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Preface

People with acromegaly are probably not much different today than they were when
the earliest ancestors similar to modern-day Homo sapiens lived. Perhaps that is not
really accurate. I suspect that modern dietary and societal factors and activities of
daily living have led to a higher prevalence of diabetes mellitus and hypertension
than were likely present in our affected early ancestors. In general, however, it can
probably be assumed that those early persons with acromegaly, much like those in
our time with the disorder, looked, well, acromegalic. The most dramatic changes are
in our understanding of every facet of the disorder including its causes, molecular
genetics, manifestations, diagnosis, treatments, and much more. In the 33 years or so
since I first saw a patient with acromegaly we have seen a great number of changes.
One of the most remarkable sets of changes that come to mind are those where our
molecular understanding of the disease has led to drug development and multiple
avenues for medical management of patients with residual and recurrent disease.
When I saw the first patient mentioned, we only had one drug available that worked
in 10% of patients. Today, there are three main classes of pharmacologic agents to
treat acromegaly, encompassing at least eight different medications, and newer agents
are on the way. It used to be next to impossible to control IGF-1 levels in patients
with active disease. Today, uncontrolled acromegaly is the exception rather than the
rule. Also, our recognition of the long-term morbidity and mortality seen in patients
with residual and recurrent disease, coupled with advances in laboratory medicine,
led to refinement of criteria employed to determine those patients who need addi-
tional treatment after surgery and radiotherapy. We better understand the biochemical
goals of medical management of patients with acromegaly. A treatise of the historical
aspects of the disorder is beyond the scope of this book. It is always useful, however,
to have an appreciation of where we were and how far we have come to truly appreci-
ate the contents and recommendations in this book. If you learn a few things in review
of this body of work please share it with colleagues so that, together, we can facilitate
knowledge and improve the lot of patients afflicted with this condition.

San Francisco, CA, USA Lewis S. Blevins Jr.
July 19, 2022



Preface

Acromegaly, well described in antiquity, was recognized as a distinct clinical syn-
drome by Marie in 1886. The pituitary source of the disorder was confirmed in 1909
by Cushing, who postulated the excessive secretion of growth-promoting hormone
by a hyperfunctioning pituitary gland. Soon thereafter, clinicians began to appreci-
ate that the external manifestations that had first led to interest and fascination with
the condition were also associated with devasting internal manifestations of exces-
sive growth hormone in nearly every organ system. Despite its relative rarity, with
only 3—-14 of every 100,000 people diagnosed with acromegaly, research into the
disease has had far-reaching implications on the medical care of a vast number of
patients by improving our understanding of topics such as normal growth in chil-
dren and the safe use of growth hormone to treat hypopituitarism. In this book, we
review our understanding of every aspect of acromegaly, including its molecular
etiology, manifestations, diagnosis, and therapies. We have presented this informa-
tion in a manner that emphasizes the opinions, practice patterns, and decision mak-
ings of our team of experts. We encourage you to share this book with colleagues to
enhance the medical community’s continued development of new insights into
acromegaly.

San Francisco, CA, USA Manish K. Aghi
July 20, 2022
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Chapter 1
The Molecular Biology and Pathology
of Acromegaly

Luis R. Carrete and Manish K. Aghi

Introduction

Acromegaly is a disorder characterized by anatomical disfigurement and metabolic
dysregulation caused by a state of chronic sustained growth hormone (GH) hyper-
secretion. GH is a peptide hormone produced in somatotroph cells of the anterior
pituitary in response to stimulation from growth hormone-releasing hormone
(GHRH) of the hypothalamus [1]. GH induces the production of insulin-like growth
factor 1 (IGF1), a mediator of cellular processes that promote tissue growth and dif-
ferentiation [2]. In acromegaly, chronic overexposure to GH and IGF1 results in
excessive skeletal growth and enlargement of soft tissues, classically described as
frontal bossing, prognathism, macroglossia, and acral growth [3, 4]. Subtle clinical
manifestations of acromegaly are also common, including menstrual disturbances,
erectile dysfunction, hyperhidrosis, headaches, and visual disturbances from pitu-
itary tumor mass effect [3]. Furthermore, the systemic effects of GH hypersecretion
increases the likelihood of mortality and causes multiple medical comorbidities,
including diabetes, hypertension, cardiovascular disease, and visceromegaly [5].
The clinical manifestations of acromegaly can be insidious and may result in
delayed recognition of disease with diagnosis often occurring 5—10 years after dis-
ease onset [3]. The estimated prevalence of acromegaly is ten cases per one million
persons [6, 7] and has an average age at diagnosis between 40 and 50 years of age
[3]. Over 95% of cases of GH hypersecretion stem from somatotrophic pituitary
adenomas, while other causes include excessive GHRH production from hypotha-
lamic tumors or ectopic sources (i.e., neuroendocrine tumors) [5, 8]. While
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somatotroph adenomas occur sporadically in over 90% of cases, familial syndromes,
such as McCune-Albright syndrome, multiple endocrine neoplasia type 1 (MENI1),
Carney complex, and familial isolated pituitary adenoma (FIPA), can also lead to
the development of acromegaly from adenoma formation [5, 9, 10].

Treatment of acromegaly from somatotrophic pituitary adenomas involves a
multi-faceted approach, often combining surgery, medical management, and in
some cases radiotherapy. Surgical resection of somatotroph adenomas through
transsphenoidal approach is recommended as a first-line therapeutic modality in
most patients, with high reported rates of long-term biochemical remission based on
postoperative GH and IGH1 levels at the time of follow-up [11-13]. Persistent dis-
ease is managed through the use of dopamine agonists, GH antagonists, somatotro-
pin analogs, and, in some cases, radiotherapy [11].

Postoperative pathologic staining and hormonal levels are suggested features of
somatotroph adenomas that may be of prognostic value. Cellular morphology, stain-
ing for multiple hormones, and somatotroph receptor expression are all factors that
influence response to surgical and medical management [10, 14]. Furthermore,
tumoral factors such as tumor size and cavernous sinus invasion are predictors of
postoperative biochemical remission [15]. Understanding the biochemical pro-
cesses involved in determining tumor response to treatment is important in order to
refine therapeutic approaches and improve patient outcomes.

This chapter will discuss the molecular biology underlying the development of
GH hypersecretion in acromegaly as well as the significance of histopathologic
findings in somatotroph adenomas in helping to predict postoperative outcomes and
guiding pharmacologic management.

Physiological Features of GH and IGF1

GH Physiology

GH is a peptide hormone secreted by somatotrophs in the anterior pituitary. During
development, specific transcription factors orchestrate differentiation of adenohy-
pophysial cells arising from Rathke’s pouch into subtypes with specialized hor-
monal production, including corticotrophs, gonadotrophs, thyrotrophs, lactotrophs,
and somatotrophs [16]. Somatotrophs are part of the Pit-1 (POI1F1) transcription
factor lineage, along with lactotrophs and thyrotrophs [17]. In the case of somato-
troph development, Pit-1 acts by binding to nuclear GH promoters, leading to
somatotroph proliferation and development as well as GH transcription. After trans-
lation, secretion of the GH peptide is mediated hypothalamic hormones GHRH and
somatostatin, which bind to somatotroph surface receptors and induce or inhibit GH
secretion, respectively [10].

GH is secreted in a pulsatile fashion and can be highly variable in healthy indi-
viduals. Usually GH serum levels are less than 0.2 ng/mL at baseline; however,
these levels are often higher due to stimulation from a variety of factors, including
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exercise, stress, fasting, and sleep [18]. Particularly at night or after vigorous exer-
cise, levels of GH can rise to as high as 30 ng/mL, overlapping with the elevated
range observed in patients with acromegaly.

Once in circulation, GH binds to growth hormone receptors (GHRs), a class I
pleiotropic cytokine receptor, expressed primarily on liver, cartilage, fat, and mus-
cle. GH binds to the GHR, which dimerizes and induces autophosphorylation of
intracellular Janus kinase 2 (JAK2), activating signal transduction pathways that
influence key cellular responses, such as glucose metabolism, cellular proliferation,
cytoskeletal changes, and synthesis of IGF [19]. Importantly, GH-mediated JAK2
activation is necessary for inducing the STAT signaling pathway, in which phos-
phorylated STAT proteins are translocated to the nucleus to induce transcription of
IGF1 and other GH target proteins. On the other hand, intracellular signaling
induced by GH is suppressed by several proteins, notably tyrosine phosphatases and
suppressors of cytokine signaling (SOCS) [20].

IGF1 Physiology

IGF1 is a polypeptide hormone that is the product of the /GFI gene on chromosome
12 in humans [2]. Circulating IGF1 is generated primarily in the liver and is also
produced in high quantities in extrahepatic tissues, such as bone, muscle, kidney,
and the pituitary gland itself. IGF1 has both endocrine and paracrine functions.
Hepatically derived IGF1 under the influence of GH makes up approximately 80%
of IGF1 in circulation [5]. IGF1 is transported by IGF1 binding protein 3 (IGFBP)
and acid-liable subunit (ALS) in circulation, permitting IGF1 endocrine function.
IGF1 produced by extrahepatic tissues has lower affinity for IGFBPs, and thus IGF1
has autocrine and paracrine activity in these tissues [2, 21, 22]. IGF1 receptors are
ubiquitously expressed, allowing endocrine IGF1 activity to have widespread
effects on tissue growth and metabolism. Of note, paracrine and autocrine secretion
of IGF1 often serves to regulate growth of GH-target tissues.

In acromegaly, cellular processes driven by high levels of GH and IGF1 over-
whelm regulatory cellular mechanisms that attenuate GH signaling. These include
pathways orchestrated by SOCS, tyrosine phosphatases, and negative feedback in
the form of somatostatin interacting with somatostatin receptors in the pituitary [1,
5, 23]. Disinhibited GH and IGF1 activity results in tissue overgrowth and meta-
bolic dysregulations leading to significant comorbid conditions.

Pathogenesis of Somatotroph Adenomas

Pituitary adenomas are the second most common intracranial tumor [24].
Somatotroph adenomas compose 15-20% of pituitary adenomas. Commonly pre-
senting as macroadenomas (>10 mm in diameter), these functional tumors



4 L. R. Carrete and M. K. Aghi

oversecrete GH and are the cause of 95% of acromegaly cases [25]. Somatotroph
adenomas develop as a result of unrestrained somatotroph expansion arising from
inherent cell-cycle dysregulation and alterations in regulatory pathways that modu-
late somatotroph growth, GH synthesis, and GH secretion [5]. These adenomas are
benign and, while they can be locally invasive, do not have the tendency to metasta-
size [26]. Pathogenesis of somatotroph adenomas is associated with genetic changes
in the form of mutations, epigenetic alterations, and chromosomal instability. These
observed genetic alterations provide insight into potential causal pathways that lead
to somatotroph adenoma tumorigenesis [27].

Altered cAMP Signaling in Somatotroph Adenomas

The vast majority of somatotroph adenomas arise sporadically, with fewer than 5% of
somatotroph adenomas having an association with familial syndromes [28]. Although
the pathogenesis of somatotroph adenomas has not been fully elucidated, studying
the germline mutations that result in the familial syndromes of familial isolated pitu-
itary adenoma (FIPA) and Carney complex has served to elucidate potential pathways
responsible for the formation of somatotroph adenomas [25]. Increased cAMP sig-
naling in these germline mutations is hypothesized to play a pro-proliferative effect
that generates a somatotroph adenoma. Carney complex, a syndrome associated with
somatotroph adenomas, cardiac myxomas, and hyperpigmentation, is a result of an
inactivating mutation in the PRKARIA (protein kinase cAMP-dependent type 1 regu-
latory subunit alpha) tumor suppressor gene. This mutation generates elevated cAMP
levels that drives activation of cAMP-dependent kinase and protein kinase A (PKA),
leading to increased cell proliferation [29]. Similarly, inactivating mutations in the
form of a duplication of G-coupled protein receptor 101 (GPR101) or aryl hydrocar-
bon receptor interacting protein (AIP) gene lead to increased cAMP production and
accelerated cell proliferation [30, 31]. Either of these mutations is present in FIPA, an
autosomal dominant disorder that results in the formation of pituitary adenomas, the
majority of which are somatotroph adenomas [31].

Impaired regulation of cAMP signaling pathways is observed in sporadic
somatotroph adenomas as well. Somatic mutations in the oncogene GNAS and tran-
scription factor CREB are implicated in elevated cAMP production in sporadic
somatotroph adenomas. Present in approximately 40% of somatotroph adenomas,
an activating mutation of GNAS (the encoding gene for the stimulatory G-protein
alpha subunit (Gs-a)) results in elevated cAMP levels, increased PKA activation,
and increased synthesis and secretion of GH [, 25, 32]. Whole genome sequencing
of 12 human somatotroph adenomas yielded GNAS mutation (p.Arg201Cys) and
shared chromosome losses as the only recurrent somatic events, thus reinforcing the
notion that GNAS may play a critical role in somatotroph tumorigenesis [33]. CREB
mutations, on the other hand, are responsible for constitutive activation of adenyl
cyclase and induce elevated cAMP expression in somatotroph adenomas indepen-
dent of GNAS mutations [34]. While GNAS and CREB mutations are undoubtedly
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involved in the pathophysiology of somatotroph adenomas, it is still unclear whether
these mutations are inciting factors leading to tumorigenesis or a secondary events
functioning to maintain tumor growth [25].

Epigenetic Gene Silencing in Somatotroph Adenomas

Epigenetic changes affecting the functionality of cell-cycle regulators are also
implicated in the sporadic development of somatotroph adenomas. Silencing of p16
(also known as CDKN2A) and p27 through DNA hypermethylation results in dimin-
ished activation of retinoblastoma protein (Rb), leading to unchecked cell prolifera-
tion in pituitary adenomas [35, 36]. Similarly, growth arrest and DNA
damage-inducible gene (GADD45y) and maternal expressed 3 (MEG3) genes are
epigenetically silenced in pituitary adenomas. Both genes play a role in negative
regulation of cell growth, and hypermethylation allows for tumorigenesis [35, 37—
39]. MEG3 encodes a long noncoding RNA (IncRNA) and plays a role in inhibiting
tumor proliferation in normal tissues. Although MEG3 expression is diminished in
both functioning and nonfunctioning pituitary adenomas (NFPAs), loss of expres-
sion of this gene is more strongly associated with tumorigenesis in NFPAs [40—42].

On the other hand, bromodomain-containing protein 4 (BRD4) is an epigenetic
regulator, whose aberrant expression can lead to activation of oncogenes such as
c-Myc and B-cell lymphoma 2(Bcl2) [43]. BRD4 regulates the initiation and elon-
gation steps of transcription, and to promote cell-cycle progression. BRD4 is over-
expressed in somatotroph adenomas and NFPAs, and in vivo and in vitro studies
show that inhibition of BRD4 results in decreased GH production and reduced pro-
liferation of GH-overexpressing cell lines, implicating BRD4 as a promoter of
somatotroph adenoma formation [44, 45].

Gene Overexpression in Somatotroph Adenomas

In addition to impaired function of tumor suppression genes, there have also been
genes whose overexpression is implicated in somatotroph tumorigenesis.
Somatotroph and lactotroph adenomas are seen in transgenic mice with overexpres-
sion of the high-motility AT-hook protein, HMGA2. HMGA?2 leads to cell-cycle
disruption by enhancing E2F1 activity, diminishing activity of the cell-cycle inhibi-
tor pRB, and driving pituitary cells into S phase, resulting in uncontrolled cell pro-
liferation [46—48]. Similarly, pituitary tumor-transforming protein (PTTG) is
overexpressed in almost all pituitary adenomas, and is especially plentiful in
somatotroph adenomas [49]. PTTG functions to promote faithful sister chromatid
separation during mitosis and plays a role in DNA damage repair and apoptosis
through interactions with p53 [50, 51]. Overexpression induces aneuploidy, mitosis
abnormalities, and DNA damage [52].
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Significant strides have been made in the understanding of pituitary adenoma
pathogenesis. However, efforts at developing novel therapeutic agents for the man-
agement of somatotroph adenomas have yet to yield a definitive target to stop the
aberrant cellular proliferation that is proposed to be the cause of tumorigenesis in
somatotroph adenomas.

The Impact of Histopathological Features in Somatotroph
Adenoma Management

Classification of Pituitary Adenomas

Histopathological classification of surgically resected pituitary lesions is an impor-
tant step in determining adenoma behavior, prognosis, and best potential choice of
treatment. A structured sequence of steps is undertaken to classify pituitary lesions
with hormone hypersecretion: distinguishing hyperplasia from neoplasia, identify-
ing cell population responsible for hormone production, and using cellular features
to devise an optimal treatment strategy.

One important initial step in the characterization of somatotroph adenomas is to
ensure that the resected pituitary lesion is a somatotroph adenoma, rather than
hyperplasia. Somatotroph hyperplasia is a rare cause of acromegaly that is usually a
result of ectopic GHRH secretion from pancreatic or bronchial carcinoid tumors, or,
less commonly, due to hypothalamic tumors causing ectopic GHRH hypersecretion
(i.e., gangliocytoma, hamartoma, glioma, etc.) [53—-55]. The resultant overstimula-
tion of somatotrophs leads to hyperplasia and GH hypersecretion [4]. Hyperplasia
can be differentiated from pituitary adenoma prior to surgery through plasma GHRH
assays demonstrating excessive GHRH secretion, identification of ectopic source of
tumor production, or pituitary characteristics on MRI [4]. However, differences
between pituitary adenomas and hyperplasia can be subtle and overlooked, resulting
in surgical resection of hyperplastic pituitary tissue [16, 56-58]. Pathological
inspection of hyperplastic pituitary tissue reveals an increase in acinar size with
preserved architecture of surrounding reticulin network. Conversely, pituitary ade-
nomas exhibit widespread breakdown of the reticulin fibrin network [16].

Once the pituitary lesion is determined to be a pituitary adenoma, subclassifica-
tion based on histological staining of hormone production and lineage-specific tran-
scription factors is performed. The majority of somatotroph adenomas are
monohormonal, staining for GH and Pit1; however, up to a quarter of GH-producing
adenomas also exhibit positive staining for prolactin (PRL) (Fig. 1.1). Causes for
this dual-staining include adenomas expressing a dimorphous population of lacto-
trophs and somatotrophs; development from a common progenitor of lactotrophs
and somatotrophs, known as mammosomatotrophs; and, in extremely rare cases
(~0.2% of dual GH/PRL-producing tumors), arising from acidophilic stem cell ade-
noma, a primitive and aggressive neoplasm [59, 60]. Pathological classifications, as
monohormonal or dual-staining and as densely or sparsely granulated, are
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Fig. 1.1 Example of mammosomatotroph adenoma. (a) 72-year-old female presents with right
eye vision loss. MRI with 11 x 6 x 12 mm right sellar lesion invading cavernous sinus.
Prolactin = 107.4 mg/L, IGF-1 = 130 ng/mL. After 6 months of cabergoline, prolactin = 9.5 mg/L
but no regression of lesion and persistence of the right vision loss. (b) Tumor surgically completely
resected and co-stained for GH (top) and prolactin (bottom)

important subcategorizations that must be made, given that these findings play an
important role in predicting response to medical treatment and other prognostic
tumor behaviors.

Somatotroph Adenoma Behavior Based
on Pathological Features

Somatostatin Receptor Subtypes in Somatotroph Adenomas

Somatostatin influences somatotroph signaling mechanisms by binding to soma-
tostatin receptors (SSTRs) and modulating adenylyl cyclase activity [61]. There are
five known SSTR subtypes. Most somatotroph adenomas express SSTR1 through
SSTRS, with predominant expression of SSTR2 and SSTRS5 [62—64]. The inhibi-
tory effects of somatostatin analogs (SAs) on GH secretion and tumor cell
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proliferation can occur together or be dissociated events, depending on the tumor
expression of SSTR subtypes involved in each mechanism [65, 66]. First-generation
somatostatin analogs (SAs) octreotide and lanreotide bind preferentially to SSTR2
and, to a lesser extent, to SSTRS [67—69]. The inhibitory effects of octreotide and
lanreotide on somatotroph adenoma GH secretion and proliferation are highly cor-
related with the degree of SSTR2 expression [62, 70]. Somatotroph adenomas with
a low ratio of SSTR2/SSTRS5 expression are more likely to exhibit resistance to
octreotide and lanreotide theapy [62, 71, 72]. Efforts in managing treatment-resis-
tant somatotroph adenomas have led to the development of specific somatostatin
subtype analogs (SAs), mainly for SSTRS, of a SSTR2-SSTRS bispecific com-
pound, and of a “universal” analog with high affinity to SSTR1, 2, 3, and 5, showing
preliminary, albeit promising results [72—76]. One important example of said “uni-
versal” SAs is pasireotide, which exhibits highest affinity to SSTRS, followed by
SSTR2, SSTR3, and SSTRI1 [76, 77]. Response to pasireotide treatment is also
linked to expression of SSTR subtype. There is evidence to suggest that somato-
troph adenomas with high degree of immunohistochemical staining for SSTRS are
more likely to respond to pasireotide after failed treatment with first-generation SAs
[78-80]. Meanwhile, very low expression of SSTS is a highly predictive of tumor
nonresponse to pasireotide [80]. In sum, immunohistochemical staining for SSTRs
is important as it can serve to guide personalized medical management of somato-
troph adenomas.

Densely Granulated Vs Sparsely Granulated Somatotroph Adenomas

The classification of somatotroph adenomas as densely granulated (DG) or
sparsely granulated (SG) is an important distinction, as this feature is known to
be predictive of tumor behavior. DG somatotroph adenomas contain cells with
numerous secretory granules, a property that is reflected on pathology by consid-
erable cytoplasmic granularity. Cells are large with central nuclei and prominent
nucleoli. These cells resemble somatotrophs on an ultrastructural level and dis-
play prominent immunohistochemical staining for GH and a-subunit of glyco-
protein hormones [81]. SG somatotroph adenomas, on the other hand, exhibit a
scarce number of secretory granules and weak staining for GH. These cells are
characterized by dense aggregates of cytokeratin filaments known as fibrous bod-
ies [82, 83].

SG somatotroph adenomas display more aggressive clinical behavior than DG
adenomas. SG adenomas are more likely to be large and locally invasive and occur
predominantly in younger patients [84]. Furthermore, DG somatotroph adenomas
have a more pronounced response to medical management than SG somatotroph
adenomas [85]. One proposed reason for this is that DG adenomas express SSTR2
to a significantly higher degree than SG adenomas (89% vs 13%), resulting in a
more responsive phenotype to octreotide and lanreotide [68]. Meanwhile, pasireo-
tide treatment in somatotroph adenomas resistant to first-generation SAs is sug-
gested to be more effective in SG adenomas [80].
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Dual-Staining Somatotroph Adenomas

Hormonal-staining profile is another feature of somatotroph adenomas that is prog-
nostic value. Dual-staining pituitary adenomas (DSPAs) are composed of either a
mixed population of somatotrophs and lactotrophs or mammosomatotrophs. DSPAs
have been reported to have a distinct biochemical profile than monohormonal pitu-
itary adenomas. One retrospective study by Rick et al. of 91 surgically resected
somatotroph adenomas showed that DSPAs had significantly higher average preop-
erative IGF1 levels, acromegalic symptoms at presentation, and lower rates of post-
operative biochemical remission relative to monohormonal (GH-staining)
somatotroph adenomas. For patients, requiring adjunctive postoperative medical
therapy, DSPAs were more likely to require polypharmacy and higher mean doses
of lanreotide, pegvisomant, and cabergoline. Also, DSPAs required a longer time
for postoperative disease remission, and monohormonal staining for GH was found
to be independently associated with surgical remission of acromegaly [14].

A subsequent retrospective study by Lv et al. investigated differences in clinical
behavior between monohormonal and DSPAs that were further subdivided into
groups of mammosomatotrophs (MSAs) and mixed somatotroph-lactotroph adeno-
mas (MSLAs). MSLAs were found to be larger on average and had lower gross total
resection (GTR) rates and higher postoperative GH levels. MSAs, on the other hand,
were significantly smaller on average, had lower rates of cavernous sinus invasion,
and had the greatest rates of tumor resection among all three groups. It is likely that
due to these properties, MSAs have higher rates of short-term and long-term bio-
logical remission with tumor size being identified as an independent predictor of
biological remission. Response to postoperative pharmacological management was
not reported in this study [86].

These studies suggest that rates of biological remission and response to medica-
tion are lower in DSPAs (esp. MSLAs). MSAs and MSLAs exhibit similar expres-
sion of SSTR2 and SSTRS to somatotroph adenomas with monohormonal staining;
however, the extent of literature published in this topic is limited [69, 87]. Further
investigation into response of MSAs and MSLAs to postoperative medical interven-
tion is warranted. Moreover, there is no definitive evidence to suggest that DSPAs
lead to significantly higher rates of recurrence relative to monohormonal somato-
troph adenomas. Ultimately, the biological behavior of DSPAs requires further
characterization to definitively guide clinical decision-making.

Conclusions

In summary, excess production of GH and IGF1 in acromegaly is the result of
somatotroph adenoma in most cases. The pathophysiology of somatotroph adeno-
mas is not completely understood but is known to be correlated to excess production
of cAMP and disrupted cell-cycle regulation. Surgical resection is the preferred first
step of treatment in patients who are surgical candidates, followed by
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pharmacological treatment and radiotherapy (usually in the form of SRS) in select
patients. Response to treatment predicted through postoperative histopathological
characterization is an important clinical consideration when managing patients with
somatotroph adenoma-induced acromegaly. While features such as DG and SG
tumor morphologies as well as SSTR2 expression are predictors of medical treat-
ment success, a similar association has yet to be definitively made in the case of
MSAs and MSLAs. Further studies aimed at utilizing pathological features of
somatotroph adenomas to guide personalized patient care are warranted.
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Chapter 2

Growth Hormone-Releasing
Hormone-Secreting Neuroendocrine
Tumors

Thomas M. Fandel and Lewis S. Blevins Jr.

Introduction

The neuroendocrine system in mammals plays an integral role in supporting multi-
ple biological and physiological activities. Growth hormone (GH) is a pleiotropic
hormone produced in somatotroph cells of the anterior pituitary that regulates body
growth and metabolic activity [1]. Expression and release of GH is governed by the
counter-regulatory effects of hypothalamic growth hormone-releasing hormone
(GHRH) and somatostatin (SST), respectively [2]. In addition, several other hor-
monal factors impact the GH axis [3].

Acromegaly is a rare condition characterized by GH excess [4]. The incidence of
acromegaly across several geographic areas ranges between 0.2 and 1.1
cases/100,000 people per year, and the total prevalence ranges between 2.8 and 13.7
cases/100,000 people [5]. While benign pituitary adenomas producing GH are the
most common cause for acromegaly, ectopic GH hypersecretion and excess produc-
tion of growth hormone-releasing hormone (GHRH) by extrapituitary tumors are
rare causes, accounting for less than 1% of cases [6].

Neuroendocrine neoplasias are a heterogeneous group of tumors derived from neu-
roendocrine cells that may potentially develop anywhere in the human body but are
most commonly found in the intestine, pancreas, and lung [7, 8]. These tumors are
classified according to their origin, extension, and histological differentiation, with
their grading being based on the mitotic count and KI-67 index [9]. Neuroendocrine
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neoplasias are categorized as well-differentiated (grade 1 and 2) neuroendocrine
tumors (NETs) and poorly differentiated (grade 3) neuroendocrine carcinomas
(NECs). Ectopic GHRH secretion may be due to neuroendocrine tumors (NETs) [10].
In addition to sporadic cases, familial syndromes, such as multiple endocrine neopla-
sia type 1 (MEN1), have been linked to GHRH-secreting NETSs [11-14].

The association of acromegaly with bronchial carcinoids is recognized by Altman
and Schiitz in 1959 [15]. Achieving cure of acromegaly following removal of a
bronchial carcinoid tumor with no evidence of tumoral GH excess, Sonksen et al.
propose in 1976 the ectopic secretion of a growth hormone-releasing substance
[15]. Similarly, in 1982 Thorner describes normalization of GH levels following
removal of a pancreatic islet cell tumor in a patient with acromegaly, with subse-
quent identification of a GH-releasing factor in the tumor [16]. The structure of
human GH-releasing factor (also termed GHRH) has been characterized from pan-
creatic islet cell tumor extracts, which are shown to stimulate GH release both
in vitro and in vivo [17, 18].

Causes of Ectopic GHRH Production

While ectopic GHRH production by hypothalamic gangliocytomas is rare, the ectopic
production of GHRH is well recognized [19, 20]. Ectopic acromegaly is mainly due
to NETs of pancreatic or bronchial origin [21]. Indeed, published case reports suggest
that over 50% of NETs leading to ectopic acromegaly are located in the lung, which
are almost exclusively carcinoids. One third of tumors are found in the pancreas. Few
GHRH-secreting tumors are described in the gastrointestinal tract and in adrenal
pheochromocytomas, with singular reports in other locations, such as the thymus,
medullary pituitary, mediastinum, endometrium, breast, and ovary [10, 22, 23]. In
contrast, results from a single registry in France reveal a higher proportion of GHRH-
secreting pancreas tumors (57% of cases), of which 80% are found to have an MEN-1
gene mutation [22]. A bronchial carcinoid is found in 33% of cases. Of note, about
25% of NETs express GHRH in vitro, including carcinoid tumors of the lung and
gastrointestinal tract, pancreatic tumors, pheochromocytomas and paragangliomas,
small cell lung carcinomas, medullary thyroid carcinomas, endometrial tumors, and
breast tumors. However, only a small proportion of those hormonally active tumors
lead to acromegaly, which is thought to be due to disordered tissue processing of
GHRH by tumors or impaired bioactivity of GHRH [24].

Clinical Presentation of Ectopic GHRH Production

Patients with ectopic acromegaly are typically diagnosed at the beginning of their
fifth decade of life, with a female gender predilection (M:F ratio of 1:2) [10, 25]. In
contrast, patients with pituitary acromegaly from a Danish registry show no gender
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disparity, although results of a meta-analysis point to changes in gender distribution
over publication time with a female predominance in earlier studies [26]. The time
to diagnosis of ectopic acromegaly is approximately 8 years, which is in line with
the reported diagnostic delay of 5-10 years for patients with pituitary acromegaly
[22, 26].

GH stimulates synthesis and secretion of insulin-like growth factor (IGF-1),
which promotes cell proliferation and inhibits apoptosis, resulting in soft tissue
enlargement, skeletal, and organ growth [4]. The clinical spectrum of ectopic acro-
megaly is wide with features ranging from subtle to severe. The most common
characteristics at presentation are acral enlargement and coarse facial features.
However, the classic manifestations of acromegaly are indistinguishable from those
caused by GH-secreting pituitary adenomas [4]. Instead, neuroendocrine tumors
may cause symptoms associated with local tumor mass, such as obstructive jaun-
dice, cough, or unilateral wheezing. Hypothalamic gangliocytomas may cause com-
pression of the optic chiasm [27]. Pancreatic carcinoids tend to occur in the
pancreatic tail, which may explain the late development of symptoms for such
tumors. Also, symptoms at presentation may be linked to hormonal hypersecretion
by the NET. Co-secretion of GHRH and other hormones is described for calcitonin
[28], ACTH [29, 30], serotonin [31, 32], prolactin [33], insulin [31], and catechol-
amines [34]. In addition, co-secretion of GHRH and prolactin is described in a
patient with diffuse large B-cell lymphoma [35].

Diagnostic Workup of Ectopic GHRH Syndrome

The presentation of clinical acromegaly requires biochemical evaluation and careful
assessment for the primary process, which will dictate the appropriate therapeutic
approach. The rarity of NETSs across various sites, lack of awareness by health-care
workers, and difficulties with obtaining a diagnosis, present particular problems,
often resulting in diagnostic delay [22, 36].

The initial screening for acromegaly entails documentation of elevated IGF-1
levels in combination with failure to suppress GH during an oral glucose tolerance
test [37]. However, the potential for pituitary versus extrapituitary acromegaly poses
a diagnostic challenge, as the aforementioned tests are not useful in making this
distinction [24]. Likewise, dynamic pituitary tests are not helpful [38]. Instead, the
GHRH assay has been proposed as a precise and straightforward method to measure
the biological activity of GHRH in blood [39]. Healthy adults have low levels of
GHRH in the systemic circulation, with a mean fasting plasma level of 10.3 ng/L
and no significant sex difference in the level [40]. In patients with peripheral GHRH
secretion, levels are elevated, reaching values hundreds or thousands-fold normal
values [22]. In one series of patients with peripheral GHRH production using the
same laboratory for all test results, the median GHRH at diagnosis is elevated with
a value of 548 ng/L [25]. Of note, patients with a hypothalamic gangliocytoma may
have normal plasma GHRH levels due to secretion of excess ectopic GHRH into the
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hypophyseal portal system, which suggests that the peptide hormone does not
appreciably enter the systemic circulation under these conditions [41].

Imaging modalities are used for localization and further characterization of any
suspected tumor. An MRI is helpful to assess for pituitary pathology. In ectopic
acromegaly, the extrapituitary GHRH secretion leads to stimulation of the pituitary
with subsequent production and release of GH. Thus, the pituitary should appear
symmetrically enlarged and hyperplastic without any indication for a distinct pitu-
itary tumor [6]. Localized gadolinium enhancement may be indicative for the pres-
ence of a tumor with less vascularity. In a series of 99 patients with ectopic GHRH
secretion, MRI of the pituitary reveals a spectrum of presentation showing imaging
features consistent with hyperplasia, adenoma, empty sella, and normal microcystic
lesions [22]. Pituitary hyperplasia may be difficult to distinguish from pituitary
adenoma, leading to unnecessary transsphenoidal surgeries [42]. Hypothalamic
gangliocytomas are often incidental findings on MRI, in one case series showing a
sellar mass with cavernous sinus invasion and a thin attachment to the hypothala-
mus [19, 20].

