucose-sensing mechanism and insulin secre­
tion. Assignment of the PHHI locus to chromosome 11 p excluded known 
genes involved in beta-cell function, including the glucokinase, islet glucose 
transporter, and glucagon-like peptide-l receptor loci, as candidates for PHHI 
[45]. 

The high-affinity sulfonylurea receptor (SUR) [46], a subunit of the beta­
cell KATP channel [47], was considered as a candidate for the PHHI gene based 
on its role as a modulator of insulin secretion. Certain sulfonamide antibiotics, 
used during World War II to treat typhoid fever, were noted to cause 
hypoglycemic symptoms [48]. Shortly thereafter, derivatives of these antibiot­
ics were used as a treatment for diabetes [48]. The hypoglycemic action of 
sulfonylureas results from direct inhibition of pancreatic beta-cell KATP chan­
nels analogous to that produced by elevation of intracellular ATP levels [49]. 
The beta-cell high-affinity sulfonylurea receptor was cloned following purifica­
tion of a 140-kD protein that demonstrated the pharmacological and bio­
chemical characteristics of the sulfonylurea receptor [46]. 
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Figure 3. Alignment of portions of the first and second nucleotide-binding folds (NBF) of the 
human sulfonylurea receptor (SUR 1 and SUR 2) and corresponding portions the NBFs of 
other ATP-binding cassette family members. Black shading illustrates identity with another 
family member, and gray shading illustrates conservative amino-acid changes. The Walker A and 
B motifs of the NBF are marked. The single-letter amino-acid code is used. Similar alignments 
have occurred elsewhere [50]. CFTR = cystic fibrosis transmembrane conductance regulator; 
MDRI = multidrug-resistant gene product; TAP = peptide transporters 1 and 2; ALDP = 
adrenoleukodystrophy protein, HPMP = human peroxisomal membrane protein. 

The SUR is classified as a member of the ATP-binding cassette superfamily 
due to the presence of two nucleotide-binding fold (NBF) consensus se­
quences (Fig. 3) [46]. This class of molecules, also known as ABC transporters, 
is involved in selective transport of substrate across the cell membrane against 
a concentration gradient using ATP hydrolysis as an energy source. Although 
each transporter is specific for a given substrate, the spectrum of substrates 
pumped by family members is diverse and includes amino acids, sugars, 
inorganic ions, polysaccharides, and pep tides [50]. The substrate for the 
SUR has not been elucidated. Well-known members of this family include 
the multidrug resistance proteins and the cystic fibrosis transmembrane 
conductance regulator (CFTR) [50]. Mutations in the CFTR have been shown 
to cause the autosomal-recessive disorder cystic fibrosis, and the more fre­
quent and severe disease alleles are located in the regions of the two NBFs 
[51 ]. 

Localization of the human homolog of the SUR gene to chromosome 
llp15.l [45], the previously defined site of the PHHI locus, provided us with 
the necessary impetus to begin mutational analysis of this gene. The initial 
search for mutations in the SUR gene identified two mutations that affected 
RNA processing [45], (Fig. 4B). Both occurred within RNA splice-site consen­
sus sequences located in the NBF-2 coding region. The first of these mutations 
causes skipping of the third exon of the NBF-2 region in the SUR mRNA 
transcript. This exon-skipping event results in disruption of the NBF-2 consen­
sus sequence, due to a 109 base-pair (bp) deletion and associated framed shift, 
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SUR Mutations Occuring in NBF Domains 

A. NBF-1 Domain 

Branch Point Mutation Gly > Thr Substitution 3' Splice Mulstjon 
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Figure 4. Location of mutations in the SUR that disrupt the first (NBF-I) (A) and second (NBF-
2) (8) nucleotide-binding fold regions of the SUR gene in individuals affected with familial PHHI. 
This schematic drawing depicts the genomic organization of the NBF-I and NBF-2 regions of the 
SUR. Solid rectangles represent exons that are arbitrarily labeled for identification with numbers 
indicating exon size for NBF-I and with the letters IX to <I> for NBF-2. The numbers between 
rectangles represent intronic sizes. The predicted effects of each mutation are discussed in the 
text. 

with inclusion of a premature stop 24 codons later. The second mutation was 
identified in the 3' splice site sequence preceding the first exon of the NBF-2 
region (see Fig. 4). In the presence of this splice-site mutation, three cryptic 3' 
splice sites were used in place of the wild-type splicing pattern, resulting in a 7-
bp addition, a 20-bp deletion, or a 30-bp deletion in the first exon of the NBF-
2 region. The first mutation destroys an Mspl restriction endonuclease site and 
the second an Neil site, providing a convenient means for testing for their 
presence. Eight of nine families identified with the first mutation were of 
eastern Saudi Arabian origin, and haplotype analysis with markers closely 
linked to the SUR supports a founder effect for this mutation (PMT, unpub­
lished data). 

Three additional mutations have been identified in the region of the NBF-
1 of the SUR (see Fig. 4A) [52]. Two of these mutations affect RNA process­
ing of the SUR precursor transcript. Exon-skipping events result in either a 
frame shift and the introduction of a premature stop codon (branch-point 
mutation) or an inframe deletion of 33 amino acids from the central coding 
region of the NBF-l region (3' splice-site mutation). A third point mutation 
located in the highly conserved sequence encoding the Walker A motif of the 
NBF-l region (see Fig. 3) emphasized the importance ofNBF-l in the function 
of the SUR. 

The patient population used for linkage analysis and subsequent mutation 
detection was purposefully selected as a homogeneous group of severely af­
fected individuals with classical clinical presentation and a clear autosomal-
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recessive inheritance pattern of disease. The identified mutations do not rep­
resent the full spectrum of SUR mutations in individuals affected with PHHI, 
because we have identified several families that exhibit linkage to chromo­
some llp15.1 yet demonstrate none ofthe described mutations. By analogy to 
individuals affected with cystic fibrosis and adrenoleukodystrophy, both of 
which are caused by mutations in ATP-binding cassette superfamily members, 
the spectrum of mutations in familial PHHI may be very large [51,53]. 
Before prenatal diagnosis or genetic counseling may be considered for 
this disorder, further study of simplex and multiplex families is necessary 
to establish the frequency of the identified and other mutations in a variety 
of ethnic groups and to assess the degree of genetic homogeneity for the 
disease. 

Molecular pathophysiology of disease 

The resting membrane potential of pancreatic islet beta cells is set by potas­
sium channels. A link between the metabolic state of the cell and membrane 
electrical events is created by the inhibition of KATP channels by ATP; as 
intracellular ATP level increase, inhibition of KATP channels progressively 
increases, leading to cell depolarization. The SUR is closely associated with 
KATP channels in beta cells; however, no intrinsic channel activity has been 
demonstrated for it [46]. 

Demonstration that loss of function mutations in the SUR lead to PHHI 
implicates SUR as a regulator of channels. A similar model has been created 
for CFfR and other ATP-binding cassette family members, proposing that 
these proteins may be regulators of channels and pumps [54]. This model for 
SUR is supported by the cloning and initial characterization of Kir6.2, a new 
member of the inward rectifier potassium channel family [55]. Like SUR, 
Kir6.2 cannot conduct ions when expressed alone. However, when expressed 
with SUR, ion-channel activity and pharmacological sensitivities characteristic 
of the KATP channel are reconstituted. The definition of the KATP channel 
complex now includes at least the two members Kir6.2 and SUR, although the 
nature and stoichometry of this interaction remain to be defined (Fig. 5). It is 
unknown how the potassium-selective pore is formed. In addition, the binding 
site for the potassium-channel opener diazoxide, a pharmacological agent 
used in the treatment of PHHI, is also unknown. This model for the KATP 
channel complex implies that mutations in Kir6.2, which is located also on 
chromosome llp15.1 approximately 4kb 3' of the SUR locus [55], may be 
found in those affected with PHHI. 

The finding of mutations in the SUR in individuals affected with PHHI also 
underscores the importance of SUR in the normal regulation of insulin secre­
tion (Fig. 6). The observation that individuals heterozygous for the mutation 
have no obvious clinical symptoms is consistent with a model of ATP­
sensitive channels put forth by Cooke et al. This model, similar to the 'spare 
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Figure 5. Schematic of the beta-cell KATP channel, which is now known to be composed of at least 
the sulfonylurea receptor (SUR) and the inward rectifier Kir6.2. This schematic is based on 
computer modeling of the two genes and is modeled after a similar depiction presented elsewhere 
[58]. 
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Figure 6. Loss of function of the KATP channel and effects on insulin secretion. In the presence of 
mutations in the SUR, or possibly Kir6.2, the link between metabolism and insulin secretion is lost 
because ATP-sensitive potassium (KATP) channels are unresponsive to alterations in intracellular 
ATP levels. This leads to inappropriate channel closure, membrane depolarization, opening of 
voltage-gated calcium channels, and ultimately unregulated exocytosis of insulin. 
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receptor' model, states that only a few channels need be open at anyone time 
to control membrane potential in the physiologic voltage range [56]. Complete 
loss of function of the SUR leads to PHHI; however, 50% function does not 
lead to recognized clinical symptoms. Now that the identity of the beta cell 
KATP channel has been elucidated, at least in part, it may become possible to 
clarify the mechanisms by which diazoxide and somatostatin function to re­
solve hypoglycemia in PHHI. This, in tum, may ultimately lead to more 
specific strategies for the treatment of hyperinsulinernia. The mutations de­
scribed may provide tools for the dissection of these signal-transduction path­
ways. The role of the SUR in other disorders of insulin secretion remains to be 
clarified. 

Finally, many questions have yet to be explored regarding possible roles for 
the SUR in the normal developmental process. It remains unknown whether 
the histopathological changes noted in PHHI represent changes in islet growth 
due specifically to loss of function of the SUR or merely reflect the presence of 
prolonged and excessive insulin secretion. It can be hypothesized that PHHI 
represents a prolongation of the fetal developmental state in which insulin 
levels are elevated above those of the postnatal state and are poorly respon­
sive to postnatal nutritional signals. In the prenatal state, insulin's role is as a 
growth factor, and the majority of glucose homeostasis is regulated by the 
maternal-fetal-placental unit [42,57]. It is plausible that SUR may play 
a prominent role in the regulation of prenatal insulin secretion and islet 
development. 
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17. Somatostatin analogs and receptors 
Diagnostic and therapeutic applications 

LJ. Hofland and S.WJ. Lamberts 

Somatostatin and somatostatin receptors 

The widely distributed small cyclic peptide hormone somatostatin (SS) plays 
an important regulatory role in the function of multiple target organs, includ­
ing the brain, pituitary, gastrointestinal tract, and the pancreas [1,2]. It has a 
mainly inhibitory role in these organ systems on neurotransmission and secre­
tion processes [1,2]. High-affinity membrane receptors for the two molecular 
forms of somatostatin (Le., SS-14, consisting of 14 amino acids, and SS-28, an 
NH2-terminally extended form of SS-14, [3]) have been found in most of 
the target organs of this important regulatory peptide hormone [4,5]. In 
addition to the above-mentioned role of SS, the peptide may have inhibitory 
effects on the proliferation of normal and tumorous cells in experimental 
models [5,6]. 

Recently, five different somatostatin receptor (SSR) subtypes have been 
cloned and characterized [7-11]. These receptor subtypes - named sst1> sst2, 

sst3, sst4, and sst5 [12] - are localized on different chromosomes [13-16] and 
have a distinct expression pattern in the different target organs (Table 1). 
Interestingly, one target organ may express multiple SSR SUbtypes. The pre­
cise functional role of the different SSR subtypes in each of these target organs 
remains to be elucidated. The different SSR subtypes are all coupled to 
G-proteins [7-11] and are linked to multiple cellular effector systems, includ­
ing inhibition of adenylyl cyclase activity, stimulation of phosphotyrosine 
phosphatases, and inhibition of Ca2+ -influx (Table 1). In addition, in COS-7 
cells expressing SStl_5, all subtypes are linked to a stimulatory effect on 
phospholipase C and Ca2+ mobilization, with a rank order of potency of sst5 > 
ss~ > sst3 > sst4 > sst 1 [17], although a recent study by Buscail et al. [18] 
showed in Chinese hamster ovary (CHO) cells expressing sst5 that receptor 
activation resulted in an inhibition of cholecystokinin-induced intracellular 
Ca2+ mobilization. 

Somatostatin analogs 

The very short half-life of native SS in the circulation (less than 3 minutes) has 
limited its use for therapeutic purposes [1,19]. Therefore, several structural 
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Table 1. Tissue distribution and coupling to second messenger systems of the five cloned SSR 
subtypes 

sst subtype 

sst2 

Tissue distribution 

Brain, pituitary, lung, stomach, 
jejunum, kidney,pancreas, 
liver 

Brain, pituitary, kidney 

Brain, pituitary, pancreas 

Brain, lung 

Brain, pituitary, heart, 
adrenals, placenta, small 
intestine, muscle 

aData from Akbar et al. [17). 
bData from Buscail et al. [18). 

2nd messenger coupling 

Adenylyl cyclase .J., 
Phosphotyrosine phosphatase i 
Phospholipase C/Ca2+ mobilization i 
Adenylyl cyclase .J., 
Phosphotyrosine phosphatase i 
Ca2+ influx .J., 
Phospholipase C/Ca2+ mobilization i 
Adenylyl cyclase .J., 
Phospholipase C/Ca2+ mobilization i 
Adenylyl cyclase .J., 
Phospholipase C/Ca2+ mobilization i 
Adenylyl cyclase .J., 
Phospholipase C/Ca2+ mobilization ia/.J.,b 

Adapted from refs. 9, 30, and 88 and data from refs. 17, 18, 40, and 42. 

analogs of SS have been developed via step-by-step modification of the paren­
tal SS molecule [20-24]. So far three of these analogs, which are all octapeptide 
analogs of somatostatin, are in clinical use and/or studies. The amino-acid 
sequences of these analogs, that is, octreotide (Sandostatin, SMS 201-995), 
BIM-23014 (Lanreotide), and RC-160 (Vapreotide, Octastatin), are shown 
in Figure 1. Octreotide contains the sequence residues 7-10 of SS, Phe-Trp­
Lys-Thr, essential for receptor binding, in which D-Trp was substituted for 
Trp. BIM-23014 and RC-160 are Tyr3/VaI6-substituted analogs, which have 
been suggested to produce a more selective action on growth hormone (GH) 
secretion [21-24]. In addition to these differences in amino-acid composition 
with octreotide, BIM-23014 and RC-160 have substitutions at positions 1 
(D~Nal for DPhe) and 8 [Trp for Thr(ol)] of the molecule, respectively see 
(Fig. 1). 

Interestingly, the five cloned SSR subtypes show a distinct pharmacological 
binding profile of these SS analogs currently available for clinical use in 
comparison with that of native SS. This is shown in Table 2. Both SS-14 and 
SS-28 bind with high affinities, in the nanomolar range, to all SSR SUbtypes. 
Octreotide, BIM-23014, and RC-160 have comparable binding profiles and 
bind with a high affinity to sst2 and sst5 only, and show low or no affinity to sst3, 

sst1, and sst4, respectively [7-11,25]. Previous data have suggested that RC-160 
may have a more selective action on tumor cell growth in comparison to 
octreotide [26]. In addition, receptor binding studies with membrane prepara­
tions of human breast and ovarian cancers and of certain human pancreatic 
adenocarcinomas provided evidence for a significant higher affinity of RC-160 
for SS-14 binding sites in comparison with that of octreotide [27]. 
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88-14 

OCTREOTIDE 

BIM-23014 
(LANREOTIDE) 

RC-160 
(OCTASTATIN) 

Figure 1. Amino-acid sequence of somatostatin-14 (SS-14) and the octapeptide SS analogs 
octreotide, lanreotide, and octastatin. The hatched circles represent the amino acids essential for 
SSR (sst2 and ssts) binding. The crosshatched circles represent amino acids of lanreotide and 
octastatin that differ from octreotide. 
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Table 2. Pharmacological binding profiles of SS-14, SS-28, and the octapeptide SS analogs 
octreotide, BIM-23014 (Lanreotide), and RC-160 (Vapreotide, Octastatin) to the five cloned SSR 
sUbtypes 

sst Subtype SS-14 

sst! 1.1 
sst2 1.3 
sst3 1.6 
sst. 0.5 
sst5 0.9 

'Data from Kubota et al. [39]. 
bData from Bruns et al. [7]. 

SS-28 

2.2 
4.1 
6.1 
1.1 
0.1 

Data are derived from refs. 25, 39, and 7. 
,.bValues represent IC50 values (nM). 

Affinity constant (K;) in nM 

Octreotide BIM-23014 RC-160 

>1000 >1000 >1000 
2.1 1.8 5.4 
4.4-31.6'-35b 43.0 30.9 
>1000 66.0 45.0 
5.6 0.6 0.7 

Another study pointed to a significant difference in the potency of inhibi­
tion of growth hormone (GH) release by octreotide and BIM-23014, on 
the one hand, and of RC-160, on the other hand [28]. RC-160 was significantly 
more potent in inhibiting GH release by cultured normal rat anterior 
pituitary cells and human GH-secreting pituitary adenomas in comparison 
with the two other octapeptide SS analogs, although those GH-secreting 
pituitary adenomas that were unresponsive to octreotide and BIM-23014 
were unresponsive to RC-160 as well [28]. In agreement with this latter 
observation, Janson et al. [29] showed in patients with carcinoids that those 
tumors that showed no binding of octreotide in in vivo SSR scintigraphy 
did not respond to therapy with RC-160 or BIM-23014. In summary, in 
agreement with the comparable pharmacological binding profiles of the three 
octapeptide SS analogs to the five SSR subtypes, it seems that no major 
differences can be expected among the therapeutic effects of octreotide, 
BIM-23014, and RC-160. On the other hand, recent preliminary data from 
our group suggest that there may be a place for newly developed SSR­
subtype-selective SS analogs in the treatment of those tumors that are unre­
sponsive to octreotide, BIM-23014, or RC-160 therapy. We have found that 
hormone secretion by certain human insulinomas, clinically nonfunctioning 
pituitary adenomas, and prolactinomas is unresponsive to octreotide, whereas 
SS-14 and/or SS-28 significantly inhibit hormone secretion [L.J. Hofland, 
unpublished; 30]. 