CT is the imaging modality of choice in the evaluation of patients with suspected
NETs, providing information regarding localization and staging of ectopic NETs.
Pulmonary carcinoid tumors typically arise within the central airways as endobron-
chial masses [43]. The detection rate of solitary pulmonary nodules on helical CT is
high [44]. In addition to signs of airway obstruction, characteristic features of car-
cinoid tumors include an ovoid/round shape with regular margins, although periph-
eral tumors may appear as lobulated nodules with hyper-attenuation on
contrast-enhanced CT and calcifications [44, 45]. Pancreatic NETs appear often as
well-circumscribed, solid lesions with hyperattenuation due to rich vascularity.
They are often larger in size and may demonstrate cyst formation [46]. In addition
to multiple NETSs larger than 0.5 cm, pancreatic microadenomatosis is a typical
finding in familial syndromes [47]. The incidence of gastrointestinal NETs appears
to be rising, due in part to heightened awareness of the disease, improved diagnostic
techniques, and an increased rate of incidental diagnoses due to investigation for
other conditions [48]. The various imaging features of carcinoids occurring along
the gastrointestinal tract are summarized in [49]. Hepatic lesions with hypervascu-
larity, large size, and intralesional hemorrhage or necrosis may be suggestive of
metastasis from pancreatic NETs [50]. CT features suggestive of a pheochromocy-
toma include a spherical shape, a “ring-sign,” and a sharply demarcated intralesional
necrosis [51]. MRI is preferred over CT for imaging hepatic metastases [52].

While CT and MRI provide structural imaging, nuclear imaging modalities
afford new potential detecting and characterizing NETs. The overexpression of spe-
cific peptide hormone receptors on the tumor surface, such as the somatostatin
receptor (SSTR), is a characteristic feature of NETSs [53]. The five receptors of the
SSTR family belong to the G-protein coupled receptor superfamily. NETs including
GHRH-secreting NETS typically express a high number of SSTRs on the cell sur-
face, in particular the subtypes 2, 3, and 5 [54, 55]. The receptor setup in ectopic
GHRH-producing tumors is lesser known. There is indication that GHRH-producing
carcinoids of the lung express SSTR1, SSTR2, and SSTRS in vitro [56]; however,
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others report the presence of only SSTR2 in GHRH-producing bronchial carcinoid
and pancreatic NET [13, 57]. By combining positron emission tomography (PET)/
computer tomography (CT) with radiotracers geared toward the SSTR, it allows for
molecular imaging. Since approval of !"In-diethylenetriamine pentaacetate-
conjugated octreotide in 1994, several radiolabeled somatostatin analogs (SSA)
have been proposed [58]. Newer SSA labeled with ®Ga- or ®*Cu-tetraxetan (DOTA)
have shown superior image quality, with ®*Ga-DOTA-conjugated peptides currently
being the gold standard for localization and staging of SSTR-expressing NETSs [59].
This imaging modality has been employed in the evaluation of GHRH-producing
NETs [12, 60-62]. NETs with variable-to-low SSTRs, such as pheochromocytoma
and abdominal paraganglioma, may be detected by "*F-DOPA [63]. In more aggres-
sive tumors, including high-grade NETs and undifferentiated forms, *F-FDG is
superior. Several new pharmaceuticals are currently evaluated for their potential
role to detect NETs by exploiting different targets on the tumor cells [59, 64].

Immunohistochemical evaluation of the surgical specimen is used to aide in the
determination of the tumor origin. Neuroendocrine markers used to characterize
NETs include chromogranin A [65], synaptophysin [66], neuron-specific enolase
[67], cytokeratins AE1/AE3 [68], somatostatin [69], and S-100 [70]. GHRH expres-
sion of the tumor can be determined by positive tumor specimen GHRH immunos-
taining [71]. If inconclusive, additionally positive bioassay (ability of cultured rat
pituitary cells to produce GH in response to tumor extract), A-V gradient of GHRH
across the tumor, detection of GHRH mRNA, and GHRH extraction from tumor
may be used [22]. Of note, hypothalamic gangliocytoma are very difficult to diag-
nose based on biochemical and radiologic findings, being often misinterpreted as
pituitary adenomas, with the eventual diagnosis made during histological examina-
tion [72].

Differential Diagnosis for NETs According to Site

A proper differential diagnosis for NETs is imperative prior to treatment, because
several benign and malignant conditions can mimic the presence of such a tumor.
Diagnostic challenges often require an interdisciplinary approach.

Hypothalamic gangliocytomas, resembling normal hypothalamic magnocellular
neurons, are a rare occurrence [19, 20]. Other tumor types developing in the hypo-
thalamic region, including those derived from hypothalamic neurons, glia, and stro-
mal cells, as well as infiltrating primary pituitary tumors, and metastases need to be
considered [73]. Immunohistochemistry of the resected tumor may be needed to
distinguish between these entities.

Lung NETs account for approximately 25% of primary lung neoplasms [74].
The distinction between well-differentiated carcinoids, small cell lung carcinoma,
and large cell neuroendocrine carcinoma is challenging, requiring the utilization of
novel immunohistochemistry markers [75]. The differential diagnosis for pulmo-
nary carcinoid tumors includes salivary gland-type tumors [76], paragangliomas
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[77], metastases from breast cancer [78], and metastatic carcinoids from other loca-
tions, such as the gastrointestinal tract.

In the gastrointestinal tract, NETs represent 2% of all malignant tumors, and
approximately 40% of NETs are hormone secreting [79]. Flushing and diarrhea
may be the prominent clinical features at presentation, with an extensive list of dif-
ferential diagnoses [80, 81]. The imaging differential diagnosis for small intestinal
carcinoids includes metastatic disease, primary small intestinal adenocarcinomas,
lymphoma, and gastrointestinal stromal tumors [82].

Neoplasms of the neuroendocrine pancreas comprise about 2% of pancreatic
tumors [83]. Pancreatic hypervascular lesions, which can mimic the appearance of
NETs, include serous cystadenomas, an accessory spleen, as well as metastases, in
particular those from a renal cell carcinoma, thyroid cancer, and melanoma [84].
However, MRI imaging characteristics and the absence of ®Ga-DOTA-conjugated
peptide uptake may distinguish a serous cystadenoma and an accessory spleen from
NETs, while the pancreatic tumor enhancement pattern on contrast-enhanced CT
may discriminate metastases from NETs [85]. Hypervascular peripancreatic lesions
may include gastrointestinal stroma tumors and paraganglioma [86]. Irregular tumor
margins and hypovascular appearance of poorly differentiated neuroendocrine car-
cinomas can mimic pancreatic ductal adenocarcinoma.

Of patients with an adrenal incidentaloma, 4% are diagnosed with a pheochro-
mocytoma [87]. Adenomas, primary carcinomas, metastases, and myelolipomas are
part of the differential diagnosis [88]. However, distinguishing features at presenta-
tion, such as patient age, size and laterality of the lesion, lipid content, as well as
presence of intratumoral necrosis and hemorrhage, may guide the diagnostic pro-
cess [89].

Treatment Options for NETs

Patients with NETs, including functional NETs with GHRH overproduction, require
a multidisciplinary team approach in their care, often including surgery, nuclear
medicine, radiotherapy, and medical therapy [90]. Goals are aimed at treating the
primary tumor and normalizing GH levels.

The treatment of choice for patients with NETs is surgical resection with curative
intent, whenever possible [52, 91]. By removing the offending tumor, normalization
of GH and IGF-1 levels can be achieved [14, 57, 92, 93]. Debulking surgery in com-
bination with other interventions may be considered as a second-line therapy in
patients with an unresectable NET and extensive metastases.

SST is a key regulator of endocrine function by inhibiting the secretion of various
hormones, including GH [94]. The overexpression of SSTR on the cell membrane of
NETs provides the basis for the treatment with SST and its synthetic analogues. While
the natural compound has a very short half-life [95], the development of long-acting
SSAs, such as octreotide [96], lanreotide [97], and pasireotide [98], has greatly
advanced the clinical management of patients with NETs. A dual action of SSAs in
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patients with NETs is reported, showing antisecretory and antitumoral effects,
although the latter one is less robust [99, 100]. Combination therapies of SSA with
antiangiogenic drugs, kinase inhibitors, and interferon are studied [101]. In GHRH-
producing NETs, SSA therapy reduces GHRH secretion and suppresses both basal
and GHRH-stimulated GH release but does not affect GH biosynthesis [10, 102]. SSA
therapy has no significant effect on the primary tumor mass [10, 25]. The variable
expression of SSTRs on NETs and the receptor-specific affinity to SSAs pose thera-
peutic challenges, rendering this therapy mainly palliative [100].

SSTR-targeted therapy using radioisotope-coupled molecules represents a new
advance in the treatment of NETs. By combining an SSA with a therapeutic isotope,
peptide-receptor radionuclide therapy for patients with unresectable or metastasized
NETs is feasible [8]. Lutetium 177 ('""Lu) is a beta- and gamma-emitting radionu-
clide, characterized by a low particle range of 2mm and a half-life of 160 h [103]. In
the phase 3 Neuroendocrine Tumors Therapy (NETTER-1) trial, '”’Lu-DOTATATE
is superior to long-acting repeatable octreotide in patients with advanced, progres-
sive, SSTR-positive midgut NETs [104]. Likewise, ”’Lu-DOTATATE proves favor-
able to other treatment options in patients with advanced or metastasized G1-G2
gastroenteropancreatic NETs and bronchial NETs [105]. Treatment for SSTR-
negative G1-G2 pancreatic NETs is less clear, but a trial with SSA may be consid-
ered [106]. It is uncertain whether the results from the NETTER-1 trial are
generalizable to all SSTR-positive NETs, and randomized clinical trials regarding
advanced or metastasized bronchial carcinoids and pheochromocytoma/paragangli-
oma are lacking. Nevertheless, small clinical trials regarding pulmonary NETs are
encouraging, and the current guidelines support the use of peptide receptor radionu-
clide therapy for SSTR-positive pulmonary NETs [91]. Although preliminary data
suggest potential clinical efficacy of ""Lu-DOTATATE for metastatic pheochromo-
cytoma/paraganglioma, currently no clear treatment recommendation is given [107,
108]. Instead, radionuclide therapy with iodine-metaiodobenzylguanidine (I-MIBG)
may be considered, given that catecholaminergic cells express the norepinephrine
transporter for uptake of amines into cell vesicles [109]. If a metastatic pheochromo-
cytoma/paraganglioma demonstrates robust uptake during a '*I-MIBG scintigraphy,
therapy with 3'I-MIBG may be considered [110].

Systemic treatment using cytotoxic chemotherapy may be considered for
advanced and metastatic NETs. Phase 3 clinical trials in patients with pancreatic
NETs demonstrate that sunitinib and everolimus improve progression-free survival
by approximately 6 months [111, 112]. For pulmonary NETS, no clear guidance is
given for the use of a particular chemotherapy agent, with several agents being
considered [91, 113]. However, chemotherapy directed at GHRH-producing carci-
noid tumors is generally unsuccessful controlling the activated GH axis [24]. For
metastasized pheochromocytoma and paraganglioma, no clinical trials exist. Small
studies suggest the use of cyclophosphamide/vincristine/dacarbazine or temozolo-
mide-based treatments [114, 115].

Radiation therapy, ethanol ablation, radiofrequency ablation, and embolization
of NETs may be considered for local control and symptom control [52, 91, 108,
116, 117]; however, available data is only based on case reports and small series.
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Prognosis

Functional NETs producing GHRH are typically well-differentiated with slow pro-
gression and a low rate of metastases, providing an excellent prognosis [10]. In one
series, surgical removal of the primary tumor results in a 2-year disease-free sur-
vival of 87% [118]. In a French series, survival rate is 85% after a median of 5 years
[25]. In contrast, the 5-year survival rate of the total population with NETSs is 72%
[119]. It appears that the presence of SSTR2 is an independent prognostic marker
associated with progression-free survival in patients treated with SSA [55, 120].
GHRH may be used for monitoring of disease progression [10].
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Chapter 3
Diagnosis of Acromegaly

Nicholas A. Tritos

Introduction

Acromegaly is a consequence of long-term exposure to growth hormone (GH)
excess, which is almost always secreted autonomously from a somatotroph pituitary
adenoma [1-3]. Acromegaly is associated with substantial morbidity and mortality,
if inadequately treated [4]. On the other hand, patients who achieve adequate con-
trol of GH excess experience mortality rates that are indistinguishable from those in
the general population [4-6].

It is therefore critical that acromegaly be diagnosed and treated promptly in order
to optimize patient outcomes [7]. Of note, a longer interval between estimated dis-
ease onset and diagnosis of acromegaly has been associated with higher morbidity
and mortality [8].

The present chapter aims at reviewing all diagnostic aspects of acromegaly,
including clinical evaluation, laboratory testing, and imaging. To compile the litera-
ture cited in this manuscript, electronic literature searches were conducted using the
keywords: acromegaly, diagnosis, pituitary adenoma. Studies were included in the
bibliography at the author’s judgment and discretion.
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Physiology and Pathophysiology

Growth hormone is a 191-amino acid polypeptide that is secreted in a pulsatile man-
ner, predominantly during slow-wave sleep, with additional secretory events occur-
ring during exercise or in the fasting state [9, 10]. In addition to the major 22 kDa
species, there are several GH isoforms present in the systemic circulation, arising
from alternative splicing or various posttranslational modifications [11]. Different
immunoassays may variably detect distinct GH isoforms, which may partly account
for the considerable inter-assay variability of GH levels measured across various
immunoassay platforms [11-13]. In healthy individuals, GH secretion is stimulated
by growth hormone-releasing hormone (GHRH) of hypothalamic origin and ghre-
lin, secreted mainly from the stomach [9]. On the other hand, somatostatin, also of
hypothalamic origin, decreases GH secretion [9]. Glucose administration sup-
presses GH secretion and blunts GH levels in healthy individuals but not in patients
with acromegaly [14, 15].

Growth hormone acts via its cognate receptor to exert its diverse effects, either
directly or via the stimulation of insulin-like growth factor I (IGF-I) secretion [9].
Although may tissues synthesize IGF-I, the majority of circulating IGF-I is of
hepatic origin. The serum IGF-I level does not fluctuate during the day and serves
as an accurate measure of GH action in vivo [9, 16]. In patients with acromegaly,
GH is secreted autonomously by a pituitary adenoma (or rarely by an ectopic
tumor), leading to elevated IGF-I levels [17].

Clinical Evaluation

Acromegaly is quite uncommon in the general population, which often results in
substantial diagnostic delays, since the diagnosis is often not considered during the
initial patient encounter [18, 19]. A high index of suspicion is required in order to
consider the diagnosis of acromegaly early in the course of the disease [20].
Although acral enlargement and headache are common presenting manifestations,
there is substantial variation in presenting symptoms, which can be subtle and rela-
tively nonspecific [21, 22]. Patients with acromegaly often present to their primary
care physician but may also present to anyone of a variety of non-endocrine subspe-
cialists, who may not consider the diagnosis of acromegaly. Patients with a cluster
of suggestive symptoms and signs, including acral enlargement, frequent headache,
hypertension, diabetes mellitus, sleep apnea, oligomenorrhea, arthropathy, carpal
tunnel syndrome, and hyperhidrosis, among others, should be considered for endo-
crine testing in order to evaluate the presence of GH excess [1, 23]. Increased linear
growth before epiphyseal closure should also suggest the diagnosis and the need for
endocrine testing. It may be recognized that several presenting symptoms of acro-
megaly are common in the general population. Indeed, widespread endocrine evalu-
ation of patients with solitary symptoms, such as sleep apnea occurring in isolation,
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does not appear to be justified, since the diagnostic yield for acromegaly is likely to
be low in unselected populations [24].

The absence of typical facial features should not serve as a means of excluding
the diagnosis, since abnormalities in facial features can be quite subtle in patients
with acromegaly of recent onset. It is often helpful to compare the patient’s appear-
ance to that in older photographs, which may reveal mild changes in facial features
associated with acromegaly. Face classification software appears promising as a
diagnostic tool that may assist physicians in detecting acromegaly early in its course
[25]. It has been suggested that the utilization of artificial intelligence, including
machine learning algorithms used for face classification analysis, may have high
diagnostic accuracy in patients with acromegaly [26]. Maintaining respect for
patient confidentiality is important when using such technologies.

A thorough history and physical examination may additionally uncover clues to
the presence of a pituitary adenoma, such as visual field defects, or other manifesta-
tions of chronic GH excess, such as prognathism, wide dental spacing, or multiple
skin tags. Patients with incidentally discovered sellar masses may have underlying
acromegaly and should be considered for evaluation of possible GH excess [27].

Laboratory Testing

Growth Hormone Endocrine testing represents the cornerstone in making the
diagnosis of acromegaly (Table 3.1). Growth hormone secretion retains some pulsa-
tility in acromegaly. However, it is the basal GH levels, rather than GH pulse mass,
that correlate with serum IGF-I levels in this population [28]. Random GH levels
below 0.4 mcg/L suggest that acromegaly is unlikely. However, there is a substantial
overlap in random GH levels between patients with acromegaly and healthy indi-
viduals, such that randomly obtained GH levels are of limited diagnostic utility
[1,2,28].

Oral Glucose Tolerance Test Glucose-suppressed GH levels are of diagnostic
value in patients with suspected acromegaly. The oral glucose tolerance test (OGTT)
is performed by administering 75 g of glucose orally after an 8-h fast and obtaining
serum specimens every 30 min for 2 h, which are submitted for GH and glucose
assays. The availability of increasingly sensitive GH immunoassays has led to the
identification of patients with acromegaly who suppress GH to very low levels dur-
ing the test, leading to a gradual decrease in proposed diagnostic cut points for nadir
GH levels during the OGTT; over the past several decades, these have declined from
2 mecg/L to 1 meg/L and then to 0.4 mcg/L [29, 30]. Of note, nadir GH levels below
0.4 mcg/L have been reported in some patients with acromegaly who exhibit mini-
mally elevated GH secretory output [15]. Healthy individuals generally suppress
GH levels to even lower values (around 0.1 mcg/L), using sensitive immunoassays
[31]. Among healthy subjects, nadir GH values are higher in lean patients and
women on combination oral contraceptives [31].
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Table 3.1 Endocrine tests that have been proposed for use in making the diagnosis of acromegaly

Test Diagnostic cut point Comments

Random Random GH <0.4 mcg/L suggest | Limited diagnostic value in light of
serum GH that acromegaly is unlikely substantial overlap in random GH levels
levels between patients with acromegaly and

healthy individuals
Nadir GH Nadir GH <0.4 mcg/L in healthy | Some overlap in nadir GH levels exists

during OGTT | individuals; nadir GH >0.4 between patients with acromegaly and
mcg/L in the majority of patients | healthy individuals, using either 0.4 mcg/L
with acromegaly® or 1.0 mcg/L as the diagnostic cut point; also

consider conditions that may influence GH
response during this test

Serum IGF-I | Age and assay-dependent IGF-I represents the best available test in the
diagnosis of acromegaly; consider conditions
that may influence test results®

Serum Assay-dependent Cannot be recommended for clinical use in
IGFBP-3 light of insufficient diagnostic accuracy
Serum acid Assay-dependent Cannot be recommended for clinical use in
labile subunit light of insufficient diagnostic accuracy
TRH Peak GH increases <50% over | TRH is currently unavailable in the United
stimulation baseline in healthy individuals; | States
test peak GH increases >50% over

baseline in patients with

acromegaly
Serum GHRH | Assay-dependent Very high levels (several times above the
level upper end of the normal range) in patients

with ectopic GHRH-secreting tumors

GH growth hormone, GHRH growth hormone-releasing hormone, /GF-I insulin-like growth factor
1, IGFBP-3 insulin-like growth factor binding protein 3, OGTT oral glucose tolerance test, TRH
thyrotropin-releasing hormone

*A GH cut point of 1.0 mcg/L has been proposed in the latest Endocrine Society guidelines, rec-
ognizing that many commercially available immunoassays have limited analytical accuracy at
low GH levels. Healthy individuals suppress GH levels to <0.1 mcg/L using sensitive
immunoassays

bStarvation, anorexia, liver or kidney disease, hypothyroidism, poorly controlled diabetes mellitus,
and combination oral contraceptive use may lead to lack of GH suppression during OGTT and
abnormally low serum IGF-I levels

As some commercially available GH assays may lack sufficient analytical accu-
racy at low GH levels, it has been recommended to use 1 mcg/L as the diagnostic
cut point for nadir GH levels during OGTT in routine clinical care [1]. It should be
recognized, however, that some patients with acromegaly may suppress GH to
lower levels (below 1 mcg/L) during the test. Different GH immunoassays vary with
regard to detection of various GH isoforms and some may use nonuniform reference
standard preparations, partly accounting for observed variations in diagnostic per-
formance across GH assay platforms [12—-14, 17, 32, 33]. Patients with anorexia,
starvation, severe liver or kidney disease, and poorly controlled diabetes mellitus
and women on combination oral contraceptives may all fail to suppress GH levels
during OGTT in the absence of acromegaly (Table 3.1) [23, 32].
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Insulin-Like Growth Factor I The serum IGF-I level serves as an integrated mea-
sure of GH action and is of substantial diagnostic value in patients with suspected
acromegaly, representing the best, currently available, diagnostic test [1, 34]. It
should be noted that IGF-I assays are technically challenging and require separation
of IGF-I from its binding proteins before assay [17, 33]. Serum IGF-I levels vary
considerably by age, increasing during adolescence and then gradually declining
throughout adult life, thus requiring meticulous attention in establishing age-
appropriate reference ranges [17, 33].

Considerable variation in serum IGF-I levels has been reported using different
immunoassays, leading to variable diagnostic performance across IGF-I immunoas-
say platforms [35]. More recently, liquid chromatography-tandem mass spectrom-
etry (LC/MS-MS) has been introduced to measure serum IGF-1levels [36]. However,
IGF-I data obtained using LC/MS-MS may vary considerably from those obtained
using immunoassays. It is therefore advisable to use the same assay consistently
when measuring IGF-I levels longitudinally in patients, if possible [37].

Patients with anorexia, starvation, poorly controlled diabetes mellitus, severe
hypothyroidism, and severe liver or kidney disease and women on combination oral
contraceptives may have abnormally low IGF-I levels in the absence of acromegaly
(Table 3.1) [23, 33]. On the other hand, healthy adolescents, pregnant women, or
some patients receiving pharmacological doses of glucocorticoids may have abnor-
mally elevated IGF-I levels [23, 33]. Discordant data between IGF-I and nadir GH
levels during OGTT are not uncommon, both during initial patient assessment and
on postoperative testing of patients with acromegaly, and their significance is uncer-
tain [16, 29, 30, 38, 39]. Therefore, laboratory data should always be placed in
proper clinical context in order to avoid errors in test interpretation. Of note, discor-
dance between IGF-I and nadir GH levels during OGTT is very common in patients
on somatostatin receptor ligand therapy [40]. As a corollary, it is advisable not to
perform OGTT to assess disease control in patients being treated with somatostatin
receptor ligands.

Insulin-Like Growth Factor Binding Protein 3 and Acid Labile Subunit Insulin-
like growth factor binding protein 3 (IGFBP-3) and the acid labile subunit (ALS)
form a ternary complex with IGF-I in the systemic circulation. Both the expression
and systemic levels of serum IGFBP-3 and ALS are GH-dependent [41, 42]. As a
corollary, both serum IGFBP-3 and ALS levels have been studied as potential bio-
markers of GH action and assessed for their diagnostic utility in patients with acro-
megaly [41, 42]. However, the diagnostic accuracy of these tests is not sufficient to
justify their clinical use at present [1, 2].

Thyrotropin-Releasing Hormone Stimulation Test The thyrotropin-releasing
hormone (TRH) stimulation test can be useful in the diagnosis of acromegaly. In
these patients, GH levels increase by over 50% above baseline within 30 min after
the intravenous administration of TRH (500 mcg); in contrast, healthy subjects
show no or little increase in GH levels after TRH administration [43]. However,
TRH is not commercially available in the United States at present.
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Growth Hormone-Releasing Hormone Serum levels of growth hormone-
releasing hormone (GHRH) can be of diagnostic utility among the rare patients with
suspected ectopic tumors that cause acromegaly by secreting GHRH [44—46]. In
these patients, serum GHRH levels are generally elevated several times above the
upper end of the normal range. However, serum GHRH levels are of no diagnostic
utility in the vast majority of patients with acromegaly who have an evident pituitary
tumor on sellar imaging.

Additional Tests A thorough evaluation of pituitary function is recommended in
all patients with acromegaly. Either prolactin or, less frequently, thyrotropin (TSH)
can be co-secreted by some somatotroph adenomas [47, 48]. Anterior hypopituita-
rism is not uncommon among patients with acromegaly, since about 70% of somato-
troph tumors are macroadenomas at presentation [1, 2]. As a corollary, serum levels
of prolactin, TSH, and free thyroxine should be measured in all patients with acro-
megaly, and morning serum cortisol (or cosyntropin stimulation testing), serum
gonadotropins, and morning testosterone (in men) or estradiol (in women) should
be obtained in all patients with macroadenomas and those with microadenomas who
have symptoms of respective pituitary hormone deficiencies. In addition, a thorough
neuro-ophthalmic evaluation is recommended for all patients with visual symptoms
as well as those whose tumors abut or compress the optic chiasm, nerves, or tracts.
Genetic testing should be considered for younger patients, those with gigantism, or
those with a positive family history of acrogigantism or evidence of a syndromic
condition (such as multiple endocrine neoplasia 1 or Carney complex). A detailed
discussion of genetic testing is beyond the scope of this chapter.

Imaging Studies

In over 95% of patients with acromegaly, the underlying cause is a sellar mass, usu-
ally a benign somatotroph adenoma or, rarely, carcinoma or a GHRH-secreting gan-
gliocytoma [1, 2, 23, 49]. Therefore, pituitary imaging is essential for tumor
localization and preoperative evaluation. However, imaging studies should be
deferred until the diagnosis of acromegaly is established based on clinical evalua-
tion and endocrine testing. This is important in order to avoid potential misdiagnosis
of patients with nonfunctioning pituitary lesions. Indeed, incidental sellar masses
are present in approximately 10% of the general population [50].

In patients with acromegaly, magnetic resonance imaging (MRI) of the sella is
advisable as the imaging study of choice and should be performed using a dedi-
cated, high-resolution, pituitary protocol. Pituitary MRI will readily detect a sellar
mass in the large majority of patients with acromegaly, since 70% of somatotroph
tumors are macroadenomas at diagnosis (Fig. 3.1) [1, 2, 51]. As an alternative, a
high-resolution examination of the sella by computed tomography (CT) can be
obtained in patients who have contraindications to MRI, including some patients
with older pacemakers or those with metal shrapnel.
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Fig. 3.1 Coronal,
postcontrast, T1-weighted
magnetic resonance image
of a 36-year-old male
patient with acromegaly,
showing a pituitary
macroadenoma, likely
extending into the left
cavernous sinus

In a small minority of patients with acromegaly, there is no evidence of a pitu-
itary tumor on MRI. Most of these patients likely have a somatotroph adenoma that
is below the resolution of modern imaging techniques. However, a small proportion
of them have an ectopic neuroendocrine tumor in the chest or abdomen, which is
secreting GHRH or, even more rarely, GH [44-46, 52]. Ectopic GH secretion from
non-Hodgkin’s lymphoma has also been reported [53]. Cross-sectional imaging,
including CT examinations of the chest and abdomen as well as positron emission
tomography (PET)-CT examinations using gallium 68-labelled dodecane tetraace-
tic acid tyrosine-3-octreotate (DOTATATE), will usually demonstrate ectopic neu-
roendocrine tumors in these patients [45].

Approach to the Patient

Delays in considering the diagnosis of acromegaly likely account for the substantial
interval between disease onset and diagnosis, which has been estimated to be
approximately 5.5 years (mean value) but may exhibit wide variation [8]. This long
interval can be explained by the slow, insidious onset and the nonspecific nature of
several symptoms, some of which can be attributed to aging by patients or lead to
unrelated investigations by non-endocrine subspecialists who may have relatively
little familiarity with acromegaly.

Once the diagnosis of acromegaly is considered, serum IGF-I levels should be
measured using a well-validated assay (Fig. 3.2). In the presence of typical disease
manifestations and unequivocally elevated serum IGF-I levels, the diagnosis of
acromegaly can be made with confidence and pituitary imaging obtained (prefera-
bly by MRI). Careful attention is needed to the presence of factors or conditions that
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Acromegaly suspected
* Suggestive symptoms and signs
¢ Incidental sellar mass

Y

Measure serum IGF | in a

/ well-validated assay \

Consistent clinical picture and Atypical clinical picture and/or Low clinical suspicion and
unequivocally elevated serum IGF | borderline elevated serum IGF | normal serum IGF |

Additional testing needed
 Oral glucose tolerance test
* TRH stimulation test (if available)

Acromegaly confirmed*

* Pituitary imaging (MRI)
* Treatment plans Results inconclusive*

* Observe and reassess in 3-6 months

Acromegaly excluded*

Fig. 3.2 A diagnostic algorithm for the evaluation of patients with suspected acromegaly IGF-I
insulin-like growth factor I, MRI magnetic resonance imaging, TRH thyrotropin-releasing hor-
mone. *Always consider conditions that can influence IGF-I and GH data in the absence of
acromegaly

can influence the results of IGF-I levels and GH levels during OGTT, such as liver
or kidney disease or combination oral contraceptive use, when interpreting test data.
If the clinical presentation is atypical or serum IGF-I levels are borderline high
(below 1.5 times above the upper end of the normal range), then additional investi-
gations are warranted, including a 2-h OGTT or a TRH stimulation test (in countries
where TRH is available). If test results are still inconclusive, the patient can be
observed and reassessed in several months.

Once the diagnosis is established and a pituitary mass is identified on MRI, treat-
ment can begin without delay, including transsphenoidal surgery or, in some cases,
primary medical therapy [7]. If no sellar mass is demonstrated on high-resolution
pituitary imaging, then a search for an ectopic tumor is advisable by means of mea-
suring serum GHRH levels and obtaining cross-sectional imaging (CT of the chest
and abdomen and, if needed, whole body PET-CT using Ga 68 DOTATATE) [44—
46, 52]. Ectopic tumors may be treated with surgery and somatostatin receptor
ligand therapy.

If no evidence of an ectopic lesion is found despite appropriate testing, then it is
likely that a very small pituitary adenoma is present, which is below the resolution
of MRI (smaller than 2-3 mm in diameter). In such cases, postcontrast, volumetric
interpolated breath-hold examination (VIBE), thin slice, MRI images may demon-
strate a tumor and facilitate surgical resection [54].

The diagnosis of acromegaly is very difficult to make during pregnancy owing to
physiological changes associated with normal gestation [1, 55]. The placenta
secretes a GH variant, which is not distinguishable from pituitary GH by many com-
mercially available immunoassays [1, 55]. Of note, GH levels may not be
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suppressible on OGTT during pregnancy. Placental GH stimulates maternal IGF-I
secretion, which may lead to elevated serum IGF-I levels in late pregnancy, despite
the development of estrogen-induced GH resistance during gestation [1, 55]. In the
absence of evidence of mass effect, such as vision loss or unremitting headache, it
is generally best to defer evaluation of possible acromegaly in women during gesta-
tion and perform appropriate endocrine testing in the postpartum state.

Summary and Future Directions

A systematic approach to the evaluation of patients with suspected acromegaly is
essential in order to optimize clinical outcomes. Measuring serum IGF-I levels and
performing OGTT in selected cases will generally help establish or exclude the
diagnosis. Once a biochemical diagnosis of acromegaly is made, high-resolution
pituitary imaging is advisable for tumor localization before initiating treatment.

Raising awareness of the disease in the medical community is important in order
to facilitate the early detection of acromegaly. Use of face classification software
may also assist clinicians in making a timely diagnosis. Harmonization of GH and
IGF-I assays across test platforms and identification of novel biomarkers of GH
action may lead to further refinements in our ability to accurately diagnose this seri-
ous condition.
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Chapter 4
Imaging in Acromegaly

Ian Mark and Javier Villanueva-Meyer

Anatomy

The sellar region can be affected by a variety of pathologies and intimate knowledge
of sellar anatomy is critical for arriving at the appropriate diagnosis in a noninvasive
fashion. For the purposes of this chapter, we will briefly review anatomy of the
pituitary gland. The pituitary gland sits within a depression in the sphenoid bone,
the sella turcica. Anterior and inferior to the gland sits the sphenoid sinus, through
which the sella is accessed via the transsphenoidal approach commonly used in
surgery for resection of pituitary lesions. Laterally are the cavernous sinuses through
which the internal carotid artery and cranial nerves course. Posteriorly and anteri-
orly are the intercavernous sinuses linking the two cavernous sinuses. Superiorly is
the sella turcica which is covered by dura known as the diaphragma sellae which has
a central opening through which the pituitary stalk (or infundibulum) passes. Above
the diaphragma sellae is the suprasellar cistern, a CSF containing space that the
optic chiasm resides in.

The pituitary gland itself is divided into two components, the anterior lobe and
posterior lobe. The anterior lobe is also called the adenohypophysis due to its glan-
dular nature and can be further subdivided into three parts; the pars distalis, pars
intermedia, and pars tuberalis. The pars distalis represents the majority of the gland
itself. The pars intermedia sits between the pars distalis and the posterior lobe. The
pars tuberalis is an upward extension from the pars distalis and extends to the pitu-
itary stalk. The posterior lobe is also known as the neurohypophysis and is not
glandular but consists of nervous tissue projecting from the hypothalamus.
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Imaging of the Pituitary Gland

Due to its superior soft tissue resolution and greater ability to inform on tissue char-
acteristics, MRI is the preferred modality for imaging of the pituitary gland. CT is
reserved for cases where a patient may have contraindications to MRI, although in
modern times this scenario is becoming less common. Imaging the pituitary gland
requires a dedicated MRI protocol. A typical “pituitary protocol” MRI involves
small field of view sequences centered on the sellar region. These include spin echo
T1-weighted images in the sagittal and coronal plane before and after the adminis-
tration of intravenous gadolinium-based contrast agent. Post-contrast imaging
should include a dynamic component for increased temporal resolution that is per-
formed immediately after contrast injection and repeated in approximately
30-second intervals, as well as delayed post-contrast images (Fig. 4.1). Coronal
T2-weighted images are also acquired. Diffusion-weighted imaging (DWI) is some-
times acquired as well. The added value of each of these sequences is listed in
Table 4.1. Imaging can be obtained on clinically available 1.5 tesla (T) or 3 T

Fig. 4.1 Normal pituitary MRI with a small field of view. (a—d) Dynamic post-contrast
T1-weighted coronal imaging shows progressive enhancement that begins with the infundibulum,
and progressively fills the pituitary from central to peripheral. (e) Non-contrast T1-weighted sagit-
tal imaging shows the normal appearance of the posterior pituitary bright spot. (f) Delayed post-
contrast T1-weighted sagittal imaging shows homogeneous enhancement of the pituitary and
infundibulum
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Table 4.1 Standard pituitary MRI protocol and individual pulse sequence utility

Sequence Utility

Sagittal T1 Intrinsic T1 hyperintensity of the normal neurohypophysis. Informs on
signal characteristics of a lesion, intrinsic T1 hyperintensity seen in
proteinaceous fluid, blood degradation products, and fat

Coronal T1 Informs on signal characteristics of a lesion, intrinsic T1 hyperintensity
seen in proteinaceous fluid, blood degradation products, and fat

Coronal T2 with fat | Informs on the consistency and cystic nature of a lesion. Helpful to
suppression evaluate cavernous sinuses. Helpful to evaluate the optic apparatus

Coronal diffusion- | Can inform on pyogenic infection/abscess
weighted imaging
Dynamic post- Rapid and early contrast enhancement of the normal gland can be useful
contrast T1 to differentiate a microadenoma, where more delayed enhancement
(“hypoenhancement”) is observed. Can be difficult to interpret in the
post-operative setting

Sagittal T1 Delineates enhancing lesions including their invasion of adjacent
post-contrast with | structures. Macroadenomas and other larger lesions well seen
fat suppression
Coronal T1 Delineates enhancing lesions including their invasion of adjacent
post-contrast with | structures. Macroadenomas and other larger lesions well seen
fat suppression

scanners, with modern 3 T scanners permitting improved imaging by increased
signal-to-noise ratio and reduced acquisition times.

The adenohypophysis is normally isointense to brain on T1- and T2-weighted
images. The neurohypophysis is normally intrinsically T1 hyperintense. It should
be noted that the expected enhancement pattern of the pituitary follows its blood
supply, and consequentially enhancement begins with the infundibulum, followed
by the central pituitary and lastly the lateral aspects of the pituitary. Understanding
this is crucial to preventing misinterpretation of the normal enhancement pattern
(Fig. 4.1c) as a lateral pituitary hypoenhancing lesion.

Angiography either by CTA or MRA can be of further utility to identify relation-
ship of the circle of Willis vasculature to the lesion and inform on operative
approach.

Newer techniques to image the pituitary gland are described in a subsequent sec-
tion, “Advances in Imaging of the Pituitary Gland.”

Imaging of Tumors in the Gland

Microadenoma (Fig. 4.2)

Contrast enhanced MRI is the mainstay for imaging diagnosis of a pituitary micro-
adenoma. Highlighting the importance of appropriate imaging technique, a dedi-
cated pituitary protocol will have several key differences compared to a standard
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Fig. 4.2 MRI appearance of a pituitary microadenoma. (a—d) Dynamic post-contrast
T1-weighted coronal imaging shows progressive enhancement of the pituitary with relative
hypoenhancement of a small nodule in the left aspect of the pituitary, characteristic of a pitu-
itary adenoma. (e) There is loss of visualization of the left-sided pituitary adenoma on delayed
post-contrast T1-weighted coronal imaging. (f) T2-weighted coronal imaging shows associated
T2 hyperintense signal

brain protocol that are imperative to making the diagnosis of a pituitary microade-
noma, including thin slices, a small field of view, and dynamic post-contrast imag-
ing. The classic imaging appearance of pituitary microadenomas will demonstrate a
lesion that is hypoenhancing relative to the native pituitary gland on early post-
contrast imaging but is isointense on delayed imaging. Dynamic T1-weighted post-
contrast images improve the sensitivity of microadenoma detection but can yield
false-positive findings. The T2 signal of pituitary microadenomas is quite variable;
however, they can appear as T2 hyperintense relative to the pituitary. The small size
of microadenomas results in difficulty using this sequence to define whether a tumor
is densely or sparsely granulated.

In addition to the post-contrast findings, pituitary microadenomas can have sub-
tle secondary signs from their mass effect. The superior boarder of the pituitary
should be concave downward in all patients outside of women of childbearing age.
A convex upward boarder should suggest that the pituitary is abnormally enlarged,
possibly from an intrinsic pituitary mass such as an adenoma. Additionally, the
normal infundibulum should be midline on coronal imaging. Therefore, a mass
lesion such as a pituitary adenoma could deviate the infundibulum to the contralat-
eral side.
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Macroadenoma (Fig. 4.3)

As opposed to pituitary microadenomas, macroadenomas are more consistent in
their enhancement pattern, often demonstrating heterogenous enhancement. The
first challenge of interpreting the MR images in these cases is to determine if the
mass lesion is originating from within the sella or, conversely, the suprasellar region
with inferior extension into the sella. In this case, utilizing the coronal T2-weighted
sequence to identify superior of inferior displacement of the diaphragma sellae can
be helpful. A true sellar-based lesion will see upward tenting of the diaphragma sel-
lae, which will appear as a thin hypointense line on coronal T2-weighted imaging
(Fig. 4.3c). Additionally, MRI can be useful in assessing for hemorrhage and cystic
degeneration, best appreciated on pre-contrast T1- and T2-weighted sequences,
respectively.

Fig. 4.3 MRI appearance of a pituitary macroadenoma. (a, b) Coronal and sagittal post-contrast
T1-weighted imaging shows the characteristic heterogenous enhancement of a pituitary macroad-
enoma. The right-sided lesion causes leftward deviation of the pituitary infundibulum. (c)
T2-weighted coronal imaging shows heterogeneously hyperintense signal in the mass. (d) Pre-
contrast T1-weighted sagittal imaging shows loss of the normal posterior pituitary bright spot
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In the setting of acromegaly, somatotropinomas with low T2 signal intensity are
more likely to represent a densely granulated tumor and to respond to somatostatin
analogs. Sparsely granulated tumors tend to be more T2 hyperintense and present
with suprasellar and/or cavernous sinus invasion [1].

In addition to identifying the presence of a lesion, MR imaging of pituitary mac-
roadenomas is crucial in determining the extent of local invasion. Laterally, sellar
lesions can invade into the cavernous sinuses (Fig. 4.4). Several imaging criteria
have been described to determine presence and degree of cavernous sinus invasion
by macroadenoma; however, these are not universally accepted and may not reliably
determine invasion. Of these imaging criteria, the Knosp classification (grades 0—4)
is the most commonly used with a meta-analysis showing Knosp 3—4 as the best
objective indicator of cavernous sinus invasion [2]. Superiorly, lesions can have
suprasellar extension and exert mass effect on the optic chiasm or prechiasmatic
optic nerves. Inferiorly and less commonly, pituitary adenomas can involve the
sphenoid sinuses. Rarely do pituitary macroadenomas extend posteriorly into the
prepontine cistern.

Mimics (Fig. 4.5)

While the imaging differential for sellar/suprasellar lesions is impressively exten-
sive, one of the most common etiologies is a meningioma. This should be differenti-
ated from a pituitary adenoma based on its epicenter outside of the sella, dural tail,

Fig. 4.4 MRI appearance of a pituitary macroadenoma involving the cavernous sinus. Coronal
(left) and sagittal (right) T1-weighted post-contrast images show a large pituitary mass with heter-
ogenous enhancement. There is both suprasellar extension and invasion into the left cavernous
sinus that encases the left cavernous internal carotid artery, but does not narrow it
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Fig. 4.5 Characteristic imaging findings of four different sellar lesions. (a) T2-weighted coronal
imaging shows a T2 hypointense nodule (arrow), characteristic of a Rathke cleft cyst. (b) Axial
diffuse weighted imaging shows restricted diffusion in a sellar mass, characteristic of a pituitary
abscess. (¢) Non-contrast T1-weighted sagittal image shows a blood fluid level in a large pituitary
mass, seen in the setting of pituitary apoplexy. (d) Non-contrast sagittal CT shows a large calcified
sellar mass, characteristic of an adamantinomatous craniopharyngioma. Note the non-fused
spheno-occipital synchondrosis that does not fuse until adolescence

and homogeneous enhancement. If perfusion imaging is available, elevated perfu-
sion would suggest a meningioma rather than a pituitary adenoma [3].

Of the many masses that can originate from within the sella, a common differen-
tial diagnosis includes a cystic adenoma versus a Rathke cleft cyst (RCC). While not
always present, a pathognomonic finding of a RCC is a T2 hypointense nodule
within the cyst representing an intracystic nodule of cellular debris [4].

Autoimmune hypophysitis, including both lymphocytic and granulomatous, can
have an overlapping imaging appearance as a solidly enhancing adenoma. Extensive
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inflammatory changes including diffuse involvement of the pituitary, infundibular
thickening, or adjacent dural inflammation would favor hypophysitis over an ade-
noma [5].

While diffusion-weighted imaging does not have significant utility in the identi-
fication of a pituitary adenoma, prominent restricted diffusion in the pituitary should
raise concern for a pituitary abscess. On the post-contrast imaging, the lesion should
have corresponding peripheral enhancement that would clearly distinguish it from
an adenoma [6].

Systemic Findings of Acromegaly

Outside of the pituitary, there are multisystem findings that can be appreciated on
standard radiographs (Fig. 4.6). Cranially, there can be marked calvarial thickening
with frontal bossing, prognathism, enlarged frontal sinuses, and an enlarged sella
turcica. In the spine, the increased risk of vertebral body fractures, particularly in
the thoracic spine, provides evidence that spinal imaging should be included in rou-
tine follow-up for patients with acromegaly. In the extremities, findings can consis-
tent of advanced degenerative joint disease, a spade appearance of the hypertrophied
tufts, and increased heal pad thickness.

Fig. 4.6 Characteristic radiographic findings of acromegaly. Lateral skull radiograph shows an
enlarged and thickened calvarium, frontal bossing, enlarged sella turcica, and enlarged mandible
with prognathism. Hand radiograph shows hypertrophy of the phalangeal tufts with the character-
istic “spade appearance” (arrow)
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Advances in Imaging of the Pituitary Gland

While standard-of-care MRI of the pituitary gland is obtained using 2D pulse
sequences, 3D gradient echo and fast spin echo sequences can play an important
role in evaluating sellar lesions. 3D sequences are desirable as they enable superior
soft tissue contrast, improved spatial resolution, and decrease partial volume effects
compared to conventional 2D sequences. The main drawbacks of 3D sequences are
longer scan times, particularly for fast spin echo sequences, and susceptibility arti-
fact and high signal intensity from blood flow, commonly seen in gradient echo
sequences. These are limiting factors in terms of potential patient motion and resul-
tant artifact near the sphenoid sinus and cavernous internal carotid. Parallel imaging
and compressed sensing are methods for accelerating MRI acquisition by acquiring
less data, which can be used to mitigate some of these drawbacks. For the pituitary
gland, these techniques have yielded improvements in overall image quality and a
reduction in artifacts while maintaining anatomic and lesion conspicuity [7]. Studies
have shown higher sensitivity for detection of microadenomas using 3D T1 and T2
post-contrast imaging compared with conventional 2D and dynamic imaging [8—
10]. As MRI acceleration becomes more widely available, we will see increased
adoption of 3D sequences in imaging of the pituitary gland.

Intraoperative MRI (iMRI) is an additional technique that can be used in the
detection of unexpected residual tumor. The addition of image guidance during
transsphenoidal tumor resection adds time and requires an iMRI that is readily
accessible from the operating room. However, this can increase the likelihood of
achieving gross total resection by up to 40%, benefitting patients with higher rates
of disease-free survival and lower rates of radiation therapy [11]. Hardware and
procedural technique can vary by site, with results favoring high volume centers
with higher strength magnets.

Beyond 3 T, ultrahigh-field MRI using 7 T scanners is more possible than before
due to clinically approved offerings from major MRI scanner manufacturers. MRI
at 7 T permits higher signal-to-noise ratio, spatial resolution, and reduction in vol-
ume averaging to allow for better lesion detection and characterization. Ultrahigh-
field MRIsurpasses 3 T MRIfor detection and delineation of pituitary microadenomas
and correlates better with intraoperative findings [12]. The signal intensity and con-
trast resolution advantage conferred by 7 T MRI may provide valuable preoperative
information regarding pituitary tumor consistency and therefore inform on surgical
findings and physiology [13]. A potential application for ultrahigh-field MRI at 7 T
could be its use in patients with hormone over-secretion and no discernable lesion
using conventional 1.5 or 3 T MRIL

With advances in computational power, there has been a rapid increase in the use
of artificial intelligence in medical imaging to enhance image quality. Artificial
intelligence-based approaches use either raw MRI data or the images themselves to
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improve signal-to-noise ratios and provide sharper appearing images with scan time
reductions [14]. This type of image enhancement is of particular interest in regions
where smaller field of view may limit image appearance such as the sellar region.
Studies have shown artificial intelligence enhanced images to provided higher sen-
sitivity for the detection of pituitary adenoma and better delineation of normal pitu-
itary anatomy compared to routine MRI [15, 16].

Beyond image enhancement, artificial intelligence is being applied to time-
consuming tasks such as lesion segmentation and identification of surgically rele-
vant anatomy. For example, automated adenoma delineation and cavernous sinus
invasion have been performed using a deep learning model with high accuracy [17].
Further, artificial intelligence is driving a new field of imaging science, radiomics.
Radiomics applies mathematical analyses to imaging based on the assumption that
these images contain information of disease-specific processes that are impercepti-
ble to the human eye [18]. Radiomic analysis of adenomas has been used to classify
adenoma subtypes [19, 20] as well as predict tumor consistency [21], cavernous
sinus invasion [22], and recurrence [23]. The coming years will see increasing use
of artificial intelligence-based image analysis to aid in presurgical planning, prog-
nostication, and postsurgical management.

Molecular imaging with positron emission tomography (PET) can provide com-
plimentary functional information to MRI particularly in the postsurgical setting. The
most used PET radiotracer, fluorodeoxyglucose — a glucose analog — has limited util-
ity in pituitary imaging due to high background uptake in the normal brain and lack
of specificity for adenoma [24]. Somatotropinomas avidly take up carbon-11 methio-
nine, an amino acid radiotracer, which can be used to distinguish metabolically active
residual or recurrent tumor from granulation tissue [25]. Practically, it is important to
note that therapies, such as somatostatin analogues and dopamine agonists, can
diminish PET radiotracer uptake [24]. PET imaging for acromegaly has the potential
for greater adoption with the increased deployment of hybrid PET-MRI scanners.
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Chapter 5
The Clinical Presentation of Acromegaly

Lisa B. Nachtigall and Francisco J. Guarda

Background and Historical Perspective

Historical reports of patients suffering from acral enlargement date to as far as
Ancient Egypt and even the Bible [1]. Throughout history, giants have been a matter
of amazement among the public. Goliath’s defeat by David in Judaic and Christian
scriptures represents the most famous one to date. This exemplifies one of the first
descriptions of a visual field defect present in acromegaly, as Goliath was killed
after receiving an unseen strike with pebbles from his side by a much smaller oppo-
nent [1]. In Ancient Egypt, the Pharaoh Akenaten was believed to present with acro-
megalic features and hypogonadism, although scientists are conflicted regarding the
actual diagnosis [1]. The study of historical cohorts of “giants” has led to important
discoveries even in recent years. Genetic studies performed in the skeleton of the
Irish giant, Charles Byrne, located in the Hunterian Museum in London, aided in
determining the presence of aryl hydrocarbon receptor-interacting protein gene
(AIP) and its relationship with the disease [2].

Several scientists, including Johanes Wier, Nicolas Saucerotte, Jean-Louis-Marc
Alibert, Andre Verga, among many others, described cases of patients with gigan-
tism, macroglossia, bone deformities, and dermatological and other clinical mani-
festations consistent with the diagnosis of acromegaly [2]. It was not until 1886
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when Pierre Marie, a French neurologist trained by Charcot, introduced the term
“acromegaly” in scientific literature with his classic report titled “Sur deux cas
d’acromégalie; hypertrophie singuliére non congénitale des extrémités supérieures,
inférieures et céphalique” [3]. Although Pierre Marie did not initially associate the
pituitary with the clinical features in acromegaly, Oscar Minkowski was the first to
note this link in 1887, and, in 1892, Roberto Massalongo correlated features of
acromegaly with a specific granulation pattern in pituitary specimens [2].

In popular culture, many individuals with acromegaly have participated in music,
film, and TV, such as the American actor Richard Kiel who played a role in the
James Bond saga. In television, Lurch, the butler from “the Addams Family,” a
1960s series, was performed by Ted Cassidy, an actor with the diagnosis of acro-
megaly, who stood at 6 foot 9 inches and with his deep voice was also the vocalist
for the Hulk on the television series, “the Incredible Hulk.” Additionally, it is
believed that Sergei Rachmaninov, a Russian musician, may have presented acro-
megaly due to coarse features and “big hands.” In sports, the wrestler and actor
Andre “the giant” Rousimoff and Gheorghe Muresan, a NBA basketball player,
were known to have features of acromegaly [4].

Signs and Symptoms Prompting Diagnosis

A delay of 7-10 years between the time of initial symptoms and the diagnosis of
acromegaly is reported [S]. Even though, in the last 2 decades, this has decreased, a
diagnostic delay of 2.5-5.3 years persists [6—10]. This leads to several questions to
consider regarding the diagnosis and presentation of acromegaly:

1. Why is there a prolonged delay in the diagnosis of acromegaly, given the typical
uniform and recognizable clinical features of this disease?

2. What are the signs, symptoms, and/or reasons that ultimately lead to the
diagnosis?

3. What signs and symptoms are present at the time of diagnosis of acromegaly?

Why Is There a Prolonged Delay in Diagnosis of Acromegaly,
Given the Classic and Recognizable Clinical Features
of this Disease?

Given that typical physical features of the disease are fairly common and plainly
seen upon inspection of the face, hands, and feet [6, 7, 10], it may seem surprising
that acromegaly remains undiagnosed for many years after it first occurs. There are
many possible explanations for this:

1. The classical features that are easy to recognize are later manifestations of the
disease. However, neither acral changes or facial changes appear to be later man-
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ifestations of disease and have been reported to occur many years before the
disease is recognized [11].

2. The disease is rare [7] so that general clinicians may not consider it.

3. The symptoms and signs change slowly over time [5, 6] so that the patient and
the clinician do not notice the ongoing subtle changes.

4. The constellation of comorbidities that occur with growth hormone (GH) excess
include many common medical problems such as hypertension, diabetes, cardiac
disease, and sleep apnea [5, 6, 8—10], each of which in itself is not specific to
acromegaly.

5. Finally, it is difficult to get perfectly accurate information on the time of the first
sign or symptom of the disease, which occurred many years before, as it relies
on patient’s memory and self-reporting and thus recall bias which may be
unreliable.

6. Photo review of facial changes may be a more accurate method to date the initial
disease onset, but the use of photo analysis has rarely been reported [12].
Interestingly, the delay has been reportedly longer for women than men [8, 10],
but it is unclear if this reflects the natural history of the disease, the difference in
reporting between sexes, and/or the practioners’ differences in management of
women compared to men.

What Are the Signs, Symptoms, and/or Reasons That Ultimately
Lead to the Diagnosis?

Facial features that changed were often reported by the patient or noticed inciden-
tally as the initial sign leading to diagnosis in 15-22% [6, 8, 9], and acral enlarge-
ment was the other major sign leading to in diagnosis in 13-24% [6, 8, 9]. Other
presenting signs included headache (8-18%) [8, 9] and sleep apnea in <2.0% [6, 8,
9]. In 8-13% of female patients, menstrual disturbances were among the symptoms
prompting the diagnosis of acromegaly [5, 8, 9]. The type of physician or medical
professional who made the diagnosis is shown in Table 5.1.

Table 5.1 Types of professionals who make the diagnosis of acromegaly
Nachtigall et al. (2008) (N = 100) | Petrossians et al. (2017) (N =3173)

Type of professional | [9] [8]
Endocrinologist 13 45
Primary care 44 31
physician

Emergency room staff | 10

Patient (self-referred) |7 2
Neurologist 6 3
Dentist 3 1
Ophthalmologist 3 2

Others 14 16
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What Signs and Symptoms Are Present at the Time of Diagnosis
of Acromegaly?

Acromegaly is typically diagnosed in the fifth decade [5, 6, 8, 9, 13, 14], affect-
ing a relatively even proportion of men and women, although a slight female
predominance has been reported in several cohorts [8—10, 13]. Once diagnosed,
most patients exhibit changes in their facial features [6, 10, 11, 15] compared
to before the onset of GH excess. This includes coarsening of features, enlarge-
ment of the brow, thickening of the nasal bridge, growth of the jaw, new spaces
between the teeth, malocclusion of the jaw due to prognathism, and enlarge-
ment of the tongue [16] (Fig. 5.1; Table 5.2). Some of these changes can cause
difficulty chewing and speaking. The vast majority of patients will also have
acral enlargement at the time of diagnosis [6, 10, 11, 14, 15]. The hands will
typically appear swollen and doughlike (Fig. 5.2), and many will report an
increase in hat size, foot size, or ring size. Many patients will report having to
resize their rings, sometimes more than once. Interestingly, these features of
acral and/or facial changes are present in most patients but only serve as the
sign that prompts the diagnosis in approximately 20% of patients [8]. However,

Fig. 5.1 Facial features of acromegaly at diagnosis. Figures (a, b) are photographs of patients
with acromegaly at the time of diagnosis, who granted permission to share the image. (a) Dashed
arrow indicates widened, enlarged nose. White arrow indicates space between lower teeth. Black
arrow indicates thickening of lower lip. (b) White arrow indicates macroglossia. Dashed arrow
indicates space between upper teeth. Black arrow indicates thickening. Photos from Lisa
Nachtigall MD
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Table 5.2 Clinical manifestations associated with acromegaly

Organ system

Clinical manifestations

Skin and soft tissue

Skin thickening and skin tags

Hyperhidrosis

Cutis verticis gyrata (increased skin folds in scalp)

Peripheral edema

Macroglossia

Hypertrichosis

Gingival hyperplasia

Coarse features

Bone and cartilage

Acral enlargement

Increased fracture risk

Kyphoscoliosis

Hypercalcemia and hyperphosphatemia

Elevated 1,25-dihydroxyvitamin D

Hypercalciuria

Degenerative joint disease (acromegalic arthropathy)

Maxillary and jaw overgrowth (prognathism) and increased
space between teeth

Central and peripheral nervous
system

Visual loss

Carpal tunnel syndrome

Increased risk factors for cerebrovascular disease

Headache

Respiratory

Sleep apnea

Respiratory insufficiency

Cardiovascular

Increased risk factors for ischemic heart disease

Valvular disease (mitral and aortic regurgitation)

Left ventricular hypertrophy/diastolic dysfunction

Arterial hypertension

Gastrointestinal

Colon polyps and colon cancer

Fatty liver disease

Female gonadal function

Menstrual irregularities

Hyperandrogenism (PCOS-like)

Infertility

Hypogonadism

Male gonadal function

Infertility

Hypogonadism and sexual dysfunction

Metabolic Diabetes mellitus

Glucose intolerance and insulin resistance

Hyperlipidemia (high triglycerides and low HDL cholesterol)
Endocrine Thyroid nodules

Goiter

Hyperthyroidism (co-secretion of TSH or toxic multinodular
goiter)

Hyperprolactinemia

Hypopituitarism
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Fig. 5.2 Acral enlargement. (a) Hand of patient with acromegaly at time of diagnosis. (b) Hand of
the patient compared to an unaffected person’s hand

these features are typically recognized and are present once the diagnosis has
been made (Table 5.3).

While hypertension, diabetes, and sleep apnea are common in the general popu-
lation, in acromegaly these may cluster. When several of these comorbidities are
present along with other manifestations of acromegaly and/or other complications,
such as carpal tunnel, colon polyps, and skeletal abnormalities (such as arthropathy
and kyphoscoliosis), acromegaly should be considered [12]. Hyperhidrosis is
another highly prevalent feature at baseline [5, 6, 10, 11, 14, 15]. Menstrual disor-
ders in women and male hypogonadism may also be present at baseline [1, 2, 6, 7,
10] (Table 5.3). The diagnosis of sleep apnea is underreported if sleep tests are not
done. For example, 69% of patients tested with sleep tests vs. 26% of all patients
with acromegaly had sleep apnea at baseline [8], and this explains the very low rate
in studies, in which sleep tests were not routinely performed or results were not
available at diagnosis [9]. Cardiac effects of excess GH and IGF-1 will commonly
cause myocardial hypertrophy and less frequently severe ischemia and myocardial
infarction [5, 8].
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Severity of the Disease

The slow-onset and gradual changes in physical features may make the diagnosis
challenging in many cases. Most patients do not notice these subtle variations in
their physical appearance through time and may be diagnosed when the disease is
already established and systemic complications are evident and severe [5, 6, 9].
Several studies have reported an increased risk of neoplasms among patients with
acromegaly and an excess mortality due to cancer and cardiovascular and respira-
tory diseases [8, 17, 18]. Nevertheless, some recent studies have shown a significant
reduction in this excess mortality due to improvement in therapies and increased
rate of disease control [18, 19]. Although acromegaly is associated with increased
risk factors for cardiovascular and cerebrovascular disease, such as hypertension,
dyslipidemia, and diabetes mellitus, recent studies have shown a lower incidence of
stroke or myocardial infarction than prior reports [12, 18]. Signs and symptoms of
heart disease should be evaluated according to risk stratification but may not be
present explicitly by the time of diagnosis [18]. The delay in diagnosis and treat-
ment may lead to more severe manifestations and, therefore, increased risk of com-
plications and mortality. Due to the myriad of effects of the GH/IGF-1 axis, the
clinical manifestations involve almost all systems. Table 5.2 shows a summary of
the most prominent features [18, 20-22].

Diseases or Conditions with Clinical Overlap That May
Mimic Acromegaly

In rare cases, clinical manifestations suggestive of acromegaly may be mimicked by
other conditions. Several genetic, metabolic, endocrine, and neoplastic diseases
have been associated with an acromegaly-like phenotype, which has been termed as
“pseudoacromegaly” or “acromegaloidism” [23]. In these cases, biochemical test-
ing excludes excess GH and IGF-1. Some drugs have also been associated with the
phenotype [23]. The diagnosis of pseudoacromegaly is difficult, given that the dif-
ferential diagnosis is extensive and there are no widely available workup panels.

Although rare, there are some common conditions that can produce the pheno-
type. Severe primary hypothyroidism can be associated with signs and symptoms
suggestive of acromegaly, especially macroglossia [23, 24]. Also, non-islet cell
tumor-induced hypoglycemia, which is associated with excess IGF-2, can generate
features of acromegaly due to activation of the IGF-1 receptor. Severe hyperinsulin-
ism and insulin resistance, usually explained by genetic variants that increase the
mitogenic pathways of insulin signaling, can be also associated with clinical fea-
tures that may mimic GH excess [23, 25]. Among the more infrequent conditions
associated with the disease, pachydermoperiostosis or primary hypertrophic osteo-
arthropathy is a genetic disease characterized by skin thickening, digital clubbing,
arthralgias, and coarse facial features caused by a defect in prostaglandin E2 metab-
olism [23].
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Interestingly, the use of minoxidil, a vasodilator usually prescribed for hair loss,
may also generate a phenotype masquerading as acromegaly. The pathophysiologi-
cal mechanism is a phenocopy of Canti syndrome, which is associated with a per-
sistent activation of an ATP-sensitive potassium channel or a gain-of-function
mutation of ABCC9. Phenytoin has also been described as a cause of a pseudoacro-
megaly. Other conditions associated with pseudoacromegaly are beyond the scope
of this chapter but include Beckwith-Wiedemann syndrome, Sotos syndrome,
Marfan syndrome, among many others [23].

Conclusions

Despite advances in acromegaly and a minor decrease in time to recognition of the
disease, diagnosis remains delayed largely because classic features occur slowly
and are underrecognized. Once the diagnosis is made, most patients manifest typi-
cal physical signs of acral and facial changes. Signs and symptoms of acromegaly
affect almost every organ system; hence, multiple subspecialists are involved in
making this diagnosis. There is a spectrum of severity in the clinical manifestations
of acromegaly and several rare conditions that may mimic it.

Others include orthopedists, gastrointestinal disease specialists, pulmonologists,
ENT, and gynecologists.
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Chapter 6
Sleep-Disordered Breathing in Acromegaly

Check for
updates

Diane Donegan and Stephanie M. Stahl

Introduction

Acromegaly is a multisystem disease due to excess growth hormone (GH) secretion
and consequently insulin-like growth factor (IGF)-1, most commonly due to a pitu-
itary adenoma [1]. Chronic unregulated GH release, direct effect of the tumor itself,
and/or adverse effects of treatment (surgery, medication and radiation treatment)
contribute to the development of comorbidities in patients with acromegaly [2, 3].
Given the ubiquitous distribution of GH and IGF-1 receptors, systemic complica-
tions associated with acromegaly are diverse and include metabolic effects (e.g.,
insulin resistance, hyperlipidemia, and obesity), cardiovascular and cerebrovascular
disease, neoplasia, arthropathy, decreased quality of life (QOL), and respiratory
disease necessitating treatment [4, 5].

Untreated or persistent acromegaly is associated with increased mortality [6-8].
The leading cause of death has been attributed to cancer, cardiovascular, cerebro-
vascular, and respiratory disorders [9, 10]. With effective treatment, a reduction in
GH and normalization of IGF-1 can reduce mortality to that of the general popula-
tion [11, 12]. Although many complications may improve with acromegaly treat-
ment, some continue and may contribute to the persistent decrease in health-related
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QOL demonstrated in several studies [13—15]. Thus, identifying and adequately
treating comorbidities associated with acromegaly is important.

Sleep-disordered breathing (SDB) is common in patients with acromegaly. SDB
is categorized into obstructive sleep apnea (OSA), central sleep apnea (CSA) syn-
dromes, sleep-related hypoxemia, and sleep-related hypoventilation disorders. OSA
is the most commonly reported SDB condition in the general population as well as
in patients with acromegaly. OSA has known negative health effects, including
those observed in morbidity and mortality in acromegaly, and therefore, awareness
and treatment of OSA are important in the holistic management of patients with
acromegaly.

Obstructive Sleep Apnea
Definition and Diagnosis

OSA is characterized by repetitive full or partial obstructions in the upper airway
during sleep. The most common site of obstruction is the retropalatal region but
also frequently includes collapse at the retroglossal and hypopharyngeal areas
[16]. OSA is diagnosed by either in-laboratory polysomnography (PSG) or by
home sleep apnea testing (HSAT; also referred to as portable monitoring or out-of-
center testing). PSG is the gold standard for diagnosis. During PSG, several physi-
ologic parameters are continuously recorded, including electroencephalogram
(EEG), electrooculogram (EOG), electromyogram (EMG), electrocardiogram
(ECG), snoring, respiratory flow and effort, body position, oxygen saturation, and
often continuous carbon dioxide levels measured typically by end-tidal carbon
dioxide. HSAT parameters are often limited to oxygen saturation and some mea-
surement of limited respiratory effort and flow but do not commonly include EEG,
EOG, EMG, ECG, or carbon dioxide monitoring. HSAT may be considered for
patients at high risk for OSA who do not have comorbidities that would place them
at risk for other SDB conditions, such as CSA, hypoventilation, or hypoxemia.
Such excluding conditions include congestive heart failure, opiate use, chronic
obstructive pulmonary disease, neuromuscular conditions, and atrial fibrillation
[17]. CSA is reported in up to 33% of patients with acromegaly as detailed later in
this chapter [18, 19]; therefore, in-laboratory PSG rather than HSAT should be
considered.

Diagnostic testing for OSA evaluates for the presence, frequency, and type of
respiratory events referred to as apneas and hypopneas. An apnea is defined as com-
plete or near-complete cessation of airflow for at least 10 s. A hypopnea is defined
as a reduction in airflow by >30% of pre-event baseline for at least 10 s and associ-
ated with (1) a >4% oxygen desaturation from pre-event baseline (“acceptable”
definition) or (2) a >3% oxygen desaturation from pre-event baseline or an arousal
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(“recommended” definition) [20]. A respiratory event is defined as obstructive if
respiratory effort is present, central if no respiratory effort is present, and mixed if
initially no respiratory effort is present followed by respiratory effort in the latter
portion of the event. Depending on the sleep laboratory in which testing occurs,
respiratory effort-related arousals (RERAs) may also be reported. A RERA is
defined by a change in the airflow lasting for at least 10 s leading to an arousal from
sleep that does not meet the criteria for an apnea or hypopnea [20].

The International Classification of Sleep Disorders, 3rd Edition, provides the
current diagnostic criteria for OSA, which differs for adults and children. The diag-
nosis of adult OSA requires the presence of either (1) >15 predominantly obstruc-
tive respiratory events per hour of sleep during PSG or per hour of monitoring
during an HSAT or (2) >5 predominantly obstructive respiratory events per hour of
sleep during a PSG or per hour of monitoring during an HSAT with symptoms (i.e.,
snoring, witnessed apneas, sleepiness, fatigue, nonrestorative sleep, insomnia, or
waking with gasping or choking) or comorbidities (i.e., congestive heart failure,
coronary artery disease, atrial fibrillation, stroke, hypertension, cognitive dysfunc-
tion, mood disorder, or type 2 diabetes mellitus) [21].

The severity of OSA is defined by the apnea-hypopnea index (AHI; number of
apneas and hypopneas per hour of sleep on PSG), respiratory event index (REI,;
number of apneas and hypopneas per hour of recording on HSAT), or respiratory
disturbance index (RDI; number of apneas, hypopneas, and RERAs per hour of
sleep on PSG). The terms AHI, REI, and RDI are often used synonymously, and for
simplicity, these terms will collectively be referred to as the AHI in this chapter
unless otherwise stated. Severity of OSA is defined as mild when the AHI is 5 to
<15/hour (h), moderate when 15 to <30/h, and severe when >30/h. Other variables
important to consider in the severity of sleep apnea are the degree and duration of
oxygen desaturation, severity of daytime sleepiness, and amount of sleep fragmen-
tation, which can be determined by the arousal index, sleep efficiency (total time
asleep divided by the total recording time), and percentage of time spent in the vari-
ous stages of sleep.