Somatostatin receptor (subtype) expression in human tumors 

Many neuroendocrine tumors, often originating from SS target tissues, express 
a high density of SS receptors [31-33]. These include pituitary adenomas, 
islet-cell tumors, carcinoids, paragangliomas, pheochromocytomas, small-cell 
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lung cancers, and medullary thyroid carcinomas, but also breast cancers and 
malignant lymphomas [34]. Earlier studies by Reubi et al. [31-33] pointed to 
the existence of SSR subtypes in certain subgroups of human tumors. SS­
receptor autoradiographic studies showed the absence of binding of [125I -Tyr3] 

octreotide in a small subgroup of human insulinomas, carcinoids, medullary 
thyroid carcinomas, ovarian cancers, and GH-secreting pituitary adenomas, 
while in the same tumors binding sites for iodinated [Tyrll]SS-14 or [LTT]SS-
28 were present [31-33]. This differential binding between octreotide and 
SS-14/SS-28 ligands in insulinomas and other subgroups of SSR-positive 
tumors again suggests that new SSR-subtype-selective analogs can be 
developed for the treatment of patients with tumors carrying SSR of this 
particular subtype. 

The recent cloning of the five SSR subtypes also provided tools to study 
their expression in human tumors. SSR subtype expression in different types 
of human cancers has now been studied using in situ hybridization [35,36], 
RNAse protection assays, and the reverse transcriptase polymerase chain 
reaction (RT-PCR) [37-43]. These first studies indicate that the majority of 
human tumors express multiple SSR subtypes at the same time, although there 
is a considerable variation in SSR-subtype expression between the different 
tumor types and among tumors of the same type. 

Table 3 summarizes the currently available data. From this table it is clear 
that sstz is most abundantly expressed in all types of tumors of different 
origins. It must be pointed out that studies on SSR subtype expression in 
whole-tissue homogenates using very sensitive techniques such as PT-PCR 
might overestimate the real level of expression in tumor cells due to the 

Table 3. Summary of literature data of SSR subtype expression in different types of human 
tumors 

Somatostatin receptor subtype mRNA expression 

Tumor type sst1 sst2 sst3 sst4 sst5 

Pituitary tumor 
Somatotroph 11125 (4) 27/28 (4) 11125 (4) 1122 (3) 19/22 (3) 
Lactotroph 16/19 (3) 12/19 (3) 6/17 (3) 1117 (3) 12117 (3) 
Nonfunctioning 9/24 (3) 18/24 (3) 10/23 (3) 3/23 (3) 11123 (3) 
Corticotroph 5/9 (3) 6/9 (3) 2/8 (3) on (3) 6/7 (3) 

Islet-cell tumor 10/12 (3) 10/12 (3) 9/12 (3) 6n (2) 117 (2) 
Carcinoid 19/27 (3) 21127 (3) 10/27 (3) 7/16 (2) 011 (1) 
Pheochromocytoma 11/11 (2) 11111 (2) 8/11 (2) 8/11 (2) 8/11 (2) 
Renal cell cancer 11/13 (2) 13/13 (2) 0/13 (2) 6/12 (1) Not done 
Breast cancer 33/52 (2) 52/52 (2) 34/50 (2) 16/46 (1) Not done 
Meningioma 0110 (1) 10/10 (1) 0/10 (1) Not done Not done 
Neuroblastoma 0/6 (1) 6/6 (1) 116 (1) Not done Not done 

Values are expressed as the number of positive tumors over the total number of tumors investi-
gated; values in brackets represent the number of studies included. Data are derived from refs. 35 
and 37-43. 
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detection of receptor mRNA in tumor-related structures such as vessels and 
stroma. This was clearly illustrated by two recent studies by Reubi et al. 
[36,44]. First, these investigators showed that peritumoral veins of various 
types of human cancer expressed SSR [44]. Secondly, they demonstrated the 
preferential expression of sst1 in primary prostate cancers, whereas normal and 
hyperplastic prostates were shown to mainly express the ss~ subtype in the 
smooth muscles of the stroma but not in the glandular cells [36]. These obser­
vations may also have consequences for the therapeutic and diagnostic appli­
cation of SS analogs, which are discussed later. 

The functional significance of the presence of the different SSR-subtype 
mRNAs in human tumors remains to be established. The few available clinical 
data suggest that the ss~ subtype is involved in mediating the antihormonal 
effects of octreotide. Greenman and Melmed [37] found that tumors of two 
acromegalic patients who responded to therapy with octreotide exclusively 
expressed ss~. It must be mentioned, however, that it is difficult to fully 
exclude the involvement of other SSR subtypes (SSt3-5) because these were not 
investigated in this study. In addition, Kubota et al. [39] observed an absent 
response of 5-HIAA excretion to octreotide therapy in a patient with a 
carcinoid tumor lacking ss~ expression, while a patient with a ss~-expressing 
glucagonoma responded to octreotide with lowered plasma glucagon levels. 
Finally, in vitro studies provided evidence for the involvement of ss~ in the 
inhibition of GH secretion by SS [45]. 

Somatostatin receptor scintigraphy and radiotherapy 

A wide variety of human SSR-positive tumors can be visualized in vivo using 
the technique of SSR scintigraphy. After the injection of [123I_Tyr3] octreotide 
or [1l1In-DTPA-D-Phe1] octreotide, SSR-positive tumors show a high 'uptake' 
of radioactivity, which can be visualized using a gamma camera [46,47]. This 
method is now used as a diagnostic tool in many hospitals, and Krenning 
recently reviewed the Rotterdam experience with more than 1000 patients 
[48]. As indicated earlier, octapeptide SS analogs preferentially bind to sst2 
and to a lesser extent to the sst5 subtype (see Table 2). Fortunately, in the vast 
majority of human SSR-positive tumors, ss~ is predominantly expressed (see 
Table 3). This may explain the high sensitivity of the technique of SSR­
scintigraphy, which probably visualizes the sst2 and sst5 sUbtypes. SSR­
subtype-selective SS analogs with specificity to the other subtypes (SSt1' sst3 or 
sst4) and that can be radiolabeled, might be interesting for the visualization of 
those (small) subgroups of SSR-positive tumors to which octapeptide analogs 
like octreotide do not bind (see earlier) discussion. The recent observation 
that human prostate cancer cells express sst1 but not sst2 [36] is of particular 
interest in this respect. Human prostate cancer might therefore also be a 
potential target for novel SS analogs specific for SSR subtypes, other than ss~ 
and sst5, both in terms of therapy and diagnosis. 
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Radiotherapy of SSR-positive tumors with radiolabeled SS-analogs has 
recently been carried out with some success in a patient with an inoperable, 
metastasized glucagonoma [49]. This case report showed that radiotherapy 
with Auger and conversion electron-emitting [111In-DTPA-D-Phel ] octreotide 
transiently lowered circulating glucagon levels, while a small but significant 
decrease in total abdominal tumor volume was observed. When radiotherapy 
with radiolabeled SS analogs is considered, it is important to establish whether 
the radio ligand is actually internalized by the tumor cells, a process that might 
bring the radioisotope closer to its target, the DNA. We recently showed that 
the iodinated octapeptide SS-analog [Tyr3] octreotide is rapidly internalized 
by mouse AtT20 pituitary tumor cells and by primary cultures of human GH­
secreting pituitary tumor cells [50]. Preliminary results show that primary 
cultures of other SSR-positive human tumors (i.e., carcinoids, paragangliomas, 
islet-cell tumors, as visualized by SSR scintigraphy) also internalize a high 
amount of [l25I_Tyr3] octreotide (L.J. Hofland et aI., unpublished). 

As has already been discussed, octreotide has a high affinity for only sst2 

and ssts. Again, the vast majority of human SSR-positive tumors express the 
ss~ subtype, thereby providing the possibility of carrying out radiotherapy of 
these tumors. However, some subgroups of SSR-positive tumors [31-33], 
as well as human prostate cancers, do not express sst2 but do express other 
SSR subtype(s) such as sstl [36]. It seems important, therefore, to establish 
which of the five SSR subtypes is involved in receptor-mediated internaliza­
tion of SS (analogs). Unfortunately, no stable SSR-subtype-selective SS 
analogs, other than octapeptide analogs such as octreotide, lanreotide, and 
octastatin that bind to the same SSR subtypes, are available at present. Studies 
on the internalization of SS in cells transfected with the different SSR-subtype 
genes may also help to answer this question. Our preliminary results show 
that the human ss~ subtype is involved in this process (Fig. 2). This figure 
shows that hsst2-transfected COS-1 cells internalize [l25I_Tyr3] octreotide, in 
contrast to 'control' cells, which showed no specific accumulation of the 
radio ligand. 

It is also important to establish which factor( s) (up )regulate SSR expression 
or the expression of particular SSR SUbtypes. With this information it may 
become possible to improve the results of SSR scintigraphy or to increase the 
potential effects of radiotherapy with radio labeled SS analogs. In this respect 
a recent study by Berelowitz et ai. [51,52], who showed that sst1.3.4.and5 mRNAs 
increased dramatically in rat GH3 pituitary tumor cells exposed to 1)lM SS for 
up to 48 hours while sst2 exhibited a biphasic response, is of interest. Our 
studies in AtT20 and human GH-secreting pituitary adenoma cells showed 
that low doses of octreotide increased the internalization of [l2SI_Tyr3] 
octreotide, possibly by recruitment of cellular SSRs to the outer tumor cell 
membrane [50]. In vivo studies in rats also pointed to a bell-shaped function 
of the injected mass of the uptake of [111In-DTPA-D-Phe l ] octreotide in 
SS-receptor-positive organs. In agreement with this, Dorr et ai. [53] de­
monstrated an improved visualization of carcinoid liver metastases with 
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Figure 2. Internalization of p25I_Tyr3] octreotide by hsst2-transfected COS-l cells. COS-l cells 
were transiently transfected with an expression vector containing the eDNA encoding the hsst2 

(kind gift of Dr. GI Bell). After 72 hours the transfected cells were incubated for 4 hours with [1251_ 
Tyr3] octreotide without (open bars) or with (hatched bars) excess (1 JlM) unlabeled octreotide. 
Thereafter, the amount of internalized radioactivity was determined by the acid-washing method, 
as described previously [50]. *p < 0.01 versus control cells (transfected with expression vector 

[111In-DTPA-D-Phe1] octreotide in patients during octreotide therapy. Further 
studies on the regulation of SSR expression in tumor cells are needed, 
however. Also, studies directed at investigating the effects of drugs (i.e., 
interferons, glucocorticoids) on SSR (-subtype) expression seem important for 
a better understanding of the results of SSR scintigraphy in patients treated 
with these agents. Oberg et al. [54] have shown that interferon-alpha treat­
ment of patients with carcinoid tumors may improve the sensitivity of the 
tumor cells to octreotide. By using the combination of octreotide and alpha­
interferon, patients who were previously resistant to either octreotide alone or 
to alpha-interferon alone demonstrated biochemical responses with complete 
biochemical remissions in 4 out of 22 patients (18%) and partial remissions in 
13 out of 22 patients (59%), although no significant tumor reduction was 
observed [54]. 

Treatment of hormone-secreting tumors with SS analogs 

The two main actions of SS analogs on SSR-positive tumor cells represent 
inhibition of secretions and inhibition of cell proliferation [1,5,6]. Both actions 
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have implications for the treatment of patients with SSR-positive tumors with 
SS analogs. The potent antihormonal effect of octapeptide SS analogs such as 
octreotide accounts for the successful treatment of patients with GH-secreting 
pituitary tumors. A double-blind randomized study in 115 acromegalic pa­
tients showed normalization of GH and IGF-I levels in 53% and 68% of the 
patients, respectively [55]. In about half of the patients, a slight tumor-size 
reduction is observed [19,55]. This tumor size reduction is reversible and 
probably reflects a decrease in the size of the individual tumor cells via an 
increased GH breakdown [56], because no major effects on GH synthesis have 
been observed [57-59]. Another, non-pituitary-mediated, clinically beneficial 
effect of octreotide in acromegalic patients is its stimulatory effect on circulat­
ing IGF binding protein 1 (IGFBP-1) levels [60]. IGFBP-1 inhibits the biologi­
cal effects of IGF-1 at target cells. An interesting, recently developed form of 
SS analogs is the slow-release formulations. Both octreotide and lanreotide 
have been introduced in sustained-release formulations. Early results indicate 
that an effective reduction of serum GH levels can be achieved when admin­
istered intramuscularly at 4- to 6-week or 10- to 14-day intervals, respectively 
[61,62]. 

Also, the majority of TSH-secreting and clinically nonfunctioning pituitary 
adenomas express SSR [63,64] (see Table 3). Octreotide treatment of patients 
with TSH-secreting pituitary tumors results in lowered TSH levels and nor­
malization of T4 levels in 73% of patients [63]. Therapy with octreotide of 
patients with clinically nonfunctioning pituitary tumors seldomly results in 
tumor-size reduction, although a rapid improvement of visual-field defects is 
sometimes observed within days after initiation of treatment [65]. This is 
suggested to be a direct effect of octreotide via SSRs in the optic nerve or 
retina. Octreotide seems not of benefit in the treatment of patients with 
ACTH-secreting pituitary adenomas and prolactinomas [19]. However, as 
indicated in Table 3, sUbtypes other than sst2 and sst5 are expressed in these 
types of pituitary adenomas and may provide a target for new SSR-subtype­
selective SS analogs. 

The majority of islet-cell tumors and carcinoids also express SSRs [31-33] 
(see Table 3). Octreotide treatment of patients with metastatic carcinoids, 
VIPomas, gastrinomas, insulinomas, and glucagonomas results in a rapid im­
provement of clinical symptomatology, such as diarrhea, dehydration, flushing 
attacks, hypokalemia, peptic ulceration, hypoglycemic attacks, and necrolytic 
skin lesions, respectively [66-68]. In some of these patients (about 20%) 
octreotide treatment may also induce tumor shrinkage [66]. The most impor­
tant clinical effect of octreotide therapy in these patients seems to be an 
improvement in the quality of life [66-68]. A major problem in the treatment 
of patients with islet-cell tumors and carcinoids with octreotide is that the 
inhibition of the secretion of tumor-related hormones is transient. Most pa­
tients become insensitive to octreotide treatment within weeks to months [69]. 
This desensitization to octreotide therapy probably reflects an outgrowth of 
SSR-negative clones, althouth downregulation of SSR expression also may 
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playa role [5,70]. This is in sharp contrast to GH-secreting pituitary adenomas, 
which do not 'escape' from octreotide therapy, even after 10 years of continu­
ous treatment [19,71]. Perhaps the potency to 'upregulate' their SSR expres­
sion may playa role in this behavior [50,72]. Finally, while most insulinomas 
express receptors capable of binding SS-14 and SS-28, in about half ofthem no 
binding sites for octreotide are observed [5], suggesting that these tumors lack 
sstz and sst5 expression. Again, other SSR-subtype-selective SS analogs that 
may be developed in the near future may be of value in the treatment of 
patients harboring this type of tumor. 

Oncologic application of SS analogs 

Experimentally, SS and SS analogs inhibit the growth of a wide variety of SSR 
positive, as well as some SSR-negative tumors in vitro and in vivo in animal 
tumor models. This has been reviewed extensively [5,6,73]. SS may have an 
inhibitory effect on tumor cell growth via a number of different mechanisms 
that are summarized in Figure 3. An indirect tumor growth inhibition may be 
achieved via the inhibition of tumor growth-promoting circulating hormones 
(GH, insulin, gastrointestinal hormones) or growth factors, and/or possibly via 
a stimulatory effect on IGFBP-llevels [60]. Another indirect mode of action 
of antitumor effect of SS analogs may be based on its potential influence on 
tumor blood supply. A direct inhibitory effect of SS analogs on angiogenesis 
has been demonstrated, whereas Reubi et al. [44] recently showed a high 
density of SS receptors on veins in the peritumoral zone of several types of 
malignant tumors, such as colon cancer, small-cell lung cancer, breast cancer, 
renal-cell cancer, and malignant lymphomas. Thirdly, tumor growth inhibition 
by SS analogs may be achieved via the inhibition of local paracrine- and/or 
autocrine-secreted stimulatory growth factors. SS and SS analogs can also 
modulate the activity of immune cells [74). At present, it is difficult to predict 
the final influence of the immune-modulatory effect of SS (analogs) on tumor 
growth in vivo. Finally, direct SSR-mediated antiproliferative effects on SSR­
positive tumor cells may result in a reduction of tumor growth in vivo. 

Direct antiproliferative effects of SS and SS analogs can be mediated 
via different intracellular signaling systems. Both cAMP-dependent and­
independent mechanisms have been suggested [75-78], while stimulation of 
phosphotyrosine phosphatase activity may play an important role in the inhi­
bition of growth factor-stimulated cell growth [18,26,79]. Recent important 
data suggest that the sstz and sst5 subtypes, but not sst1, sst3 and sst4, are 
involved in the direct inhibition of cell proliferation via the phosphatase and 
inositol phospholipid/calium pathways, respectively [18]. The predominant 
expression of sst2 in human SSR-positive tumors suggests a potential therapeu­
tic role for SS analogs in the control of tumor growth. 

However, despite the overwhelming evidence that SS and SS analogs are 
able to inhibit tumor growth in vitro and in vivo in experimental models, the 
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Figure 3. Schematic representation of the possible mechanisms of tumor growth-inhibitory effects 
of SS analogs. 

limited number of clinical trials so far using SS analogs in oncology, either 
alone or in combination with other types of treatment such as chemotherapy 
and/or endocrine treatment, are rather disappointing. No response or a partial 
response to therapy with octapeptide SS analogs has been observed in a 
number of phase I and II trials, including in patients with prostate, breast, and 
pancreatic cancer [80-84]. In addition, octreotide treatment only transiently 
inhibits tumor growth in a subset of patients with metastatic carcinoids [66]_ 
Combined treatment with interferon-alpha seems to be of benefit in this group 
of patients [54]. Moreover, at present a prospective trial comparing the values 
of adjuvant tamoxifen versus tamoxifen in combination with octreotide for 
breast cancer is being carried out in the United States. Octreotide may en­
hance the tamoxifen-induced suppression of IGF-I gene expression, resulting 
in lowered circulating IGF-I levels [85,86]. 

Malignant lymphomas have been shown to express SSR [34]. While the 
functional significance of the presence of SSRs on normal and tumorous 
lymphoid cells is not fully established yet, an interesting recent study demon­
strated efficacy of treatment with a low dose of cotreotide in 56 patients 
with lymphoproliferative disorders [87]. Partial remissions were found in 
patients with low-grade non-Hodgkin's lymphoma and cutaneous T-cell 
lymphoma, while no remissions were observed in patients with chronic 
lymphocytic leukemia. 