Night-to-night variations in the AHI along with differences in testing and the
definition of respiratory events lead to variable reporting of sleep apnea prevalence
and severity. Currently, the Centers for Medicare and Medicaid Services uses only
the “acceptable” definition for hypopneas (i.e., >4% oxygen desaturation) and do
not consider RERAs, leading many sleep centers to report only this definition of
hypopneas and not reporting RERAs. Thus, variance can be present from one center
to another. If the recommended definition of hypopneas and scoring of RERAs are
used, the prevalence and severity of OSA would increase. Additionally, HSAT often
underestimates the REI. Therefore, an understanding of the parameters reported and
recognition of their limits are crucial when reviewing the sleep study report for the
diagnosis and management of patients. Due to these variances if the patient receives
a negative test result, but a high index of suspicion for OSA is present, repeat sleep
testing is recommended.
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Epidemiology

The prevalence of OSA in the general population has varied over time. This vari-
ance is in part due to the different definitions of respiratory events and criteria used
for diagnosis. It is also likely due to an increase in diseases such as obesity. In 2013,
the Wisconsin Sleep Cohort Study estimated the prevalence of OSA using the >4%
desaturation rule for hypopneas to be 26% of adults 30-70 years old. Additionally,
at least 1 in 10 adults have moderate or severe OSA (i.e., AHI >15/h) [22]. This
prevalence, however, varies widely with population characteristics [23].

In patients with acromegaly, the prevalence of OSA is reported to be as high as
100%; however, the prevalence range is wide and likely related to subject selection,
study design, and diagnostic criteria. In studies where all patients with acromegaly
are evaluated by PSG, 37-100% were diagnosed with OSA (Table 6.1) [18, 19,
24-42]. In population or multicenter-based studies, such as the French, Spanish, or
Belgian (AcroBel) acromegaly registries, 13-26% of patients were diagnosed with
OSA [43-47]. Two cross-sectional examinations of major claims databases in the
United States noted a diagnosis of OSA in 11.5-29.6% of patients with acromegaly
[48, 49]. Only one study has attempted to assess the incidence of OSA in those with
acromegaly, which was calculated to be 1.3/10,000 person years based on the
administrative claims of 949 health plan enrollees [49]. These lower percentages
reported in acromegaly registries and the claims databases highlight the underdiag-
nosis of OSA, as not all patients were systematically assessed for sleep apnea.
Moreover, the method of evaluation and diagnostic criteria were not outlined.

The variance in OSA reported in patients with acromegaly may also be due to
differences in study populations assessed (treatment naive vs prior treatment or
both; active disease vs disease remission or both), although a recent meta-analysis
did not show a difference in the prevalence of OSA in those with active compared
to controlled acromegaly [50]. Alternatively, selection bias may contribute to higher
prevalence rates and may be more likely when patients were selected for OSA
assessment when screened using the Epworth Sleepiness Scale (ESS) or were con-
secutively recruited from sleep medicine clinics [18, 38, 40]. When taken altogether
the prevalence of OSA in patients with acromegaly is estimated to be approximately
68.8% (range 37-100%).

Given that acromegaly is rare with a prevalence that ranges between 2.8 and 13.7
cases per 100,000 [51], one would expect the prevalence of acromegaly in those
with OSA to be low. Indeed, three studies, which screened for acromegaly using
IGF-1 alone or IGF-1 in those with at least 1 acral enlargement symptom followed
by confirmatory oral glucose GH suppression testing, found the prevalence of acro-
megaly in those with OSA to be 0.004-0.35% [52-54]. Whether screening of all
patients with OSA for acromegaly would be cost-effective is to be determined.
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Symptoms and Risk Factors

Symptoms of OSA include loud or frequent snoring, witnessed pauses in breathing
during sleep, daytime sleepiness or fatigue, unrefreshing sleep, night sweats, noctu-
ria, morning headaches, memory impairment, frequent nocturnal awakenings, irri-
tability, and nocturnal gastroesophageal reflux (Table 6.2) [55]. While one or more
of these symptoms may prompt the patients to discuss concerns with their health-
care provider, many patients may not recognize the importance of or experience
significant symptoms. In such patients, recognizing risk factors for those who
should be screened for OSA is important. Several screening questionnaires, such as
the STOP-BANG or Berlin Questionnaire, are validated screening tools for OSA in
the general population; however, these tools have not been validated in patients with
acromegaly [56, 57]. Given the high frequency of OSA in acromegaly, all patients
with acromegaly should be screened for symptoms of OSA and PSG considered.
Additionally, screening for OSA prior to and after surgical treatment of those with
acromegaly is recommended [2].

Many factors play a role in upper airway patency during sleep. Any feature that
can cause narrowing or collapse in the pharyngeal airway can increase the risk of
OSA. Risk factors for OSA include male gender, age, body habitus, abnormal neu-
romuscular control, and craniofacial and upper airway abnormalities or features
[22, 58]. Men are twice as likely to have OSA. In the United States, approximately
34% of men compared to 17.4% of women ages 30-70 years old have OSA [22].
OSA risk also increases with age. For example, the prevalence of OSA in men and
women 3049 years old is approximately 26.6% and 8.7%, respectively, compared
to 43.2% of men and 27.8% of women ages 50-70 years old [22]. Certain body
habitus features, such as obesity, central body fat distribution, and large neck size,

Table 6.2 Symptoms of

. Loud or frequent snorin
obstructive sleep apnea q &

Witnessed pauses in breathing during sleep
Daytime sleepiness

Unrefreshing sleep

Fatigue

Night sweats

Dry mouth upon awakening
Nocturia

Waking with gasping or choking
Morning headaches

Poor concentration

Memory impairment

Frequent nocturnal awakenings
Insomnia

Decreased libido

Irritability

Nocturnal gastroesophageal reflux
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are strong risk factors for OSA [58]. In men ages 30-49 a BMI of <25 is associated
with about a 7% prevalence of OSA compared to 18.3% for BMI 25-29.9 (over-
weight category), 44.6% for BMI 30-39.9 (obesity category), and 79.5% for BMI
>40 (morbid obesity category) [22].

Generally, risk factors for the development of OSA in those with acromegaly are
similar to those of the general population. OSA is more likely in men [41] and in
those with a large neck circumference or older age [28, 59, 60]. While some studies
noted a higher risk of OSA with increasing BMI, diabetes and hypertension, these
risk factors are not noted in all [61]. OSA is more common in those with active
acromegaly compared to those without. Additionally, positive correlations between
AHI and IGF-1 and/or GH have been observed; however, not all studies have dem-
onstrated such correlations [28, 61, 62].

Abnormalities or enlargement of craniofacial and upper airway structures is
important in the development of OSA. Alterations in structures that increase the risk
of OSA include tongue enlargement, retrognathia, micrognathia, tonsillar hypertro-
phy, and uvula enlargement [16]. Such structural changes can be a result of genetics,
developmental abnormalities, or from other causes, such as endocrine disorders
including acromegaly [63]. In patients with acromegaly, excess GH is associated
with both osseous and soft-tissue changes in the upper airway, which contribute to
the increased risk of OSA. Increased deposition of collagen and glycosaminoglycan
[64, 65], in addition to increased extracellular fluid [66, 67], leads to enlargement of
soft-tissue structures. Moreover, bone growth of all parts of the neurocranium and
orofacial bones (except maxilla), due to abnormal modeling and remodeling, leads
to the craniofacial features that typify acromegaly [68—70].

Studies have used a variety of different radiological techniques to identify the
level of greatest impact for the development of OSA and its association to acro-
megaly disease activity. Based on morphological studies using X-rays, patients with
acromegaly develop enlargement of most bones, but notable growth is seen in the
mandible as well as narrowing of the pharyngeal airspace [29, 70-72]. High-
resolution computed tomography of the upper airway typically demonstrates thick-
ening or enlargement of the tongue, soft plate, and posterior pharyngeal soft tissues
in those with acromegaly who have OSA [24, 39, 60]. Similar findings using mag-
netic resonance imaging (MRI) have been noted with tongue and soft palate enlarge-
ment most commonly seen [25, 28]. Endoscopic evaluation of those with acromegaly
demonstrates macroglossia and hypertrophy of the laryngeal mucosa, aryepiglottic
and ventricular folds as well as false vocal cords [73, 74].

In general, the severity of OSA, as measured by AHI, is associated with afore-
mentioned changes that occur in the upper airways in acromegaly. In particular, the
AHI has correlated positively with soft palate as well as pharyngeal enlargement
and negatively with airway narrowing [24, 75]. Moreover, the typical risk factors
associated with OSA, such as increasing age and BMI as well as male sex, are asso-
ciated with a higher AHI [27]. Although the prevalence of OSA is higher in those
with acromegaly compared to the general population, hormonal levels (GH and
IGF-1) have not always correlated positively with the severity of the AHI [18, 28].
Some studies have noted that higher GH levels are associated with increased MRI
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signal intensity, reflective of soft-tissue edema, correlated with IGF-1 levels [24].
Higher IGF-1 and GH levels have been associated with increased post-pharyngeal
thickness and vallecular tongue length [25].

Complications of Untreated Obstructive Sleep Apnea

Obstructive respiratory events can cause intermittent hypoxemia and elevations in
carbon dioxide levels. These changes induce sympathetic activation and chemo-
reflexive arousals from sleep to stimulate return of ventilation. Consequently, a
number of effects can result, including sleep fragmentation with a reduction in the
deeper and more restful stages of sleep, metabolic dysregulation including insulin
resistance, endothelial dysfunction, systemic inflammation, oxidative stress, and
hypercoagulability [76]. Intrathoracic pressure changes with attempted respirations
against a closed or narrowed airway can also increase transmural gradients of the
heart, leading to increased left atrial size and impaired diastolic function [77].

With a number of systemic effects, untreated OSA is associated with many nega-
tive health consequences including increased risk of cardiovascular and cerebrovas-
cular disease, neurologic disorders, endocrine dysfunction, ocular manifestations,
mood disorders, poor daytime functioning, and mortality (Table 6.3). The presence
of OSA is associated with a number of cardiovascular disorders, including increased
risk of systemic hypertension, heart failure, stroke, bradyarrhythmias, atrial fibrilla-
tion, ventricular arrhythmias, myocardial ischemia and infarction, and pulmonary
arterial hypertension [76]. OSA is also associated with many neurologic disorders,
including increased risk of neurodegenerative conditions, such as dementia [78] and
Parkinson disease [79], stroke [80], headaches, and poor seizure control [81].
Neurocognitive function is also impacted, causing deficits in attention, vigilance,
executive function, and long-term and possibly short-term memory [82]. OSA
affects glucose metabolism and is associated with increased risk of type 1 and 2
diabetes mellitus as well as gestational diabetes [83]. Ocular manifestations and
vision-threatening conditions associated with OSA include floppy eyelid syndrome,
nonarteritic anterior ischemic optic neuropathy, central serous retinopathy, retinal
vein occlusion, and glaucoma [84]. Other conditions in which OSA has been
reported to be associated with include depression [85], post-traumatic stress disor-
der [85], cancer [86], and gastro-esophageal reflux [87]. Individuals with OSA also
have a higher risk of motor vehicle accidents, work-related accidents, and poorer
work performance [88]. Consequently, mortality rate is increased in patients with
OSA with untreated sleep apnea associated with about a fourfold increased all-
cause mortality risk after adjusting for confounders [55]. Cardiovascular events are
a common cause of mortality in patients with OSA, accounting for approximately
40% of deaths in patients with severe sleep apnea [55].

Until recently, the leading cause of mortality in those with untreated or persistent
acromegaly was cardiovascular disease. In a study by Orme et al., where 366 deaths
occurred among 1362 acromegaly patients, 40% of deaths were due to
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Table 6.3 Negative health
effects associated with
untreated obstructive

sleep apnea

Cardiovascular disease
Hypertension
Heart Failure
Arrhythmias
Myocardial infarction
Pulmonary arterial hypertension

Neurologic disorders
Stroke
Dementia
Parkinson disease
Headaches
Poor seizure control
Deficits in attention, vigilance, and executive function
Impaired long- and short-term memory

Endocrine dysfunction
Type 1 and 2 diabetes mellitus
Gestational diabetes

Ocular manifestations
Floppy eyelid syndrome
Nonarteritic anterior ischemic optic neuropathy
Central serous retinopathy
Retinal vein occlusion
Glaucoma

Depression

Post-traumatic stress disorder
Cancer

Gastroesophageal reflux
Mortality

cardiovascular disease, and in 11% the cause of death was respiratory-related [89].
Previously, respiratory disorders accounted for up to 25% of mortality in patients
with acromegaly, which was a two to threefold higher risk than the general popula-
tion [90]. Metabolic complications seen in OSA are also present in acromegaly.
However, with advances in treatment and resultant normalization in hormonal
parameters, mortality has declined to levels similar to the general population with
cancer, now emerging as the leading cause of death as life expectancy increases [9].
Acromegaly has also been associated with cardiomyopathy, hypertension, arryth-
mias, and endothelial dysfunction [53]; therefore, the presence of untreated OSA
likely confers additional cardiovascular risk if overlooked and contributes to
morbidity.

Treatment of Obstructive Sleep Apnea

Decision to treat OSA depends on the severity as well as symptoms and comorbidi-
ties. Treatment is indicated for patients with moderate or severe OSA and for
patients with mild OSA who have symptoms or associated comorbidities [91]. Since
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one of the leading causes of death in patients with acromegaly is cardiovascular in
nature, recognition and treatment of OSA are of importance.

Several OSA treatments are available. The first-line treatment for OSA, espe-
cially if moderate or severe, is positive airway pressure (PAP) therapy. PAP therapy
is delivered by continuous, bilevel, or auto-titrating modes typically through a nasal
or oronasal interface. Continuous or auto-titrating PAP modes are typically used
first line; however, bilevel PAP may be considered for patients with hypoventilation
or difficulties tolerating continuous modes. Hernandez-Gordillo et al. demonstrated
that bilevel PAP had no advantages over CPAP in sleep architecture, residual AHI,
tolerance, or gas exchange in a group of patients with acromegaly [32]. Little data
is available on PAP adherence in patients with acromegaly, but one group reported
PAP adherence (defined as usage of PAP for >4 h for at least 70% of nights) to be
50% [38].

Other OSA treatments include an oral appliance, surgery, behavioral modifica-
tions, and other adjunctive treatments. Surgical options include upper airway stimu-
lation, uvulopalatopharyngoplasty, tongue advancement or stabilization,
maxillomandibular advancement, tracheostomy, and bariatric surgery. In adults,
several factors affect surgical success, and most sleep apnea surgeries are uncom-
monly curative. Adjunctive treatments and behavioral modifications, including
weight loss, exercise, positional therapy (i.e., prevention of sleeping supine), and
avoidance of alcohol and other respiratory depressants, may also lead to improve-
ments in OSA [91].

In acromegaly, evidence suggests that treatment of the underlying condition may
be associated with improvement or, in some cases, resolution of sleep apnea.
Response to therapy, however, is variable. In treatment-naive patients with active
acromegaly who had surgery as first-line therapy, Zhang et al. noted that among
those who achieved biochemical remission, OSA had improved in 55% of patients
at 6 months with the percentage of severe OSA falling from 45.8% to 28%.
Additionally, in the same study, a significant reduction in AHI was seen at 1- and
3-months following surgery after which it stabilized [42]. Sze et al. reported a more
dramatic effect of transsphenoidal tumor resection with a statistically significant
reduction in AHI (41.0 £ 20.5 pretreatment vs 11.3 + 13.3 posttreatment, P < 0.05)
and ESS (12.7£3.2vs 8.2+ 3.1, P <0.05). In 33% of patients, sleep apnea resolved
with an AHI of <5/h [26].

The use of somatostatin analogues (SSA) in treatment-naive patients with active
acromegaly may also lead to improvement in OSA in some patients as demonstrated
in several studies [24, 25, 33]. In a study of eight patients with acromegaly and
OSA, the AHI improved from 29.4 + 22.6 pretreatment to 13.4 = 11.1 (P = 0.025)
posttreatment with 6 months of octreotide [24]. In another study, the AHI decreased
in 64%, and 8% had resolution of sleep apnea after 6 months of treatment with
octreotide [25]. Another study with 24 weeks of lanreotide autogel demonstrated
that 61% of patients with OSA at baseline had an improvement in the AHI with 2/23
patients having resolution of OSA. The patients that had a resolution of OSA had
mild OSA at baseline. While the majority of patients had improvements, 30.4% had
a significant worsening in OSA, and one patient with no OSA at baseline developed
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mild OSA despite improvements in IGF-1 and GH levels. The authors, however,
identified a >4.5 kg weight gain in five of the seven patients who had worsening of
OSA, which may have contributed to this deterioration as AHI correlated with
weight (R? = 0.43, P =0.0001) [33]. This finding highlights the importance of con-
trolling for other OSA risk factors.

The use of pegvisomant and its impact on OSA in those with acromegaly have
also been assessed. In 12 patients with active acromegaly despite surgery and
octreotide, 6 months of pegvisomant use successfully lowered IGF-1 levels with a
resultant decrease in tongue volume and a decrease in AHI in 75% of patients. The
pretreatment AHI was 23 + 22/h and reduced to 18 + 18/h posttreatment (P = 0.007)
[29]. While this change was statistically significant, the clinical significance is in
question as the posttreatment AHI for the group remained in the moderate OSA
category and resolution of sleep apnea to an AHI <5/h occurred in none of the
patients diagnosed with OSA prior to treatment. In a retrospective study assessing
the use of pegvisomant of varying duration among patients with OSA and active
acromegaly despite treatment, pegvisomant use resulted in significant decrease in
IGF-1 levels and normalized in 10/12 patients with a resultant overall statistically
significant improvement in AHI (P < 0.05) and resolution of OSA in two patients.
In this study, patients with a higher AHI at baseline had less clinically significant
improvements in OSA with pegvisomant. Three patients at baseline had severe
OSA, and after pegvisomant, one patient continued to have severe OSA and two had
reduced to moderate OSA [36].

No head-to-head comparisons are available to assess the efficacy of acromegaly
treatments, including transsphenoidal surgery and medical therapies, in the improve-
ment of OSA. Differing definitions of OSA and its severity used in studies also
make comparisons of studies and treatments difficult. Studies have evaluated those
with multimodal acromegaly therapy (i.e., combination of medical, surgical, and/or
radiotherapy). Overall, as observed in a recent meta-analysis, any form of treatment
was associated with a decrease in the AHI with no difference noted between varying
treatment modalities (P = 0.26) [35]. Similar to monotherapies, resolution of OSA
does not always occur with acromegaly remission despite multimodal therapies [29,
35]; however, after 2.5 years of follow-up, resolution of OSA (defined as an AHI
<5/h in this study) has been reported in up to 68.8% of patients treated [41].

Although changes in OSA do not always correlate with IGF-1 or GH levels,
improvements in AHI are often seen irrespective of the form of treatment utilized.
However, complete resolution of sleep apnea with acromegaly treatment alone is
less frequently observed, and some patients develop OSA over the course of acro-
megaly treatment. The documented varying OSA response to acromegaly therapy
may be due to the duration of acromegaly disease prior to intervention and severity
of OSA at baseline as well as differing patient characteristics or comorbidities.
Irreversible factors, as a consequence of acromegaly, likely contribute to the persis-
tence of OSA seen in some. Additionally, other risk factors known to contribute to
OSA, such as increased weight, may remain or increase following treatment (e.g.,
in the setting of hypopituitarism). Therefore, ongoing assessment with sleep medi-
cine is crucial in the comprehensive care of patients with acromegaly.
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Central Sleep Apnea

CSA has also been reported in up to 33% of individuals with acromegaly. Higher
prevalence of CSA was reported in older studies, whereas more recent studies report
the prevalence of CSA in patients with acromegaly around 0-6% [18, 19, 24, 27, 28,
31, 42, 60, 92]. The reason for reduction in CSA prevalence in patients with acro-
megaly is not known and may be related to the earlier recognition and treatment of
acromegaly or advancements in technology used in SDB diagnosis in that some
patients diagnosed with CSA actually had OSA.

The cause of CSA in acromegaly is less well-known but may be due to altera-
tions in the central respiratory center either by reflex inhibition secondary to nar-
rowing of the upper airways or change in ventilatory response in relation to carbon
dioxide levels [90, 93]. Studies have demonstrated that CSA was associated with
higher levels of GH and IGF-1 [18, 31] as well as lower carbon dioxide levels upon
waking compared to those with OSA [18]. One study noted that the single patient
diagnosed with CSA out of the 24 patients in the study had congestive heart failure,
which is a condition in the general population associated with CSA and highlights
that comorbidities aside from acromegaly itself can be the cause of SDB [28].

The consequences of untreated CSA are less well understood, and currently
unknown is whether treatment of CSA leads to improved outcomes. Similar to
patients with OSA, some studies have demonstrated that treatment of acromegaly
led to improvement in CSA [19, 26]. Treatment of CSA differs from OSA treatment
and may include advanced PAP therapy such as adaptive servo-ventilation [94].
Referral to a sleep medicine specialist for further evaluation and management is
recommended.

Conclusion

SDB is common in acromegaly. Given the potential complications associated with
OSA, all patients with acromegaly should be assessed for sleep apnea. Questionnaires
can be used in clinic to screen for sleep apnea, but polysomnography is required for
confirmation. Given that SDB improves in some following acromegaly treatment
and, in others, may develop over the course of treatment, patients should be reevalu-
ated to assess ongoing needs for SDB treatment. In the majority, however, SDB
persists, requiring long-term management. Risk factors for the development or per-
sistence of sleep apnea should be addressed, including obesity, smoking, optimal
hormonal replacement, and ensuring appropriate disease control.



6 Sleep-Disordered Breathing in Acromegaly 81

References

1.
2.

10.

11.

12.
13.

14.

15.

16.

17.

18.
19.
20.

21.
. Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. Increased prevalence of sleep-

23.

Melmed S. Medical progress: acromegaly. N Engl J Med. 2006;355(24):2558-73.

Giustina A, Barkan A, Beckers A, Biermasz N, Biller BMK, Boguszewski C, et al. A consen-
sus on the diagnosis and treatment of acromegaly comorbidities: an update. J Clin Endocrinol
Metab. 2020;105(4):dgz096.

. McCabe J, Ayuk J, Sherlock M. Treatment factors that influence mortality in acromegaly.

Neuroendocrinology. 2016;103(1):66-74.

. Gadelha MR, Kasuki L, Lim DST, Fleseriu M. Systemic complications of acromegaly and

the impact of the current treatment landscape: an update. Endocr Rev. 2019;40(1):268-332.

. Pivonello R, Auriemma RS, Grasso LF, Pivonello C, Simeoli C, Patalano R, et al.

Complications of acromegaly: cardiovascular, respiratory and metabolic comorbidities.
Pituitary. 2017;20(1):46-62.

. Ritvonen E, Loyttyniemi E, Jaatinen P, Ebeling T, Moilanen L, Nuutila P, et al. Mortality in

acromegaly: a 20-year follow-up study. Endocr Relat Cancer. 2016;23(6):469-80.

. Dekkers OM, Biermasz NR, Pereira AM, Romijn JA, Vandenbroucke JP. Mortality in acro-

megaly: a metaanalysis. J Clin Endocrinol Metab. 2008;93(1):61-7.

. Holdaway IM. Excess mortality in acromegaly. Horm Res. 2007;68(Suppl 5):166-72.
. Bolfi F, Neves AF, Boguszewski CL, Nunes-Nogueira VS. Mortality in acromegaly decreased in

the last decade: a systematic review and meta-analysis. Eur J Endocrinol. 2018;179(1):59-71.
Kasuki L, Rocha PDS, Lamback EB, Gadelha MR. Determinants of morbidities and mortality
in acromegaly. Arch Endocrinol Metab. 2019;63(6):630-7.

Mercado M, Gonzalez B, Vargas G, Ramirez C, de los Monteros AL, Sosa E, et al. Successful
mortality reduction and control of comorbidities in patients with acromegaly followed at a
highly specialized multidisciplinary clinic. J Clin Endocrinol Metab. 2014;99(12):4438-46.
Bolfi F, Neves AF, Boguszewski CL, Nunes-Nogueira VS. Mortality in acromegaly decreased
in the last decade: a systematic review and meta-analysis. Eur J Endocrinol. 2019;181(5):L5-6.
Ben-Shlomo A, Sheppard MC, Stephens JM, Pulgar S, Melmed S. Clinical, quality of life, and
economic value of acromegaly disease control. Pituitary. 2011;14(3):284-94.

Biermasz NR, Pereira AM, Smit JW, Romijn JA, Roelfsema F. Morbidity after long-term
remission for acromegaly: persisting joint-related complaints cause reduced quality of life. J
Clin Endocrinol Metab. 2005;90(5):2731-9.

Biermasz NR, van Thiel SW, Pereira AM, Hoftijzer HC, van Hemert AM, Smit JW, et al.
Decreased quality of life in patients with acromegaly despite long-term cure of growth hor-
mone excess. J Clin Endocrinol Metab. 2004;89(11):5369-76.

Dempsey JA, Veasey SC, Morgan BJ, O’Donnell CP. Pathophysiology of sleep apnea. Physiol
Rev. 2010;90(1):47-112.

Kapur VK, Auckley DH, Chowdhuri S, Kuhlmann DC, Mehra R, Ramar K, et al. Clinical prac-
tice guideline for diagnostic testing for adult obstructive sleep apnea: an American Academy of
Sleep Medicine clinical practice guideline. J Clin Sleep Med. 2017;13(3):479-504.

Grunstein RR, Ho KY, Sullivan CE. Sleep apnea in acromegaly. Ann Intern Med.
1991;115(7):527-32.

Grunstein RR, Ho KK, Sullivan CE. Effect of octreotide, a somatostatin analog, on sleep apnea
in patients with acromegaly. Ann Intern Med. 1994;121(7):478-83.

Berry R. The AASM manual for the scoring of sleep and associated events: rules, terminology
and technical specifications. Illinois: Darien; 2020.

Medicine AAoS. International classification of sleep disorders. 3rd ed. Illinois: Darien; 2014.

disordered breathing in adults. Am J Epidemiol. 2013;177(9):1006—14.

Chen X, Wang R, Zee P, Lutsey PL, Javaheri S, Alcantara C, et al. Racial/ethnic differ-
ences in sleep disturbances: the Multi-Ethnic Study of Atherosclerosis (MESA). Sleep.
2015;38(6):877-88.



82

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

D. Donegan and S. M. Stahl

Ip MS, Tan KC, Peh WC, Lam KS. Effect of Sandostatin LAR on sleep apnoea in acromeg-
aly: correlation with computerized tomographic cephalometry and hormonal activity. Clin
Endocrinol (Oxf). 2001;55(4):477-83.

Herrmann BL, Wessendorf TE, Ajaj W, Kahlke S, Teschler H, Mann K. Effects of octreotide
on sleep apnoea and tongue volume (magnetic resonance imaging) in patients with acromeg-
aly. Eur J Endocrinol. 2004;151(3):309-15.

Sze L, Schmid C, Bloch KE, Bernays R, Brandle M. Effect of transsphenoidal surgery on sleep
apnoea in acromegaly. Eur J Endocrinol. 2007;156(3):321-9.

Davi MV, Dalle Carbonare L, Giustina A, Ferrari M, Frigo A, Lo Cascio V, et al. Sleep apnoea
syndrome is highly prevalent in acromegaly and only partially reversible after biochemical
control of the disease. Eur J Endocrinol. 2008;159(5):533—-40.

van Haute FR, Taboada GF, Correa LL, Lima GA, Fontes R, Riello AP, et al. Prevalence of
sleep apnea and metabolic abnormalities in patients with acromegaly and analysis of cepha-
lometric parameters by magnetic resonance imaging. Eur J Endocrinol. 2008;158(4):459-65.
Berg C, Wessendorf TE, Mortsch F, Forsting M, Teschler H, Weischer T, et al. Influence of
disease control with pegvisomant on sleep apnoea and tongue volume in patients with active
acromegaly. Eur J Endocrinol. 2009;161(6):829-35.

Attal P, Chanson P. Endocrine aspects of obstructive sleep apnea. J Clin Endocrinol Metab.
2010;95(2):483-95.

Roemmler J, Gutt B, Fischer R, Vay S, Wiesmeth A, Bidlingmaier M, et al. Elevated incidence of
sleep apnoea in acromegaly-correlation to disease activity. Sleep Breath. 2012;16(4):1247-53.
Hernandez-Gordillo D, Ortega-Gomez Mdel R, Galicia-Polo L, Castorena-Maldonado A,
Vergara-Lopez A, Guillen-Gonzalez MA, et al. Sleep apnea in patients with acromegaly.
Frequency, characterization and positive pressure titration. Open Respir Med J. 2012;6:28-33.
Annamalai AK, Webb A, Kandasamy N, Elkhawad M, Moir S, Khan F, et al. A comprehen-
sive study of clinical, biochemical, radiological, vascular, cardiac, and sleep parameters in an
unselected cohort of patients with acromegaly undergoing presurgical somatostatin receptor
ligand therapy. J Clin Endocrinol Metab. 2013;98(3):1040-50.

Akkoyunlu ME, Ilhan MM, Bayram M, Tasan E, Yakar F, Ozcelik HK, et al. Does hormonal
control obviate positive airway pressure therapy in acromegaly with sleep-disordered breath-
ing? Respir Med. 2013;107(11):1803-9.

Chemla D, Attal P, Maione L, Veyer AS, Mroue G, Baud D, et al. Impact of successful treat-
ment of acromegaly on overnight heart rate variability and sleep apnea. J Clin Endocrinol
Metab. 2014;99(8):2925-31.

Kuhn E, Maione L, Bouchachi A, Roziere M, Salenave S, Brailly-Tabard S, et al. Long-term
effects of pegvisomant on comorbidities in patients with acromegaly: a retrospective single-
center study. Eur J Endocrinol. 2015;173(5):693-702.

Castellani C, Francia G, Dalle Carbonare L, Ferrari M, Viva E, Cerini R, et al. Morphological
study of upper airways and long-term follow-up of obstructive sleep apnea syndrome in acro-
megalic patients. Endocrine. 2016;51(2):308-16.

Tasbakan MS, Kacmaz Basoglu O, Yildirim Simsir I, Saygili F. Obstructive sleep apnea char-
acteristics in patients with well-controlled acromegaly and their compliance with positive air-
way pressure therapy. Turk J Med Sci. 2017;47(5):1348-53.

Guo X, Zhao Y, Wang M, Gao L, Wang Z, Zhang Z, et al. The posterior pharyngeal wall thick-
ness is associated with OSAHS in patients with acromegaly and correlates with IGF-1 levels.
Endocrine. 2018;61(3):526-32.

Vouzouneraki K, Franklin KA, Forsgren M, Warn M, Persson JT, Wik H, et al. Temporal rela-
tionship of sleep apnea and acromegaly: a nationwide study. Endocrine. 2018;62(2):456-63.
Wolters TLC, Roerink S, Drenthen LCA, van Haren-Willems J, Wagenmakers M, Smit JWA,
et al. The course of obstructive sleep apnea syndrome in patients with acromegaly during treat-
ment. J Clin Endocrinol Metab. 2020;105(1):290-304.

Zhang Z, Li Q, He W, Qiu H, Ye H, Wang Y, et al. The comprehensive impact on human body
induced by resolution of growth hormone excess. Eur J Endocrinol. 2018;178(4):365-75.



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Sleep-Disordered Breathing in Acromegaly 83

Bex M, Abs R, T’Sjoen G, Mockel J, Velkeniers B, Muermans K, et al. AcroBel—the Belgian
registry on acromegaly: a survey of the ‘real-life’ outcome in 418 acromegalic subjects. Eur J
Endocrinol. 2007;157(4):399-409.

Mestron A, Webb SM, Astorga R, Benito P, Catala M, Gaztambide S, et al. Epidemiology,
clinical characteristics, outcome, morbidity and mortality in acromegaly based on the
Spanish Acromegaly Registry (Registro Espanol de Acromegalia, REA). Eur J Endocrinol.
2004;151(4):439-46.

Maione L, Brue T, Beckers A, Delemer B, Petrossians P, Borson-Chazot F, et al. Changes in
the management and comorbidities of acromegaly over three decades: the French Acromegaly
Registry. Eur J Endocrinol. 2017;176(5):645-55.

Lesen E, Granfeldt D, Houchard A, Dinet J, Berthon A, Olsson DS, et al. Comorbidities,
treatment patterns and cost-of-illness of acromegaly in Sweden: a register-linkage population-
based study. Eur J Endocrinol. 2017;176(2):203-12.

Petrossians P, Daly AF, Natchev E, Maione L, Blijdorp K, Sahnoun-Fathallah M, et al.
Acromegaly at diagnosis in 3173 patients from the Liege Acromegaly Survey (LAS) Database.
Endocr Relat Cancer. 2017;24(10):505-18.

Broder MS, Neary MP, Chang E, Cherepanov D, Katznelson L. Treatments, complications,
and healthcare utilization associated with acromegaly: a study in two large United States data-
bases. Pituitary. 2014;17(4):333-41.

Burton T, Le Nestour E, Bancroft T, Neary M. Real-world comorbidities and treatment
patterns of patients with acromegaly in two large US health plan databases. Pituitary.
2013;16(3):354-62.

Parolin M, Dassie F, Alessio L, Wennberg A, Rossato M, Vettor R, et al. Obstructive sleep
apnea in acromegaly and the effect of treatment: a systematic review and meta-analysis. J Clin
Endocrinol Metab. 2020;105(3):dgz116.

Lavrentaki A, Paluzzi A, Wass JA, Karavitaki N. Epidemiology of acromegaly: review of pop-
ulation studies. Pituitary. 2017;20(1):4-9.