Several explanations may be given for the relatively poor effects of SS­
analog therapy in oncology thus far: (1) Several types of human cancers show 
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a heterogeneous expression of SS receptors, which may result in the outgrowth 
of SS-receptor-negative cells after SS-analog therapy. (2) The objective of 
inhibiting circulating growth-promoting hormones and/or growth factors 
may be hampered by the local adaptation of normal SSR-positive cells to the 
inhibitory effect of SS analogs [88]. (3) SS may inhibit natural killer cell 
activity [89], lymphoid cell proliferation, and cytokine and immunoglobulin 
production [74]. These latter, immune-inhibitory effect, may interfere with 
the body's defense mechanisms against tumor growth (see Fig. 3). (4) A 
possible inhibitory effect of SS analogs on the secretion of locally produced 
growth inhibitory factors might counteract the beneficial effects on the 
secretion of growth-stimulatory factors (see Fig. 3). In cultured human 
meningiomas a simulatory effect of octreotide on cell proliferation was 
found [90]. In this study, octreotide inhibited adenylate cyclase activity, 
possibly resulting in inhibition of the secretion of negative growth-regulatory 
factors, such as interleukin-6 [91]. Finally, the number of SS receptors on 
tumor cells may also determine the efficacy of SS analogs on cell proliferation 
[77]. 

In summary, the value of SS-analog therapy in oncology awaits the results 
of ongoing clinical trials. Higher dosages of SS analogs may well be needed to 
control tumor growth in comparison with those needed for the control of 
tumor-related hormone hypersecretions. Also, the development of novel SSR­
subtype-selective analogs may provide new tools for the treatment of those 
patients with tumors carrying SS receptors to which the octapeptide SS ana­
logs currently available for clinical use do not bind. In this respect, the recent 
observation of the presence of sst1, but not ss~, in human prostate cancer 
seems of particular interest. 

Summary and outlook 

SS analogs such as octreotide are used successfully in the treatment of patients 
with SSR-positive neuroendocrine tumors. Treatment with the current gen­
eration of octapeptide SS analogs available for clinical use (octreotide, 
lanreotide, and octastatin) often results in a rapid improvement of clinical 
symptomatology caused by overproduction of tumor-related hormones, 
whereas tumor-size reduction is observed much less frequently. At present, 
the major effect of SS analogs in the treatment of patients with neuroendo­
crine tumors is an (transient) improvement in the quality of life. An interesting 
recent development is the availability of sustained-release formulations of 
lanreotide and octreotide, which effectively control serum GH levels in 
acromegalic patients when administered intramuscularly in 2- or 4- to 6-week 
intervals, respectively. Despite the significant inhibitory effects of this genera­
tion of SS analogs on the growth of tumors of various origins in animal models, 
no major effects of SS-analog therapy on tumor growth have yet been ob­
served clinically. Possibly, combined treatment with chemotherapy and/or 
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other forms of endocrine treatment (Le., antiestrogens) may help to increase 
the efficacy of SS analogs in oncology. 

Five SSR subtypes (sstl_5) have been cloned. The sstz subtype is most 
predominantly expressed in the majority of SSR-positive tumors. This subtype 
seems to be involved in the inhibition of hormone secretion, as well as in the 
inhibition of cell proliferation. Some subgroups of SSR-positive tumors do not 
express sstz, however. These tumors may comprise targets for therapy with 
novel SS analogs, other than the current generation of octapeptide SS analogs, 
which have a high affinity for sst2 and sst5 only. Human prostate cancer, which 
selectively expresses the sstl subtype, is an interesting novel target in this 
respect. 

The predominant expression of sst2 in human SSR-positive tumors may also 
explain the high sensitivity of the technique of SSR scintigraphy, in which a 
radiolabeled sst2-selective SS analog is used ([111In-DTPA-D-Phel]octreotide). 
Most neuroendocrine tumors express a high density of SSR. This high SSR 
density on tumor cells opens the possibility of performing radiotherapy with 
radiolabeled SS analogs. The development of novel SSR-subtype-selective SS 
analogs that can be radiolabeled seems to be needed for diagnostic and 
radiotherapeutic applications in certain groups of tumors such as prostate 
cancer. 
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18. Multiple endocrine neoplasia type I 
Clinical genetics and diagnosis 

Britt Skogseid 

Multiple endocrine neoplasia type I (MEN-I) is a well-characterized heredi­
tary syndrome with occurrence of primary hyperparathyroidism (HPT) 
in combination with pancreatic-duodenal endocrine and anterior pituitary 
tumors. Other endocrine lesions, such as adrenocortical proliferation; 
thymic, bronchial, and gastric carcinoids; as well as thyroid adenomas, 
colloid goiters, differentiated thyroid carcinoma, and lipomas, are over­
represented in MEN-I. MEN-I is also referred to as Wermer's syndrome, 
because an autosomal-dominant inheritance pattern with high penetrance 
was first recognized by Wermer in 1954 [1]. Biochemical and genetic 
screening techniques for MEN-I have been developed, and gene carriers 
can be identified prior to presentation of an overt disease [2,3]. The 
pancreatic and duodenal endocrine tumors exhibit a propensity to malignant 
progression [4,5], while the other two classical MEN-I lesions almost 
invariably are benign but nevertheless may lead to considerable endocrine 
morbidity [6-10]. Early diagnosis and timely treatment instituted in order to 
avoid malignancy and endocrine morbidity comprise an increasing concern in 
MEN-I. 

The vastly diverging strategies for diagnosis and intervention in MEN-I 
at different referral centers reflect the lack of controlled studies and 
consensus with respect to management policy. This situation, however, 
seems to be a challenge to endocrine oncology in general. Rare prospective 
studies [3,11] and some comprehensive retrospective reports [7-10,12] 
consequently form the currently meager basis for clinical treatment of MEN­
I patients and kindreds. The number of reports on MEN-I nevertheless 
is substantial compared with its low prevalence, which probably relates to 
the complexity of the disease and its engagement of several aspects of end­
ocrinology as well as oncology and genetics. Increased understanding of 
MEN-I tumorigenesis, diagnostics, and treatment will most certainly affect 
mangement consensus of the more common sporadic counterparts to 
the different MEN-I lesions. In this chapter clinical features, current genetic 
and biochemical diagnostics, as well as treatment options for MEN-I are 
highlighted. 

Andrew Arnold (ed.) ENDOCRINE NEOPLASMS. 1997. Kluwer Academic Publishers. ISBN 0-7923-4354-9. 
All rights reserved. 



Clinical characteristics 

General aspects 

Diagnosis of MEN-J in possible probands necessitates the recognition of 
at least two of the three lesions classically associated with the syndrome, 
while only one of them is required for individuals belonging to established 
MEN-J kindreds. Distinct features of MEN-J are the multiplicity of organ 
involvement, the multicentricity of tumors within the affected organs [13-15], 
as well as the complex pattern of clinical signs of these tumors [9] and their 
sometimes temporally variable profile of hormone excess [3,16]. Clinical pre­
sentation of MEN-J is thus highly inconsistent due mainly to differences 
in the tumor involvement and the nature and quantity of their secreted 
hormones. There may be different histologic processes within a given 
organ such that a microadenoma in one part of the pancreas can be accompa­
nied by discrete or gross, and eventually malignant, tumors in another 
portion [4,13,17]. Some kindreds demonstrate a propensity for specific pat­
terns of organ involvement, profile of peptide excess, and thereby associated 
clinical syndromes [3,18], as well as differences in the malignant course of the 
MEN-J trait [3]. 

The incidence of MEN-J has not been satisfactorily established because 
prospective, long-term, population-based studies are lacking. Prevailing 
prevalence estimations, based on published reports, suggest values in 
the range of 2-20 per 100,000 persons, which probably represents an 
underestimate because of the only moderate level of general awareness of the 
disease [6]. The clinically overt MEN-J syndrome usually is diagnosed 
during the fourth and fifth decades of life [7,19], which represents a 
considerable delay due to the mild and uncharacteristic symptoms seen 
for many years after the biochemically detectable onset [3]. Lesions 
associated with hormone excess may remain truly asymptomatic for many 
years. Nonfunctioning tumors of the endocrine pancreas and pituitary 
gland can present themselves through symptoms resulting from the tumor 
expansion alone. Furthermore, it can take years from detection of the present­
ing lesion to the development of a full-scale syndrome, and indeed also to the 
recognition of malignant transformation by means of demonstrable 
metastases. 

Thorough screening studies, however, have demonstrated that the MEN-J 
trait is biochemically detectable virtually two decades prior to clinically overt 
disease [3,11]' The mean age at which negative results convert to positive is 14-
18 years, and all individuals who are gene carriers can be biochemically iden­
tified prior to their midtwenties. It is also evident that any of the MEN-J 
endocrine lesions could be the presenting organ involvement [3]. Follow-up of 
a MEN-J carrier constitutes a life-long commitment, and skipped generations 
of MEN-J are essentially nonexistent. 
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Pituitary lesion 

The MEN-I pituitary lesion is commonly detected during the fourth decade 
of life, is often multicentric, and may consist of micro adenomas [7,14,19]. 
Although nonfunctioning tumors exist, most tumors are endocrinologically 
functional and predominantly hypersecrete prolactin, growth hormone, or 
corticotrophin, sometimes in combination. These lesions cause classical 
symptoms due to the hormone excess and the tumor expansion itself. Thus 
far no published data can establish the value of early diagnosis and 
presymptomatic treatment of the MEN-I pituitary disease, but nevertheless 
we advocate an active search for these lesions by means of biochemical screen­
ing because our experience is that early diagnosis may enable successful 
therapy prior to the development of irreversible metabolic disturbances and 
local tumor complications. Apoplexy caused by hemorrage in the pituitary or 
invasive tumor growth comprise uncommon causes of death in MEN-I pa­
tients [6,20]. Clinically detectable anterior pituitary gland involvement seems 
less prevalent (16-42%) than the other classical involvements [3,7,12,18,19]. 
Autopsy studies, however, reveal these tumors in about 65-100% of patients 
[8,10,20]. This discrepancy could support the necessity to improve biochemical 
screening programs for the pituitary involvement of MEN-I by adding dy­
namic endocrine tests as well as a radiological tumor search with computed 
tomography, magnetic resonance imaging, and the rarely available positron 
emission tomography to the program. On the other hand, previous analyses 
may suffer from biased over-representation of patients presenting the com­
plete triad of MEN-I lesions [21]. Taken together, these diverging frequencies 
indicate a limited clinical significance of pituitary lesions merely detected at 
autopsy. 

Parathyroid lesion 

Parathyroid involvement is the most common MEN-I lesion. Both autopsy 
and screening studies of MEN-I substantiate about a 90% prevalence of 
HPT [3,6-8,10,12,18,19]. HPT of MEN 1 is now rarely accompanied by 
severe complications, and symptoms are mild and thus contribute only 
marginally to the mortality of these patients [6,20]. The disease is more or 
less invariably multiglandular in character, and evolution of the parathyroid 
pathology is asynchronous [22]. These tumors possibly consist of 
monoclonal lesions [23,24], but this has been less clearly established for the 
minimally enlarged parathyroid glands [25]. Very rare patients demonstrate a 
single enlarged gland, and in these instances the unusual propensity for 
recurrent HPT after parathyroid surgery may be less striking [26]. Critical 
interpretation of the parathyroid cell proliferation is difficult and, analogous 
to the situation with sporadic parathyroid diseases, differentiation between 
an adenoma and hyperplasia constitutes a classical controversy among 
pathologists. 
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Visualization of the parathyroid lesion by ultrasound or other radiological 
and scintigraphic techniques should be expected to require substantial gland 
enlargement, and exhibits unsatisfactory sensitivity and specificity for the 
purpose of diagnosing HPT. Diagnosis depends only on biochemical analysis 
and screening with albumin-corrected total calcium and intact PTH in serum. 
HPT in MEN-I can be detected as early as 12 years of age, with the average 
age of detection being 19 years [3,11,12). In contrast to the implications of 
retrospective analyses, HPT alone or in combination with other lesions was 
the presenting MEN-I involvement in only half of prospectively diagnosed 
family members [3]. Although the number of individuals was limited, this 
finding supports the poor yield when using calcium and PTH determinations 
alone in screening programs directed toward early detection of the MEN-I 
trait. The true clinical benefit accrued from early detection of HPT in MEN-I 
remains to be firmly established. 

Pancreatic endocrine lesion 

The pancreatic involvement in MEN-I is the second most common lesion, and 
the reported prevalence in clinical screening varies between 30% and 75% 
[3,7,12,19] and approaches 80% in necropsy analyses [8,10). All patients with 
pancreatic endocrine involvement of MEN-I should be expected to harbor 
multiple pancreatic lesions. These lesions usually consist of mixtures of 
microadenomas (Fig. 1) and macroadenomas [4,13,17], while nesidioblastosis 
(ductal cell proliferation; see Fig. 1) is considerably less prevalent. It remains 
controversial whether or not true islet-cell hyperplasia exists in the MEN-I 
pancreas [13]. Malignant disease caused by detectable metastases is seen in 
approximately 50% of MEN-I patients with pancreatic involvement [3,6,8,12], 
although local lymph-node metastases alone need not carry a poor prognosis. 
Submucosal, usually multiple, carcinoids of the duodenum can be found in 
about half of patients with pancreatic endocrine tumors [5]. 

Although usually minute in size, these carcinoids may be malignant and 
may produce serotonin, gastrin, or somatostatin. The pancreatic neoplasms 
characteristically express multiple immunoreactivity for a variety of tumor 
markers, which encompass pancreatic polypeptide (PP), glucagon, insulin, 
somatostatin, gastrin, vasoactive intestinal polypeptide (VIP), and 
neurotensin with decreasing frequency [13]. Consistent with this complex 
peptide expression, MEN-I patients with pancreatic involvement almost in­
variably display a multitude of elevated tumor markers in the circulation [3,7], 
but one hormone usually predominates and eventually causes a specific clini­
cal syndrome. MEN-I pancreatic tumor patients may, however, remain 
asymptomatic for decades [3]. The different syndromes associated with islet­
cell tumors are thoroughly discussed in specific chapters elsewhere in this 
issue. The most frequent syndromes associated with the MEN-I pancreatic 
involvement are the Zollinger-Ellison syndrome due to hypergastrinemia and 
the hypoglycemic syndrome due to insulinomas. Other peptides that fre-

386 



Figure 1. MEN-I pancreatic specimen stained with chromogranin A antiserum, revealing minimal 
disease of the pancreas, that is, micro adenomas and normal islets. 

quently occur in excess alone or in combinations are chromogranins, PP, VIP, 
glucagon, somatostatin, and calcitonin. Intraindividual shifts of syndromes 
have been demonstrated during longitudinal follow-up [3,16], and metastases 
may express other pep tides than the primary tumor. 

Early diagnosis of MEN-I pancreatic tumors is based on biochemical 
screening alone, and it has been substantiated that an unequivocal rise in 
pancreatic tumor markers precedes radiological detection of these lesions by 
at least 5 years [3,27,28] (Fig. 2). In the clinical routine and retrospective 
reports, pancreatic involvement usually is demonstrated during the fifth de­
cade of life [7,5,12,19]. In contrast, systematic prospective assessment shows 
that these lesions are detectable at a mean age of 25 years (range, 16-38 years) 
[3]. These young pancreatic endocrine tumor patients were almost invariably 
asymptomatic (90%). In comparison, 75% of the nonprospectively detected 
patients in the same kindreds suffered from endocrine morbidity related to 
their pancreatic tumors. Prospective analysis of pancreatic MEN-I involve­
ment also revealed the necessity of including markers of pancreatic endocrine 
tumors in the biochemical evaluation of relatives of individuals with MEN-I. 
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Figure 2. Abdominal CT scan of three MEN 1 patients. A: An asymptomatic 25-year-male 
displayed a large tumor (5cm in diameter) in the pancreatic tail after several years of observed 
normal basal marker levels but with an enhanced PP response to a meal at screening. Postopera­
tive follow-up for 10 years has failed to show malignant disease. B: Elevated PP level was the only 
sign of pancreatic involvement in this asymptomatic 55-year-old male. CT reveals a huge PPoma 
of the pancreas and liver metastases, as well as an enlarged left adrenal (3cm). C: This 50-year-old 
male suffered from Zollinger-Ellison syndrome. CT scan failed to demonstrate the multiple 
pancreatic tumors (range, O.5-1.5cm in diameter) as well as the lymph-node metastases. Both 
adrenals were enlarged. The left adrenal was lOcm in diameter due to a benign degenerative cyst, 
and the right displayed nodular hyperplasia (3cm in diameter). 

Apart from the observation that these tumors could be clinically diagnosed in 
75% of all the MEN-I-affected individuals, the pancreatic endocrine involve­
ment actually constituted the most common presenting lesion within the pre­
viously unrecognized MEN -I gene carriers. A total of 43 % of these individuals 
displayed lesions of the endocrine pancreas as their primary sign of MEN-I 
and another 29% of them demonstrated onset of the lesion and primary HPT 
simultaneously [3]. 

The consequences of the malignant potential of the endocrine pancreatic 
tumors comprise important causes of death in this syndrome [3,4,7,20]. Be­
cause of the recent development of fairly efficient symptomatic therapy (dis­
cussed later) death of MEN-I patients with pancreatic endocrine tumors now 
most often depends on tumor progression per se. 
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Other lesions 

Thymic, bronchial, and gastric foregut carcinoids have been reported in a 
substantial proportion of MEN-I-affected individuals [8,10,12]. The biological 
behavior of these tumors has not been reported to differ from sporadic coun­
terparts. Thus, they should primarily be regarded as potentially malignant 
lesions. Thyroid adenomas, colloid goiters, differentiated thyroid carcinoma, 
and lipomas are also over-represented in MEN-I [6,8-10]. 

About one third of MEN-I carriers demonstrate adrenocortical enlarge­
ments [8,29]. The abnormal adrenals are almost invariably nonhypersecreting 
and consist of diffuse to nodular adrenocortical hyperplasia and histologically 
benign to atypical adenomas [29,30]. The patients exhibit a normal 
hypothalamicpituitary-adrenal hormonal axis [29]. Furthermore, statistical 
analyses fail to indicate a connection between pituitary enlargement and 
adrenocortical proliferations [29]. Adrenocortical carcinoma is uncommon in 
MEN-I, but may develop exceedingly rapidly after several years of stable 
hyperplastic disease in combination with symptoms of adrenocortical hor­
mone excess [29]. All MEN-I patients with the adrenocortical lesion have also 
displayed pancreatic endocrine tumors, preferentially accompanied by insulin 
and proinsulin excess. These findings have led to the suggestion that adreno­
cortical proliferation in MEN-I could be regarded as a secondary phenomenon 
of the pancreatic lesion and not a primary effect of the inactivated MEN-I 
gene [29]. 