Heinrich DA, Reinholz C, Bauer M, Tufman A, Frohner R, Schopohl J, et al. IGF-1-based
screening reveals a low prevalence of acromegaly in patients with obstructive sleep apnea.
Endocrine. 2018;60(2):317-22.

Galerneau LM, Pepin JL, Borel AL, Chabre O, Sapene M, Stach B, et al. Acromegaly in sleep
apnoea patients: a large observational study of 755 patients. Eur Respir J. 2016;48(5):1489-92.
Sesmilo G, Resmini E, Sambo M, Blanco C, Calvo F, Pazos F, et al. Prevalence of acromegaly
in patients with symptoms of sleep apnea. PLoS One. 2017;12(9):e0183539.

Young T, Finn L, Peppard PE, Szklo-Coxe M, Austin D, Nieto FJ, et al. Sleep disordered
breathing and mortality: eighteen-year follow-up of the Wisconsin sleep cohort. Sleep.
2008;31(8):1071-8.

Nagappa M, Liao P, Wong J, Auckley D, Ramachandran SK, Memtsoudis S, et al. Validation
of the STOP-Bang Questionnaire as a screening tool for obstructive sleep apnea among dif-
ferent populations: a systematic review and meta-analysis. PLoS One. 2015;10(12):e0143697.
Netzer NC, Stoohs RA, Netzer CM, Clark K, Strohl KP. Using the Berlin Questionnaire to
identify patients at risk for the sleep apnea syndrome. Ann Intern Med. 1999;131(7):485-91.
Young T, Skatrud J, Peppard PE. Risk factors for obstructive sleep apnea in adults.
JAMA. 2004;291(16):2013-6.

Rosenow F, Reuter S, Deuss U, Szelies B, Hilgers RD, Winkelmann W, et al. Sleep apnoea
in treated acromegaly: relative frequency and predisposing factors. Clin Endocrinol (Oxf).
1996;45(5):563-9.

Turan O, Akinci B, Ikiz AO, TItil O, Oztura I, Ada E, et al. Airway and sleep disorders in
patients with acromegaly. Clin Respir J. 2018;12(3):1003-10.

Kashine S, Kishida K, Funahashi T, Shimomura I. Characteristics of sleep-disordered breath-
ing in Japanese patients with acromegaly. Endocr J. 2012;59(1):31-8.



84

62.

63.

64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

D. Donegan and S. M. Stahl

Kovaleva YA, Dreval AV, Kulakov NV, Fedorova SI, Ilovayskaya IA. Prevalence and risk fac-
tors of sleep breathing disorders in patients with acromegaly from Moscow region. Ter Arkh.
2018;90(10):65-70.

Lavrentaki A, Ali A, Cooper B, Tahrani A. Mechanisms of disease: the endocrinology of
obstructive sleep apnoea. Eur J Endocrinol. 2019;180(3):R91-125.

Addy TM, Hafler J, Galerneau F. Faculty development for fostering clinical reasoning
skills in early medical students using a modified bayesian approach. Teach Learn Med.
2016;28(4):415-23.

Centurion SA, Schwartz RA. Cutaneous signs of acromegaly. Int J Dermatol. 2002;41(10):631-4.
Kamenicky P, Blanchard A, Frank M, Salenave S, Letierce A, Azizi M, et al. Body fluid expan-
sion in acromegaly is related to enhanced epithelial sodium channel (ENaC) activity. J Clin
Endocrinol Metab. 2011;96(7):2127-35.

Moller J. Growth hormone and fluid homeostasis. Front Horm Res. 2005;33:161-84.

Vilar L, Vilar CF, Lyra R, Lyra R, Naves LA. Acromegaly: clinical features at diagnosis.
Pituitary. 2017;20(1):22-32.

Mazziotti G, Lania AGA, Canalis E. Management of endocrine disease: bone disorders associ-
ated with acromegaly: mechanisms and treatment. Eur J Endocrinol. 2019;181(2):R45-56.
Dostalova S, Sonka K, Smahel Z, Weiss V, Marek J. Cephalometric assessment of cranial
abnormalities in patients with acromegaly. J Craniomaxillofac Surg. 2003;31(2):80-7.
Herrmann BL, Mortsch F, Berg C, Weischer T, Mohr C, Mann K. Acromegaly: a cross-
sectional analysis of the oral and maxillofacial pathologies. Exp Clin Endocrinol Diabetes.
2011;119(1):9-14.

Hochban W, Ehlenz K, Conradt R, Brandenburg U. Obstructive sleep apnoea in acromegaly:
the role of craniofacial changes. Eur Respir J. 1999;14(1):196-202.

Cadieux RJ, Kales A, Santen RJ, Bixler EO, Gordon R. Endoscopic findings in sleep apnea
associated with acromegaly. J Clin Endocrinol Metab. 1982;55(1):18-22.

Pelttari L, Polo O, Rauhala E, Vuoriluoto J, Aitasalo K, Hyyppa MT, et al. Nocturnal breathing
abnormalities in acromegaly after adenomectomy. Clin Endocrinol (Oxf). 1995;43(2):175-82.
Guo X, Gao L, Zhao Y, Wang M, Jiang B, Wang Q, et al. Characteristics of the upper respira-
tory tract in patients with acromegaly and correlations with obstructive sleep apnoea/hypopnea
syndrome. Sleep Med. 2018;48:27-34.

Somers VK, White DP, Amin R, Abraham WT, Costa F, Culebras A, et al. Sleep apnea and
cardiovascular disease: an American Heart Association/american College Of Cardiology
Foundation Scientific Statement from the American Heart Association Council for High Blood
Pressure Research Professional Education Committee, Council on Clinical Cardiology, Stroke
Council, and Council On Cardiovascular Nursing. In collaboration with the National Heart,
Lung, and Blood Institute National Center on Sleep Disorders Research (National Institutes of
Health). Circulation. 2008;118(10):1080-111.

Otto ME, Belohlavek M, Romero-Corral A, Gami AS, Gilman G, Svatikova A, et al.
Comparison of cardiac structural and functional changes in obese otherwise healthy adults
with versus without obstructive sleep apnea. Am J Cardiol. 2007;99(9):1298-302.

Yaffe K, Laffan AM, Harrison SL, Redline S, Spira AP, Ensrud KE, et al. Sleep-disordered
breathing, hypoxia, and risk of mild cognitive impairment and dementia in older women.
JAMA. 2011;306(6):613-9.

Yeh NC, Tien KJ, Yang CM, Wang JJ, Weng SF. Increased risk of Parkinson’s disease in
patients with obstructive sleep apnea: a population-based, propensity score-matched, longitu-
dinal follow-up study. Medicine (Baltimore). 2016;95(2):e2293.

Yaggi HK, Concato J, Kernan WN, Lichtman JH, Brass LM, Mohsenin V. Obstructive sleep
apnea as a risk factor for stroke and death. N Engl J Med. 2005;353(19):2034—41.

Lin Z, Si Q, Xiaoyi Z. Obstructive sleep apnoea in patients with epilepsy: a meta-analysis.
Sleep Breath. 2017;21(2):263-70.

Bucks RS, Olaithe M, Eastwood P. Neurocognitive function in obstructive sleep apnoea: a
meta-review. Respirology. 2013;18(1):61-70.



83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Sleep-Disordered Breathing in Acromegaly 85

Reutrakul S, Mokhlesi B. Obstructive sleep apnea and diabetes: a state of the art review. Chest.
2017;152(5):1070-86.

Santos M, Hofmann RJ. Ocular Manifestations of Obstructive Sleep Apnea. J Clin Sleep Med.
2017;13(11):1345-8.

Gupta MA, Simpson FC. Obstructive sleep apnea and psychiatric disorders: a systematic
review. J Clin Sleep Med. 2015;11(2):165-75.

Martinez-Garcia MA, Campos-Rodriguez F, Barbe F. Cancer and OSA: current evidence from
human studies. Chest. 2016;150(2):451-63.

Shepherd KL, James AL, Musk AW, Hunter ML, Hillman DR, Eastwood PR. Gastro-
oesophageal reflux symptoms are related to the presence and severity of obstructive sleep
apnoea. J Sleep Res. 2011;20(1 Pt 2):241-9.

Sanna A. Obstructive sleep apnoea, motor vehicle accidents, and work performance. Chron
Respir Dis. 2013;10(1):29-33.

Orme SM, McNally RJ, Cartwright RA, Belchetz PE. Mortality and cancer incidence in
acromegaly: a retrospective cohort study. United Kingdom Acromegaly Study Group. J Clin
Endocrinol Metab. 1998;83(8):2730-4.

Fatti LM, Scacchi M, Pincelli Al, Lavezzi E, Cavagnini F. Prevalence and pathogenesis of
sleep apnea and lung disease in acromegaly. Pituitary. 2001;4(4):259-62.

Epstein LJ, Kristo D, Strollo PJ Jr, Friedman N, Malhotra A, Patil SP, et al. Clinical guideline
for the evaluation, management and long-term care of obstructive sleep apnea in adults. J Clin
Sleep Med. 2009;5(3):263-76.

Vannucci L, Luciani P, Gagliardi E, Paiano S, Duranti R, Forti G, et al. Assessment of sleep
apnea syndrome in treated acromegalic patients and correlation of its severity with clinical and
laboratory parameters. J Endocrinol Invest. 2013;36(4):237—42.

Grunstein RR, Ho KY, Berthon-Jones M, Stewart D, Sullivan CE. Central sleep apnea is asso-
ciated with increased ventilatory response to carbon dioxide and hypersecretion of growth
hormone in patients with acromegaly. Am J Respir Crit Care Med. 1994;150(2):496-502.
Badr MS, Dingell JD, Javaheri S. Central sleep apnea: a brief review. Curr Pulmonol Rep.
2019;8(1):14-21.



®

Check for
updates

Chapter 7
Cardiovascular Pathology in Acromegaly

Adnan Ajmal

Background

Excess of growth hormone [GH] and insulin-like growth factor [IGF-1] exerts regu-
latory effects on the cardiovascular system [CV] through autocrine and paracrine
mechanisms, leading to structural and functional abnormalities in the heart and
causing impairment of the vascular system [1]. Acromegaly is associated with
increased cardiovascular morbidity and mortality [2] through the complex interplay
of elevated GH/IGF-1 levels, which exerts direct effects on the heart via GH and
IGF-1 receptors on the cardiac myocytes and indirectly through increasing the prev-
alence of traditional CV risks, like hypertension [HTN], insulin resistance, and
hyperlipidemia. This interaction between direct affect and traditional CV risks man-
ifests itself as cardiomyopathy especially left ventricular [LV] hypertrophy and dia-
stolic dysfunction, valvular heart defects especially mitral and aortic regurgitation,
arrythmias, atherosclerotic arterial disease including coronary artery disease [CAD],
and cerebrovascular disease [CVD].

Acromegalic cardiomyopathy, defined as hyperkinetic syndrome followed by
concentric biventricular hypertrophy, diastolic dysfunction, and eventually diastolic
heart failure with preserved systolic function, is the classic initial presentation. Its
prevalence increases with age and long-standing disease but even shorter exposure
to GH and IGF-1 excess leads to structural heart changes [1]. Cardiomyopathy is
aggravated by concomitant presence of hypertension, which has a prevalence of
almost 50% in acromegaly patients, but acromegalic cardiomyopathy is also seen
without hypertension [1, 3]. Diastolic dysfunction, in the context of cardiomyopa-
thy, is also very prevalent in acromegaly patients and progresses to diastolic heart
failure, if mitigation strategies are not implemented early enough to control
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coexisting hypertension and valvular heart disease. This is a vicious cycle in which
ventricular remodeling aggravates valvular regurgitation, which in turn worsens
ventricular hypertrophy [2]. This is worth mentioning that the prevalence of CAD
reaches almost 100% in patients with hypertension and diabetes mellitus [1].
Cardiomyopathy, ischemic cardiac disease and higher prevalence of hypertension,
diabetes mellitus, hyperlipidemia, and obstructive sleep apnea [OSA] account for
almost 60% of deaths in this cohort [3]. Autopsy studies have confirmed the pres-
ence of increased LV mass, myocardial fibrosis, and myocardial ischemia [4].

The pathogenesis of CAD in acromegaly is very complex, and the fundamental
question remains unanswered that either it is excess GH/IGF per se, contributing to
development of atherosclerotic arterial disease, or it is the increased prevalence of
classic risk factors like HTN, DM, or hyperlipidemia, which we see in acromegaly.
Acromegaly patients stratified based on Framingham’s score [FS] and Agatston
score [AS] have shown that 41% of these patients have increased atherosclerosis
risk, but control of acromegaly did not decrease this high risk [5]. It is also not very
clear if increased prevalence of atherosclerotic arterial disease increases mortality in
acromegaly. Animal studies have shown higher mortality in acromegaly is due to
cardiomyopathy rather than CAD [2]. Studies have shown that cardiovascular mor-
tality is improved with effective control of GH/IGF excess and associated CV risk
factors, like diabetes mellitus, hypertension, and hyperlipidemia, but its effect on
morbidity remains unclear. Moreover, it is also not very clear who is at higher risk
to get severe ischemic CV events and should be stratified, as one prospective study
has shown low CAD risk in acromegaly with no one getting severe ischemic events,
but other study predicted an increased risk of lethal ischemic event when AS was
>400, though overall incidence of lethal events remained low [6].

Pathogenesis
Acromegalic Cardiomyopathy

Left ventricular hypertrophy with a prevalence of 36-80% and diastolic dysfunction
with prevalence of 29—40% are the most common morphologic and functional man-
ifestations of acromegalic cardiomyopathy, respectively [7], with age, basal meta-
bolic index [BMI], and disease duration being the biggest predictors [8] of
acromegaly cardiomyopathy.

Myocyte growth and function, cardiac contractility, and vascular function are
effected in acromegaly [9]. On cellular level, the milieu of excess GH and increased
IGF-1 expression causes increased amino-acid/protein synthesis, increase in myo-
cyte size, and expression of cardiac muscle contractile gene [9]. Intracellular cal-
cium concentrations rise with an increase in calcium sensitivity of cardiac
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myofilaments by the upregulation of GH/IGF receptors on cardiomyocytes altering
cardiac contractility, leading to concentric hypertrophy and positive ionotropic
affect in the early phase of this process [1, 3]. A pro-inflammatory and proathero-
genic environment is created through GH-mediated increase in LDL-C, oxidized
LDL, and endothelin I expression, leading to insulin resistance causing endothelial
injury [2]. Cardiac fibrosis is a very peculiar feature of this cardiomyopathy.
Underlying histology is consistent with interstitial fibrosis, which happens through
deposition of extracellular collagen matrix, myofibrillary derangements, infiltration
of lymphomononuclear cells, and necrosis. Focal fibrosis gives rise to slow and non-
homogeneous conduction pathways [1, 3], eventually leading to diastolic dysfunc-
tion and heart failure with preserved ejection fraction. Progression to systolic
dysfunction and clinical heart failure are rarely seen in acromegaly [~2—10%].
Though cardiomyopathy is more prevalent in older patients with longer duration of
disease younger patients with short-term exposure are also not immune to it.

Classic acromegalic cardiomyopathy has a prevalence of 70-90% and consists of
three distinct phases. (1) Hyperkinetic phase presents early in the course of disease
process after initial exposure to high IGF-1/GH concentrations, leading to concen-
tric hypertrophy, increase myocardial contractility, and higher heart rate with
increase cardiac output. (2) As ventricular hypertrophy worsens, there is decrease in
diastolic filling and shortening of LV ejection period, leading to systolic dysfunc-
tion with exercise. (3) The last phase is mostly seen in patients who remain undiag-
nosed for an extended period of time or have uncontrolled disease [3]. In this
scenario, there is significant systolic and diastolic dysfunction at rest with low car-
diac output and finally development of congestive heart failure [CHF]. Though both
ventricles are affected, LV and interventricular septal hypertrophy are more pro-
nounced. Left ventricular mass is shown to increase from young to older acrome-
galics overtime [1], and the presence of HTN and other classic cardiac risk factors
aggravate this process. Concomitant presence of HTN significantly increases the
prevalence of LV hypertrophy but later can happen without the presence of HTN
[10]. Decrease in GH/IGF levels leads to improvement in diastolic dysfunction, but
improvement in systolic dysfunction and exercise tolerance is variable and depends
on associated risk factors like the presence of HTN and duration of disease [2].

In addition to ventricular hypertrophy, we also see dysregulation of cardiac water
balance leading to cardiac edema [3] consequently seen as higher T2 values on car-
diac MRI. Cardiac edema has an important prognostic value, and as it improves
promptly during the treatment of acromegaly, it ascribes itself higher sensitivity
than left ventricular mass index in detecting early reversal of cardiomyopathy [11].

The underlying extensive interstitial fibrosis due to myocardial necrosis is unique
to acromegalic cardiomyopathy, which leads to abnormal ventricular relaxation
times. As isovolumetric relaxation is prolonged, we see decrease in transvalvular
flow velocities with a 19% risk of developing regurgitant valvular disease per
year [9].
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Hypertension

Hypertension is the most prevalent cardiovascular comorbidity found in acro-
megaly patients with metanalysis of several studies showing a mean prevalence
of 35% with a range of 18—-60% [3, 12]. Difference in prevalence is likely related
to various methods of measurement, which range from conventional sphygmo-
manometer measurement of blood pressure [BP] to 24-h ambulatory blood pres-
sure measurement [ABPM] and various cutoffs used for systolic and diastolic BP
[3, 12]. In one study, a difference in prevalence of 42.5% vs. 17.5% was observed
between clinical measurement and 24-h ABPM, respectively [13]. In addition to
the difference in measurement techniques and criteria used, several other factors,
like age, gender, age at diagnosis, and pituitary hormone status, and additional
CV risk factors, like insulin resistance, obesity, and smoking, affect the preva-
lence of HTN in acromegaly [12, 14]. Though there is no direct correlation found
between HTN and GH/IGF-1 levels, control of disease by surgical, medical, and
radiologic approach has shown to significantly improve systolic and diastolic BP,
suggesting the role of chronic GH/IGF-1 exposure [12]. Interestingly, a pooled
study has shown a positive relationship between HTN and high IGF-1 levels in
uncontrolled disease [15]. Concurrent presence of HTN increases the risk of
LVH as compared to patients with uncomplicated acromegaly [75% vs.
37.2%] [12].

As far as pathogenesis of hypertension is concerned, several mechanisms could
be responsible, including plasma volume expansion, direct GH/IGF-1 action on vas-
cular system, renin-angiotensin-aldosterone system [RAAS] activation, reduction
of atrial natriuretic peptide secretion, increased sympathetic tone, hyperinsulinemia,
and cardiac dyskinesia (Fig. 7.1) [12].

As cardiac output increases in the initial phase of acromegalic cardiomyopathy,
two other concomitant processes likely contribute to the development of hyperten-
sion, including activation of renal and extrarenal epithelial sodium channels, caus-
ing volume expansion and increased peripheral resistance due to endothelial
dysfunction [3, 16]. Endothelial dysfunction is assessed by some of the invasive
techniques showing increased arterial pulse wave velocity, which is a surrogate
marker of arterial stiffness, and decreased volume-mediated dilation of brachial
artery, which signals endothelial dysfunction from hypertrophic remodeling of the
arteries [17]. Multiple studies have shown vascular dysfunction in acromegaly and
report increased intima-media thickness and decreased cardio-ankle vascular
index [2].

GH and IGF receptors are also expressed in kidneys. IGF-1 increases Na absorp-
tion through distal tubular Na channels, and GH increases GFR and renal plasma
flow, leading to increased total and exchangeable Na levels in the body causing
plasma expansion [12, 18]. Exchangeable Na is correlated positively with GH/
IGF-1 level and HTN. Treatment has shown to reduce Na levels as GH/IGF-1 level
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Fig. 7.1 Mechanisms involved in development of hypertension. ([Used with permission from
Springer Nature]. Ramos-Levi AM, Marazuela M. Cardiovascular comorbidities in acromegaly:
an update on their diagnosis and management. Endocrine. 2017 Feb;55(2):346-359.
https://doi.org/10.1007/s12020-016-1191-3. Epub 2017 Jan 2. PMID: 28042644)

decrease [19]. As far as activation of RAAS is concerned, it seems to be related to
acromegaly-related changes in plasma volume rather than an independent event,
though there is evidence of direct GH-related secretion of aldosterone through its
effect on adrenal cortex [12, 20].

Homeostatic model assessment for insulin resistance [HOMA-IR] studies have
shown decrease insulin sensitivity in acromegaly leading to hyperinsulinemia [21].
How hyperinsulinemia contributes to the development of HTN is not fully under-
stood. Hyperinsulinemia can cause activation of RAAS, vascular hypertrophy,
endothelial dysfunction, and increased peripheral resistance, but it is increased sym-
pathetic tone that likely plays a dominant role [12, 22].

Circadian catecholamine rhythm is disturbed in acromegaly. One study has
shown lack of normal circadian norepinephrine rhythm and flat BP and norepineph-
rine profiles in untreated acromegaly with restoration of normal rhythm and BP
profiles in cured patients [23]. An increased prevalence of OSA in acromegaly,
which is reported to be around 60-75%, also leads to increased urinary catechol-
amine metabolites, and there is “non-dipper” pattern seen in acromegalics, where
there is lack of nocturnal fall in BP contributing to insulin resistance, in turn altering
sympathetic tone [24, 25]. Taken together, increase plasma volume, insulin resis-
tance, and OSA contribute to the development of HTN, by altering the 24-h cate-
cholamine profile [12].

During the early phase of increased GH/IGF-1 exposure, there is an increase in
plasma flow, which contributes to cardiac hyperkinesia and eventually leads to the
development of HTN [12].
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Coronary Arterial Disease

Development of atherosclerotic arterial disease in acromegaly, causing CAD
and CVD, is complex, and data is limited and mix. Different national registries
have shown a prevalence of 5-12% [3]. Then, there is the presence of traditional
CV risk factors, like impaired glucose tolerance, hypertension, and hyperlipid-
emia, and direct effects of GH/IGF-1 excess on function and morphology of
vascular system, which play a role [26]. Risk stratification based on FS and AS
has shown an increased risk of atherosclerosis of 40-50% in acromegaly
patients, but prospective studies have shown lower CV risk with none of the
patients having major CV events in 5 years of follow-up [5, 26]. Similar findings
are reported in another study where low AS were noted in acromegaly patients
as compared to the general population with risk not changing over 5 years of
follow-up [27]. The German Acromegaly Registry found that incidence of MI
and stroke is not higher in acromegaly patients as compared to the general popu-
lation but found higher prevalence of HTN and DM in patients who suffered MI
and stroke [26]. There is no relationship found between radiation treatment and
risk of stroke [28].

One study looked at the relationship between major adverse cardiac events
[MACE] and traditional risk factors in acromegaly. Uncontrolled disease is
strongly associated with the development of DM, but the prevalence of MACE
and HTN is increased in older patients with smoking having a positive significant
correlation [29]. A MACE prevalence of 8.5% at baseline and incidence of 11.8%
during study period was found [29]. We would have expected DM to lead to a
higher incidence of atherosclerosis in acromegaly, but we are not seeing it, and
one possible mechanism is that acromegaly patients develop impaired glucose
tolerance at a younger age and low BMI, as compared to the general population,
and presumably the relationship between DM and atherosclerotic arterial disease
is different in acromegaly patients in comparison to the general population [26].

Difference in these findings could be related to various study populations used
with treatment-naive, resistant, and untreated patients and treated patients with
various modalities, where some of the traditional risks are expected to improve.
To overcome this heterogeneity, one study looked at treatment-naive patients
with 7 years of disease and found CV risk to be low based on the Systemic
Coronary Risk Evaluation project of the European Society of Cardiology [ESC]
classification in majority of the patients [5]. AS correlated with ESC, and major-
ity of the patients have no detectable calcium. AS was higher in patients with
strong FH of CAD, suggesting transitional risks playing a role rather than excess
GH/IGF-1 per se [5]. Authors went on to propose that GH/IGF-1 might have a
protective role rather than promoting atherosclerosis, and indirect evidence
comes from GHD patients, who have adverse CV risk profile and early athero-
sclerosis [5].
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Arrythmias

Acromegaly patients have an increased risk to develop arrhythmias with a preva-
lence of 7-40%, and especially important is increased QT dispersion in this group,
leading to malignant ventricular arrythmias [30]. Additionally, supraventricular
tachycardia, atrial fibrillation, sick sinus syndrome, bundle branch block, and com-
plex ventricular arrhythmias are also common and mostly occur during physical
exercise [3, 31] and increase risk for sudden cardiac death in acromegaly [30].
Pathogenesis of these rhythm abnormalities is multifactor, as acromegaly causes
cardiac autonomic nervous system dysfunction, leading to increased heart rate vari-
ability, and this affect is compounded by the presence of OSA which leads to arryth-
mias [32]. Complex ventricular arrythmias are related to the duration of disease and
LVH with a prevalence of 48% [31]. As acromegaly induced cardiomyopathy sets in
and areas of myocardial necrosis and eventually fibrosis develop risk of slowing and
inhomogeneous conduction in cardiac circuits increases. Moreover, we see the
development of late potentials, with a prevalence of 56% which increases risk for
ventricular tachyarrhythmias [1, 3]. There is prolongation of QT interval, which
creates an arrhythmogenic environment [33], along with direct effects of excess
GH/IGF-1 on cardiac synchronicity, leading to left ventricular dyssynchrony, and it
is independent of other risk factors ,like age of onset or duration of disease [3].

Valvular Heart Disease

Almost 20% of the acromegaly patients have some degree of valvular involvement,
with mitral and aortic valve dysfunction being the most common. Valvular disease
worsens with disease duration, and a case-control study has shown 19% increase in
odds every year [34]. GH regulates extracellular matrix, and chronic excess leads to
ring fragility and leaflet disarray by way of increased metalloproteinases expres-
sion, proteoglycans synthesis, and collagen deposition. Valvular regurgitations fur-
ther worsen LVH, arrythmias, and heart failure [3].

Diagnostic Evaluation

There is no consensus on timing and sequence of diagnostic modalities used in the
evaluation of cardiovascular complications of acromegaly, but prompt diagnosis is
of paramount importance in reversing the course of cardiovascular morbidity and
decreasing mortality. In this section, we will address individual complications and
risk factors with corresponding diagnostic workup (Table 7.1).
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Table 7.1 Cardiovascular comorbidities/risk factors and diagnostic workup ([Used with
permission from Springer Nature]. Ramos-Levi AM, Marazuela M. Cardiovascular comorbidities
inacromegaly: an update on their diagnosis and management. Endocrine. 2017 Feb;55(2):346-359.
https://doi.org/10.1007/s12020-016-1191-3. Epub 2017 Jan 2. PMID: 28042644)

Hypertension * Office manual blood pressure measurement

* Repeated home blood pressure measurement
e 24 h Ambulatory BP Monitoring
¢ Automated Office BP measurement

Cardiomyopathy e Single clinic 12-lead ECG
e 24 h Holter ECG monitoring
¢ Exercise, treadmill, or stress tolerance test

e Echocardiography
* Cardiac magnetic resonance imaging

Heart valve disease e Exercise or stress tolerance test

e Echocardiography

* Cardiac magnetic resonance imaging
Arrhythmias » Single clinic 12-lead ECG

e 24 h Holter ECG monitoring

e Exercise, treadmill, or stress tolerance test

Atherosclerosis and | ¢ Exercise, treadmill, or stress tolerance test

coronary artery e Ultrasound and duplex study of carotid and supraaortic trunk
disease

¢ Intima-media thickness measurement

¢ Quantification of internal carotid stenosis

e Number, morphology, and surface characteristics of carotid plaques

e Other specific baseline and dynamic tests (computed tomography
angiography, coronary catheterization, positron-emitted tomography)

HTN

As HTN is very prevalent in acromegaly and aggravates cardiomyopathy, early
detection and aggressive management could be very beneficial. It can simply start
with office measurement of BP during clinic visit, followed by either advising
patients to keep a home log of BP or arranging for 24-h ABPM [3] because office
measurement can overestimate HTN due to “white coat” phenomenon. In one study,
elevated BP diagnosed by ABPM was positively associated with cardiomyopathy
on echocardiogram [35].

Cardiomyopathy

An early noninvasive echocardiography will reveal the extent of cardiomyopathy
along with state of cardiac fibrosis, valvular dysfunction, and diastolic function [3].
Interventricular septum and posterior wall thickness, LV ejection fraction, and LV
mass index can be measured [10]. Dopplers studies can assess the functional status
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by measuring ventricular filling by measuring isovolumetric relaxation times
[IVRT] and ratio of maximal early-to-late diastolic flow velocities across the mitral
valve [E/A] [10].

As concomitant presence of HTN and IGT/DM significantly increases preva-
lence of LVH, impaired diastolic filling and systolic function only at rest and it can
go undetected initially. Pulse tissue Doppler can help detect subclinical biventricu-
lar systolic dysfunction [3].

Echocardiography is noninvasive and readily available, but it has its limitations in
measuring cardiac function due to intra- and interobserver variability and has low
sensitivity in calculating LV ejection fraction. In such scenarios where suspicion is
high, radionuclide angiography can be used to assess cardiac performance [36].
Radionuclide angiography has shown significant decrease in LV systolic function and
diastolic filing with increased duration of acromegaly especially in older patients [36].

Gadolinium-enhanced MRI is gold standard in assessment of acromegalic car-
diomyopathy giving a superior estimate of cardiac structure and function due to its
higher accuracy and reproducibility [37]. Myocardial fibrosis is another typical fea-
ture of acromegalic cardiomyopathy, and myocardial T1 mapping gives an estimate
of extracellular volume fraction, which is a marker of interstitial fibrosis [37].
Myocardial transverse relaxation time gives more accurate assessment of direct
effects of GH/IGF-1 on myocardial tissue by measuring cardiac edema, which
improves early during treatment [3]. As we mentioned above, myocardial transverse
relaxation time is more sensitive than LV mass index in the assessment of efficacy
of acromegaly treatment [3].

Arrythmias

Though most of the arrythmias in acromegaly can be of low clinical significance, a
baseline ECG and subsequent 24-h Holter monitoring in select cases can prevent
future complications. Prolongation in QT interval and development of late poten-
tials increase risk of clinically significant arrythmias, but there are currently no
guidelines to register them as their prognostic importance is not well-known [3].

Atherosclerotic Arterial Disease

Currently, there are no guidelines to develop a special assessment and surveillance
program to look at CV status of acromegaly patients apart from what is needed in
the presence of traditional cardiac risk factors [3], as development of atherosclerotic
disease is complex and multifactor in acromegaly. In special circumstances, it is
helpful to identify vascular dysfunction by measuring carotid intima-media thick-
ness, flow-mediated dilatation of brachial A, cardio-ankle flow index, CT angiogra-
phy, and cardiac catheterization [3].
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Treatment of Cardiovascular Complications in Acromegaly

Aims of acromegaly therapy go beyond biochemical control of hormone hyperse-
cretion and include amelioration of cardiovascular dysfunction along with improv-
ing traditional cardiovascular risks, like HTN, glucose intolerance, and
hyperlipidemia. As we mentioned earlier LV hypertrophy and diastolic dysfunction
are the most prevalent manifestations of acromegaly cardiomyopathy, response to
therapy can be assessed by LV mass index and ventricular filling capacity with later
measured by E/A ratio and isovolumetric relaxation time [38].

Acromegaly is associated with increased mortality rate due to cardiovascular and
cerebrovascular factors. Historically, standardized mortality ratio [SMR] of 2-3
were reported, but with multimodal therapy with surgery, medications, and radia-
tion treatment, SMR of 0.7-1.7 is now noticed in recent studies [7]. In spite of this
reduction in SMR, risk of death is still higher than the general population, and car-
diovascular events remain the main cause of death [39]. Control of acromegaly
achieving GH <1 and normalization of IGF-1 has shown to arrest progression of
cardiovascular complications, both morphologic and functional [3]. Improvement
in survival curves comparable to the general population was achieved with control
of excess GH and IGF-1, where before disease control higher mortality was reported.
In another study, uncontrolled acromegaly was associated with higher prevalence of
DM and HTN, which in term lead to higher morbidity and mortality [29]. It is
imperative that in addition to controlling GH hypersecretion, traditional CV risks
are also addressed.

Now it is worth mentioning that in an apparent paradox, not all cardiovascular
complications uniformly improve with normalization of hormone hypersecretion,
and some comorbidities get better with treatment of acromegaly without normaliza-
tion of GH/IGF. HTN is the most prevalent cardiovascular risk and does not always
improve with treatment of acromegaly, in which case it is treated as conventionally
as in patients without acromegaly. Acromegaly cardiomyopathy worsens with dis-
ease duration and increasing age, and early intervention has shown better outcomes.
Valvular heart disease seems to be irreversible, and optimal control of acromegaly
only prevents progression.

When we compare outcomes of various therapies, it becomes apparent that there
is heterogeneity in results. Transsphenoidal surgery improves LV mass index along
with diastolic dysfunction and ejection fraction. Somatostatin analogs [SSA] also
improve LV mass index and diastolic dysfunction, but the effect on BP is not pro-
found. Addition of GH receptor antagonist in patients with resistance to SSA shows
more profound effect ameliorating various manifestations of cardiovascular dys-
function, including LV mass index, systolic and diastolic functions, BP, and
improvement in FS [7].

Acromegaly patients have a higher prevalence of DM [20-35%] and HTN
[30—40%] when compared to the general population [40]. There is some evidence
that chronic exposure to elevated GH/IGF leads to permanent changes in insulin
production and sensitivity and irreversible damage to endothelial function [40].
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Though surgical cure or pharmacologic control offers improvement in comparison
to uncontrolled disease, the prevalence of DM and HTN stays higher than the gen-
eral population [40—42]. Pharmacotherapy with SSA has a more complex effect on
metabolic function in comparison to surgery. Growth hormone/IGF-1 excess
increases insulin resistance, leading to impaired glucose tolerance, impaired fasting
glucose, and frank DM. Somatostatin analog therapy is reported to have a mild net
deteriorating effect on glucose homeostasis, as, on one hand, it improves sensitivity
by lowering GH/IGF-1 levels but, on the other hand, it has a inhibitory effect on
insulin release [43, 44]. It is important to mention that in spite of this overall out-
come, patients are at increased risk of hypoglycemia with SSA therapy, especially
if DM is treated with secretagogues or insulin [43, 45].