Genetics 

Mapping of MEN-J locus 

Genetic studies leading to mapping of the MEN-I gene to chromosome llq13 
began with the assumption that tumorigenesis involved loss of function of a 
tumor suppressor gene according to the two-hit model proposed by Knudson 
[31]. He postulated that predisposition to inherited cancer, such as 
retinoblastoma, is passed through generations by constitutionally heterozy­
gous carriers harboring minor genetic alterations such as point mutations or 
minor insertions/deletions (first hit), and that tumor development requires a 
somatic mutation, which eliminates the normal gene function. The second 
mutation could represent a point mutation, chromosome ·deletion, somatic 
recombination, or loss of a chromosome. Because the elimination of both 
copies of the gene is a requisite for tumor development, these genes are called 
tumor suppressor genes. Moreover, on a per-cell basis they act in a recessive 
manner, whereas the tumor susceptibility trait is dominantly transmitted. If 
MEN -I tumors result from unmasking of a recessive mutation, detection of the 
chromosomal alteration representing the second hit would enable identifica­
tion of the chromosome containing the gene subjected to the first hit. Restric-
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tion fragment length polymorphism (RFLP) markers have been used to com­
pare pancreatic endocrine tumor genotypes of MEN-I patients with then 
corresponding constitutional genotypes, and allele losses in the form of large 
deletions were found on chromosome 11 [2]. The retained alleles were derived 
from the affected MEN-I parent, whereas the lost alleles were inherited from 
the unaffected parent. These findings corroborate the hypothesis that the 
MEN -I gene constitutes a tumor suppressor gene located on chromosome 11. 
Subsequently, RFLP analyses in families linked MEN-I to markers close to the 
centromeric part of chromosome 11, and the gene for skeletal muscle glycogen 
phosphorylase (PYGM) on band q13 gave the highest LOD score [2]. Other 
groups have later confirmed these findings [23,31], and additional linked mark­
ers have been identified [32]. 

Tumor deletions 

The observation that 50-60% of MEN-I associated parathyroid tumors dis­
played allelic loss in chromosome 11 was simultaneously published by two 
independent groups [23,25], and this finding was later confirmed by others 
[24,33,34]. These losses invariably included the proposed MEN-I region and 
could encompass regions varying from the whole chromosome down to small 
or even discontinuous deletions. Inactivation of the MEN-I gene also seems 
important for tumorigenesis of sporadic parathyroid lesions, because one third 
of such adenomas have displayed loss of constitutional heterozygosity for the 
MEN-I locus [23-25]. This finding strengthens the suggestion that the MEN-I 
gene belongs to the tumor suppressor gene group. 

Pancreatic endocrine tumors of MEN-I patients (insulinomas, PPomas, 
gastrinomas, and nonhypersecreting tumors) consistently lose heterozygosity 
for chromosome 11 markers according to various reports [29,33,34] that 
followed the initial observation in two insulinomas [2]. Furthermore, in fami­
lies in which the haplotype carrying the MEN-I mutation has been established, 
analyses have confirmed that the retained allele is derived from the affected 
parent, while the wild-type allele is lost in the tumor [2,29,33]. Sporadic pan­
creatic endocrine tumors sometimes display loss of constitutional heterozygos­
ity for the MEN-I locus [34,35]. MEN-I pancreatic endocrine tumors <O.5cm 
in diameter have lost heterozygosity for the MEN-I gene [2], which indicates 
that this DNA alteration is an early event in pancreatic endocrine 
tumorigenesis. This contrasts with reports on minimal parathyroid lesions of 
MEN-I, which have failed to show loss of heterozygosity for the MEN-I locus 
[25]. A mitogenic factor trigging polyclonal parathyroid hyperplasia has been 
suggested to be the first event in MEN-I tumor formation [36]. These observa­
tions, although highly interesting, have not been confirmed. 

Recent reports have either succeeded or failed in revealing allelic losses for 
the MEN-I locus in sporadic as well as MEN-I-associated pituitary tumors 
[24,34,37,38]. The rarity with which neurosurgery is indicated in MEN-I pitu­
itary disease is reflected by the low number of hitherto examined tumors. 
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There is also the problem of dissecting pituitary tumors in order to minimize 
the risk that admixture of normal tissues prevents detection of allelic losses. 
Nevertheless, a growth hormone-secreting tumor of an MEN-I patient dem­
onstrated a mutation in the Gs-a gene [39], which indicated a different patho­
genesis than the other classical MEN-I lesions. Another study, however, of 
sporadic, growth hormone-producing tumors substantiated allele losses for 
the MEN-I locus in 5 of 13 neoplasias, 2 of which also displayed Gs-a muta­
tions [40]. Allelic losses for chromosome 11 also have been shown in subsets of 
nonhereditary prolactinomas [24,38]. 

Allelic losses at the MEN -I locus also have been reported in a fundic 
enterochromaffin cell-like tumor (ECLoma) from a MEN-I patient suffering 
from the Zollinger-Ellison syndrome [41]. Furthermore, loss of constitutional 
heterozygosity has been revealed in an adrenocortical Conn tumor associated 
with MEN-I [30]. One adrenocortical carcinoma in an MEN-I patient showed 
loss of the wild-type allele for the MEN-I locus as well as allelic losses for 
markers surrounding the Wiedemann-Beckwith locus on IIp, and at chromo­
some 17p and 13q [29]. On the other hand, common (30-40% of MEN-I 
patients) benign and nonfunctioning adrenocortical proliferation (diffuse and 
nodular hyperplasia, adenoma) failed to show such losses, even in cases exhib­
iting characteristic alterations in their parathyroid and pancreatic lesions. 

Attempts to clone the MEN-/ gene 

Positional cloning of the putative MEN-I gene-containing region requires 
restriction of the target region to a few million base pairs. By linkage analysis 
in large reference families of at least three generations, the relative order and 
genetic distance were determined for several anchor markers defining the 
MEN-I locus [42]. Identification of multiple meiotic recombinants for markers 
at or centromeric to the PGA locus, as well as for markers at or telomeric to 
the D11S97 locus, positioned the MEN-I gene within a 7-cM interval between 
PGA and D11S97 [43]. Additional polymorphic cosmid clones of chromosome 
11q13 were isolated and sublocalized on a panel of radiation-reduced somatic 
cell hybrids. Physical mapping by pulse-gel electrophoresis, and deletion map­
ping of tumors narrowed the MEN-I gene-containing region to less than 
900kb (Fig. 3) [44,45]. Two cosmid clones closely related to PYGM and 
located within the 900-kb region were used for screening a cDNA library. Five 
different clones were obtained, and their localization to chromosome llq13 
was verified by hybridization to a hamster-hybrid panel. Sequence data 
showed that three of these cDNA clones were previously unknown, while the 
remaining two represented the identified genes of phospholipase C ~ 3 (PLC 
~ 3) and the 13-KD FK 506 binding protein (FKBP2) [44]. The latter gene has 
been excluded as a candidate gene for MEN-I after mutation analysis in MEN­
I kindreds. 

PLC ~ 3, on the other hand, has been suggested as a strong candidate for the 
MEN-I gene, although no constitutional mutations in MEN-I families have 
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Figure 3. Mapping of the MEN-I locus by three strategies, genetic mapping, localization on a 
hybrid panel and physical mapping. (Reproduced with permission from the Journal of Internal 
Medicine 1995;238:249--253.) 

been hitherto described. PLC ~ 3 is expressed in all normal tissues, and 
plays an important role in transmitting the transduction signal of the seven 
transmembrane domain receptor family by generating the second-messenger 
molecules inositol 1,4,5-triphosphate and diacylglycerol from phos­
phatidylinositoI4,5-biphosphate [46]. The human PLC ~ 3 gene is about 15 kb, 
contains 31 exons, and the transcript is 4.4kb [47]. The putative promoter 
region of PLC ~ 3 conforms to the group of housekeeping promoters and lacks 
transcriptional regulatory sequences such as TAT A and CAA T boxes. The 
rationale for suggesting that PLC ~ 3 is the MEN-I gene is based on the 
observed absence of the transcript in a sporadic insulinoma, a medullary 
thyroid carcinoma, a parathyroid adenoma, and a sporadic adrenocortical 
carcinoma, using Northern blots [44]. Furthermore, RNA in-situ hybridization 
shows lack ofPLC ~ 3 expression in two ofthree MEN-I-associated pancreatic 
endocrine tumors, although the transcript is clearly present in the correspond­
ing normal pancreatic tissue. On the other hand, in-situ hybridization on more 
than 10 MEN-I parathyroid adenomas indicated no discernible reduction in 
PLC ~ 3 expression [48]. MEN-I-associated adrenocortical proliferation also 
did not produce low levels of the PLC ~ 3 transcript, except in an adrenocortical 
carcinoma [49]. However, two of three MEN-I pituitary adenomas have dem­
onstrated absent or very low PLC ~ 3 expression (unpublished data; Fig. 4). 

Two of the three previously unidentified cDNA clones from the MEN-I 
locus are less likely to represent the elusive gene due to their expression 
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pattern [45]. The third eDNA, initially denoted pSOM 172, has been charac­
terized and is now called the phospholipase C {33 Neighboring gene (PNG). 
PNG is located head to head (5' ends facing each other) upstream of PLC ~ 3. 
The PNG gene spans 2.5kb and contains four exons and three introns. Like 
PLC ~ 3, the genomic organizaton of PNG suggests a housekeeping promoter 
structure, and the head-to-head arrangement of these genes indicates interac­
tive transcriptional regulation [50]. 

The tau gene, located centromeric to PYGM but within the target region, 
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Figure 4. In situ RNA-RNA hybridization of a MEN 1 pituitary tumor. A: Expression of PLC ~3 
is low and grain count does not exceed the (8) background count (sense probe). C: hybridization 
with ~ actin. 

has been excluded as the MEN-I gene by mutational analysis. Another re­
cently characterized gene located telomeric and close to PYGM has been 
suggested to be the MEN-I gene by a Japanese group [51]. This gene, desig­
nated ZFMl, is widely expressed in endocrine organs and the predicted 
amino-acid sequence has properties that indicate DNA binding capacity. Fur­
thermore, ZFMl has significant structural similarities to parts of the Wilm's 
tumor suppressor gene. Loss of expression of ZFMl in MEN-I-associated 
tumors or germline mutations, however, have not been established. 

Diagnostic measures 

In order to identify the MEN-I trait, this syndrome should at least be consid­
ered whenever managing patients with one of the classical MEN-I-associated 
lesions (young HPT patients or patients with a family history of an MEN-I 
lesion, all patients with recurrent HPT, all with pancreatic endocrine tumors, 
or patients with both a single MEN-I-associated lesion and adrenal enlarge­
ments). The current ignorance of this disease among physicians and surgeons, 
is reflected in the relatively late referral of index cases. General (but not 
uniform) opinion favors widespread and early screening for the trait in MEN­
I kindreds despite the fact that prolonged survival after early detection has not 
been established. An important aspect in favor of screening relates to the 
existence of reasonable effective therapeutic regimens that are available for 
early-diagnosed endocrine lesions of the trait (see later discussion). Another 
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striking advantage of such a procedure is the possibility of excluding MEN-I 
gene carrier status in 50% of relatives, which otherwise has relied on the lag 
of disease-free period alone. Paradoxically, the screening procedure per se 
can offer relief from anxiety, which often prevails in MEN-I kindreds, even if 
the result indicates gene-carrier status, provided that expert care is offered 
without further delay. Moreover, there are efficient biochemical means of 
establishing at least parathyroid and pancreatic endocrine involvement, and 
most of the pituitary tumors at early and presymptomatic disease stages 
[3,7,11]. 

DNA-based diagnosis of MEN-/ 

In most cases it is possible to determine genetically the carrier status in MEN­
I family members. Accurate identification of the haplotype for the chromo­
somal region carrying the MEN-I mutation generally requires RFLP and 
microsatellite polymorphism analysis of at least two affected family members 
[24,32,42,43]. The genotype of the offspring can then be settled by comparison. 
When only one affected family member can be genotyped, analysis of allele 
losses in the parathyroid or pancreatic endocrine tumors will enable haplotype 
identification [2,23,24,29]. Until the MEN-I gene has been cloned, reliable 
predictive testing of the MEN-I predisposition must use closely linked mark­
ers as well as markers flanking both sides of the MEN-I locus (see Fig. 3). If 
these markers are informative, genetic screening for the MEN-I trait should 
reach an accuracy of 99.5% [32]. Genetic analysis currently fails to establish 
carrier status in potential MEN-I probands. Until the MEN-I gene has been 
identified, recognition of probands involves a clinical search for two of the 
classical MEN-I lesions. Common examples of such individuals include refer­
rals for recurrent parathyroid disease, especially if this is multiglandular in 
character; a family history of HPT; the presence of multifocal pancreatic 
lesions; and indices of adrenocortical proliferation or foregut carcinoids in 
patients with parathyroid, endocrine pancreatic, or pituitary involvement. This 
problem will disappear on identification of the MEN-I gene, which will permit 
carrier status to be established genetically. 

Biochemical diagnostic measures 

Genetically detected MEN-I individuals should undergo annual clinical testing 
(Table 1) from the onset of adolescence, although very rarely pancreatic and 
pituitary lesions may already be present in childhood. The penetrance of the 
disease is very high, probably complete, and follow-up of a MEN-I carrier is 
lifelong. Radiological examinations of the upper abdomen and pituitary gland 
may be performed every fifth year. If screening markers are inconsistently 
elevated, which indeed is rather common at the clinical onset of all tumor 
types, radiological examinations may have to be performed more often. 

We believe that establishment of the diagnosis of MEN-I in a proband 
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Table 1. Extended investigation on clinical suspicion or genetic establishment of MEN-I carrier 
status 

Annual biochemical workup 
Intact PTH, albumin-corrected total serum calcium 
Prolactin, somatomedin C, ACfH, cortisol 
Glucose, insulin, proinsulin, panceratic polypeptide, glucagon, gastrin, calcitonin, vasoactive 

intestinal peptide, serotonin, somatostatin, 
RCG-IX and ~, chromogranin 
Meal test with PP and gastrin analysis 
Pancreatic and pituitary stimulatory tests 

Tumor visualization' 
Gastroduodenal endoscopy 
Endoscopic ultrasound 
Pancreatic, liver, retroperitoneal and adrenal examination by ultrasound, computed 

tomography, octreotide scanning 
Pituitary computed or magnetic resonance tomography 

'Every fifth year, or more frequently with biochemical suspicion. 

Table 2. Primary screening program for MEN-I" 

Intact PTH, albumin-corrected total serum calcium 
Prolactin, somatomedin C 
Glucose, insulin, proinsulin, pancreatic polypeptide, glucagon, gastrin, chromogranin A 
Meal test with PP and gastrin analysis 

, Applied every third year in genetically unexamined individuals. 

necessitates family examination. Until genetic screening becomes generally 
available, this biochemical examination should include all individuals older 
than age 15 years, and even the offspring of persons without a clear MEN-I 
history can have a mild form of the disease for decades with hardly any 
symptoms. Such programs should search for all the classical lesions of MEN­
I and minimize the incidence of false-positive results (Table 2). The optimal 
interval between screening investigations of healthy individuals has not been 
assessed, but we have chosen to repeat the procedure every third year. Some 
investigators advocate annual investigations [7] and others have chosen a 5-
year interval [19]. Family members passing through their mid-thirties without 
signs of any of the classical MEN-I lesions on repeated examination usually 
can be assigned a noncarrier status [2]. 

Our current primary screening procedure (Table 2) has yielded about 10% 
false positives when compared with RFLP data [3,27]. When using the primary 
screening program, hypercalcemia and inappropriate intact serum PTH values 
recognize HPT amenable to treatment. It should be emphasized that ionized 
plasma calcium values may increase sensitivity for detection of HPT among 
younger MEN-I carriers [52]. Moreover, borderline serum calcium values and 
intermittent or mild hypercalcemia generally should be expected to be accom­
panied by normal intact PTH values, albeit in the upper reference range, in at 
least half of patients. In primary screening pituitary lesions are most readily 
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recognized by prolactin and somatomedin C analysis. Pancreatic endocrine 
tumor diagnosis must be biochemically established, and radiology fails to 
localize lesions in half of patients [28]. Pancreatic involvement in young MEN­
I patients is most consistently demonstrated by analyzing serum insulin, proin­
sulin, PP, as well as plasma glucagon and chromogranin A levels, which have 
exhibited sensitivities of 56%,56%,67%,37%, and 60%, respectively [3,11]. 
Serum PP is an nonspecific marker of islet tumors, that should be applied in 
conjunction with other peptide markers for this involvement. Moreover, PP 
may vary with age and time within the same patient, so repeated measurement 
and standardization of values for age are necessary. Although chromogranin 
A is an unsatisfactory marker for the parathyroid lesion [53] and generally 
requires a rather massive burden of endocrine pancreatic tumors for elevation 
in MEN-I patients, it has proven to be a sensitive marker for pancreatic 
involvement (D Granberg, unpublished). On the other hand, there are several 
false-positive pitfalls to be considered when evaluating chromogranin A eleva­
tion, such as hypertension, impaired kidney function, stress, and infiamatory 
bowl disease. Moreover, the day-to-day variation in chromogranin A levels 
are substantial in tumor patients. Elevation of basal gastrin values generally 
indicates the presence of advanced pancreatic tumour involvement or duode­
nal carcinoids, and gastrin immunoreactivity generally has been confined to 
pancreatic lesions measuring centimeters in diameter [3-5,7,19]. Gastrin ex­
cess thus has been found in only one fifth of patients with pancreatic endocrine 
lesions detected by screening [3]. This biochemical marker usually becomes 
diagnostic during the fourth or fifth decades of life [5,19], and even then it has 
been elevated in only about two thirds of patients with pancreatic tumor 
involvement [3]. 

Early diagnosis of pancreatic endocrine tumors in MEN-I is enhanced by 
the use of a standardized meal stimulation test with measurements of serum 
PP and gastrin responses, and problems with the specificity and sensitivity of 
PP as a tumor marker have decreased [3,27]. During longitudinal analysis of 
asymptomatic and otherwise biochemically healthy MEN-I relatives with sub­
sequently verified pancreatic endocrine involvement, this test was the single 
most sensitive marker and substantiated the presence of tumor in 75% of 
individuals, whose mean age was 25 years. Moreover, it yielded true positive 
pancreatic tumor detection in all the older and already diagnosed MEN-I 
patients independent of the diagnosis of PPoma, gastrinoma, insulinoma and 
proinsulinoma, VIPoma, neurotensinoma, somatostatinoma, glucagonoma, 
and 'nonfunctioning' pancreatic tumors [3,27]. This carbohydrate-rich and 
low-protein test meal is composed of milk, cereals, orange juice, bread, butter, 
cheese, and ham (560kcal). 

Blood samples are drawn immediately prior to, during, and 40 minutes after 
the 20-minute meal. An abnormal response to this meal is defined as a serum 
PP elevation exceeding the mean level of a control group by at least two 
standard deviations. Because healthy controls reveal postprandial PP incre­
ments just 100% above the basal value, PP elevations exceeding twice the 
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upper reference limit for the immunoassay are regarded as abnormal and 
indicate the necessity for surveillance for tumor development. Doubling of the 
basal gastrin value, reaching twice above the upper reference limit, also serves 
as an indicator for such observation. False-positive stimulations due to the 
meal test have been found in about 10% of previously investigated individuals 
[3]. None of them, however, has shown concomitantly diagnostic elevations of 
both serum gastrin and PP levels. Moreover, the meal test substantiates that 
non-MEN-I carriers with achlorhydria and elevated basal gastrin levels display 
normal PP responses, but cannot be used to differentiate antral G-cell 
hyperplasia from pancreatic endocrine tumours. Simultaneous elevations of 
gastrin and PP responses to diagnostic levels consequently seem to yield 
absolute specificity for the presence of pancreatic tumor. 

Extended endocrine investigation (see Table 1) should follow findings of 
abnormal tumor markers on primary biochemical screening (see Table 2). 
Surveillance for possible Cushing's syndrome should be performed by analysis 
of urinary cortisol and plasma ACTH and reassured by classical dynamic 
endocrine tests. In order to ascertain the diagnosis of pancreatic endocrine 
tumor, at least two independent tumor markers must be increasingly elevated 
on repeated analysis, separated in time by at least 6 months. Apart from 
repeating the primary examination, diagnostic studies should include basal 
calcitonin, vasoactive intestinal peptide, serotonin, and somatostatin values. 
Elevation of human chorionic gonadotrophin subunits (hCG) alpha and beta 
might be indicators for malignant transformation of neuroendocrine tumors 
[54], and should be evaluated regularly during follow-up of diagnosed pancre­
atic lesions. Classic dynamic challenges, such as 72-hour fasts, insulin, secretin, 
and atropine tests, might be necessary to functionally specify tumor sub­
groups. Patients should be screened with pancreatic tumor visualization, pre­
ferentially with endoscopic or cutaneous ultrasound, octreotide scanning [55], 
computed tomography, and/or magnetic resonance imaging at high resolution 
(1.5 Tesla), or positron emission tomography [56]. Many of these radiological 
investigations compliment each other and should be applied selectively. Al­
though all radiological techniques display poor sensitivities for pancreatic 
tumor detection, except for intraoperative ultrasonography [28], the pancreas 
and liver should be imaged in order to reveal malignant disease or rare tumors 
not detectable by the screening program outlined. 

Treatment 

Details of MEN-I HPT management are highlighted elsewhere in this book. In 
general, the treatment ofHPT of MEN-I is surgical, but the optimal timing and 
extent of the resection have not been determined in controlled studies. Pri­
marily, it is important that the diagnosis is correctly established and that the 
surgeon is experienced in performing MEN-I parathyroid surgery. In many 
instances MEN-I parathyroid surgery is more difficult than surgery for spo-
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radic HPT, because the obligatory identification of at least four parathyroid 
glands often requires exceptionally thorough exploration, especially in early, 
asymptomatic cases with only modestly enlarged glands. Surgical intervention, 
therefore, might be postponed for years in asymptomatic patients with equivo­
cal hypercalcemia in order to reduce the risk of postoperatively persistent 
hypercalcemia. Re-exploration essentially carries the risk of additional mor­
bidity because of difficulty in identifying critical structures embedded in scar 
tissue, and postoperative persistent hypercalcemia is more frequent following 
reoperation [57]. Unequivocal symptoms or signs of complications of HPT 
invariably warrant parathyroidectomy, even with only mild hypercalcemia, 
unless clear contraindications to operation prevail. There is generally no need 
for preoperative localization prior to primary explorations nor intraoperative 
ultrasonography [58]. 

Neck dissection should always be bilateral, supernumerary glands should be 
sought, and resection of the cervical thymus should be performed to remove 
the most common site of accessory parathyroid tissue. The most common 
resection procedure is subtotal parathyroidectomy, usually a 3-3.5 gland re­
section, leaving about 50mg of tissue from the most normal-appearing gland in 
situ. The alternative is total parathyroidectomy with immediate autografting 
to the brachioradialis muscle of the nondominant forearm. This procedure 
usually is accompanied by transient hypoparathyroidism, requiring substi­
tution therapy for up to 3-4 months until the graft produces sufficient para­
thyroid hormone. Up to one third of MEN-I patients may remain 
hypoparathyroid after this procedure [57], while the risk of persistent disease 
generally seems somewhat greater after subtotal resection. Postoperative fol­
low-up of MEN-I HPT is lifelong. 

Treatment of MEN-I-associated pituitary lesions includes surgery, radia­
tion, and medication, and does not differ from the treatment of sporadic 
pituitary tumors. These aspects are thoroughly outlined elsewhere in this 
book. In summary, prolactinomas, which are the most common MEN-I pitui­
tary manifestation, almost invariably are successfully treated with dopamine 
agonists, which most often normalize or decrease the prolactin levels and often 
also tumor size. On the other hand, this treatment is rarely curative and 
recurrences are common, so the drug often must be continued, even after 
normalization of the prolactin levels. Radiation therapy or neurosurgery are 
seldom warranted for these tumors. The first-line treatment for GH-secreting 
tumors is octreotide, which efficiently suppresses GH excess. Reduction of 
tumor size may also be achieved with long-term administration of octreotide. 
A substantial proportion of patients with acromegaly, however, ultimately 
require either surgical or radiation therapy. The rare corticotropinomas of 
MEN-I often are subjected to trans-sphenoidal resection, although radiation is 
an acceptable alternative for larger invasive tumors of this type. All patients 
with MEN-I pituitary tumors must be followed throughout life with repeated 
radiological and biochemical examination because relapses are common and 
may be associated with shifts in hormone excess. 
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The apparently prolonged longevity of MEN-I patients demands a thera­
peutic focus on the risk of malignancy of the pancreatic lesion. A principal 
management goal consequently includes cancer prevention without unneces­
sary induction of symptomatic endocrine and exocrine pancreatic insuffi­
ciency. Treatment of the pancreatic tumors always includes surgical 
considerations, despite the fact that its role is much debated; this is thoroughly 
discussed elsewhere in this book. In the absence of unequivocal evidence of 
malignancy, that is, clinically apparent metastases, all macroscopic tumors of 
the MEN-I pancreas should be regarded as potentially malignant. Tumor size 
and the profile of peptide excess, however, are not reliable indicators. In our 
experience, surgical removal of the asymptomatic pancreatic lesions in young 
MEN-I patients may lead to a substantial duration of cancer prevention, and 
essentially half of middle-aged patients with pancreatic involvement display 
gross or microscopic metastases from pancreatic tumors [59]. 

The most common operative procedure is distal pancreatic resection com­
bined with intraoperative ultrasonography and bidigital palpation for enucle­
ation of tumors in the pancreatic head and duodenal submucosa. Careful 
dissection of lymph nodes along the hepatic ligament and celiac trunk is 
warranted. Substantial rates of biochemical recurrence, accompany this man­
agement strategy. On the other hand, biochemical cure is not a prime motive 
for surgery. Time may be an important risk factor for the hitherto unknown 
mutagenetic events that cause the development of malignant pancreatic tu­
mors. A recent uncontrolled study implies that when malignant transforma­
tion does develop, it may occur between one and three decades after the onset 
of biochemically detectable pancreatic involvement, and hypothetically a 
similar duration might be necessary to develop pancreatic endocrine malig­
nancy after thorough exploration. Surgical reintervention preferentially 
should include tumor enucleation in the attempt to reduce the risk of pancre­
atic insufficiencies. Such active management with repeated biochemical 
examination and timely reintervention may be a realistic way to reach the 
goals of long-term prevention of malignancy plus satisfactorily maintained 
pancreatic function. 

Occasionally, symptomatic therapy is of utmost importance in MEN-I pan­
creatic tumor management. Other chapters in this book elucidate the different 
syndromes associated with these tumors. In summary, omeprazole has had a 
major influence on MEN-I survival. Complications of gastrointestinal ulcers 
from gastrinomas, which comprised a substantial cause of death historically in 
MEN-I, can be avoided with liberal use of omeprazole. Furthermore, long­
acting somatostatin analogues have significantly improved the quality of life 
for many MEN-I patients. They inhibit the secretion of different peptides 
hypersecreted by pancreatic tumors. Recently it has been noted that soma­
tostatin analogues at high dosages may induce apoptosis (Oberg et al., per­
sonal communication) and perhaps also have antiproliferative effects. The 
drug generally is well tolerated, and side effects include malabsorption, 
cholestasis, and cholelithiasis. 
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Surgical ligation of the hepatic artery and embolization by interventional 
radiology reduce the tumor mass and levels of hormone excess from hepatic 
metastases. Adverse reactions to these treatments are tolerable, and other 
therapies, such as somatostatin analogs, interferon, and chemotherapy, may 
produce additive effects following the occlusion [60]. 

Despite the fact that essentially half of MEN-I patients with pancreatic 
endocrine tumors display malignant disease, either by means of liver 
metastases or mere local lymph-node metatases (which probably do not carry 
the same poor prognosis), systemic antitumoral and radiation therapies have 
not been comprehensively evaluated for MEN-I management. The effects 
of the latter, however, seem to be restricted to palliation of symptomatic 
metastases in the bone and skin, for example. Studies of systemic therapy for 
sporadic neuroendocrine tumors have been summarized in a recent review 
[61]. The combination of streptozocin with 5-fluorouracil or doxorubicin in 
malignant sporadic pancreatic endocrine tumors has sometimes demonstrated 
remarkable response rates of 40-69% [62]. Insulin- and VIP-producing tumors 
seem especially responsive to this combination therapy. On the other hand, 
etoposide and cisplatin combination therapy may be effective in poorly differ­
entiated pancreatic neuroendocrine tumors (67% response rate), which con­
trasts with the meager response (7%) in well-differentiated islet-cell tumors 
and carcinoids [63]. 

Alpha-interferon has been widely used in the treatment of various malig­
nant diseases, particularly in hematology. Solid tumors rarely seem to respond 
to interferon, however, with the possible exception of renal and colonic tumors 
and melanomas. Small series of patients with malignant pancreatic endocrine 
tumors, mostly sporadic, have been subjected to interferon treatment. Inter­
feron blocks cell-cycle progression in the GO/G1 phase. Rather early (weeks) 
in treatment with interferon, a reduction of hormones can be monitored, 
whereas significant tumor reduction normally requires years. In our hands, 
alpha-interferon has produced a biochemical response in 51 % and significant 
tumor reduction in 12% of patients with malignant sporadic and familial 
pancreatic endocrine tumors [64]. The median duration of these responses was 
20 months. Furthermore, disease stabilization with apparent growth arrest was 
recorded in an additional 25% of patients, and persisted for 16 months. Pa­
tients with Verner-Morrison syndrome had the highest response rate (10 of 12 
patients). 

There is no clear correlation between dose and antitumoral response. The 
individual dose should be titrated to optimize compliance and to enable 
long-term treatment (years). Most adverse reactions are dose dependent 
and include flulike symptoms (initial 3-5 days), fatigue, low-grade weight 
loss, depression, mild impairment of liver and bone-marrow function, and 
autoimmune reactions. A usually tolerable maintenance dose is 5 million 
units of alpha-interferon three to five times per week subcutaneously. Inter­
feron treatment may be combined with somatostatin analogs or chemo­
therapy. Future controlled multicenter studies are warranted in order to reach 
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a consensus on the management of the rare MEN -I malignant pancreatic 
endocrine tumors. 

MEN-I foregut carcinoids must be regarded as potentially malignant, and 
surgery should always be considered. Recurrent disease may respond to 
external radiation or indium-labeled octreotide (unpublished data). MEN-I 
adrenal proliferation should be evaluated as incidentalomas. Thus, lesions 
> 3 cm in diameter may be considered for surgery. Moreover, adrenalectomy is 
warranted if the lesion grows or if the patient has symptoms or signs of 
hormonal excess. Radiological and biochemical follow-up of MEN-I adrenals 
is mandatory. 
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19. Multiple endocrine neoplasia type I 
Surgical therapy 

Norman W. Thompson 

The therapy of MEN-I is multifaceted in that surgical treatment in the 
individual patient is dependent on the phenotypic expression at the time of 
diagnosis. In many patients, the first clinical expression of the syndrome 
is hyperparathyroidism (HPT). In others, it may be a combination of manifes­
tations, including a functional endocrine pancreatic syndrome and HPT, 
or a combination of HPT and a pituitary tumor such as a prolactinoma. 
Occasionally, an MEN-I patient may present with clinical manifestations 
in all three organs simultaneously. This discussion will be limited to the 
surgical management of the parathyroid and pancreatic components of 
the syndrome. 

MEN-I hyperparathyroidism 

More than 90% of all patients proven to have the MEN-I syndrome develop 
HPT, and most commonly hypercalcemia is the first biochemical finding de­
tected in at-risk family members being screened for the disease. Although 
asymptomatic hypercalcemia may be encountered during the early teenage 
years, symptomatic disease usually is not diagnosed until the 20s or 30s [1-10). 
These patients may have any of the symptoms and findings associated 
with primary HPT, including renal stones, which have been common in our 
experience. However, some are apparently completely asymptomatic when 
first diagnosed. Nevertheless, in some patients the disease may be severe 
and present as hypercalcemic crisis with serum calcium levels of 15 mgldl 
or higher, a decrease in renal function, nausea, vomiting and dehydration, 
and impaired sensorium [11]. Progressive disease seems to be the rule, 
and there is general consensus that any patient with MEN-I HPT should 
undergo parathyroidectomy once the diagnosis is established based on 
hypercalcemia and elevated intact parathyroid hormone levels. The only 
controversy in surgical management is the specific operation for the disease 
[3,6,7,9,10]. 

Asymmetrical parathyroid enlargement caused by a nodular type of 
hyperplasia is typical of MEN-I [1-11]. Multiglandular disease is present in all 
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MEN-I patients with HPT. Furthermore, it is assumed that up to 20% of 
patients will have a supernumerary (fifth) gland within the thymus that must 
be considered in the operative strategy [3,12,13]. Frequently one or more 
parathyroid glands may be normal in size and even in microscopic appearance 
from a limited biopsy. Only one or two parathyroid glands may be enlarged 
grossly, resulting in a false impression that the disease is caused by an 
adenoma or double adenoma. This may occur in the patient without a known 
family history or other manifestation of the MEN-I syndrome [6,12]. 

Two surgical procedures are widely used in treating MEN-I HPT. Both are 
based on the likelihood that persistent or recurrent hypercalcemia will occur 
if less than a subtotal parathyroidectomy is performed. One approach is to 
perform a total parathyroidectomy with excision of the cervically accessible 
thymus gland and autotransplantation of sufficient parathyroid tissue into a 
forearm muscle or another accessible location so that, should recurrence 
develop, reoperation using a local anesthetic could be performed on an 
outpatient basis [6,9]. This procedure has the potential for permanent 
hypoparathyroidism if the transplant tissue does not survive. Although this is 
infrequent in centers with expertise, it is estimated that the failure rate world­
wide has been approximately 10%[3,7-10,12,14]. These patients all require 
replacement therapy with vitamin D and oral calcium until the graft functions 
adequately. Its advantage is that if the parathyroidectomy has been thorough, 
a second procedure in the neck can usually be avoided. The transplanted 
parathyroid tissue can be reduced under local anesthesia if there is a subse­
quent recurrence [3]. 

The second procedure is a subtotal parathyroidectomy with cervical 
thymectomy [3,5,7,12-14]. In this procedure, all parathyroid glands but one 
are excised. When all four glands are enlarged, a well-vascularized gland is 
partially resected, leaving a viable remnant weighing approximately 50-60 mg. 
When a normal-sized gland has been identified, regardless of its location, it is 
carefully preserved and marked with a metal clip for possible future identifica­
tion. In the patient with four-gland enlargement, the smallest inferior gland is 
mobilized and trimmed to the desired size after carefully placing a metal clip 
across the gland. The resected portion is cut on the clip after packing the 
surrounding area to prevent possible implantation of hyperplastic parathyroid 
cells. The remnant with clip is then tacked with a stitch to the trachea so that 
it will be easily accessible should a recurrence caused by remnant hypertrophy 
subsequently develop. 

We have preferred subtotal parathyroidectomy with cervical thymectomy 
in MEN-I patients because if performed correctly, it avoids permanent 
hypoparathyroidism and results in long-lasting eucalcemia in most patients 
[11-14]. Thirty-eight MEN-I patients with HPT were treated at the University 
of Michigan Medical Center between 1972 and 1996, and were available 
for follow-up studies ranging from 1 month to 24 years following para­
thyroidectomy. Twenty-seven patients had their primary operations at the 
University of Michigan. One of these patients in whom only three parathyroid 
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glands were found at exploration had persistent hypercalcemia (3.7%). At 
re-operation, the missing left inferior parathyroid gland was found within 
the lower pole of the thyroid gland. Five patients developed recurrent 
hyperparathyroidism diagnosed at intervals of 2, 5, 8, 16, and 17 years after a 
subtotal parathyroidectomy and thymectomy (18.5%). Four of the patients 
were reoperated and were found to have remnant hypertrophy. Partial resec­
tion of the remnants have resulted in normocalcemic in each case. One patient 
suspected of having a middle mediastinal ectopic fifth parathyroid has not 
undergone reoperation. 

Twenty-six out of the 27 patients became transiently hypocalcemic after 
their initial operations and most required dihydrotachysterol in addition to 
oral calcium supplements. Transient hypocalcemia also developed in reoper­
ated patients as well. Only one patient has developed more longlasting 
hypocalcemia, and has required DHT and oral calcium daily for more than 1 
year. This patient was a teenager in whom only two parathyroid glands were 
identified despite a complete exploration. She was left with a viable normal­
sized gland after excision of the enlarged gland and her thymus. After I 1tz 
years her replacement requirements are slowly decreasing. 

A subset of this group of 27 patients consists of 9 who had synchronous 
primary HPT and neuroendocrine pancreatic and/or duodenal endocrine tu­
mors. Each underwent a combined cervical and abdominal exploration, avoid­
ing a second operative procedure. These patients, all explored between 1990 
and 1995, are currently normocalcemic following subtotal parathyroidectomy 
and cervical thymectomy, with the exception of a 30-year-old male who has 
calcium levels that are just above the normal range 3 years after his operation. 
Each of these patients also underwent a distal pancreatectomy. Five patients 
with ZES also had duodenotomies and excision of submucosal gastrinomas. 
Based on the favorable results in this group, we recommend a combined 
approach for synchronous HPT and pancreatic disease, providing neither the 
neck nor abdominal procedure is a reoperative exploration. None of these 
combined procedures exceeded 5 hours in total operative time [14]. 