Transsphenoidal Surgery

As first-line treatment, transsphenoidal surgery offers biochemical remission in
45-80% patients with acromegaly. One study showed that in well-controlled
patients, LV mass index and diastolic indices like E/A and IVRT improved and
systolic BP decreased significantly [46]. This benefit on LV hypertrophy and dia-
stolic filling is present in patients who receive only transsphenoidal surgery and is
independent of direct effects of SSA therapy [47]. Surgery has also shown to
improve cardiac performance measured by radionuclide angiography as LV ejection
fraction at peak exercise [36].

Somatostatin Analogs

SSA therapy is shown to rapidly improve LV hypertrophy. Slow-release octreotide
[OCT-LAR] significantly reduced LV mass index, interventricular septal thickness,
and LV posterior wall thickness in all patients treated for 3—6 months, with more
than 50% patients showing normalizing of LV hypertrophy [48]. Diastolic dysfunc-
tion also improves, as measured by decrease ratio of E-wave and A-waves of peak
velocities across the mitral valve [E/A] [49]. These effects are maintained in long-
term treatment, and 5 years of primary SSA therapy with octreotide LAR or lanreo-
tide has shown significant improvements in the prevalence of HTN, arrythmias, LV
hypertrophy, and diastolic and systolic dysfunctions [50].

Improvement in BP is not as uniform as improvement in acromegaly cardiomy-
opathy. There is likely an independent SSA effect on cardiac morphology, as some
studies have not shown significant lowering of BP [49].

Twelve months of SSA therapy improved LV hypertrophy in 100% of young and
50% of middle age patients with improvement in EF in 80% young and 50% middle-
aged patients [38, 51]. Young participant also showed improvements in exercise
capacity and duration [51]. In patients who have partial response to SSA therapy,
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there is still improvement in LVH and diastolic dysfunction, but interestingly the
prevalence of these disorders doesn’t decrease highlighting a couple of points: one
being likely direct effect on cardiac myocytes through GH/IGF receptors and sec-
ond through decrease in GH/IGF-1 level [38]. As far as insulin and glucose metabo-
lism is concerned, results from various studies are discordant with dominant effect
being the modest negative affect. One large study has shown that in comparison
with surgery, SSA therapy also improves metabolic parameters, including Alc and
fasting glucose, as long as disease control is achieved [52]. This observation brings
home the issue of long-term biochemical control of acromegaly with SSA therapy.

GHR Antagonists

Acromegalics have a higher prevalence of cardiac arrythmias, mostly ventricular
arrythmias, and these complex ventricular arrythmias are related to duration of dis-
ease and LV hypertrophy [31]. Though SSA therapy is shown to decrease HR by
lowering IGF-1 levels and its affect is more pronounced than surgery, likely from
the direct effect on cardiac myocytes SA node, native somatostatin is known to
increase the QT interval. It is important to know that GH receptor antagonist pegvi-
somant is not arrhythmogenic and decreases HR measured by Holter monitoring
[31]. Pegvisomant has more potent effect on IGF-1 excess and subsequently causes
decrease in LV mass, which is correlated with minimal, maximal, and mean HR in
short term and long term [31]. Literature also shows that GHR antagonist-mediated
normalization of IGF-1 also decreases the prevalence of rhythm abnormalities.

In addition to the benefits on cardiac rhythm problems, using GH receptor antag-
onist therapy in SSA-resistant patients improves the LV mass index and cardiac
performance. In spite of the initial response to SSA therapy, ~25% patients develop
a partial to complete resistance, and in such cases, addition of pegvisomant has
shown to improve the CV and metabolic outcomes, and likely there is a role for
direct affect through GH receptors on cardiomyocytes [38]. One study has shown
that combined therapy for 60 months has shown to decrease the prevalence of meta-
bolic syndrome and significantly improved LV mass index, ejection fraction, E/A
ratio, and IVRT [38].

Summary

Early detection and treatment of cardiovascular risk factors and comorbidities in
acromegaly patients prevent irreversible cardiac morphologic and functional
changes and help decrease CV mortality directly by cardiac remodeling and indi-
rectly by lowering GH and normalizing IGF-1 levels [53, 54] (Table 7.2).
Somatostatin analogs have the unique ability to induce cardiac remodeling through
direct effects on cardiomyocytes. Before therapy is considered, either surgery or
pharmacotherapy, baseline parameters can be established. For metabolic
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Table 7.2 Cardiovascular outcomes after treatment ([Used with permission from Springer
Nature]. Ramos-Levi AM, Marazuela M. Cardiovascular comorbidities in acromegaly: an update
on their diagnosis and management. Endocrine. 2017 Feb;55(2):346-359. https://doi.org/10.1007/
§12020-016-1191-3. Epub 2017 Jan 2. PMID: 28042644)

| Blood pressure

| Left ventricular mass

1 Diastolic function

1 Left ventricular ejection fraction

| Heart rate

| Ventricular ectopic beats

| QT interval duration

| Intima-media thickness

Improvement of obstructive sleep apnea, improvement of lipid profile, change in glucose status
(SSA have double effect, pegvisomant improves, cabergoline is neutral)

| decrease; 1 increase

parameters, glucose tolerance, hemoglobin Alc, insulin levels, and HOMA-IR
should be measured. Cardiac morphology and function can be estimated by measur-
ing LV mass index, E/A, and valvular dysfunction. Blood pressure and heart rate
should be assessed at rest and with exercise. After surgery with and without soma-
tostatin analog therapy, all metabolic and cardiac parameters improve except valvu-
lar regurgitation and morphology. Glucose tolerance mostly remains unchanged.
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Chapter 8
Diabetes Mellitus in Acromegaly

Samina Afreen

Epidemiology

Disorders of glucose metabolism are frequently associated with acromegaly [1].
The prevalence of glucose intolerance in acromegaly has been reported to range
between 19% and 56% in various studies, and up to 20% may have diabetes at diag-
nosis [1].

Glucose homeostasis is related to disease activity in acromegaly, as higher
insulin-like growth factor-1 (IGF-I) concentrations were found associated with
lower insulin sensitivity [2]. Age and positive family history for diabetes mellitus
were found to be independently associated with impairment of glucose metabolism
in acromegaly [2].

Pathogenesis of Diabetes in Acromegaly

Insulin resistance is the state whereby the cells of the liver, muscle, and adipose tis-
sue fail to respond to insulin, thereby leading to increased glucose synthesis and
decreased glucose uptake and metabolism. Excess growth hormone (GH) leads to
insulin resistance in the liver, muscle, and the adipose tissues. The main driving fac-
tor for the increased insulin resistance in acromegaly is the increased lipolysis
induced by the excess GH in the circulation [2]. The increased free fatty acids (FFA)
in the cells leads to post-receptor defect in insulin signaling cascade [3-5].
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Excess Growth Hormone Leads to Increased Lipolysis

In adipocytes, lipolysis is a highly regulated process involving hormonal signals,
lipid droplet-associated proteins, and lipases. Complete hydrolysis of triglycerides
(TG) to FFAs and glycerol requires three consecutive steps that involve different
enzymes: adipose triglyceride lipase (ATGL), hormone-sensitive lipase (HSL), and
monoacylglycerol lipase. ATGL is the rate-limiting enzyme for lipolysis in adipo-
cytes, catalyzing the first step of hydrolysis of TG to diacylglycerol and FFA, [6—11].

Interaction of GH with its receptor (GHR) results in dimerization of GHR, fol-
lowed by tyrosine phosphorylation of GHR and Janus activating kinase 2 (JAK2).
Activated JAK?2 leads to the activation of several signaling pathways, including the
signal transducer and activator of transcription (STATs), extracellular signal-
regulated kinases (ERK)1/2, and phosphatidylinositol 3-kinase (PI3K)/Akt path-
ways [12].

The activation of the MEK-ERK pathway causes phosphorylation of peroxi-
some proliferator-activated receptor-y (PPARY), resulting in PPARYy inactivation.
PPARY inactivation leads to the downregulation of fat-specific protein 27 (FSP27)
in adipocytes [13].

FSP27 is a protein present in adipocytes, which interacts with ATGL and inhibits
ATGL-mediated lipolysis. FSP27 downregulation, caused by PPARYy inactivation,
increases lipolysis [6].

Parallel to the above pathway, GH binding to its receptors also activates signal
transducer and activator of transcription 5 (STATS5), which is a positive regulator of
PPARy, but the MEK-ERK activation pathway predominates to inactivate
PPARYy [13].

In addition, GH induces lipolysis by activating HSL and by increasing the de
novo expression of HSL mRNA via the activation of protein kinase C and
ERK [13].

Increased Free Fatty Acids Interfere with Insulin
Signaling Pathway

Insulin normally binds to the insulin receptor and activates PI3K and, subsequently,
AKT. AKT then inhibits GSK-3 by phosphorylation [14]. GSK-3f normally phos-
phorylates and inactivates glycogen synthase (GS). Inhibition of GSK-3f activates
glycogen synthase [14].

Excess FFAs interfere with the insulin signaling pathway. They inhibit insulin
receptor substrate (IRS-1) and PI3K in the skeletal muscle and liver, thereby leading
to inhibition of AKT and subsequently inactivation of glycogen synthase, thereby
decreasing glycogen synthesis [15].

But the inhibition of AKT in the skeletal muscle and liver also leads to reduced
GLUT4 translocation [16, 17]. In adipose tissue, negative regulation of
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PI3K-dependent insulin signaling leads to decreased expression of the GLUT1 and
GLUTH4 as well [16—18]. Inhibition of GLUTSs in muscle, liver, and adipose tissues
leads to decrease in uptake of glucose by the peripheral tissues.

Increased Free Fatty Acids Promote Gluconeogenesis
and Inhibit Glycolysis

GH by stimulating lipolysis provides FFAs and glycerol to serve as metabolic sub-
strates for gluconeogenesis [19]. In the hepatocytes, the increase in GH-induced
FFA uptake leads to an increase in lipid oxidation and accumulation of acetyl coen-
zyme A. Acetyl coenzyme A stimulates enzymes that participate in gluconeogene-
sis, such as pyruvate carboxylase and phosphoenolpyruvate carboxykinase. Acetyl
coenzyme A also stimulates the glucose 6 phosphatase, which increases the release
of glucose in the liver [15, 20]. Additionally, GH inhibits insulin-induced suppres-
sion of hepatic gluconeogenesis [21].

FFAs released from fat stores compete with pyruvate substrates, to serve as
energy source, thereby inhibiting the glycolytic pathway and inhibiting glucose dis-
posal in peripheral tissues [2].

Increased Expression of Pro-inflammatory Adipokines
and Cytokines

Acromegaly is also associated with decreased expression of the insulin-sensitizing
adipokine, adiponectin, and increased circulating concentrations of the pro-
inflammatory adipokine, visfatin [2]. In addition, GH excess in acromegaly increases
the expression of pro-inflammatory cytokines within the adipose tissue. These are
linked to enhanced inflammation and insulin resistance [2].

B-Cell Dysfunction

GH-induced insulin resistance is followed by compensatory hyperfunction of f
cells, which aims at maintaining euglycemia [2, 20, 22].

Over time, chronic insulin resistance and fatty acid-induced lipotocixity eventu-
ally lead to p-cell dysfunction with failure to fully counterbalance the increased
needs for insulin secretion [2, 20, 22].

Abnormal glucose tolerance develops in patients with acromegaly with concomi-
tant B-cell insufficiency [23], and a proportion of patients (19-38%) develop overt
diabetes mellitus [23].
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Treatment

The risk of diabetes mellitus is higher in biochemically uncontrolled patients
compared to their controlled counterparts [24]. Surgical cure of acromegaly
improves insulin sensitivity and lowers circulating glucose and insulin concentra-
tions [2].

However, unlike other comorbidities associated with acromegaly, glucose disor-
ders are higher in acromegaly patients even after treatment, in comparison to the
general population. Hence, glucose disorders should be monitored closely on a
long-term basis after the control of GH hypersecretion [25].

Choice of Therapy for Acromegaly

Transsphenoidal surgical adenomectomy establishes “safe” GH levels in less than
50% of patients with a macroadenoma [26-29]. External beam pituitary irradiation,
although an effective adjunctive treatment, works slowly [26-29]. Hence, many
patients, who are not cured by surgery or who are awaiting the effects of pituitary
irradiation, require medical therapy to control the GH/IGF-I axis. Current options
for medical therapy include dopamine agonists (cabergoline) and somatostatin ana-
logs (SSA), (octreotide, lanreotide, pasireotide) and GH receptor antagonist, pegvi-
somant (PEGV) [29].

SSAs bind to somatostatin receptors in the pituitary adenoma, leading to decrease
in GH secretion and consequently improvement in insulin sensitivity [30]. However,
they also exert a concomitant nonspecific inhibitory effect on insulin, glucagon, and
gastrointestinal hormone secretion, with a net balance leaning toward a deteriora-
tion in glucose homeostasis [30, 31].

As a result, insulin secretagogues (and/or insulin) should probably be preferred
to insulin sensitizers in patients with acromegaly developing diabetes while on
somatostatin analogs [30].

Among the SSAs, the affinity with which octreotide and lanreotide bind to the
somatostatin (sst) receptors differs as compared to pasireotide. Octreotide and lan-
reotide bind with high affinity to sst2 only, have moderate affinity to sst3 and sst5,
and show very low or absent binding to sstl and sst4 [32]. Pasireotide binds with
high affinity to all somatostatin receptors, except sst4 [33]. In contrast to octreotide,
pasireotide exhibits particular high affinity to sst5 [34].

Sst2 receptors are expressed mainly on pancreatic a cells, and sst5 are expressed
mainly on f cells [35, 36].

The higher incidence and greater degree of severity of hyperglycemia and diabe-
tes with pasireotide as compared to octreotide and lanreotide are due to the greater
affinity of pasireotide to sst5 receptors that are present on pancreatic 3 cells. Thus,
the greater increase in blood glucose levels during pasireotide treatment appears to
result from greater suppression of insulin secretion.
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Unlike SSAs that target the pituitary gland, PEGV works peripherally by
blocking the GH receptor, thereby decreasing IGF-I [31]. A key difference
between SSAs and PEGYV is their effect on glycemic control. PEGV improves
insulin sensitivity by blocking the effects of excess GH on insulin action [31].
This may be an important consideration in selecting medical therapy in patients
with glucose intolerance or type 2 diabetes mellitus, in whom PEGV might be a
better choice.

Treatment of Diabetes in Patients with Acromegaly

Cases of euglycemic diabetic ketoacidosis (EuDKA) with sodium glucose cotrans-
porter 2 inhibitors (SGLT2is) used for accompanying diabetes mellitus have been
reported in patients with unrecognized acromegaly [37].

A suggested potential mechanism for SGLTis induction of EuDKA is that renal
glucose losses due to SGLT2is result in decreased insulin secretion, which is fol-
lowed by decreased paracrine intraislet insulin inhibition of glucagon secretion.
Glucagon secretion is further stimulated by decreased a-cell glucose uptake result-
ing from SGLT2 inhibition [35]. Increased glucagon-to-insulin ratio leads to
increase in ketogenesis through enhanced fat oxidation [36]. In addition to increased
production, diminished renal ketone-body elimination occurs during SGLT?2 inhibi-
tion [38—40].

If SGLT?2i are started in mildly ketonemic state such as is present in uncontrolled
acromegaly, mild ketonemia may rapidly progress to ketoacidosis within a few
days. Owing to ongoing renal glucose wasting, this progression occurs in the pres-
ence of only mildly elevated glucose levels [41].

Interestingly, a reciprocal positive interaction is achieved with SGLT2is in com-
bination with SSAs and PEGYV in patients with acromegaly complicated with diabe-
tes [35].

Hyperinsulinemia has a negative effect upon normalizing IGF-I levels [35].
Higher normalization rates of IGF-I levels were achieved in patients without diabe-
tes as compared to those with diabetes, when treated with SSAs, alone or in combi-
nation with PEGV [42]. The German cohort of the ACROSTUDY showed that
patients with acromegaly and diabetes achieved lower response with PEGV and
required a higher dose of PEGV for IGF-I normalization, especially in those treated
with insulin [43].

The use of SGLT2is results in significant fall in insulin levels. This fall in insulin
level might promote an additive effect by decreasing hepatic GH receptor expres-
sion and further suppression of IGF-I levels in patients already under treatment with
long-acting somatostatin analogs (LA-SSAs), with or without PEGV [35].

On the one hand, SGLT-2is attenuate the hyperglycemic effect induced by
decreased insulin secretion due to SSA therapy; on the other hand, SSAs in combi-
nation with PEGV attenuate the hyperglucagonemia induced by SGLT2is [35].
PEGV via peripheral (extrahepatic) suppression of GHR in different tissues
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decreases lipid oxidation [44]. These mechanisms of action are supposed to mini-
mize the appearance of EuDKA [35].

Hence, SGLT-2is can be recommended for the management of uncontrolled dia-
betes mellitus in patients with acromegaly already under treatment with PEGV
monotherapy or in combination with SSAs [35]. Treatment with SGLT2is in this
group of patients can be initiated after metformin monotherapy or metformin in
combination with dipeptidyl peptidase inhibitors (DDP-4is) or glucagon-like pep-
tide-1 receptor (GLP-1R) agonists [35].

Treatment with SGLT2is is contraindicated in patients with acromegaly with
type 1 diabetes mellitus and in patients with secondary diabetes due to unrecog-
nized acromegaly [35].

Precautions should be taken in patients with long duration of diabetes and acro-
megaly. SGLT2is might be considered in this category after laboratory evaluation
for p-cell reserve including C-peptide levels and islets cell antibodies for those with
suspected latent autoimmune diabetes in adults (LADA) [35].

The appearance of EuDKA in patients with already diagnosed and treated acro-
megaly, using SGLT2is, seems to be rare, particularly in patients treated with PEGV
as monotherapy or in combination with LA-SSAs, where the potential mechanisms
for this complication are attenuated [35].

Control of GH excess usually results in improved glucose metabolism, and insu-
lin therapy could be withdrawn during follow-up in most patients with an initial
ketoacidotic presentation [45].
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Chapter 9
Musculoskeletal Disorders of Acromegaly

Jill B. Feffer

The musculoskeletal system is affected by growth hormone (GH) excess in many
ways. Downstream effects of GH excess are mediated by both endocrine and para-
crine IGF-1. Patients with acromegaly are at increased risk for conditions known to
increase fracture risk especially type 2 diabetes mellitus and hypogonadism. In
addition, both systemic and local IGF-1 affect bone health. Systemic IGF-1 is pro-
duced by the liver and accelerates bone remodeling in two ways: (1) increasing
anabolic activity via osteoblast differentiation and production of osteoprotegerin
and (2) activating osteoclasts via production of RANK ligand [1]. Paracrine IGF-1
causes chondrocyte proliferation, joint space widening, and periarticular ligament
laxity [1, 2]. GH also increases activity of 1-a-hydroxylase, thereby depleting its
substrate 25-hydroxy vitamin D and causing hypercalciuria [3].

Multiple studies confirm associations between active acromegaly and decreased
trabecular areal bone density [4, 5]. Some support increase in cortical bone density
including the femur, a site classified in research settings as a hybrid with some tra-
becular and some cortical bone [4, 6]. Mazziotti et al. reported increasing risk of
vertebral fracture among male patients, particularly those with active acromegaly
and longer disease duration, while Bonadonna et al. reported fracture risk is
increased among postmenopausal women commensurate with time since meno-
pause onset [7, 8]. Mazziotti et al. also reported that acromegaly increases preva-
lence of vertebral facture prevalence tenfold, with patients suffering from active
acromegaly having a risk more than twice as high as those achieving biochemical
control [9]. Fortunately, bisphosphonates reduce incident vertebral fractures in
patients with active acromegaly [10].

Patients with acromegaly commonly complain of joint pain due to accelerated
development of degenerative osteoarthritis, especially in the larger joints, and
hypermobility [11-13]. The sacroiliac joint is often involved, resulting in stiffness
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and reduced range of motion that mimics the inflammatory arthritis of ankylosing
spondylitis [14]. Degenerative arthritis can progress to diffuse idiopathic skeletal
hypertrophy (DISH), resulting in chronic pain and motor deficits [15]. Bony over-
growth and soft tissue hypertrophy cause nerve entrapment including carpal and the
more specific cubital tunnel syndromes [13, 16]. Patients with acromegaly experi-
ence temporomandibular joint dysfunction and obstructive sleep apnea and are,
consequently, three times more likely than the general population to die from respi-
ratory compromise due to upper airway obstruction [17].

Initial treatment is transsphenoidal resection of the causative pituitary adenoma.
The likelihood of remission after surgery negatively correlates with tumor size [18].
In two series, 75-81.8% of patients with GH-secreting microadenomas achieved
biochemical remission after surgery; this rate dropped to 45.8—48% for GH-secreting
macroadenomas [19, 20]. Remission is defined as 3-month postoperative blood-
work showing age-appropriate normal IGF-1 and random GH < 1 pg/L. If disease
activity is detected after surgery, external beam radiation can be utilized to target
residual tumor, and systemic treatment can be initiated using one or a combination
of somatostatin receptor ligands (octreotide, lanreotide, pasireotide), dopamine
agonists (bromocriptine, cabergoline), or a GH receptor antagonist (pegvisomant).

These therapies can normalize biomarkers of acromegaly and hypercalciuria, but
symptoms and skeletal complications may not follow suit [21]. For example,
Boswell found that 70% of patients still complained of joint pain and/or had radio-
logic evidence of osteoarthritis 10 years after onset of acromegaly [12, 21]. Similarly,
Geer et al. reported that in a cohort averaging 9 years post-surgery maintained on
systemic therapy, 76% and 57% of patients still experienced soft tissue swelling and
carpal tunnel syndrome, respectively, with majorities complaining that the symp-
toms are constant [22]. DISH has even been diagnosed after 30 years of remission
[23]. Notably, the risk of vertebral fracture conferred by acromegaly does not
decrease to that of age-adjusted controls even 3 years later [24]. This risk does not
correlate with presence of osteopenia or osteoporosis on DEXA bone density scan
[1, 8]. The presence of hypogonadism in male patients and presence of adrenal
insufficiency each further increase fracture risk in patients with controlled acro-
megaly [10]. Additionally, residual symptoms of joint and back pain continue to
adversely impact quality of life [22, 25].

Overall, musculoskeletal disorders of acromegaly are pervasive and can be insid-
ious in onset. Healthcare providers must therefore maintain a high index of suspi-
cion and should screen patients with acromegaly at diagnosis and repeatedly for
symptoms of musculoskeletal complications including fracture, arthritis, soft tissue
swelling, carpal tunnel syndrome, and obstructive sleep apnea. Unfortunately, bio-
chemical remission may not resolve all symptoms so screening should continue
indefinitely and comorbidities may need to be directly treated. The high prevalence
of morphometric vertebral fractures in patients with active acromegaly supports
implementation of screening x-ray of the thoracic and lumbar spine at diagnosis for
all patients, regardless of presence or absence of joint or back pain. Moreover,
Claessen et al. reported that 20% of patients with controlled acromegaly experi-
enced incident vertebral fractures so a healthcare provider’s threshold for imaging



9 Musculoskeletal Disorders of Acromegaly 113

should remain low for at least 3 years after remission is achieved [24]. Finally,
postmenopausal women and men who develop hypogonadism should have serial
DEXA scans with vertebral fracture assessment because significant decline por-
tends increased fracture risk even if T-scores remain in the osteopenic range
between —1 and —1.4 [26].
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Chapter 10
Acromegaly and Cancer

Tamis Bright

Acromegaly and Cancer Mortality

For many years, cardiovascular disease was the leading cause of death in acromeg-
aly. A 2004 review of the published data on mortality in acromegaly between 1970
and 2001 reported that 60% of patients died from cardiovascular disease, 25% from
respiratory disease, and only 15% from malignancies. The most common cancer
deaths in that review were due to lung, colorectal, and breast [1]. With advances in
treatment modalities, the life expectancy in acromegaly has improved [2, 3], and
cancer has surpassed cardiovascular disease in many studies as the leading cause of
death. Seven recent studies published between 2009 and 2018 were reviewed by
Gadelha et al. [4] with four studies showing malignancies as the leading cause of
death (27-36%) and cardiovascular disease as the second most common cause [5—
8]. Cardiovascular disease was still the leading cause of death in two of the studies,
but malignancy was now second at 21 and 22% [9, 10]. A study by Ritvonen [11]
found cardiovascular disease to be the primary cause (34%) with cancer second
(27%) in the first decade after diagnosis, but then cancer became the primary cause
in the next two decades at 35%. Even though cancer is a common cause of death in
patients with acromegaly, overall mortality due to cancer is not elevated compared
to the general population. In the four studies with cancer as the most common cause
of death, the standardized mortality ratio (SMR), the ratio of the observed number
of deaths in acromegaly divided by the expected deaths in the general population,
was not increased [5—8]. The other three studies reported the mortality due to cancer
compared to expected deaths in their control populations or calculated the SMR
specifically for cancer deaths, and none showed an excess mortality from cancer
[9-11], which is consistent with other reports in the literature [12—15]. Therefore,
while cancer is now frequently the most common cause of death in patients with
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acromegaly, death due to malignancy is not increased when compared to the general
population.

Disease Control and Cancer Mortality

The study mentioned above by Ritvonen [11] illustrates how improved therapies
have changed the cause of mortality over time. The ability to control GH and IGF-1
levels allows patients with acromegaly to live longer, and with advancing age, they
have an elevated risk for developing cancer similar to the general population. The
control of GH and IGF-1 levels significantly impacts mortality. A 2008 meta-
analysis showed in patients with controlled GH levels less than 2.5 ng/mL following
treatment, mortality was not increased compared to the general population (SMR
1.1; 95% confidence interval (CI), 0.9-1.4), but mortality was increased if the final
GH was greater than 2.5 ng/mL with a SMR 1.9 (95% CI, 1.5-2.4). Similarly, a
normal serum IGF-1 for age and sex at the last follow-up after treatment was associ-
ated with an SMR of 1.1 (95% CI, 0.9-1.4), which was equivalent to the general
population; however, for those with continued IGF-1 elevation, the SMR was sig-
nificantly higher at 2.5 (95% CI, 1.6-4.0) [2].

Bolfi [3] compared 17 studies published before 2008 and nine studies published
after 2008. The overall mortality in acromegaly in the earlier studies was greater
(SMR 1.76; 95% CI, 1.52-2.4), while in those done after 2008, the mortality was
not different from the general population (SMR 1.35; 95% CI, 0.99-1.85). For
patients with a normal IGF-1 and a random GH <2.5 ng/mL, the overall mortality
was not increased (SMR 0.88; 95% CI, 0.76-1.2). However, if GH levels were
uncontrolled, the mortality was higher (SMR 2.04; 95% CI, 1.5-2.9). This relation-
ship was true for studies published both before and after 2008. In the studies pub-
lished after 2008, when life expectancy improved, a greater number of deaths due to
cancer was detected, but the SMR due to malignancies was not increased over the
general population. The authors concluded that as the SMR has declined in acro-
megaly, the causes of death related to aging shift in the same direction in acromeg-
aly as observed in the general population.

Uncontrolled GH and IGF-1 levels impact cancer mortality as well as overall
mortality. In a study of 208 cases of acromegaly, elevated GH >5 ng/mL at the last
follow-up was significantly associated with an increased observed to expected mor-
tality ratio of 2.6 (95% CI, 1.9-3.6) in comparison to a mortality rate no different
than expected, 1.1 (95% CI, 0.5-2.1) for those with a controlled last follow-up GH
<1 ng/ml. An uncontrolled last follow-up IGF-1 value also conveyed a higher over-
all mortality ratio of 3.5 (95% CI, 2.8-4.2). Although the overall cancer-related
mortality was not greater than the general population in this study, those with ele-
vated GH or IGF-1 levels at last follow-up had significantly higher mortality from
cancer compared to those with normal IGF-1 values or controlled GH levels below
2 ng/mL [13].
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A multicenter cohort study of 1362 patients in the United Kingdom [14] con-
cluded similar to previous authors that the overall mortality rate due to all malignant
diseases was not elevated (SMR 1.16; 95% CI, 0.92-1.44), but when analyzed based
on the posttreatment GH level, there was an increased mortality from cancer associ-
ated with the highest GH levels: GH >10.0 ng/mL yielded a SMR 1.81 (95% CI,
1.13-2.74). When the data was examined for the individual types of cancer, only
colon cancer mortality was higher than expected (SMR 2.47; 95% CI, 1.31-4.22).
Worsening colon cancer mortality also correlated with elevated posttreatment GH
levels. There was no increase in mortality if the GH was well controlled <2.5 ng/
mL, SMR 0.51 (95% CI, 0.01-2.84), but if GH was increased, the SMR also
increased: GH 2.5-9.9 ng/mL, SMR 3.08 (95% CI, 1.13-6.71), and for GH
>10.0 ng/mL, SMR 4.59 (95% CI, 1.25-11.75). They noted no difference in mortal-
ity due to lung cancer or rectal cancer, and there was a nonsignificant increase in
mortality from breast cancer in women.

In summary, although the overall mortality from cancer is no different in well-
controlled acromegaly, uncontrolled GH and IGF-1 levels significantly impact over-
all mortality and mortality due to malignancy compared to the general population.
Uncontrolled GH may also have varying effects on mortality from different tumor
types with one study demonstrating elevated colon cancer mortality.

Evidence for Involvement of the GH/IGF Axis
in Cancer Development

Height and Cancer

Even though the cancer mortality rates are not higher in controlled acromegaly
compared to the general population, there may still be a greater incidence of cancer
in acromegaly. A number of large epidemiologic studies have demonstrated an ele-
vated risk of cancer in the general population for individuals who are taller [16-20].
In the Million Women Study, the relative risk (RR) for total cancer was 1.16 (95%
CI, 1.14-1.17) for every 10 cm increase in height. A statistically significant higher
risk of cancer was found for 10 of the 17 sites assessed with the RR per 10 cm
increase in height ranging between 1.14 to 1.32 for colon, rectum, malignant mela-
noma, breast, endometrium, ovary, kidney, CNS, non-Hodgkin’s lymphoma, and
leukemia [16].

In a prospective cohort study investigating 24 cancer sites, 414,923 participants
from the UK Biobank were recruited between 2006 and 2010 [21]. A small but
statistically increased risk of cancer was found for each 5 cm change in height for
all-cause cancer in both men and women; lung cancer, lymphatic cancer, non-
Hodgkin’s lymphoma, melanoma, and leukemia in men; and breast cancer, mela-
noma, lymphatic cancer, and non-Hodgkin lymphoma in women. However, even
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though IGF-1 levels rose linearly with increasing height, they found no strong evi-
dence to support IGF-1 modifying the association between height and cancer [21].

The 2018 expert report by the World Cancer Research Fund/American Institute
for Cancer Research reviewed 206 studies with 240,806 participants and found a
significant greater risk of cancer per 5 cm increase height for pancreas, colorectal,
breast, ovary, endometrium, prostate, kidney, and malignant melanoma [22].

The greater cancer risk associated with increasing height is felt to be due in part
to the more numerous cells in taller individuals which augments the possible targets,
which may undergo malignant transformation [23, 24]. However, GH, IGF-1,
IGF-2, and IGF-binding protein 3 (IGFBP3) also play a significant role in cancer
development.

GH/IGF-1 and Cancer in General Populations

In individuals without acromegaly, a number of studies have indicated that higher
levels of IGF-1 within the normal range beget an elevated risk of cancer, including
colorectal, prostate, breast, and thyroid [25-28]. The hazard ratio (HR) of colorectal
cancer per 1 standard deviation increment of IGF-1 was 1.11 (95% CI, 1.05-1.17),
determined from samples collected from 397,380 participants in the UK Biobank
[26]. The odds ratio (OR) for prostate cancer was 1.47 (95% CI, 1.23-1.77) in a
meta-analysis of men with higher than the median IGF-1 compared to those with
low IGF-1 [29]. A pooled analysis from 17 studies, including 4790 cases with 9428
matched controls, showed the OR for breast cancer in women in the highest versus
the lowest quintile of IGF-1 concentration was 1.28 (95% CI, 1.14-1.44) [27]. In
345 cases of differentiated thyroid cancer diagnosed in the approximate 520,000
participants in the European Prospective Investigation into Cancer and Nutrition
study (EPIC), there was a positive association between IGF-1 concentrations and
risk of differentiated thyroid carcinoma with the OR for a doubling in IGF-1 con-
centration of 1.48 (95% CI, 1.06-2.08) [28].

Conversely, lower levels of GH and IGF-1 can decrease cancer risk. A common
thymine (T) to adenine (A) polymorphism in the GH gene results in lower levels of
GH and IGF-1. Individuals with the A/A genotypes had lower IGF-1 levels and
IGF-1/IGFBP3 ratios than the T/T or T/A genotypes and a significantly lower risk
of colorectal cancer [30]. In the prospective, case-controlled Physicians Health
Study, after controlling for IGF-1 and other covariates, men with the highest quin-
tile of IGFBP3 compared to those in the lowest quintile had a lower risk of develop-
ing colorectal cancer (RR 0.28; 95% CI, 0.12-0.66) [31]. Individuals with an
inactivating mutation in the GH receptor (GHR), which results in low levels of
IGF-1 (Laron syndrome), have a much lower risk of developing cancer when com-
pared to their relatives without the mutation, 1% versus 17% [32]. Studies of gene
expression in cell lines derived from individuals with Laron syndrome have differ-
ences in expression of genes involved in cell cycle, metabolic control, cell signaling,
apoptosis, and autophagia in addition to having enhanced levels of expression for
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tumor suppressor proteins and lower oncogenic proteins [33]. Knockout animal
models which lack GHR also have a much lower cancer incidence when compared
to the wild type [34].