Eleven patients who were initially treated elsewhere underwent reoper­
ative parathyroidectomies for persistent (n = 8) or recurrent disease (n = 3). 
A subtotal parathyroidectomy was accomplished in eight patients in whom 
one or more enlarged hyperplastic glands was excised. Each patient also had 
a cervical thymectomy. The three patients with recurrences were found to 
have hypertrophy of remnants that were trimmed to an estimated 50-60mg. 
One out of the 11 patients has persistent hypercalcemia, and another has 
serum calcium levels at the upper limit of normal. All but one patient was 
temporarily hypocalcemic. 

Thirty-three out of the 38 MEN-I patients are normocalcemic (87%). The 
four who have persistent or recurrent hypercalcemia are asymptomatic at the 
present time. However, it should be emphasized that 16 of these 34 patients 
required two operations (47%), 9 for persistent and 7 for recurrent disease. 
Remnant hypertrophy was the only cause of true recurrence in this group of 
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patients and occurred at intervals ranging from 2 to 7 years after an initially 
successful operation. Reoperation for remnant recurrences was not difficult in 
cases in which the surgeon had carefully documented the location of the 
remaining gland. Annual follow-up of these patients is indicated for life be­
cause late recurrences can be anticipated and occurred in 19% of all patients 
in this series. We favor subtotal parathyroidectomy and thymectomy because 
if carefully performed this avoids permanent hypoparathyroidism, and in our 
own primary cases was associated with a long-term recurrence rate of only 
18.5%. Most reoperations in this group were successful without any significant 
morbidity. 

MEN-I: Pancreatic duodenal endocrine disease 

Clinical manifestations of neuroendocrine disease of the pancreas and/or 
duodenum develop in about 70% of patients with MEN-I, even though almost 
all patients develop a diffuse endocrine dysplasia of the pancreas, consisting of 
islet-cell hyperplasia, microadenomatosis, and nesidioblastosis [4,15-21]. In 
addition to these findings, symptomatic MEN-I patients develop benign or 
malignant neoplasms, some of which are functional, causing a specific hor­
monal syndrome. The morbidity and mortality from MEN-I pancreatic disease 
is the result of the functional activity of a variety of tumors and/or their 
malignant behavior. The operative management of neuroendocrine disease 
in MEN-I patients is directly influenced by important findings that have 
been determined in recent years. The first is that patients with functional 
hormonal syndromes have one or more discrete tumors as the cause or the 
syndrome, rather than islet-cell hyperplasia, even though the diffuse changes 
or dysplasia of islet cells always accompany the tumors [17]. It became appar­
ent that functional syndromes could be effectively treated if all gross tumors 
were excised without the necessity of performing a total pancreatectomy. 
Another finding is that in most patients with MEN-I Zollinger-Ellison syn­
drome (ZES), the most common functional tumors found are small 
gastrinomas arising within the duodenal wall [14-16,18-29]. Frequently these 
are accompanied by gross tumors elsewhere in the pancreas, which, based on 
immunochemical studies, have been found to be unrelated to the production 
of gastrin. More recently it has been discovered that duodenal gastrinomas, 
despite their small size, frequently metastasize to the peripancreatic and 
periduodenal lymph nodes but are accompanied by liver metastases in 
less than 10% of cases and only then after a long period without surgical 
intervention [4,23-36]. Finally, MEN-I pancreatic tumors, which were pre­
viously considered to be less malignant than those occurring sporadically, may 
be the cause of significant mortality as a result of liver metastases or local 
invasion [14-16,19,38-41]. 

Our surgical approach, <developed over the past 15 years, is based on the 
premise that MEN-I patients with neuroendocrine disease of the pancreas or 
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duodenum can be cured of their syndrome or nonfunctional tumors, providing 
that the tumor has not metastasized to the liver and that the operation is 
extensive enough to excise all sites of disease [14,25-27]. An aggressive surgi­
cal approach is indicated because the incidence of malignancy is similar to that 
in patients with sporadic islet-cell tumors. Liver metastases are less common at 
the time of diagnosis, perhaps because of the younger age of patients at the 
time of diagnosis and the frequency of duodenal primary tumors in MEN-I 
ZES patients, which appear to have a less aggressive biological behavior than 
those that arise in the pancreas. 

MEN-I: Nonfunctional tumors 

In our experience the majority of patients with functional tumors have had 
other neuroendocrine tumors that were nonfunctional or secreting hormones 
that produce no identifiable syndrome. Additionally, some patients, estimated 
to represent 5-10% of MEN-I patients, have developed neuroendocrine tu­
mors producing symptoms entirely related to their size, local invasion, or 
hepatic metastases. In these patients, the pancreatic tumor may become 
quite large and locally invasive before any symptoms develop. The presenting 
symptoms may include GI bleeding from portal hypertension, pain, or a 
palpable abdominal mass. The challenge in these cases is often technical, 
and their surgical management may require extensive procedures, such as 
pancreatoduodenectomy, extensive distal pancreaticectomy, and/or resection 
of a portion of the superior mesenteric or portal vein and replacement by 
either a vein or prosthetic graft [14]. Because such tumors can develop insidi­
ously, it is our policy to perform periodic screening of the pancreas in all 
proven MEN-I patients. This can best done by endoscopic ultrasound rather 
than reliance on hormonal screening in asymptomatic patients. 

Although a battery of hormonal assays may be obtained in the asy­
mptomatic patient at periodic intervals, such studies have not been rewarding 
nor cost effective in our experience. Evaluation of levels of chromogranin A 
and pancreatic polypeptide (PP) might prove useful in the early detection 
of nonfunctional MEN-I neoplasms, but a sensitive assay for chromogranin is 
not widely available in the United States [16]. Chromogranins are secreted 
by virtually all pancreatic and duodenal neuroendocrine tumors, regardless 
of their secretion of other functional hormones, and elevated levels could 
be used as an indication for imaging or endoscopic ultrasound (EUS). Periodic 
octreotide scinticanning may also prove useful in MEN-I patients at risk, 
but as yet there have been no studies reported using this technique to follow 
asymptomatic MEN-I patients. Because of our favorable experience with 
EUS in evaluating the entire pancreas, we are currently using this procedure 
to follow asymptomatic patients annually after distal pancreatectomy [14]. 
We are also screening new MEN-I patients with EUS. How often the pro­
cedure should subsequently be repeated in those with initially negative 
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findings is not known at the present time. Hopefully, prospective studies 
will eventually determine which study and at what interval will be most cost 
effective in detecting tumors at a stage when they can be easily resected or 
enucleated. 

Functional neuroendocrine tumors 

A variety of islet-cell tumors have been reported in MEN-I patients, including 
those causing hypersecretion of gastrin, insulin, glucagon, VIP, ACTH, soma­
tostatin, growth hormone, and PTH. With the exception of ZES and 
hypoglycemia, clinical syndromes caused by other hormones are rare and will 
not be considered in further detail here. 

Gastrinomas 

The management of the ZE syndrome in association with MEN-I remains 
controversial. This is the most frequent syndrome detected in MEN-I and 
accounts for approximately 60% of the functional syndromes encountered. 
Our management is based on the facts that all gastrinomas, whether in the 
duodenum or the pancreas, have malignant potential or are malignant when 
detected and that surgical treatment can be successful in patients without liver 
metastases, providing that the operative procedure performed addresses all 
facets of the disease. We believe that all patients without liver metastases 
should be explored with the intent to cure the disease, usually without requir­
ing either a Whipple procedure or total pancreatectomy. After the diagnosis of 
ZES is confirmed by elevated serum gastrin levels and a positive secretin 
stimulation test, either computed tomography (CT) or magnetic resonance 
imaging (MRI) is used to evaluate the liver for metastases and the adrenal 
glands for possible cortical tumors. For the past 3 years, the only other local­
ization study that we performed is EUS, primarily to evaluate the head and 
the uncinate process of the pancreas [14]. Duodenal gastrinomas, present in 
the majority of these patients, are usually too small to be detected by any 
localization technique. Fewer than 10% of MEN-I ZES patients present 
with liver metastases. As a result, the great majority of these patients are 
considered candidates for exploration. The following principles are guidelines 
in all explorations for ZES in MEN patients: 
1. A duodenotomy is performed and the wall of the duodenum is 

circumferentially palpated from the pylorus through its third portion. Small 
( <0.5 cm) gastrinomas are enucleated with closure of the mucosa after­
ward. Larger gastrinomas are excised with a full-thickness margin of duode­
nal wall. 

2. Whenever a duodenal neuroendocrine (NE) tumor is detected, all 
peripancreatic lymph nodes are excised, including those along the common 
bile duct, the portal vein, and the hepatic artery to the celiac axis. 
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3. After full mobilization of the head and uncinate by an extended Kocher's 
maneuver, any palpable or ultrasonically identified tumor is enucleated. 

4. A distal pancreatectomy, including the neck, body, and tail, preserving the 
spleen when possible, is routinely performed (Figs. 1 and 2). 
Since 1978 we have explored 27 MEN-I patients with ZES with the intent to 

cure each individual. A duodenotomy was not routinely used until 1985, when 
it became apparent that most patients had small duodenal neuroendocrine 
tumors as well as other tumors in their pancreas. Furthermore, some of the 
earlier patients who had not had a distal pancreatectomy developed new 
tumors in the body or tail. Three subsequently underwent distal pancre­
atectomies for hypoglycemia (insulinomas). In each patient, all of the tumors 
in the duodenum and pancreas were characterized by immunohistological 
staining. 

The location of proven gastrinomas in these 27 patients is shown in Table l. 
Multiple gastrinomas within the duodenum were found in approximately 60% 
of all patients, and nearly 40% of these were associated with one or more 
lymph nodes containing neuroendocrine tumor metastases. Only one pancre­
atic neoplasm was associated with a single metastatic lymph node. This was 
from a 2 cm somatostatinoma arising in the body of the pancreas. This patient 
has had no evidence of recurrence during a 14-year follow-up. None of these 
patients has subsequently developed liver metastases after follow-up periods 

Figure 1. 

The MEN I Pancreas 
Multiple neuroendocrine 
neoplasms common 
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Figure 2. 

Table 1. MEN-I-Zollinger-Ellison syndrome 

Duodenal gastrinomas 
Multiple duodenal gastrinomas 

Malignant duodenal gastrinomas 
Pancreatic gastrinomas 
Duodenal and pancreatic gastrinomas 
Pancreatic gastrinoma (only) 
Palpable neuroendocrine tumors in distal pancreas 

(initial operation) 

The MEN I ZES Operation 
1. Distal pancreatectomy 

(spleen saving) 
2. Enucleation of NE Tumors 

(head, uncinate) 
3. Duodenotomy, 

excision of NE tumors 
4. Regional lymph node dissection 

23127 
16/27 
16/23 (69%) 
09/23 (39%) 
10/27 
06/27 
04/27 
24/27 

85% 
59% 

33% 
37% 
22% 
15% 
89% 

ranging from 6 months to 18 years. Two thirds of these patients became 
eugastrinemic, and the others had lowered basal serum gastrin levels and 
lower drug requirements to control hypersecretion of acid. Although only one 
third have been secretin stimulation negative, some patients with normal basal 
serum gastrin levels have been free of symptoms and have required no drug 
therapy for up to 18 years. One patient with three duodenal gastrinomas and 
three pancreatic neuroendocrine tumors was found to have multiple gastric 
carcinoids (EeL tumors) [42]. The two largest of these, measuring 1.5cm in 
diameter, were excised at the time of her pancreatic duodenal exploration, but 
the remainder were left in situ. Subsequent to her operation, the serum gastrin 
levels have remained normal and there has been progressive regression of her 
remaining gastric lesions during the I-year interval. 
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Because none of the patients who were not cured have developed liver 
metastases, they are periodically being re-evaluated and are considered poten­
tial candidates for re-exploration. Whether this decision should be based on 
EUS findings in the remaining head-uncinate or based on a progressively 
rising serum gastrin level has not yet been established. 

Insulinomas 

Approximately 15-20% of MEN 1 patients develop hypoglycemia as the only 
manifestation of their pancreatic neuroendocrine disease [14,16]. With few 
exceptions, sporadic insulinomas are solitary tumors, whereas insulinomas in 
MEN-I are likely to be multiple or associated with concomitant nonfunctional 
islet-cell tumors. Because the multiple tumors in MEN-I patients with 
hypoglycemia are not always insulinomas, their designation as such must be 
proven by immunohistological chemical staining. Whenever a presumed spo­
radic insulinoma patient is found to have multiple islet-cell tumors, a complete 
evaluation for MEN-I should be undertaken. Most of these patients will even­
tually be proven to have this syndrome [43,44]. 

Six patients with symptomatic insulinomas occurring in MEN-I patients 
were treated .at the University of Michigan during the past 20 years. One 
additional patient, operated on elsewhere, underwent the enucleation of an 
insulinoma located in the tail of the pancreas when only 9 years of age. At that 
time there was no known family history of MEN-I and this was considered a 
sporadic tumor. She did well for the next 26 years. At 35 years of age she 
developed both hyperparathyroidism and ZES. When re-explored, two pal­
pable neuroendocrine tumors were enucleated from the head and four were 
resected from the distal pancreas. Seven microgastrinomas were enucleated 
from the duodenum. In the other six patients, at least two or more insulinomas 
were excised in each. One patient, a 27-year-old male with a 7-cm peduncu­
lated insulinoma arising from the neck of the pancreas, was treated by distal 
pancreatectomy. An additional insulinoma, as well as three other nonfunc­
tioning neuroendocrine tumors, were found in the body and tail. The largest 
insulinoma was histologically malignant, and one contiguous lymph node 
contained metastatic disease that stained positive for insulin [14]. All seven 
patients are euglycemic at the present time, with follow-ups ranging from 1 to 
18 years. 

In our management plan for MEN-I insulinomas, after the diagnosis is 
confirmed biochemically during a 72-hour fast with appropriate glucose, insu­
lin, and C-peptide levels, we proceed with EUS. This is the only localization 
study we currently use. Its purpose is to evaluate the head and uncinate 
process of the pancreas because the distal pancreas will be resected. It is 
important to obtain a serum gastrin as well because if the basal levels are 
elevated and a secretin stimulation test is positive, a duodenotomy should be 
done at the time of exploration in search for a small gastrinoma. 
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The operative procedure we perform is a distal pancreatectomy to the level 
of the superior mesenteric vein and enucleation of any neuroendocrine tumors 
in the head or uncinate process. A duodenotomy is performed only when the 
preoperative serum gastrin levels are elevated and a secretin test is positive. 
We have not encountered an extrapancreatic insulinoma, nor have they been 
reported in MEN-I patients. A lymphatic dissection is performed only in those 
patients with a concomitant duodenal gastrinoma or in the rare MEN-I patient 
with a malignant insulinoma suspected on the basis of size larger than 5 cm or 
local invasion. 

Conclusions 

Neuroendocrine tumors of the pancreas develop in more than 70% of patients 
with MEN-I and may cause significant morbidity or mortality. Their treatment 
is surgical when detected by imaging, biochemical screening, or biochemical 
confirmation of a hormonal syndrome. The objective in all patients is to detect 
and excise the tumor(s) before their malignant potential has been confirmed 
by hepatic metastases. In patients with functional syndromes caused by 
hypersecretion of a specific hormone, surgical treatment may be life saving 
(glucagonoma, VIPoma, or insulinoma) or may eliminate the need for expen­
sive daily drug therapy (gastrinoma). These objectives need to be re­
emphasized in MEN-I patients with ZES because many groups have excluded 
these patients for operation based on historical failures caused by previous 
inadequate knowledge of tumor pathophysiology. 

Whether MEN-I patients with hypergastrinemia have a greater propensity 
to have concomitant neuroendocrine tumors in the pancreas is not known. The 
fact that virtually 100% of our patients had or developed neuroendocrine 
tumors in the body or tail of the pancreas is the basis for our recommendation 
that a distal pancreatectomy be performed routinely in the MEN-ZES opera­
tion. An alternative approach, which has been advocated by several authors, is 
to perform a pancreaticoduodenectomy, which would eliminate any neuroen­
docrine tumors in the duodenum, head, uncinate, and peripancreatic lymph 
nodes [45,46]. Any tumor in the remaining pancreatic body and/or tail could 
be enucleated. It is not unreasonable to assume that an even higher cure rate 
of the ZES could be achieved with this procedure. Whether the potential 
added morbidity and possible mortality associated with this operation is justi­
fiable remains to be answered. 

In those patients who are not cured after our procedure, we perform, a 
second-look procedure, which can be performed a year or so afterward 
with the reasonable assumption that a previously occult tumor or lymph 
node may have grown to detectable size. Another approach is to excise all 
duodenal tumors and to enucleate any pancreatic tumors without resecting 
the distal pancreas. Failures after this procedure would still be candidates 
for pancreaticoduodenectomy without resorting to a total pancreatectomy. 
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In patients without liver metastases, a total pancreatectomy, including 
any involved lymph nodes, would cure the MEN-I patient of pancreatic 
and duodenal neuroendocrine disease. However, the potential long-term 
side effects of this procedure in relatively young patients and the relative 
indolence of most neuroendocrine malignancies of MEN-I obviates the 
benefits gained and makes this procedure unacceptable in all but 
clearly identified MEN-I families with proven highly aggressive pancreatic 
malignancies [40]. 

Although our series is relatively small, several observations can be empha­
sized. The first is that the majority of the MEN-I-ZES patients can be ren­
dered eugastrinemic if diagnosed and explored before liver metastases have 
developed. The second is that excision of tumors and lymph-node metastases, 
when present, may prevent the subsequent development of liver metastases. 
No patient in our series has developed liver metastases. These results encour­
age us to recommend pancreaticoduodenal exploration in all MEN-I-ZES 
patients without liver metastases. Most patients will obtain significant long­
term benefits. Although it appears likely that the tumor mortality will be 
reduced by our management plan, this has not been proven unequivocally as 
yet based on the length of follow-up in our series and the lack of any reported 
controlled studies. Treatment with drug therapy alone until a tumor is imaged 
may eliminate the potential opportunity to cure many of these patients and 
offers an explanation as to why the results of others who follow this policy are 
so disappointing [15]. 
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20. Multiple endocrine neoplasia type II 
and familial medullary thyroid carcinoma 
Impact of genetic screening on management 

Robert F. Gagel 

Clinical syndromes associated with multiple endocrine neoplasia 
type D (MEN-D) 

Multiple endocrine neoplasia type IIA (MEN-II A) 

In 1961, Sipple provided the first description of the autosomal-dominant endo­
crine neoplasia syndrome that bears his name [1]. The clinical features of 
this syndrome, more clearly defined by Steiner [2], include bilateral and 
multicentric medullary thyroid carcinoma (MTC) , unilateral or bilateral 
pheochromocytoma, and parathyroid neoplasia. Penetrance of individual tu­
mor types is highest for MTC (90%), followed by unilateral (50%) or bilateral 
(25%) pheochromocytomas and parathyroid neoplasia (15-20%). Parathyroid 
disease is almost never seen as an initial manifestation in children, and pro­
spectively screened children who have been treated by thyroidectomy be­
tween the ages of 6 and 18 years and followed for two decades have not 
developed hyperparathyroidism [3]. 

There are several shared features of the three neoplastic manifestations. 
First, hyperplasia precedes the development of tumors. For example, adrenal 
gland pheochromocytomas develop on a background of diffuse adrenal med­
ullary hyperplasia, and multicentric pheochromocytomas develop on a back­
ground of adrenal medullary hyperplasia. Second, the process is multicentric. 
Foci of MTC or its precursor lesions are distributed throughout the thyroid 
gland. The greatest concentration of abnormal foci is at the normal location of 
the greatest number of C cells, which is at the junction of the upper one third 
and lower two thirds of the thyroid gland along a central superior-inferior axis. 
Finally, each of the cell types involved retain their differentiated function 
throughout the development of the neoplastic syndrome and produce the 
hormone that characterizes the cell type. 

Variants of mUltiple endocrine neoplasia type II 

Familial medullary thyroid carcinoma (FMTC). Approximately 20% of 
kindreds with MEN-IIA develop only MTC [4]. This designation is generally 
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accorded to families in which there are 10 or more affected members crossing 
several generations who have only MTC. The 50% penetrance of 
pheochromocytoma and the lower penetrance of parathyroid disease make it 
possible to miscategorize an MEN-IIA family unless sufficient numbers of 
older family members are evaluated. It is important to differentiate between 
an MEN-II family in which insufficient numbers have been studied to identify 
all components and FMTC kindreds, because of the potential for inadequate 
screening for pheochromocytoma, a major cause of morbidity and sudden 
death in MEN-II. 

Medullary thyroid carcinoma associated with FMTC tends to follow a less 
aggressive course than is found in MEN-IIA. Death related to metastatic 
disease does occur, but with a lower frequency than in MEN-IIA. It is not 
uncommon for mUltigeneration families with FMTC to exist in which only one 
or two family members are affected in each generation. Unless a careful family 
history is obtained, individual affected members are likely to be categorized as 
having sporadic MTC. 

MEN D and Hirschsprung disease. A small number of families have been 
reported in which there is the association of classic MEN-IIA and a 
Hirschsprung phenotype [5]. 

MEN D and cutaneous lichen amyloidosis. Approximately 15 families world­
wide have been described in which there is the association of classic MEN-IIA 
with a cutaneous skin lesion over the upper back [6,7]. Patients with this 
cutaneous manifestation present with an intermittent but intense pruritus, 
presumably causing the lichenoid skin lesion. There is no specific therapy for 
this skin lesion, although cutaneous administration of corticosteroids or cap­
saicin may reduce the pruritus. 

Multiple endocrine neoplasia type lIB (MEN-lIB) 

Although multiple endocrine neoplasia type-lIB was the first of the hereditary 
MTC syndromes to be identified [8], the current classification of this disorder 
evolved out of a series of studies performed more than 60 years later [9-11]. 
The key features of this MEN-II variant include MTC in all; unilateral or 
bilateral pheochromocytoma in 50%; characteristic neuromas (distinguished 
from neurofibromas) on the tongue, within the lips, and throughout the gas­
trointestinal tract; and several features of Marfan syndrome, including altered 
upper/lower body ratio; long, thin arms, legs, fingers, and toes; and pectus 
abnormalities. Medullary thyroid carcinoma develops early, and follows an 
aggressive course with widespread metastasis during the first or second decade 
of life. Death occurs most commonly during the third or fourth decade from 
metastatic MTC, although broader and more recent experience suggests that 
the disease may pursue a less aggressive course in some families, leading to a 
number of multigenerational families [12,13]. 
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The pheochromocytomas associated with MEN-IIB are bilateral in 50%, 
rarely malignant, and do not differ substantially from those found in MEN­
IIA. The gastrointestinal mucosal neuromas are a major cause of morbidity. 
Children may come to medical attention because of gastrointestinal difficul­
ties, including constipation, profound diarrhea causing dehydration, or intesti­
nal obstruction. It is important in these children to differentiate between an 
adynamic ileus caused by neuronal dysfunction, which may clear after several 
days, and an obstructive process. Exploratory surgery may aggravate rather 
than help the gastrointestinal dysfunction. Gastrointestinal difficulties may 
worsen throughout life. The diarrhea may be exacerbated by the presence of 
high levels of serum calcitonin secondary to metastatic MTC. The most effec­
tive treatment for the diarrhea, especially that caused by secretory products of 
MTC, is oral tincture of opium. 

Genetics of multiple endocrine neoplasia type II 

The availability of large and well-defined kindreds with MEN-IIA and smaller 
but equally well-defined kindreds with MEN-IIB made it possible to apply 
genetic mapping techniques to localize the causative gene. Reports from two 
groups localized the responsible gene to centromeric chromosome 10 in 1987 
[14,15]. Efforts over the next 5 years further narrowed the region to proximal 
chromosome lOq and led to the identification of ret protooncogene mutations 
in 1993 [16,17]. 

ret protooncogene 

Transformation of NIH 3T3 cells by a rearranged form of the ret 
protooncogene led to its discovery in 1986 [18,19]. The gene encodes a tyrosine 
kinase receptor that has several unique features, including an extracellular 
cadherin-like region, a cysteine-rich extracellular domain thought to be impor­
tant for dimerization of the receptor, and an intracellular tyrosine kinase 
domain (Fig. 1). 

A ligand for the ret receptor has recently been identified. Glial cell-derived 
neurotrophic factor (GDNF) is a transforming growth factor-beta-like pep­
tide [20] important for promoting growth and development of certain classes 
of neurons. The high level of expression of this protein in regions of 
the brain, kidney, and enteric neuronal system led investigators to postulate 
GDNF as a ligand for the ret tyrosine kinase receptor. Recent reports 
provide substantial evidence for specific interaction of GDNF with the ret 
receptor and a new receptor, GDNFR-a, which forms a complex with ret 
[21,22]. 

Prior to the identification of mutations of ret in MEN-IIA, its oncogenic 
potential had been established in papillary thyroid carcinoma (PTC), a neo­
plasm of the thyroid follicular cell. At least three different rearrangements of 
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Neurotropic Factor 
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Tyrosine 
Kinase 

Figure 1. Schemiatic diagram of the c-rel protooncogene. The reI protooncogene encodes a 
tyrosine kinase receptor. It has several distinctive featurs, including extracellular cadherin and 
cysteine-rich domains and an intracellular tyrosine kinase domain. The interaction of glial cell­
derived neurotrophic factor (GDNF) with the reI receptor causes dimerization and auto­
phosphorylation of the receptor and initiates a cascade of phosphorylation events. A second 
component of the receptor complex, GDNFR-Il (not shown), has recently been identified (22). 

ret have been identified in PTC in which the tyrosine kinase domain of ret is 
fused to a promoter sequence from another constitutively expressed gene (Fig. 
2). Interestingly, all three rearrangements, given the names PTCl-3, occur in 
intron 10 of ret, immediately upstream of the transmembrane domain, and 
result in continuous activation of ret. In the United States and Europe, ap­
proximately 30-35% of PTCs express the PCf oncogene [23-25], whereas this 
rearrangement is rare in Japan [26]. Overexpression of the ret protooncogene 
has also been shown to cause transformation of several cell types when ex­
pressed in mice under the control of a ubiquitously expressed promoter se­
quence [27,28]. 

Role of the ret protooncogene in development. The ret protooncogene is 
expressed in developing neural crest, the developing kidney, C cells of the 
thyroid gland, the adrenal medulla, and components of the sympathetic sen­
sory and enteric nervous system. Recent evidence for an important role of ret 
in normal enteric neuronal and kidney development has been provided by 
targetted disruption of the tyrosine kinase domain by homologous recombina-
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tion in mice. Mice homozygous for the knockout have two prominent findings: 
They develop a phenotype indistinguishable from Hirschsprung disease and 
have a failure of normal kidney and ureteral development [29]. 

The recent identification of GDNF as a ligand for ret will undoubtedly lead 
to further elucidation of developmental events that direct the migration and 
differentiation of enteric neurons and neuroendocrine and kidney precursors 
from the neural crest [21,22]. Whether ret has additional ligands is unclear at 
present. 

Mutations of the cysteine-rich extracelluLar domain of the ret protooncogene 
in MEN-IIA 

Mutations of five codons of the ret protooncogene have been identified in 
MEN-II A [17,30-32]. Each of the identified mutations converts a cysteine 
to another amino acid (Fig. 3, Table 1). The most common mutation, found 
in approximately 80% of all MEN-II A kindreds, is a codon 634 mutation. 
The most common coding change at 634 is a cys634arg substitution, which 
accounts for approximately 50% of all mutations identified in MEN-IIA. 
Other common substitutions include cys634gly, cys634tyr, and cys634trp 
[17,30-32]. 

Sipple syndrome or MEN-IIA is most commonly associated with a 
cys634arg mutation [33], although other amino-acid substitutions are also 

Genomic Organization of the ret Proto-oncogene 

[J I I III 11111\1111 I 1111 , , , · · · I 
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Ret Rearrangements in Papillary Thyroid Carcinoma 
Figure 2. Papillary thyroid carcinoma rearrangements of the ret protooncogene. One of three 
rearrangements of the ret protooncogene results in continuous expression of the ret tyrosine 
kinase in approximately 30% of papillary thyroid carcinomas. These rearrangements are given the 
names retlPTC1, retlPTC2, and retlPTC3. The breakpoint within the ret gene for each of these 
three rearrangements is in intron 11, just downstream of the coding sequence for the transmem­
brane domain. 

425 



Ret Proto-oncogene Mutations in MEN 2 
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Figure 3. Mutations of the ret protooncogene associated with mUltiple endocrine neoplasia type 
II. The mutations of codons 609, 611, 618, 620 (all in exon 10), and 634 (exon 11) mutate a heavily 
conserved cysteine in the extracellular region of the ret receptor to another amino acid. There is 
considerable overlap in phenotype between mutations of these five codons. Mutations of codons 
768 and 804 have been identified in a few families with familial medullary thyroid carcinoma. 
Germline mutations of codon 918 are found only in MEN-lIB. 

observed. Mutations of codons 609, 611, 618, and 620 are less commonly found 
in association with classic MEN-IIA, although there is considerable overlap 
(see Fig. 3) [32]. There have been no reports of pheochromocytoma in associa­
tion with a codon 609 mutation [32]. 

Mutations associated with variants of MEN-IIA 

Familial medullary thyroid carcinoma is most commonly associated with mu­
tations of exon 10, including codon 609, 611, 618, and 620 [32,34]. The most 
common mutation found in FMTC is a cys618ser substitution. A few families 
with FMTC have been found to have intracellular mutations at codon 768 and 
804 [35,36], within the tyrosine kinase domain (see Fig. 3). 

MEN·IIA with Hirschsprung disease. Mutations of codon 609 (cys609tyr), 
618, and 620 have been identified in the Hirschsprung variant of MEN-IIA 
[30,32,37,38]. 

MEN·IIA and cutaneous lichen amyloidosis. All reported examples of MEN­
IIA and cutaneous lichen amyloidosis have a codon 634 mutation with an 
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arginine, glycine, tyrosine, tryptophan, or phenylalanine substitution [39,40]. 
No other mutations of ret have been identified in these families. 

Mutation of the intracellular tyrosine kinase domain in mUltiple endocrine 
neoplasia type-lIB 

A single mutation at codon 918 (met918thr) has been identified in MEN-IIB at 
the site of the substrate recognition pocket [41]. Approximately 92-95% of 
individuals with MEN-IIB have a germline mutation at this codon. The muta­
tion in the other 5-8% has not been identified, although the recent identifica­
tion of GDNF as a ligand for ret and a second component of the receptor 
system, GDNF-a., provides obvious candidate genes for this group [21,22]. 

Mutations of the ret protooncogene associated with sporadic medullary 
thyroid carcinoma 

Somatic ret protooncogene mutations in sporadic medullary thyroid 
carcinoma. Mutations of the ret protooncogene have been identified in ap­
proximately 25% of sporadic MTCs. The most common mutation is a codon 
918 mutation (met918thr), the same coding change that causes MEN-IIB when 

Table 1. Mutations of the ret protooncogene associated with MEN II and hereditary MTC 

Affected Amino-acid change Nucleotide change Clinical Percentage of all 
codon normal~mutant normal~mutant syndrome MEN-II mutations 

609 cys~arg TGC~CGC MEN-lIN 0-1 
cys~tyr TGC~TAC FMTC 

611 cys~tyr TGC~TAC MEN-lIN 2-3 
cys~trp TGC~TGG FMTC 
cys~ser TGC~AGC 
cys~gly TGC~GGC 

618 cys~arg TGC~CGC MEN-lIN 
cys~phe TGC~TTC FMTC 3-5 
cys~ser TGC~TCC 
cys~end TGC~TGA 
cys~arg TGC~CGC 

620 cys~tyr TGC~TAC MEN-IIAt 
cys~phe TGC~TTC FMTC 6-8 
cys~ser TGC~TCC 
cys~ser TGC~AGC 

cys~gly TGC~GGC 
cys~arg TGC~CGC 

634 cys~tyr TGC~TAC MEN-IIA 80-90 
cys~phe TGC~TTC 
cys~ser TGC~TCC 

cys~trp TGC~TGG 

768 glu~asp GAG~GAC FMTC 0-1 
804 val~leu GTG~TTG FMTC 0-1 
918 met~thr ATG~ACG MEN-lIB 10-20 
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it occurs as a germline mutation [38,42,43]. A small number of codon 634, 768, 
and 804 somatic mutations have been described in sporadic MTC. There is 
currently no definitive evidence that these mutations initiate transformation, 
but their frequency and the demonstrated transforming ability of the codon 
918 mutation hint at an important role. Some evidence exists that MTCs with 
a somatic codon 918 mutation follow a more aggressive course than those 
without, although this observation was made in a small number of patients and 
has not been confirmed in a larger series [44]. 

Identification of germline ret proto oncogene mutations in patients with appar­
ent sporadic medullary thyroid carcinoma. The combined experience in over 
200 patients has demonstrated the presence of germline mutations in approxi­
mately 6% of these patients. This finding was surprising, especially because 
some of these reports come from cancer centers that focus on the identification 
of hereditary malignancy [42-46]. What has become clear as a result of 
these studies is that hereditary MTC cannot be reliably detected by family 
history alone. In one report, 2 of 6 cases represented de novo mutations, and 
2 of the other 4 resulted from kindreds in which family connectivity was lost 
through war and separation or by adoption [38]. A compilation of published 
mutations in sporadic MTC shows a broad spectrum of mutations in this group 
(Table 2). 

Mutations of the ret protooncogene associated with Hirschsprung disease 

Several genetic clues, such as the association of MEN-IIA and Hirschsprung 
disease [5], and the identification of a child with Hirschsprung disease with a 
proximal chromosome lOq deletion [47], led to the identification of a locus for 

Table 2. Identification of germline mutations of the ret protooncogene in apparent sporadic 
medullary thyroid carcinoma 

Co dons 

Study 609 611 618 620 634 

Karolinska Hospital' 
University of Cambridgeb 1 
University of Michigan' 1 1 3 
University of Zurichd 2 
MDACC' 2 1 2 

Totals 2 2 2 8 

This information was obtained from the following publications: 
'Zedenius et al. 1994. Hum Mol Genet 3:1259. 
bEng et al. 1995. Genes Chromosome Cancer 12:209. 
'Decker et al. 1995. Surgery 118:257. 
dKomminoth et al. 1995. Cancer 76:479. 
'Wohllk et al. 1996. J Clin Endocrinol Metab 85:1113. 
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10 10 
67 1.5 
21 24 
16 12.5 

101 6 

215 7% 



familial Hirschsprung, indistinguishable from familial MEN-II [48]. Following 
the identification of ret mutations in MEN-II, mutations were also identified in 
familial Hirschsprung disease [37,49]. Most of the described mutations are 
inactivating; however, a few at co dons 609 and 620 are identical to those found 
in hereditary MTC [37]. These results suggest that either activating or inacti­
vating mutations may result in abnormal migration of neurons from the neural 
crest to the developing gastrointestinal tract. A second Hirschsprung locus 
caused by point mutations of the endothelin beta receptor has been identified 
[50] and the ret ligand, GDNF, has thus become a candidate for mutational 
analysis [21,22]. 

Mechanism of oncogenesis 

Overexpression of mutant ret cDNAs containing either codon 634 or 918 
mutations in NIH 3T3 cells causes transformation of the cells and tumor 
formation in nude mice [51-53]. The extracellular codon 634 mutations are 
associated with increased dimerization of the receptor. It had been postulated 
that the cysteine-rich extracellular domain might play an important role in 
dimerization of the receptor based on the presence of a similar type of muta­
tion in the epidermal growth factor receptor. In vitro studies with mutant ret, 
however, provide the first experimental evidence for receptor dimerization in 
the absence of ligand. Dimerization is associated with autophosphorylation of 
the receptor and phosphorylation of a subset of cellular proteins whose iden­
tity is unknown at this time. Connexin 43, a gap junction protein, is the only 
downstream effector implicated in the transformation process [51]. The codon 
918 mutations cause autophosphorylation and activation of a different set of 
downstream proteins without receptor dimerization [52,53]. Finally, both mu­
tations appear to cause activation of the receptor in a ligand-independent 
manner [52,53], although the effect of GDNF, a ret ligand, in these model 
systems has not been evaluated. Both types of mutations result in tumor 
formation when transformed cells are injected into nude mice. In one report 
there was the paradoxical result in which transformed cells expressing the 
codon 918 mutation grew more slowly when injected into nude mice than the 
cells expressing ret containing the codon 634 mutation [51]. This result was 
unexpected in view of the generally greater aggressiveness of tumors contain­
ing the codon 918 mutation [51]. This result may be explained by the use of a 
truncated 3' alternatively processed form of ret in these studies that has a 
lower biological activity [54]. 