GH/IGF Receptor Signaling in Cancer

Consequently, the GH/IGF axis has been implicated in the development of cancer in
the general population, not just acromegaly, and it has become an important area for
research in understanding and treating malignancies. Although GH is produced
mainly by the pituitary and IGF-1 by the liver, they are also synthesized by a num-
ber of other tissues and have been established to have local autocrine/paracrine
activity [35, 36]. GHR and IGF-1 receptors (IGFIR) are transmembrane tyrosine
kinase receptors that are expressed on cells throughout the body [37, 38]. The
IGFIR, composed of 2 alpha and 2 beta subunits, is activated by IGF-1 and to a
lesser degree by insulin and IGF-2 [39]. IGFIR can also form hybrid receptors with
insulin receptors (IR), containing an alpha and beta subunit from each [39]. IGF
bioavailability is regulated by binding to the six IGF binding proteins, which have a
greater affinity for IGF-1 than does the IGF1R, and the majority of IGF-1 is bound
by IGFBP3 [40]. Because GH and IGF-1 regulate normal protein synthesis, cellular
proliferation, angiogenesis, and cell survival, these hormones, receptors, and their
signaling pathways are potential targets for triggering the development of cancers or
for promoting cancer growth and metastasis. Binding of ligands to the GHR and
IGFIR results in activation of receptor tyrosine kinase activity and subsequent
downstream signaling cascades. The IGF2R has no intracellular signaling activity;
it only acts to bind IGF-2, thereby decreasing its bioavailability. However, if IGF2R
numbers are decreased, there is augmented IGF-2 binding to IGFIR [41]. GHR
signal transduction is through activation of Janus kinase 2 (JAK?2) and the Src fam-
ily kinases, which in turn activate the signal transducer and activator of transcription
(STAT), mitogen-activated protein kinase (MAPK)/extracellular signal-regulated
kinases (ERK), and phosphatidylinositol-3-kinase (PI3K)/AKT pathways, resulting
in gene transcription with subsequent growth and metabolism [42, 43]. The IGF1R
also utilizes the PI3K/AKT and MAPK/ERK signaling pathways for cell growth,
proliferation, and cell survival [39, 44] (Fig. 10.1).

There is a growing body of evidence linking the signaling transduction cascades
of the GH/IGF system to cancer growth and proliferation. Growth hormone receptor
mRNA was detected with variable expression in all 60 of the cancer cell lines from
the National Cancer Institute’s NCI60 panel except colon cancer. Cell lines positive
for GHR mRNA included breast, CNS, leukemia, melanoma, non-small cell lung,
ovarian, prostate, and renal cancer [45]. Numerous studies have demonstrated
increased expression of GHR and IGFIR in tissue samples from patients with mul-
tiple different malignancies, including cancers of the breast, ovary, endometrium,
prostate, kidney, lung, liver, stomach, thyroid, pancreas, CNS, skin, colon, and liver
[26, 37, 46-54].
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Fig. 10.1 IGF receptors. IGF1 and IGF2 circulate bound to the 6 IGFBPs. The IGF2R only binds
IGF2 and has no signaling activity. The IGFIR has the highest affinity for IGF1 but can also bind
IGF2 and insulin. Binding of a ligand to the IGF1 receptor leads to activation of both the PI3K/
AKT and the MAPK/ERK signal transduction pathways through phosphorylation. Activated AKT
phosphorylates several proteins, either upregulating or downregulating their function, leading to
prolonged cell survival, cell cycle progression, growth, proliferation, protein and glycogen synthe-
sis, and decreased apoptosis. Activation of the MAPK/ERK pathway increases transcription fac-
tors that regulate cell proliferation. BCL-2 B-cell lymphoma 2, BAD BCL-2 associated agonist of
cell death, p27 cyclin-dependent kinase inhibitor 1B, ERK extracellular signal-regulated kinases,
FoxO forkhead family transcription factors, GSK3 glycogen synthase kinase 3, GRB2 growth fac-
tor receptor-bound protein 2, /GF insulin-like growth factor, IGFBP IGF binding protein, IGFIR
IGF1 receptor, IGF2R 1GF2 receptor, /RS insulin receptor substrate 1, m7TOR mechanistic target
of rapamycin, MAPK mitogen-activated protein kinases, MEK mitogen-activated protein kinase,
PI3K phosphatidylinositol 3-kinase, SOS Son of Sevenless, Shc Src homology domain-
containing protein

In vitro studies adding GH or IGF-1 to cancer cell lines or forced expression of
the GH gene resulted in enhanced proliferation, migration, angiogenesis, invasion,
and anti-apoptosis, and these actions were mitigated with receptor antagonists [48,
51, 55-57]. Many tumors have the ability to secrete IGF-1 and/or GH resulting in
autocrine and/or paracrine action further enhancing proliferation, migration, and
angiogenesis [46, 47, 51, 56]. However, various tissues may have different path-
ways for autocrine expressed GH compared to exogenous hormone. In mammary
epithelial cells, autocrine GH amplified oncogenic transformation and invasion, but
exogenous GH did not [57].

Animal data support the role of GH and IGF-1 in cancer. As above, the GHR
knockout mouse developed fewer tumors than the wild type. The spontaneous dwarf
rat, which has an inactivating mutation in the GH gene, has less mammary tumors
compared to controls when exposed to carcinogens but the same occurrence if GH
is replaced. Discontinuation of GH injections led to rapid regression of tumors, and
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subsequent resumption of GH injections resulted in a quick reappearance of tumors
at the original tumor sites [58]. Transgenic animal models with overexpression of
GH, IGF-1, IGFIR, or constitutively active IGF1R have more numerous mammary,
epidermal, prostate, pancreatic, and salivary tumors [4, 58, 59].

Despite the increasing evidence implicating GH and IGF-1 in tumor develop-
ment, neither are considered to directly induce DNA damage that would lead to
mutations [60]. Large, long-term studies of the pharmacological use of GH in pedi-
atric and adult patients without predisposing risk factors have not shown a higher
risk of cancer [61-63]. It is thought, rather, that GH and IGF-1 lead to a permissive
antiapoptotic environment allowing damaged cell survival and malignant transfor-
mation [64]. Tumor cells can then hijack the GH/IGF-1 signaling pathways promot-
ing multiple factors that allow for growth, invasion, and metastasis [60].

Exposing colon epithelial cell cultures to prolonged elevated GH levels resulted
in greater unrepaired DNA damage. In a mouse model, animals exposed to high
circulating GH resulted in a 60% increase in unrepaired DNA damage in colon tis-
sue [65]. The researchers demonstrated that GH blocks ataxia-telangiectasia
mutated (ATM) kinase activation, which normally would be triggered in response to
DNA damage. ATM kinase phosphorylates a number of proteins involved in cell-
cycle checkpoint control, apoptotic responses, and DNA repair. With lower ATM
kinase activity, DNA is left unrepaired, and cells do not undergo apoptosis, which
can then lead to tumor transformation. Conversely, DNA repair was improved in
cells with GHR suppression and in GHR knockout mice [65].

Loss of tumor suppressors decreases the cell’s ability to protect against malig-
nant transformation. Loss-of-function mutations in tumor suppressor genes (p53,
breast cancer gene-1 (BRCAI), von-Hippel Lindau protein (vHL), and Wilms’
tumor-1 (WT1)) have been implicated in decreased transcriptional suppression of
the IGF1R promotor. Gain-of-function mutations of oncogenes can also amplify
IGFIR transcription. Both types of mutations result in greater expression of IGF-1
receptors, which is felt to be necessary for malignant transformation of cells.
Therefore, high levels of GH can lead to unrepaired DNA damage, which may result
in mutations that amplify IGFIR quantity. Enhanced IGFIR expression coupled
with autocrine secretion of IGF-1 or high levels from acromegaly then activates the
augmented number of receptors, increasing proliferation and cell survival, as well
as potentiating invasion, angiogenesis, and metastasis of tumor cells [60, 66].

Studies show autocrine/paracrine secretion of GH and IGF-1 is involved in onco-
genic transformation through epithelial-mesenchymal transition (EMT). Epithelial
cells normally exhibit a polarity with an apicobasal axis and create junctions
between adjacent cells to form layers. In contrast, mesenchymal cells are loosely
organized in a three-dimensional extracellular matrix [67]. EMT is a process
whereby epithelial cells lose their polarity and cell-to-cell junctions to convert into
mesenchymal cells with invasive and migratory properties which is an essential
progression for cancer transformation [67]. IGF-1 and GH have the potential to
facilitate EMT through multiple different signaling pathways. Some examples of
factors involved in EMT which are upregulated by GH and IGF-1 are trefoil factor
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3 (TFF3), matrix metalloprotease 2 and 9 (MMP2 and MMP9), zinc finger E-box
binding homeobox 1 (ZEB1), and hypoxia-inducible factor 1 alpha (HIF1a) [68—71].

Overexpression of the secretory peptide TFF3 results in EMT through activation
of the mesenchymal signaling pathway and suppression of apoptosis and E-cadherin,
a glycoprotein that plays a critical role in cellular adhesion [72]. Overexpression of
TFF3 promoted the proliferation, migration, and invasiveness in a colon cancer cell
line, and a knockdown of TFF3 had the opposite effect [73]. TFF3 expression was
greater in papillary thyroid cancer tissue when compared to adjacent noncancerous
tissue and correlated with lymph node metastasis and grade [74]. Increased TFF3
expression in colorectal cancer tissue samples was associated with poor prognosis
[73]. Autocrine secretion of GH augmented the expression of TTF3 and in mam-
mary epithelial cells stimulated oncogenic transformation [68].

The enzymes MMP2 and MMP9 are type IV collagenases. They degrade base-
ment membranes and the extracellular matrix as well as promote angiogenesis, pro-
cesses necessary for tumor growth, invasion, and conversion from carcinoma in situ
to metastatic disease [75, 76]. Metalloproteases have been implicated in EMT in
multiple cancers, including gastric, pancreatic, colorectal, liver, lung, ovarian, mam-
mary, and prostate [76]. MMP9 promotes angiogenesis through enhanced release of
vascular endothelial growth factor (VEGF) [75] and VEGF expression correlates
with tumor size and metastasis in many tumors [71, 77, 78]. In papillary thyroid
cancer, concomitant elevated expression of VEGF and MMP-9 correlated with the
presence of lymph node metastasis, tumor stage, and the degree of tumor infiltration
[79]. Autocrine production of GH amplifies the activity of both MMP2 and MMP9,
resulting in oncogenic transformation of breast cancer cells which was prevented by
an MMP inhibitor [69].

Increased levels of the transcription factor ZEB1 up- or downregulates expres-
sion of a number of target genes, including decreasing E-cadherin, resulting in EMT
with enhanced proliferation and dissemination of malignant cells and a worse clini-
cal prognosis in most cancers [80]. Likewise, the transcription factor HIF1a is criti-
cal for tumor growth and survival. It regulates over 100 downstream genes, which
are involved in glucose metabolism, cell proliferation, migration, and angiogenesis
[81]. Paracrine/autocrine activation of the IGFIR has been shown to elevate both
ZEB1 and HIF1a through PI3K and MAPK/ERK pathways, resulting in EMT [70,
71] (Fig. 10.2).

These examples show some of the multiple factors modulated by GH or IGF-1,
which are involved in oncogenic transformation and demonstrate the complexity of
the signaling pathways that promote malignancy. Oncogenic transformation is a
multistep, multihit process of DNA damage, loss of repair and apoptosis, and hyper-
proliferation, resulting in an in situ lesion, which subsequently develops angiogen-
esis and EMT, ultimately leading to invasion and metastasis.

Because of the intricate association of the GH/IGF axis in cancer and indications
that expression of autocrine GH, IGF-1, and IGFIR increases resistance to radiation
and traditional chemotherapy [60, 82], novel agents are under development to target
this axis. Pegvisomant, the GHR antagonist, decreased proliferation in cell-line
studies and improved endometrial cancer responsiveness to radiation treatment in
animal models [83, 84]. Anti-IGF1R monoclonal antibodies were effective in
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Fig. 10.2 Oncogenic transformation.

Stages in oncogenic transformation of normal epithelial cells into neoplastic cells. Examples of
oncogenes, tumor suppressor genes, and signaling proteins involved in the GH/IGF axis are noted.
ROS reactive oxygen species, GH growth hormone, ATM kinase ataxia-telangiectasia mutated
kinase, /IGFIR insulin-like growth factor 1 receptor, /GF-I insulin-like growth factor 1, Bcl-xL
B-cell lymphoma-extra large, EMT epithelial mesenchymal transition, 77F3 trefoil factor 3, ZEB]
zinc finger E-box binding homeobox 1, HIFIa hypoxia-inducible factor 1 alpha, MMP2 and
MMP9 matrix metalloprotease 2 and 9, VEGF vascular endothelial growth factor

multiple cell-line studies, but thus far positive results have been seen only in patients
with sarcoma [82] and in a phase 1 trial for highly proliferative breast cancer in
combination with other chemotherapy [41]. Another successful treatment strategy
targets the downstream signaling pathways. Multiple tyrosine kinase inhibitors are
effective in different cancers [85]. Currently, an antibody, xentuzumab, that binds to
both IGF-1 and IGF-2 is being studied, which blocks their activation of the IGF
receptors and the IR. Xentuzumab had antiproliferative effects against a range of
cancer cell lines, including colon, sarcoma, lung cancer, and multiple myeloma
[86]. Phase 1 data shows antitumor activity with xentuzumab in solid tumors [87],
and trials are ongoing in lung and breast cancer [41]. Growth hormone, IGF-1, and
their receptors have become a promising area of cancer research, and a number of
other agents, which target various steps of the GH/IGF axis, are under investigation
as potential treatments.

Cancer Incidence in Acromegaly

Because higher levels of IGF-1 lead to greater cancer incidence in the general popu-
lation and GH and IGF-1 are involved in multiple cancer-promoting pathways as
described, it was expected that patients with acromegaly would also experience
more malignancies. However, controversy has persisted for decades concerning
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whether acromegaly increases the incidence of cancer with some studies showing a
greater risk, while others do not. In one of the first studies in 1957, Mustacchi [88]
stated in his discussion, “To conclude, the material analyzed in this report has not
disclosed the presence of a definite influence of the pituitary gland on the initiation
of cancer in man. If this stimulus exists, it does not seem to be a very potent one.
However, these data do not exclude the possibility that study of a larger group of
individuals with dyspituitarism might demonstrate the presence of such an effect.”
Over 60 years later, the debate continues. There are multiple confounding issues and
potential biases that have made a definitive answer elusive. Because acromegaly is
such a rare disease, most studies lack the statistical power to detect an elevated risk
for cancer. Smaller studies are usually case-controlled, often with significant differ-
ences in study design. Single-institutional studies may have more intense surveil-
lance or screening for cancers in the study population, increasing detection bias.
Control populations have been drawn from various groups that may not be represen-
tative of the general population, such as a single gender, inpatients, or the well-
worried. Case-controlled studies are also frequently too small to adjust for
confounding factors, such as age, smoking, and gender. These differences have led
in general to higher estimates of cancer in the single-center, case-controlled studies
of acromegaly as compared to population-based studies [89]. Population-based
studies eliminate some of the potential biases and may give a better estimate of the
cancer risk [90]. Population-based studies with large numbers improve statistical
power and decrease selection and detection biases, but they can also be difficult to
compare since different geographic regions have varying rates of cancer [91].
Another limitation to acromegaly cancer studies is that in order to obtain a reason-
able sample size, the majority of studies have included patients diagnosed years ago
when treatment methods were not as efficacious. Therefore, there is potential for
exposure to elevated levels or GH and IGF-1 for longer periods in patients diag-
nosed many years ago compared to more recently diagnosed patients who are more
likely to have controlled levels [3]. The risk of cancer may be high in the lag time
prior to diagnosing acromegaly, which can frequently be unrecognized for
5-10 years [5, 92, 93], so some studies include cancers identified prior to the diag-
nosis of acromegaly and others do not. As treatment modalities have improved and
life expectancy has lengthened, cancer incidence has increased as the population
ages [11]. These factors have led to very mixed study groups with significant varia-
tions in treatments, life expectancies, cancer screening, and control populations
making comparisons challenging.

Three, large reviews have collectively examined 23 studies for cancer incidence,
including both case controlled and population studies [89, 94, 95]. Boguszewski
and Ayuk found in their 2016 review of 17 series between 1957 and 2015 that the
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overall prevalence of cancer in acromegaly was 10.8% (4.8-21.3%) [94]. The
results were mixed, with some studies with no increased risk, some with an increased
risk, two with an increase in women only, and one with an increase in men only.
Because of the small patient number in many of the reports, they separately reviewed
the largest five population-based studies with patients numbering between 331 and
1634 that also reported the standardized incidence ratio (SIR). The SIR is the ratio
of the observed number of cancer cases in the study population divided by the
expected cases in the general population. They concluded that even in the largest
five population studies, there were conflicting results with a higher SIR in three
studies, SIR 1.5-1.6 [15, 96, 97], and either lower or no difference than the general
population studied in two, SIR 0.75-0.76 [14, 98].

Terzolo et al. [95] revisited the question in 2017 with a review of nine studies that
had both SIR data and at least 200 patients, and their own nationwide cohort study
in Italy. The nine studies with greater than 200 patients included 609 cancers in
6248 patients, resulting in a 9.7% prevalence of cancer (6.4—14.4%). Five of the
nine studies [15, 96, 97, 99, 100] had increased risk (SIR 1.5-3.39), while four [8,
14, 89, 98] did not show a greater risk compared to the general population. In their
national cohort, they studied 1512 patients, finding 124 patients diagnosed with
cancer (8.2%) between 1980 and 2002. The SIR for all cancers was 1.41; 95% CI,
1.18-1.68. When they excluded cancers diagnosed prior to the acromegaly diagno-
sis, the SIR was still increased (SIR 1.28; 95% CI, 1.07-1.55).

Dal et al. [89] performed a meta-analysis of 14 studies with SIR data between
1957 and 2018 with a total of 8555 patients. Their analysis showed the pooled SIR
for cancer in acromegaly was 1.5; 95% CI, 1.2-1.8.

In addition, in a recent national cohort study which was published since the three
reviews above, Wu et al. reported on 87 cancers (7.3%) in 1195 acromegaly cases
diagnosed between 1997 and 2013 in Taiwan and found an elevated SIR of 1.91;
95% CI, 1.55-2.35 [101].

Interestingly, although two studies [7, 102] noted development of malignancy
correlated with an increased fasting GH at diagnosis, the majority of studies that
included the hormone levels did not find an association of either GH or IGF-1 levels
at baseline or posttreatment with the development of cancer [8, 14, 15, 89, 95,
98-100].

Table 10.1 shows the 11 studies with 200 or more cases, which also reported SIR
data and Dal’s meta-analysis for comparison. Seven of the 11 studies and the meta-
analysis show a higher risk of cancer in acromegaly. Therefore, the current data
suggests that Mustacchi’s 1957 conclusion was on target with the necessity of
exceptionally large studies to see the trend toward a small increase incidence of
cancer in acromegaly over the general population.
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Table 10.1 Studies of cancer incidence in acromegaly with >200 cases reporting SIR data and the
meta-analysis by Dal

Study pub year Study Observed Expected
(reference) period n cancer cancer SIR | 95% CI1
Ron 1991 [96] 1969- 1041|116 72.3 1.6 | 1.3-1.9 (men)
1985
Orme 1998 [14] 1958- 1239179 104 0.76 | 0.6-0.95
1995
Popovic 1998 [99] 1991- 220 |23 6.49 3.392.12-5.12
1997
Baris 2002 [97] 1965- 1643|177 117 1.5 1.3-1.8
1993
Kauppinen-Makelin 1980- 331 |48 33.1 1.5 [ 1.1-1.9
2010 [15] 2006
Petroff 2015 [98] NA 446 |46 61.3 0.7510.55-1.0
Terzolo 2017 [95] 1980— 1512|124 87.8 141 1.18-1.68
2012
Maione 2017 [8] 1999- 999 102 NA 1.3410.94-1.87
2012 (men)
1.2410.77-1.73
(women)
Wolinski 2017 [155] 2005- 200 |27 8.3 33 2247
2016
Dal 2018 [89] 1978- 529 |81 72.7 1.1 109-14
2013
Wu 2020 [101] 1997- 1195 |87 45.6 191 1.55-2.35
2013
Dal meta-analysis [89] | 1957— 8555 1.5 11.2-1.8
2016

Specific Cancer Incidence

Identifying specific cancers that potentially have an elevated risk in acromegaly
again suffers from the need for exceptionally large sample sizes to reach signifi-
cance, because the expected number of occurrences of a specific cancer even in
large population-based studies is frequently less than ten cases for common cancers,
like colon or breast, and less than one case for cancers with lower frequency, like
thyroid. Therefore, due to the small numbers, many studies report only the overall
incidence of cancer not data for the individual cancer types. There are five large
studies with greater than 1000 acromegaly cases each that report SIR data for spe-
cific types of cancers and four of the five [95-97, 101] did show a greater incidence
of a number of cancers with only one showing no additional risk of any type of
cancer [14]. For the four studies reporting an elevated risk, the results were variable
for which cancers were higher, except three found an increased risk of colon cancer.

Orme did not find a greater risk of cancer overall or of any individual cancers in
a study of 1239 individuals in the United Kingdom [14]. Ron’s VA study of 1041
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men reported an increase in cancers of the colon, esophagus, and CNS [96]. The
studies by Baris [97] with 1643 cases and Terzolo [95] with 1512 cases both noted
an elevated risk for cancers of the colon, thyroid, and kidney. In addition, Baris
found a greater risk of small intestine, rectal, CNS, and bone cancers, but the authors
note that the higher risk of CNS and bone cancers in their study was likely due to
pituitary radiation treatment, not the acromegaly. Wu noted an increase in cancers
of the stomach, CNS, endocrine glands, and lymphoma [101]. They unfortunately
did not report which endocrine glands developed cancer.

Additionally, Dal’s meta-analysis included pooled data for individual cancers
from 14 studies (which included the studies above except Wu [101]) with 8554
individuals and reported elevated risk for colorectal, thyroid, gastric, breast, and
urinary tract cancer [89]. However, the urinary tract cancer confidence intervals
included one.

Consequently, even in these large studies, there is inconsistency in the specific
cancers that were increased, which also may be influenced by other risk factors in
the populations in which the studies were done, the control of the patients, and the
treatments available at the time. The risks for colon, thyroid, and breast cancer in
acromegaly have been studied the most extensively.

Colon Cancer and Acromegaly

Colon cancer has the most robust and compelling data for a greater risk in acro-
megaly. Normal colonic epithelium is organized in crypts with actively dividing
cells at the base, which then move to the luminal surface and undergo apoptosis and
shedding [103]. Increased epithelial cell proliferation leads to polyp formation.
Histologically, colon polyps are divided into hyperplastic and adenomatous polyps.
Adenomatous polyps have the potential to dedifferentiate into colon cancer. All
hyperplastic polyps were initially thought to be benign; however, larger, particularly
proximal, and serrated hyperplastic polyps have been noted to have premalignant
features [104].

It has been well-documented that there is a greater risk of both hyperplastic and
adenomatous colon polyps and more proximal polyps in acromegaly. Biopsies of
the colonic mucosa in acromegaly showed amplified epithelial cell proliferation
which correlated with GH and IGF-1 levels [105]. In a meta-analysis by Rokkas of
nine studies published between 1994 and 2006, hyperplastic polyps were found in
22% of 573 acromegaly cases versus 7% of controls and adenomatous polyps in
23% of 641 cases versus 12% of controls. The pooled odds ratios by both the fixed
and random effects models for adenomatous polyps were OR 2.486 (95% CI,
1.908-3.238) and OR 2.537 (95% CI, 1.914-3.364), respectively [106]. In patients
with acromegaly who had all visible polyps removed, 14% had newly developed
adenomas on repeat colonoscopy, done approximately 2.5 years later, which was
significantly related to GH and IGF-1 levels [107]. In another study with colonos-
copies done approximately 4 years apart, the incidence of polyps was 38%, 36%,
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and 37% at the initial, second, and third surveillance, respectively. Patients with an
initial adenoma had a 4.4-fold increased risk of an adenoma on the second colonos-
copy and an 8.8-fold increased risk on the third colonoscopy. Even with a normal
initial colonoscopy, a persistently elevated IGF-1 level led to a 7.5-fold risk of a
subsequent adenoma, compared to those with a normal colonoscopy at the initial
screening and controlled IGF-1 levels [108].

Acromegaly cases also have a greater risk of multiple polyps [109-111], ascend-
ing or transverse colon polyps [94], and a higher prevalence of polyps occurring at
a younger age as compared to controls: below 40 years old (19.3% versus 4.4% of
controls), below 50 years old (25% versus 9.6%), and below 55 years old (20%
versus 3%) [110, 112]. Therefore, a full colonoscopy is necessary in acromegaly to
reach all potential polyps, and it should be done even in younger patients. However,
a full colonoscopy may not always be obtained because the colon is on average 20%
longer and is more likely to have complex looping, and transit time in acromegaly
is prolonged, so bowel preparation may be inadequate [113]. Thus, a full colonos-
copy is technically more difficult and can have a higher risk of procedure-related
complications, such as pain, perforation, and bleeding [90]. Since the procedure is
technically challenging, this adds bias when determining cancer risk, because more
experienced physicians are most likely to be requested to do the procedure, and they
then may find more lesions to biopsy. Because the studies are not blinded, the per-
ception that patients with acromegaly have more colon cancer leads to more biop-
sies taken and more cancer detected [90]. The incidence of colon cancer in the
general population also varies greatly by region due to environmental and dietary
exposure as well as by age, gender, and genetic risks [114], so studies from different
regions may not be comparable. Consequently, there are a number of potential
biases that may confound the data for colon cancer incidence.

Even taking these biases into consideration, patients with acromegaly have more
polyps, which expands the number of targets at risk for cancer. Premalignant polyps
undergo a slow, stepwise malignant transformation into colon cancer, which is felt
to occur over at least 10 years [115]. In Rokkas’ meta-analysis, colon cancer was
more likely in acromegaly patients compared to controls, 4.6% versus 1.2%, with
the pooled odds ratio of OR 4.351 (95% CI, 1.533-12.354) [106]. As mentioned
above, three of the five large studies showed a greater risk of colon cancer with SIR
1.67-3.1 [95-97]. Although the study by Orme [14] had a nonsignificant increase in
colon cancer incidence (SIR, 1.68; 95% CI, 0.87-2.93; P = 0.06), they did observe
increased colon cancer mortality (SMR 2.47; 95% CI, 1.31-4.22), which correlated
with uncontrolled GH levels. Dal’s meta-analysis of 14 studies showed an elevated
risk for colorectal cancer (pooled SIR 2.6; 95% CI, 1.7-4.0). They observed that a
higher colorectal cancer incidence was reported in 13 out of 14 studies they
reviewed [89].

There is in vitro and in vivo evidence that supports an elevated colon cancer risk
in acromegaly. Both normal colon and colon cancer cells express GHR [116]. As
previously discussed, exposure of colon epithelial cells to prolonged excessive GH
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levels resulted in greater amounts of unrepaired DNA damage [65]. The mutations
in unrepaired DNA may initiate the stepwise transformation of adenomas into car-
cinomas. Allelic loss or mutations may decrease expression of tumor suppressor
genes, particularly adenomatous polyposis coli (APC) and p53, or activate onco-
genes, KRAS or BRAF [77, 117], which can trigger malignant transformation.
Growth hormone, via its receptor activated signaling pathway, increases STATS,
and when STATS was elevated in tumor samples, it correlated with worsening inva-
sion, stage, and survival in colon cancer [118, 119]. Amplified IGF-1 receptor
expression in colon cancer cell lines enhanced growth, decreased apoptosis, and
promoted migration [120], and blockade of IGFIR inhibited these effects [121]. In
addition to inducing the previously discussed factors which lead to EMT, overex-
pression of IGF1R in colon cancer cells activated AKT in the PI3K pathway, which
in turn augmented expression of B-cell lymphoma-extra large, (Bcl-xL), which is an
antiapoptotic protein [120]. Colon cancer cells from patient biopsy samples also
overexpressed IGF-1 and IGF1R compared to normal or adenomatous mucosa [120,
122], and the level of IGFIR expression correlated with higher tumor stage [122].
Colon cancer patients without acromegaly given octreotide for 2 weeks prior to
surgery had a significant reduction in proliferation of tumor cells and IGF-1 levels
compared to untreated patients [123]. In patients with acromegaly, there is decreased
apoptosis [124] and increased proliferation [105, 125] in colonic epithelial cells
correlating with higher IGF-1 and GH levels.

In summary, elevated levels of IGF-1 are associated with increased polyps in
patients with acromegaly and in the general population [26, 107, 108]. Growth hor-
mone and IGF-1 can promote the development of polyps through stimulating epi-
thelial cell proliferation and subsequently may be permissive in allowing cells with
DNA damage to propagate by decreasing DNA repair and enhancing antiapoptotic
effects. Elevated circulating IGF-1 in acromegaly may then have an additive role to
the autocrine/paracrine action from tumor produced IGF-1 activating the amplified
number of IGF-1 receptors, thereby augmenting tumor proliferation, invasion, and
metastasis. Nearly all studies have noted a greater risk of colon cancer in acromeg-
aly [89], and increased GH levels were associated with higher colon cancer mortal-
ity [14].

Based on the evidence of the greater risk of polyps and the above studies with an
increased risk of colon cancer, the current Endocrine Society [126], Pituitary Society
[127], and Acromegaly Consensus Group [128] guidelines recommend a colonos-
copy at diagnosis for all patients, since even younger patients are at a higher risk for
polyps. The Pituitary Society and the Acromegaly Consensus Group recommend
repeat colonoscopy as per standard population guidelines. The Endocrine Society
recommendations are based on the findings of the initial colonoscopy and the level
of control of the acromegaly. A repeat colonoscopy is suggested every 5 years in
patients with a polyp on initial screening or for those with persistently elevated
IGF-1. In patients without polyps and normal IGF-1 levels, then repeat screening
every 10 years is appropriate [126].
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Thyroid Cancer and Acromegaly

Thyroid cancer, like colon cancer, has been scrutinized in acromegaly more than
other types of cancers. Thyroid cells have IGFIR and secrete IGF-1 [129]. In vitro
studies show IGF-1 promotes thyroid cell growth [130, 131] and also potentiates
TSH-mediated thyroid growth [130]. An elevated IGF-1 level above the upper ter-
tile in a population study showed a greater OR for goiter relative to an IGF-1 level
below the lower tertile [132].

Therefore, it is not surprising that cases with acromegaly have a greater number
of goiters compared to controls [1, 131, 133—-136]. Goiters have been noted in
25-92% of cases [1] with a correlation between GH and IGF-1 levels with the size
of the gland in some studies [131, 137-140], but not all [141, 142]. The majority of
the goiters are nodular, 40-78%, but only rarely toxic [1, 133, 142]. Goiters are
associated with the years of disease duration (1, 131, 138,) and with advancing age
[1, 131, 143]. Control of GH and IGF-1 levels have been shown to decrease the
volume of the gland, but not the nodules [131, 138]. Biopsies of thyroid nodules
have demonstrated higher levels of IGF-1 and IGF1R compared to normal tissue
[52, 144, 145].

The elevated incidence of thyroid nodules has led to concern for a greater risk of
thyroid cancer in acromegaly, and there is epidemiologic evidence to support the
risk. Higher serum levels of IGF-1 in the general population have been associated
with differentiated thyroid cancer (DTC) [28]. Patients with DTC had elevated lev-
els of serum IGF-1 and IGFIR compared to controls or cases with multinodular
goiters [146]. IGF-1 levels were also higher in biopsies of DTC than in benign
nodular disease or adjacent normal tissue [144], and in papillary thyroid cancer, the
expression of IGF-1 was related to tumor size [147]. The IGF-1 staining in tissue
samples was greater in papillary tumors in patients with acromegaly compared to
papillary cancers in control patients [134]. However, there was no difference in the
last reported IGF-1 level in patients with acromegaly and thyroid cancer compared
to those without thyroid cancer [102, 134].

From the five large population-based studies that reported SIR data for individ-
ual cancers, two studies showed no increased thyroid cancer risk [14, 96], and Wu
[101] reported on a composite of endocrine gland cancers without specific thyroid
numbers. Two studies showed a greater risk of thyroid cancer (Baris [97] with SIR
3.7;95% CI, 1.8-10.9 and Terzolo [95] SIR 3.99; 95% CI, 2.32—-6.87). However, the
number of thyroid cancer cases was quite small in all of these studies, even though
each included over 1000 cases of acromegaly, and CI were also very wide; two stud-
ies had only one case [14, 96], one had three cases [97], and one had eight cases
[95]. Dal’s meta-analysis had a much higher SIR, but the CI again was very wide:
pooled SIR for thyroid cancer 9.2; 95% CI, 4.2-19.9 [89].

In a 2016 review of nine studies with a total of 50 thyroid cancers in 1579 acro-
megaly cases, the rate of thyroid cancer reported was 3.2% (range 1.2-10.6%) ver-
sus 0.3% in controls, and the vast majority (91%) were papillary [136]. The
predominance of papillary cancer over the other types of thyroid cancer has been
noted in the majority of studies [133—136]. In a meta-analysis of seven studies, the
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pooled prevalence for thyroid cancer was 5.4%, the pooled OR was 4.1 (95% CI,
2.0-8.3), and RR was 3.9 (95% CI, 1.9-7.8) [133]. Some studies are now reporting
thyroid as the most common cancer in acromegaly [102, 135, 148]. However, there
is a wide range of thyroid cancer rates reported, which can in part be explained by
different methodology. More recent studies [133, 134, 149] have elevated rates of
thyroid cancer compared to the older studies [14, 96, 97, 99]. Screening methods
have changed over the years, which makes comparisons of the studies difficult. The
oldest studies would not have had ultrasound surveillance, some studies have done
ultrasounds only on patients with palpable nodules, and many recent studies screen
all patients with ultrasounds, which amplifies the numbers of nodules detected and
subsequently biopsied. Some centers follow the 2015 American Thyroid Association
guidelines [150] and biopsy only lesions >1 cm, but others biopsy all suspicious
lesions no matter the size [139, 143, 148], which leads to much higher rates of can-
cer, since microcarcinomas are included. For example, the thyroid cancer rate was
1.4% in a 1998 study [99], which would not have done routine thyroid ultrasounds.
In a study with ultrasounds performed on all patients, but biopsies of only nodules
>1 cm, the cancer rate was 7.2% versus 0.7% for the general population [149],
compared to a study with biopsies done on all suspicious nodules, no matter the
size, resulting in a rate of 11% [143]. This has led to significant variation in the
reported incidence of thyroid cancer in acromegaly and the uncertainty of whether
there is a greater risk, or it is due to surveillance bias.