Possible strategies for modifying or reversing the effects of the mutant ret 
protooncogene 

The identification of specific ret mutations associated with MEN-II makes it 
possible to perform genetic screening during pregnancy. Although feasible, 
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abortion of an affected fetus is rarely considered by MEN-II family members 
in the United States. Family members have reasoned that a normal life span is 
possible if affected children are identified and treated early in life. Another 
approach that may be more acceptable to specific families, especially in those 
families in which MTC is aggressive, is the use of in vitro fertilization com­
bined with preimplantation screening of the embryo [55]. This approach has 
been applied to other genetic diseases with some success, and the costs of this 
procedure, although high, are reasonable when compared with the costs of 
treatment of MEN-II over a lifetime. Although the rates of successful preg­
nancy are well below 50%, elimination of mutant ret from the germline and the 
resultant benefits to the family over several generations make this an attractive 
alternative. 

The long lag period between birth and the development of cellular transfor­
mation in MEN-II, especially for the most common mutations of the extracel­
lular cysteine-rich domain, suggest that a strategy to reduce ret activation by 
70-80% might be effective in delaying the onset of malignancy by several 
decades or in preventing complete transformation. The extracellular location 
of these mutations makes it possible to envision strategies to inhibit dimeriza­
tion of mutant ret without affecting the wild-type receptor. Another strategy is 
the selective destruction of mutant ret mRNA, an approach that would leave 
expression of the wild-type normal allele intact. Finally, it may be possible to 
modify the ligand. GDNF, to downregulate receptor activation. It is reason­
able to believe that attempts will be made to develop such approaches over the 
next decade. 

Clinical app6cation of genetic information in the management of multiple 
endocrine neoplasia type n syndromes 

The overall goal of screening for MEN-II is to identify gene carriers early in an 
attempt to modify the outcome of the disease. The two manifestations that are 
most life threatening are MTC and pheochromocytoma. There is compelling 
evidence for both that early intervention will positively affect outcome [3,56]. 
In contrast, parathyroid neoplasia occurs less frequently and is rarely a threat 
to life. 

ret protooncogene testing 

Critical elements of genetic testing. The identification of a genetic defect in a 
family will change individual family dynamics. Individuals will overnight ac­
quire information that will change the course of their life. It is important that 
normal and affected family members be counseled about the impact of a 
positive or negative genetic test. This is best done in the context of a family 
meeting with multiple family members present, making it possible for family 
members to share questions and feelings following the meeting. The transmis-
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sion of the genetic trait should be explained in simple terms, with a clear 
explanation of transmission of an autosomal-dominant trait. A pamphlet de­
scribing the key features in straightforward language has been helpful for the 
education of family members; they should be given multiple copies and en­
couraged to share this information with other family members (A copy of a 
Guide for Hereditary Medullary Thyroid Carcinoma may be obtained from 
the University of Texas M.D. Anderson Cancer Center Section of Endocrine 
Neoplasia and Hormonal Disorders Web Site at the following address: 
httpllendrcr06.mda.uth.tmc.edu). Some family members may refuse to 
participate in discussions or screening efforts. It is important in these situa­
tions to recognize the right to privacy. At the same time, the health pro­
fessional should make every effort to deliver information to potentially 
affected individuals. A written pamphlet, given to them by another family 
member, guarantees their privacy and makes them aware of the salient 
features of the syndrome. In many cases, recalcitrant family members will 
eventually join in screening and treatment once they are reassured it is in their 
best interest. Experience suggests that a long-term strategy of education and 
support is more likely to yield a positive outcome than initial dire predictions 
of a poor outcome. 

Another issue of considerable concern in the United States is the impact of 
the identification of a genetic defect on an individual's insurability. Although 
some individual states have passed legislation prohibiting the use of genetic 
information to exclude individuals from health insurance, most have not. Until 
there is over-riding federal legislation, individual family members must decide 
when and how to determine whether they are gene carriers. It is important to 
balance the need for medical care against the impact that such information 
might have on insurability. In most cases the need for appropriate medical 
therapy will be paramount, but it may be appropriate to plan the timing of 
diagnostic procedures, including genetic testing, to minimize the insurance 
impact. 

Obtaining samples. Samples should be collected from all first-degree relatives 
of a gene carrier with appropriate expansion of screening efforts if additional 
family members are identified. It is important to test each family member at 
least twice on separate blood draws. There are several reasons for this recom­
mendation. Families frequently have similar names and may have blood 
samples drawn at the same sampling period, making a sample mixup possible. 
Perhaps the greatest error is one that causes samples from an affected and an 
unaffected family member to be switched [57]. Analysis of a second sample, 
obtained independently, will minimize the risk of a sampling or laboratory 
mixup. 

Testing techniques. Several approaches to genetic testing are available 
through commercial testing facilities. (A list of commercial sources for genetic 
testing is available on the University of Texas M.D. Anderson Cancer Center 
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Figure 4. Different methodologies for detection of a single nucleotide mutation of the ret 
protooncogene. Five different techniques have been applied to the detection of mutations in 
multiple endocrine neoplasia type II and familial medullary thyroid carcinoma. This figure depicts 
results in an individual with a codon 634 cysteine (TGC) to arginine (CGC) mutation of the ret 
protooncogene. The upper middle panel shows the appearance of a sequencing band indicative of 
a G to C mutation at codon 634. The PCR-based sequencing technique shows both the normal and 
the mutant base at this codon. In the upper right panel is shown a CloI restriction enzyme analysis 
of the PCR product. In the normal individual without the mutation, treatment with the restriction 
enzyme results in only a single electrophoretic band. In the affected individual, there is a normal 
band and the appearance of two smaller bands representing the two fragments of the mutant 
allele. Single·strand conformational polymorphism (SSCP), shown in the lower left panel, is the 
third technique that can be used to identify a mutant allele. In this example the normal DNA 
sample has a single electrophoretic band, whereas there is separation of the mutant and normal 
alleles in the affected individual. The fourth technique used is denaturing gradient gel electro­
phoresis (DGGE), shown in the lower middle panel. The normal allele migrates as a single 
electrophoretic band, whereas the mutant allele shows a characteristic pattern that is specific for 
this particular mutation. Sequence-specific DNA hybridization is shown in the lower right panel. 
In this technique, a DNA oligonucleotide containing either the normal sequence or one of the 
mutations shown to the left of the figure is dotted onto a membrane. The PCR-amplified DNA 
from a normal subject (left) or an affected individual with a codon 634 cysteine (TGC) to arginine 
(CGC) mutation (right) is radiolabeled and then hybridized to the membrane using conditions in 
which a single-base mismatch will result in failure to hybridize. In the normal subject there is 
hybridization only to the oligonucleotide containing the normal TGC sequence, whereas the 
affected individual has both a normal (TGC) and mutant (CGC) allele. (Modified from Wohlllk 
et al. 1996. Application of genetic screening information to the management of medullary thyroid 
carcinoma and multiple endocrine neoplasia type 2. Endocrinol Metab Clini North Am 25:1-25.) 
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Section of Endocrine Neoplasia and Hormonal Disorders Web Site at the 
following address: httpllendrcr06.mda.uth.tmc.edu). All techniques currently 
use DNA fragments generated by polymerase chain reaction (PCR) amplifica­
tion of genomic DNA from tested individuals. Several analytic techniques 
have been applied to detect specific mutations, including direct DNA sequenc­
ing [58], denaturing gradient gel electrophoresis [59], restriction analysis of 
amplified products [30], and allele-specific hybridization [60] (Fig. 4). Each of 
these techniques has proved reliable for detection of the most common muta­
tions causing MEN-II or FMTC. 

Direct DNA sequencing of exons 10, 11, and 16 is the most commonly 
applied methodology. However, most commercial laboratories do not analyze 
for mutations outside these regions. Denaturing gradient gel electrophoresis is 
a sensitive and specific technique for the identification of differences between 
two ret alleles and will easily detect single base differences. In most cases a 
mutation will provide a specific electrophoretic profile. However, it is also 
possible that a polymorphism within the PCR fragment could create a similar 
electrophoretic profile, resulting in the misassignation of gene carrier status. 
Although the probability of such a polymorphism is low, some investigators 
believe that a positive result should be confirmed by DNA sequencing. 

Restriction enzyme digestion is dependent upon the mutation creating or 
destroying a specific restriction site. This technique is not useful for initial 
screening, but once the specific mutation has been identified it provides a 
specific confirmatory technique. Allele-specific hybridization is rapid, specific, 
and economical. However, previously unrecognized nucleotide substitutions 
will not be identified unless the laboratory synthesizes all possible nucleotide 
changes at a particular codon. It is particularly useful for a rapid screen of a 
family with a known mutation and as a confirmatory methodology. 

To ensure the greatest possible probability of correct assignation of gene 
carrier status, it is preferable to perform the analysis on separately obtained 
samples in two laboratories using different methodologies. Although this is 
frequently inconvenient, the probability of error will be lowest. 

Perhaps the greatest difficulty occurs when germline transmission of MTC 
is proven but no ret protooncogene mutation is identified. Currently, 5-7% of 
kindreds are in this situation. Because most commercial laboratories test only 
for exon 10, 11, and 16 mutations, it is necessary to identify a research labora­
tory that will analyze regions of ret outside the most commonly mutated 
regions. It also seems likely that mutations of the ret ligand, GDNF [21,22,61], 
GDNFR-a, or a downstream effector protein could cause hereditary MTC. 

Use of genetic information in the management of MEN-II A 

Management of meduUary thyroid carcinoma. Three years have passed since 
the initial identification of genetic defects in MEN-II. During this period 
considerable information has accumulated on the clinical usefulness of genetic 
information. In a kindred with an identifiable ret mutation, individuals who 
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have no genetic abnormality themselves are not at risk for development of 
MEN-II. After confirmation of a negative test result, it is appropriate to 
exclude these family members from further screening efforts. 

Most adults who are gene carriers and have not been previously been 
treated for MTC will have signs of the disease, detectable by palpation, ultra­
sound examination, or an abnormal calcitonin response to pentagastrin test­
ing. In most individuals, total thyroidectomy and central lymph-node 
dissection should be performed after exclusion of pheochromocytoma and 
hyperparathyroidism [3,62]. If a pheochromocytoma is detected, its manage­
ment takes precedence. 

The appropriate management of a gene carrier of advanced age is more 
controversial. The use of genetic testing has resulted in the identification of a 
small number of gene carriers older than 60 years with only abnormal calcito­
nin values and no other clinical evidence of disease. In most cases the decision 
to proceed with thyroidectomy in such a patient should be based on the 
expected longevity of the patient. For example, in a patient with significant 
coronary artery disease, it is likely that this will be life limiting rather than 
MTC. In such a patient, however, it will be important to exclude 
pheochromocytoma or hypercalcemia. 

Two approaches have evolved for the management of children and teenag­
ers who are gene carriers. The first is an extension of strategies that have been 
used for 20 years, which use annual pentagastrin stimulation of calcitonin 
release to detect an abnormal number of C cells [3,63]. The major advantage 
of this approach is the ability to defer total thyroidectomy until the 
pentagastrin test result becomes abnormal. This test is performed by 
the injection of O.5llg per kg body weight of pentagastrin intravenously with 
measurement of the serum calcitonin concentration initially and at 2, 5, and 10 
minutes following the injection. This approach will generally identify affected 
children at an average age of 10-13 years. However, there have been false­
positive tests, resulting in unnecessary thyroidectomies [57]. By combining 
genetic and pentagastrin testing, false-positive results will be eliminated. 

A greater concern related to pentagastrin testing is the failure to identify C­
cell abnormalities at the earliest stage. Approximately 50% of children diag­
nosed by pentagastrin testing had microscopic MTC rather than C-cell 
hyperplasia, which is a preneoplastic lesion [3,64]. In thyroidectomies per­
formed during the past 2-3 years on individuals with positive genetic test 
results, over 50% had microscopic or macroscopic MTC, despite having a 
normal pentagastrin test [57,65-67]. These results demonstrate clearly the 
insensitivity of pentagastrin testing for the detection of premalignant abnor­
malities of the C cell. A small percentage (5-10%) of patients identified by 
pentagastrin testing have developed calcitonin abnormalities 15-20 years post­
thyroidectomy, and there is at least one case in which metastatic MTC has 
been identified in a previously thyroidectomized child. 

There are at least two possible mechanisms for the subsequent develop­
ment of recurrent disease. The presence of microscopic MTC in 50% or more 
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of the prospectively screened children suggests the possibility that metastasis 
may have been present at the time of primary surgery. A second possibility 
is the later transformation of residual C cells remaining after an incomplete 
thyroidectomy. It is known that total thyroidectomy is difficult, and it is 
plausible that continuous expression of ret in a few C cells over the 15 to 
20-year follow-up period may have resulted in transformation. It is not 
possible at present to determine whether either of these two hypotheses is 
correct. 

The second approach to the management of minors who are gene carriers 
is to perform a total thyroidectomy based solely on the results of genetic 
testing. The earliest age at which metastatic disease has been described in 
MEN-II is age 6 [68], suggesting that surgical removal of the thyroid gland 
at age 5 or 6 years would result in surgical cure. Performance of a total 
thyroidectomy at this age makes it unnecessary to perform preoperative 
pentagastrin testing. Although there is parental concern about thyroidectomy 
at this early age, the available experience suggests that thyroidectomy in these 
young children is well tolerated, and the risks of recurrent laryngeal nerve 
damage or hypoparathyroidism are no greater than in older children [57,65-
67]. One group has been sufficiently concerned about the risks of hypopara­
thyroidism in young children to advocate early thyroidectomy combined with 
total parathyroid removal and transplantation to the nondominant arm [66]. 
This operative strategy is combined with central-node dissection, making it 
less likely that normal or metastatic C cells remain in the neck. 

A major question is whether earlier thyroidectomy or the more aggressive 
approach with central lymph-node dissection and parathyroid transplantation 
will improve the cure rate. Available long-term data indicate that 90% of 
children followed for 15-20 years are cured by thyroidectomy based on 
pentagastrin testing [3], suggesting improvement by no more than 10% over a 
similar period. At present there are no compelling data to suggest that either 
approach is superior, although a decision based on genetic testing is clearly the 
most cost-effective approach to management. Kindreds with this disorder 
readily accept an approach that eliminates the costs and unpleasantness asso­
ciated with the annual pentagastrin test, especially because there is the pros­
pect that earlier intervention may improve cure rates. 

Management of pheochromocytoma. The most important impact of genetic 
testing on the management of pheochromocytoma is the exclusion of 50% of 
family members from the screening process. Because pheochromocytomas 
are rarely malignant [69], removal should be postponed until symptoms of 
pheochromocytoma develop or there is evidence of abnormal catecholamine 
production. Annual measurement of urine catecholamines and metanephrines 
on a timed specimen (12 or 24 hour) provides a straightforward outpatient 
screening approach [3]. Basal or exercise-stimulated measurement of 
plasma catecholamines provides a second method for early detection of 
adrenomedullary abnormalities [70]. 
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Magnetic resonance imaging (MRI) scans provide a sensitive technique for 
detection of small pheochromocytomas or an enlarged medulla, making it 
possible to remove a single pheochromocytoma through a flank incision. Ex­
amination of the contralateral adrenal gland at the time of surgical exploration 
rarely yields more information than MRI scanning. Metaiodobenzyl guanidine 
or octreotide scanning are sensitive methods for the detection of abnormalities 
but are probably unnecessary in most clinical situations because almost all 
pheochromocytomas in MEN-II occur in the adrenal medulla. 

Appropriate alpha- and beta-adrenergic blockade should be employed 
prior to surgical exploration. In most cases, small pheochromocytomas can 
be removed safely without the major arrhythmias noted with larger 
pheochromocytomas in a previous era. One clinical situation of remaining 
concern is the pregnant woman with an undetected pheochromocytoma. 
Deaths related to catecholamine release during labor and delivery have been 
described [71], suggesting that all pregnant gene carriers should be screened 
routinely for pheochromocytoma during pregnancy. 

Management of parathyroid neoplasia. Measurement of serum calcium 
should be performed annually or biannually in gene carriers. Prospective 
studies have demonstrated little parathyroid disease after 15-20 years of 
follow-up in children thyroidectomized in the first or second decade because of 
abnormal pentagastrin tests [3]. Whether longer follow-up will be associated 
with parathyroid neoplasia is unclear. Most surgeons perform a subtotal 
parathyroidectomy for treatment of hyperparathyroidism in hypercalcemic 
patients, although it may be appropriate to perform total parathyroidectomy 
with transplantation to the nondominant forearm in kindreds in which par­
athyroid disease has been a major problem [72]. 

Use of genetic information in the management of MEN-lIB 

In children with phenotypic features of MEN-IIB, microscopic carcinoma 
with metastasis has been described during the first year of life [73]. It is 
appropriate to document gene carrier status by performance of a ret 
protooncogene analysis, but thyroidectomy should be performed during the 
first 6 months of life. It is prudent to consider performance of a central-node 
dissection at the time of primary surgery because of the high probability of 
metastatic disease in these children, even early in life. Other family members 
should also be tested for the presence of a codon 918 mutation because 
examples have been described in which the mucosal neuroma phenotype was 
incompletely penetrant [74]. 

ret protooncogene analysis in apparent sporadic MTC 

The identification of germline ret protooncogene mutations in 6% of individu­
als with apparent sporadic MTC suggests that routine analysis for germline 
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mutations involving codons 609, 611, 618, 620, 634, 768, and 804 should 
be performed. The most compelling reason for this recommendation is the 
twofold- or more multiplier effect observed when germline mutations have 
been detected. In one report the identification of six germline carriers led to 
the identification of an additional 11 gene carriers within these families 
[38]. 

An analysis comparing standard pentagastrin testing of first-degree rela­
tives of an index case with ret proto oncogene testing of the index case demon­
strates that genetic testing is equivalent or slightly better than pentagastrin 
testing for the detection of hereditary medullary thyroid carcinoma, assuming 
100% compliance with pentagastrin testing. A point of fact is that fewer than 
50% of first degree relatives submit to pentagastrin testing, making it clear that 
genetic testing of index cases with apparent sporadic MTC is superior to 
pentagastrin testing [38]. 

Summary 

The identification of ret proto oncogene mutations in MEN-II and Hir­
schsprung disease has not only improved the clinical management of these 
genetic conditions but has also provided important information regarding 
mechanisms of transformation and neural crest development. An indication of 
how neural-crest cells migrate during embryonic life and the key processes 
involved in their differentiation now seems within reach. The continued pace 
of scientific discovery suggests that our understanding of and ability to prevent 
or treat hereditary and sporadic forms of MTC will continue to improve. 
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