In studies that report the number of nodules undergoing fine-needle aspiration,
the rate of thyroid cancer in nodules >1 cm in acromegaly was 8.5-25% [102, 139,
149, 151] with only one study [149] reporting a higher rate (25%) than the rate of
cancer in nodules of the general population, which is 7-15% [151]. In a study com-
paring patients with papillary thyroid cancer and acromegaly with matched papil-
lary thyroid cancer patients without acromegaly, there was no difference in mean
age of diagnosis of thyroid cancer, histology, tumor size, risk of recurrence, or
response to treatment in the acromegaly group, concluding that there was no worse
evolution or prognosis of disease [152].

Based off a comparable rate of cancer in nodules, similar outcomes to other DTC
cases, and no increase in thyroid cancer mortality, current guidelines from the
Endocrine Society [126] and the Acromegaly Consensus Group [128] recommend
careful examination and surveillance of patients with acromegaly for thyroid dis-
ease and thyroid ultrasounds only in those with palpable thyroid nodules. The rec-
ommendation is to manage thyroid nodules the same as in patients without
acromegaly [126].

Breast Cancer and Acromegaly

Due to the very large numbers necessary to show a statistically significant increased
incidence of cancer in acromegaly, both the gender specific cancers, prostate and
breast, suffer from halving the population numbers. However, much of the extensive
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research discussed thus far, demonstrating the considerable role that GH, IGF-1,
and their receptors play in oncogenic transformation and proliferation of tumors,
has been done in breast cancer. The autocrine/paracrine action of the hormones and
the upregulation of receptors has been shown both in vitro and in vivo to promote
proliferation, angiogenesis, and invasion of breast cancer [47, 56-58]. The pooled
analysis of studies on IGF-1 and breast cancer in individuals without acromegaly
showed a greater risk with higher IGF-1 levels [27, 153]. An older study by Nabarro
[154] did have a larger number of acromegaly cases with breast cancer, 11 versus
the expected 2.6. Wolinski [155] also noted an increased risk with seven women
with breast cancer out of 200 cases of acromegaly (5.4%) and none in the controls
but did not report the SIR. However, the individual studies that reported SIR infor-
mation for acromegaly [14, 15, 89, 95, 97, 98, 101] did not find a greater risk for
breast cancer. Yet Dal’s meta-analysis did show an increased risk for the pooled SIR
1.6; 95% CI, 1.1-2.3 [89]. Since a consistently elevated risk has not been reported,
current guidelines are to screen women with acromegaly the same as the general
population [126, 128]. Given the extensive data on the GH/IGF-1 axis in promoting
and potentiating breast cancer, it seems prudent to stress compliance with appropri-
ate breast cancer screening guidelines in women with acromegaly.

Prostate Cancer and Acromegaly

Normal prostate cells express GH, GHR, and IGFIR [156, 157]. Prostate cancer cell
lines overexpress IGFIR and increase proliferation with the addition of IGF-1
[158]. Enhanced expression of IGF1R correlated with the progression of androgen-
sensitive prostate cancer becoming androgen-independent cancer in animal models
[159]. Transfecting prostate cancer cells with an IGFIR antisense construct dra-
matically reduced endogenous IGFIR mRNA. Injecting cancer cells with the con-
struct into animals resulted in a 90% reduction in tumor growth, compared to
controls injected with cancer cells without the construct [160]. Prostate cancer biop-
sies also show IGFIR expression is greater, compared to prostate hypertrophy or
normal tissue, and expression increases with advanced states of prostate can-
cer [157].

A number of studies have noted a link between higher IGF-1 levels in the popula-
tion and prostate cancer [29, 153, 161]. In one study of 3700 men with prostate
cancer who had an IGF-1 serum level done approximately 5 years prior to their
cancer diagnosis, the higher the IGF-1, the greater the risk for subsequently devel-
oping prostate cancer: OR of the highest versus lowest quintile (1.38; 95% CI,
1.19-1.60) [161]. These studies show there is epidemiologic, in vitro, and in vivo
evidence for a potential greater risk for prostate cancer in acromegaly.

Prostate volume was significantly enlarged in uncontrolled acromegaly com-
pared to controls and correlated with disease duration and age. Acromegaly cases
had a significantly greater prevalence of structural abnormalities, including calcifi-
cations, nodules, cysts, and vesicle inflammation, compared to controls (78.2 versus
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23.3%) [162]. Prostate hypertrophy also occurred in untreated patients less than
40 years old, despite having secondary hypogonadism, and the hypertrophy
improved with treatment of the IGF-1 and GH levels [163].

Previously, none of the large acromegaly trials [14, 15, 89, 95, 97, 98, 101]
showed an elevated risk of prostate cancer over the general population. Since pros-
tate cancer usually develops in older men, a higher occurrence in acromegaly may
not have been noted when life expectancy was shorter. However, a recent, large
cohort study by Watts [164] is the first to show a greater risk of prostate cancer in
acromegaly. Using the English national Hospital Episode Statistics and mortality
data from 1999 to 2017, men >35 years old diagnosed with acromegaly (n = 2495)
were compared to a reference cohort of 4.3 million men admitted for minor surger-
ies or conditions. They excluded men diagnosed with prostate cancer prior to the
diagnosis of acromegaly or within 6 months of entry into the cohorts. During the
median follow-up time of 7.7 years, the control cohort developed 127,299 cases of
prostate cancer and had 29,022 prostate cancer deaths. For men diagnosed with
acromegaly, they found 96 prostate cancer cases, resulting in a HR for prostate can-
cer of 1.33 (95% CI, 1.09-1.63). When divided by age group, those 35-64 years old
had a HR 1.25 (95% CI, 1.02-1.78) and 65 and older showed a HR 1.29 (95% CI,
0.97-1.72). There were also 19 prostate cancer deaths with a HR of 1.44 (95% CI,
0.92-2.26), but it did not reach statistical significance. The authors note that they
may not have investigated all cases of acromegaly or prostate cancer incidences,
because data was obtained from hospitalization records and not all cases would be
hospitalized.

The recent guidelines [126, 128] were written prior to the latest study showing
the elevated risk of prostate cancer, so the current recommendations do not have any
additional screening for the general population. With the study by Watts showing
the increase in prostate cancer, particularly in younger men, it may be reasonable to
begin screening men with acromegaly for prostate cancer at a younger age, espe-
cially for patients who are uncontrolled. Unfortunately, the available screening
tests, the prostate specific antigen (PSA) and digital rectal exam (DRE), have a
number of limitations. Many other conditions can elevate PSA, leading to potential
false positives, and prostate cancer can have a normal DRE and PSA, producing
false negatives. Wider screening can also lead to more frequent biopsies, and over-
treatment of cancers that otherwise would not have impacted the patient’s health
[165]. Further studies will need to determine the benefit-risk analysis of potential
recommendations for any additional prostate cancer screening in men with
acromegaly.

Other Cancers and Acromegaly

There is conflicting data for urinary tract cancer in both general population studies
and those in acromegaly. A greater risk of kidney cancer was identified in the gen-
eral population in a meta-analysis of 18,766 cases, RR 1.23 (95% CI, 1.18-1.28) for
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each 10 cm increase in height [17]. However, there was no association of pre-
diagnostic IGF-1 levels and subsequent overall risk of bladder and urothelial cell
cancer in the population study of the EPIC cohort including 843 cases matched with
controls [166]. There is minimal information on urinary tract cancer in acromegaly,
and most studies did not include SIR data for this cancer. For the large series that
did report SIR, no greater risk in urinary tract cancer was found in three studies [14,
89, 96], but two did note an increased risk (Baris SIR 3.2; 95% CI, 1.6-5.5 and
Terzolo 2.87; 95% CI, 1.55-5.34). In addition, although the SIR was not elevated in
the complete 24-year observation time of their study, Kauppinen-Mikelin found a
greater incidence of bladder and kidney cancer during the first 5 years after acro-
megaly diagnosis (SIR 7.77; 95% CI, 2.12-19.9), but again confidence intervals
were very wide [15]. With the limited data, there are no recommendations for addi-
tional surveillance for urinary tract cancer in acromegaly.

Similar to the other cancers, IGF-1 and IGFIR are expressed in gastric cancer
cell lines as well as gastric cancer biopsies, and the addition of IGF-1 augmented
proliferation of the cell lines [167]. In acromegaly studies, two reported an increase
in stomach cancer, Wu [101] (SIR 3.95; 95% CI, 1.97-7.89) and Dal’s meta-analysis
[89] (pooled SIR 2.0; 95% CI, 1.4-2.9), although the majority of the individual
studies [14, 89, 95-97] did not show a higher risk of gastric cancer.

Various studies have noted elevated risks for other cancers in acromegaly, such
as CNS, esophagus, small intestine, and hematologic [96, 97, 101], but numbers are
small, confidence intervals are broad, and these cancers have not been shown to
consistently occur more frequently in acromegaly compared to the general
population.

Summary of Cancer Incidence

In summary, only colon cancer, thyroid cancer, and now prostate cancer have
enough data to suggest a greater risk in acromegaly. Although studies have not
shown a higher risk for breast cancer, there is still significant concern due to the
extensive epidemiologic data plus the in vitro and in vivo studies with compelling
evidence for the involvement of the GH/IGF axis in breast cancer development and
metastasis. Similar to the prior studies on prostate cancer, numbers may just be too
small to determine the risk, because the gender specific cancer halves the population
studied. Other cancers do not have enough data to determine risk, but uncontrolled
levels of IGF-1 have the potential to worsen any malignancy, since the majority of
cancer cells studied harbor elevated numbers of IGF1R. Due to the improved treat-
ment modalities for acromegaly and subsequent lengthened life expectancy, cancer
incidence will also increase as a function of normal aging. Recognizing the signifi-
cant role that the GH/IGF-1 axis plays in malignancy development and progression,
it is essential to maintain excellent control of acromegaly as well as emphasize
cancer prevention and order appropriate screening tests.
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Diabetes and Cancer Incidence in Acromegaly

In addition to GH and IGF-1, insulin resistance plays a role in acromegaly and can-
cer. Acromegaly causes insulin resistance, and type 2 diabetes (DM2) occurred in
11-53% of patients in a review of studies between 2007 and 2017 [4]. Diabetes is
associated with a greater risk of a number of cancers in the general population,
including liver, pancreas, colorectal, kidney, bladder, endometrial, breast, and non-
Hodgkin’s lymphoma with the RR ranging from 1.18 to 2.51 [168]. However, dia-
betes decreases the risk of prostate cancer [168—170]. Overall, diabetes is associated
with a 10% increase in the RR of developing cancer with strongest evidence for
intrahepatic cholangiocarcinoma, breast, endometrial, and colorectal carcinoma
[169]. The risk of cancer is even higher in Asians with diabetes, RR 1.23 (95% CI,
1.09-1.39) [171]. Overall cancer mortality is also greater in diabetes, RR 1.16 (95%
CI, 1.04-1.30) [169] with studies indicating an increase in breast, colorectal, endo-
metrial, and prostate cancer death [168]; even though prostate cancer incidence is
decreased by diabetes, mortality is elevated [172]. Mortality from any cancer was
also higher in Asians with diabetes (HR 1.26;95% CI, 1.21-1.31), with positive
associations for lymphoma, colorectal, liver, bile duct, gallbladder, pancreas, breast,
endometrial, ovary, prostate, kidney, and thyroid cancers. Diabetes was not statisti-
cally significantly associated with mortality from leukemia or cancers of the blad-
der, cervix, esophagus, stomach, or lung [173].

In a study comparing patients with acromegaly and diabetes to acromegaly with-
out diabetes, 26% of the cases had diabetes, and 22.6% of those with diabetes devel-
oped malignant tumors versus 9.2% without diabetes, OR 2.873 (95% CI,
1.572-5.250). In cases with diabetes, IGF-1 was significantly higher compared to
those without diabetes, but IGF-1 was not different in those with malignancy verses
those without [100]. Not surprisingly, patients older than 50 were more likely to
develop cancer than the younger patients, but those older than 50 with diabetes had
a greater risk of malignancy, 26.58%, compared to older patients without diabetes,
11.68%. The authors noted that the OR for developing cancer was greater in their
patients with acromegaly and diabetes compared to studies of cancer risk with dia-
betes alone, suggesting that the acromegaly potentiates the risk of cancer. Prior to
treatment, Hbalc was higher in patients with diabetes and malignancy, 8.24%, ver-
sus 7.1% in those with diabetes without malignancy, but it did not reach signifi-
cance. Following acromegaly treatment, Hbalc was 6.3% in patients with
malignancy verses 6.5% in those without [100].

Insulin resistance and diabetes may result in an elevated cancer risk through a
number of processes. Hyperglycemia leads to oxidative stress and production of
reactive oxidative species (ROS), which can cause DNA damage through oxidation
of nucleobases [174]. Errors during repair of the damaged bases can also result in
mutations [175]. Oxidative stress leads to worsening insulin resistance, with resul-
tant increases in hyperglycemia and hyperinsulinemia. Glycation of proteins from
hyperglycemia creates advanced glycation end products (AGEs), and accumulation
of AGEs promotes more oxidative stress and chronic inflammation, creating a
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microenvironment conducive to tumorigenesis [174]. AGEs attach to the receptor
for advanced glycation end products (RAGE), which are present on normal cells,
and have been reported on a number of cancers including gastric, prostate, lung,
pancreas, and liver [176]. Activation of the RAGE results in a heightened inflamma-
tory environment with upregulation of VEGF and metalloproteinase-2, and
decreased E-cadherin [176], many of the same pathways activated by IGF-1 which
result in EMT.

Hyperinsulinemia decreases IGFBP1 and IGFBP2, which increases bioavailable
IGF-1 [168], and insulin can also bind to the IGFIR, although with a lower affinity
than IGF-1 [39]. Consequently, insulin resistance with hyperinsulinemia can poten-
tiate IGF1R signaling through both elevated insulin and IGF-1. Insulin receptors
and IGF1R share common signaling cascades through P3IK for metabolism and
growth, and MAPK/ERK for mitogenesis and proliferation, but activation of the IR
usually results in preferentially metabolic effects and less mitogenic effects com-
pared to the IGFIR [177]. Insulin receptors, however, exist in alpha and beta iso-
forms, IRA and IRB. The IRA isoform activates the mitogenic pathway more than
the metabolic pathway and IRB the converse [168, 177]. Tumors overexpress IR,
particularly the IRA isoform, which is significantly elevated in cancers of the breast,
prostate, colorectum, liver, endometrium, and in multiple myeloma [177]. In breast
cancer, a high IRA/IRB ratio and hyperinsulinemia correlated with more aggressive
and hormone-resistant tumors with worse prognosis [177]. The IRA isoform also
has a high affinity for IGF-2 as well as proinsulin and can bind IGF-1, but with
lower affinity, whereas the IRB isoform has low affinity for IGF-2, proinsulin, and
IGF-1. In addition, tumors can express hybrid insulin/IGF-1 receptors, which are
activated mainly by IGF-1, but also IGF-2 and insulin [177]. Many tumors have
upregulated IGF-2 expression, including glioblastomas, Wilms’ tumors, sarcomas,
breast, esophageal, colorectal, endometrial, ovarian, hepatocellular, lung, and pros-
tate cancers [178-180].

Hyperglycemia and hyperinsulinemia decrease sex hormone-binding globulin
synthesis, increasing free estrogen and testosterone. Elevated levels of free estrogen
and testosterone are associated with greater risks of breast, endometrial, and pros-
tate cancers [181].

Diabetes leads to dysregulation in a number of noncoding RNAs (ncRNAs),
which control gene expression through posttranscriptional regulation. These
ncRNAs can inhibit or augment protein translation or induce mRNA degradation,
thereby modifying cell signaling. Many of these ncRNAs are involved in IGFIR
and IR expression, so dysregulation from uncontrolled diabetes can lead to overex-
pression of IGF1R and IRA [182].

Therefore, the combination of hyperglycemia and hyperinsulinemia may lead to
DNA damage by ROS, potentiate tumors by increasing sex hormones, facilitate
EMT through RAGE, and augment IGFIR and IR expression via ncRNAs.
Activation of the overexpressed receptors by elevated bioavailable IGF-1 and hyper-
insulinemia leads to tumor proliferation with excess glucose providing the energy
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substrate. In uncontrolled diabetes with uncontrolled acromegaly, the high levels of
insulin and IGF-1 enhance activation of IGF1R, IR, and hybrid IR/IGFIR in normal
and tumor cells in addition to paracrine/autocrine stimulation by secretion of IGF-1
and/or IGF-2 by cancers. Consequently, cancer risk in acromegaly is potentiated by
the insulin resistance that it induces.

Conclusion

Well-controlled acromegaly has the same cancer mortality rate as the general popu-
lation. However, if acromegaly is uncontrolled, cancer mortality is higher, with a
potentially greater mortality from colorectal cancer in particular. There is a large
body of evidence implicating the GH/IGF axis in promotion and proliferation of
malignancy. The associated insulin resistance with hyperinsulinemia and hypergly-
cemia induced by acromegaly also compounds the cancer risk. Although it has been
debated for years if acromegaly leads to higher overall rates of cancer, recent, large
population studies and meta-analyses show a greater incidence of cancer. Colon
polyps are increased, and colon cancer incidence is higher in nearly all studies of
patients with acromegaly. Accordingly, current screening guidelines recommend a
colonoscopy at diagnosis and a repeat colonoscopy in 5 years in patients with a
polyp on initial screening or for those with persistently elevated IGF-1. For patients
without polyps and normal IGF-1 levels, every 10-year repeat colonoscopies are
appropriate.

There is also a greater incidence of thyroid nodules and nodular goiter in acro-
megaly. There may be an increased risk of papillary thyroid cancer, but it is most
likely due to expanded ultrasound surveillance and inclusion of microcarcinomas.
The differentiated thyroid cancers diagnosed in acromegaly behave similarly to
those in patients without acromegaly, with no worse morbidity or mortality. Hence,
current acromegaly guidelines recommend careful thyroid examination in all
patients and thyroid ultrasound only for those with palpable nodules.
Recommendations for fine-needle aspiration of thyroid nodules in acromegaly are
the same as in the general population.

In the most recent study, prostate cancer risk appears to be greater in acromegaly,
but whether this should change screening guidelines will need to be studied. The
data for other cancers is still inadequate to conclude if the risk is elevated in acro-
megaly, so standard screening guidelines should be followed. However, there is
substantial evidence that cancers of nearly every type develop IGF1R as part of their
malignant transformation, allowing for proliferation, invasion, and metastasis.
Therefore, it is essential to achieve and maintain control of GH and IGF-1 as well
as glucose levels to avoid creating an environment conducive to carcinogenesis. In
patients with acromegaly, it is important to emphasize cancer prevention and pro-
mote performance of appropriate screening tests to mitigate the cancer risk.
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Chapter 11
Mortality in Acromegaly

Basma Abdulhadi, Charles Couch Farmer, and T. Brooks Vaughan

Introduction

Known in formal academic terms since at least 1886 when described by Pierre
Marie, acromegaly has occupied our interest ever since in the medical literature and
in fiction and the arts. Likely references to acromegaly and gigantism exist through-
out history, including Dickens’ memorable observation of a male with gigantism
while on a trip to Kentucky: “He had a weakness in the knees and trustfulness in his
long face. He was only 25 years old... He went bobbing down the cabin, among
men of six feet high and upward, like a lighthouse walking among lampposts” [1].
In 1892 Massalongo first suggested that the cause of acromegaly was due to pitu-
itary hyperfunction, and in 1909 Cushing first reported that the clinical symptoms
of acromegaly remitted after partial hypophysectomy. Evans and Long later con-
firmed the pituitary source of growth hormone in 1921 by intraperitoneal injection
of anterior pituitary extracts in rats. Growth hormone was later isolated in 1957, and
the first radioimmunoassay became available in 1963, which is when GH levels
were shown to be elevated in patients with acromegaly [2].

Arriving at a clear understanding of the mortality risks associated with acro-
megaly is obviously of great interest and has been attempted since the 1970s [3].
Known causes of mortality associated with acromegaly are predominantly macro-
vascular, respiratory, and potentially malignant in nature. Defining this risk clearly
has proven to be a difficult task as our ability to measure excess growth hormone
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levels in the laboratory has become more sensitive over time and treatment options
for these patients have happily become more effective. A move toward multimodal
therapy in the modern era has allowed us to become more selective in choosing
invasive options. The adverse sequela of the disease must be teased out from other
confounding factors including mortality risks associated with specific treatment
modalities (medications, surgery, and radiotherapy), accompanying pituitary dys-
function, and common comorbidities such as diabetes and sleep apnea. This chapter
will review the current state of the literature regarding acromegaly, associated thera-
pies and conditions, and mortality.

GH and IGF-1 Levels as Predictors of Mortality

Serum GH and IGF-1 levels are used by clinicians as biomarkers of acromegalic
disease activity. The Endocrine Society Clinical Practice Guidelines for Acromegaly
defines the goals of management as achieving an age-normalized serum IGF-1
value and a random GH level of less than 1.0 pg/L (or less than 1.0 pg/L on a growth
hormone suppression test if random levels are not in this range) [4]. Older estimates
of mortality have indicated that despite the use of pituitary surgery and radiother-
apy, mortality in patients with acromegaly was significantly increased compared to
the general population [5]. More recent studies, however, have found that mortality
from acromegaly approaches that of the general population if treatment is success-
ful in controlling the biochemical activity of the disease [5]. This improved mortal-
ity estimate in more recent studies likely reflects the wider range of therapeutics that
have become available as well as the use of tighter cutoffs to indicate control of
disease.

Serum GH levels have been identified by multiple studies as the single most
important and consistent predictor of mortality in patients with acromegaly. A meta-
analysis by Holdaway et al. included 18 studies with a total of 4806 patients with
acromegaly and used the last available GH level to predict the standardized mortal-
ity ratio (SMR) [5]. Overall mortality was increased in patients with acromegaly
compared to that of the general population despite almost all patients receiving
treatment in this cohort (SMR 1.7, 95% CI 1.5-2.0) [5]. Stratification of patients
into groups according to last available GH levels revealed that those with final GH
values <2.5 pg/L had mortality risk similar to that of the general population with
SMR 1.1, (CI 0.9-1.4). For patients with a final GH levels above 2.5 pg/L, the stan-
dardized mortality ratio was 1.9 (CI 1.5-2.4), significantly higher than the general
population [5].

The association between levels of IGF-1 and mortality in patients with acro-
megaly is less clear than has been established with GH levels. Holdaway et al. found
that patients with normal last visit IGF-1 levels had a similar mortality to that of the
general population (SMR 1.1 with CI 0.9-1.4), whereas those with elevated IGF-1
levels had an increased standardized mortality ratio (SMR 2.5 with CI 1.6-4.0) [5].
However, multiple other studies have failed to show a clear relationship between
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posttreatment IGF-1 levels and mortality [6, 7]. For example, using the West
Midlands database, Ayuk and others found a relative mortality risk of 1.2 (CI
.71-2.03) for those patients with elevated IGF-1 levels vs those with normal levels.
Data from a Finnish database of 334 patients failed to show any relationship between
IGF-1 levels and mortality [6, 7]. Both of these studies confirmed an association
with GH levels and mortality like that described above.

It is important to note that the studies assessing IGF-1 and GH levels as determi-
nants of mortality typically use the last available GH and IGF-1 levels in their analy-
sis. This is a potentially limiting methodology, not accounting for the duration or
severity of disease and thus overall exposure to higher levels of GH. It is plausible
that a patient who had a longer and more severe exposure to the disease would have
a greater mortality risk than a patient who was diagnosed earlier, received therapy,
and achieved control or remission sooner. This is a well-understood concept from
other disorders, such as diabetes where we know longer exposure and more severe
elevations of blood sugar raise the risk of complications.

Sherlock et al. investigated this question and compared the use of the last avail-
able GH/IGF-1 analysis to a cumulative, time-dependent method to assess mortality
risk [8]. They argued that the use of the last available IGF-1 and GH levels was an
incomplete representation of the disease course. To calculate a “time-dependent” or
cumulative GH effect on mortality, they used multiple data points for each patient
and quantified cumulative GH exposure using “GH units-year: GHU” [8]. They
considered GH levels to be constant between two consecutive GH measurements
and extrapolated back in time from the most recent level. They then calculated the
cumulative GHU for each patient and used multivariable Poisson regression model
to calculate relative risks of mortality based on patient’s last GH level and cumula-
tive GH levels. Their results showed an overall increased all-cause mortality in
patients with acromegaly as compared to the general population (SMR 1.7 (1.4-2.0),
P <0.001) [8]. Comparing the mortality relative risk of the last available GH level
to the “time-dependent method,” mortality relative risk was generally lower in the
time-dependent method, and only GH values above than or equal to 5 pg/L were
suggestive of an increased risk of mortality (RR 1.5, CI 0.9-2.4) [8]. When they
analyzed their data using only the last available GH level, there was a statistically
increased mortality risk in patients with GH levels above 1 pg/L (RR 1.8, P value
0.03) [8]. They concluded that using the last available GH level to estimate mortal-
ity risk led to potential overestimates. Thus, the GHU, while less convenient to
calculate, may be a more accurate measure of mortality risk, accounting for the
cumulative effects of GH over the years. As seen in other studies, this newer meth-
odology also failed to show statistical significance in terms of IGF-1 levels and
mortality [8].

Encouragingly, mortality rates associated with acromegaly appear to be improv-
ing over time. A meta-analysis in 2018 suggested that studies done before 2008
(1970-2007) showed elevated overall mortality rates in acromegaly, but in studies
published since 2009-2018, the overall mortality was not increased (SMR 1.35, CI
0.99-1.85) [9]. However, there were clear increases in mortality in uncontrolled
patients vs patients with biochemical control throughout the entire timeframe
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(1970—present). The availability of somatostatin analogues vs studies in which sur-
gery and radiotherapy were the only treatment modalities was associated with sig-
nificant improvements in the SMR [9]. The benefits of specific medical therapies
(somatostatin analogues, dopamine agonists, pegvisomant) are further discussed
elsewhere in this volume.

Hypopituitarism and Mortality

Growth hormone-secreting pituitary tumors are most commonly macroadenomas,
and stalk compression may lead to hypopituitarism which has been shown to
increase mortality, predominantly due to cardiovascular disease [ 10]. Hypopituitarism
in patients with acromegaly may also be secondary to surgery or to treatment with
radiotherapy [9, 11]. A recent comparison of national acromegalic registries found
that in France, approximately 31% of patients treated for acromegaly developed
some degree hypopituitarism, which is substantial but improved in contrast to older
studies showing rates as high as 68%. Surgery and radiotherapy were the sole treat-
ment modalities many older studies [11].

While the benefits of biochemical normalization of GH are clear (and IGF-1 less
clear), it is important to note that patients with hypopituitarism (particularly in
patients with ACTH deficiency) and those who have undergone radiation therapy as
part of their treatment regimen have been shown to have an increased mortality risk
in multiple studies [9, 12]. ACTH deficiency and increasing doses of hydrocortisone
have been shown to be associated with an increased SMR with the principle cause
of death being cardiovascular disease [12]. The increase in cardiovascular death was
associated with increasing hydrocortisone doses [HC dose >0 and <20 mg/day,
10% cardiovascular mortality; HC dose >20 and <25 mg/day, 33.3% cardiovascular
mortality; HC dose >25 and <30 mg/day, 38.5% cardiovascular mortality; and HC
>30 mg/day, 44.4% cardiovascular mortality] [12].

This suggests a need for caution in aiming for lower GH levels to lower mortality
rates. Achieving this goal may require the use of radiotherapy and or repeated sur-
geries which may ultimately create new mortality risks in these patients, thus the
need for individualized treatment goals in every patient.

Although there is a large body of literature investigating thyroid abnormalities
and overall mortality, there is, to date, no data independently associating central
hypothyroidism with mortality [13]. Hypogonadism associated with acromegaly is
potentially due to mass effect, surgery, radiotherapy, or co-secretion of prolactin by
a GH-producing pituitary adenoma. In a 2001 study of patients with hypopituita-
rism of any cause, only untreated gonadotropin deficiency was associated with
increased mortality [14].

Growth hormone deficiency plays a potential role in the excess cardiovascular
mortality seen in hypopituitarism, but treatment of GH deficiency has not been
definitively shown to reduce mortality [10, 15, 16]. Since patients with acromegaly
commonly develop growth hormone deficiency due to treatment, the question of
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growth hormone replacement in these patients has been of particular concern as the
concept may seem counterintuitive. Available data suggests these patients may ben-
efit from growth hormone replacement in terms of quality of life, body composition,
muscle mass, bone density, and lipid profiles, all of which are typically seen in
patients with treated GH deficiency [17-19]. Norrman et al. noted an increase in
cerebrovascular events in the treatment arm of small cohort but noted that the
patients with events had prior radiotherapy [19]. Most data show benefits outweigh-
ing risks, but longer-term follow-up is needed [17].

Radiotherapy and Mortality

Conventional radiation therapy was first described in patients with acromegaly in
1909 and remained first-line treatment for decades due to its apparent low morbid-
ity and efficacy in relieving most of the outward signs of acromegaly. Since immu-
noassays were not yet available, outcomes were described in terms of reversal of
visual field deficits. Once immunoassays became available in 1963, it was found
that conventional radiation therapy was rarely effective in reducing GH levels to
normal. Therapy went on to involve megavoltage radiation and proton beam therapy
which were more efficacious in reducing GH levels, but concerns were raised
regarding damage to adjacent brain. Panhypopituitarism and visual deficits began to
become apparent around 1976. Due to this, neurosurgical measures including trans-
sphenoidal surgery came into favor and showed a more rapid reduction in GH
levels [2].

Assessing the independent effects of radiotherapy on mortality in acromegaly
has been extremely challenging. There are no randomized trials comparing various
forms of radiotherapy (fractionated vs radiosurgery) [20]. There are several relevant
issues that may be confounders. Radiotherapy itself is not rapidly effective, and the
data we have suggests regarding conventional radiotherapy and acromegaly sug-
gests a mean time to remission among patients that can range from 5 to 15 years
[21]. Radiosurgery, a newer and more precise modality with multiple techniques
may be associated a more rapid time to remission [21, 22]. Radiosurgery should
pose less risk for collateral injury to adjacent tissue. A significant confounder is
likely that tumors in which radiotherapy and radiosurgery are employed tend to be
larger and associated with higher GH and IGF-1 levels. Radiotherapy frequently
leads to associated hypopituitarism, discussed above, which may affect mortality
rates. To date, there is not clear evidence of a risk of second malignancy after pitu-
itary radiotherapy [23, 24].

Data in acromegaly specifically indicates an increase in all-cause mortality after
conventional radiotherapy with an SMR of 1.58 (CI 1.22-2.04) [25]. As might be
expected due to radiation effects on the cerebral vasculature, the strongest risk is in
cerebrovascular mortality (SMR 4.42, CI 2.71-7.22), and this is persistent even
when controlled for GH and IGF-1 levels, suggesting the effect was independent of
underlying disease activity [25]. Hypopituitarism associated with radiotherapy
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continues to be a significant confounder, with one study showing no association
with mortality and specific radiation doses or regimens but an association with the
duration of radiation-induced hypopituitarism [26].

Cancer Incidence, Mortality, and Acromegaly

Mentioned here but covered in detail elsewhere in this text, opinions regarding acro-
megaly and the associated incidence of cancer and risk of cancer mortality have
varied over the years [27]. Of concern is the clear role that GH and IGF-1 can play
in cell proliferation [28]. Despite this, data related to incident cancers do not show
a consistent pattern [28, 29]. Neoplasms of the thyroid and colon have received the
most attention in acromegaly.

Colon polyps have classically been associated with acromegaly, and this has
been described in multiple studies, although whether the true incidence of these
polyps differs from the general population is unclear [27]. Some relatively large
retrospective reports have shown no increased incidence in cancers, but there are
concerns that cancer-associated mortality may be increased in acromegaly [30].

Patients with acromegaly have a high prevalence of a variety of thyroid abnor-
malities, and each patient deserves evaluation. Although both goiters and multi-
nodular goiters are quite common in acromegalic patients, thyroid cancer is rare,
and the Endocrine Society Guidelines currently recommend thyroid ultrasound only
in the case of a palpable nodule or nodularity although some experts would recom-
mend a more aggressive approach [4, 29, 31]. Uncontrolled acromegaly may
increase the risk of thyroid cancer, but not the mortality, and patients with acro-
megaly may be subject to overdiagnosis from increased surveillance [29]. There is
a lack of consensus at this point regarding the general need increased cancer surveil-
lance in acromegaly, particularly with thyroid ultrasound and colonoscopy [27,
32,33].

Other Causes of Mortality

Covered in more detail elsewhere in this volume, excess growth hormone produc-
tion leads to metabolic changes and comorbidities including hypertension, cardio-
vascular disease, diabetes mellitus, respiratory system dysfunction, and, more
controversially, malignant neoplasms. Working to prevent, identify, and adequately
treat these comorbidities remains a cornerstone in the treatment of patients with
acromegaly [9]. Conclusive data related to sex, race, and economic disparities are
lacking in acromegaly. There is limited information regarding sexual differences in
acromegaly, with some data suggesting that women have increased mortality in the
first 20 years after diagnosis compared to men, possibly due to being diagnosed at a
later age [32].
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Recent data suggests that adequate treatment significantly reduces mortality in
these patients as evidenced by a shift in leading cause of death from cardiovascular
disease to malignancy [34]. A meta-analysis published in 2018 looked at 17 studies
published before 2008 and 9 studies published after 2008, and it showed that mor-
tality has gone from being increased [SMR 1.76 (95% CI 1.52-2.40)] to being equal
to the average population [SMR 1.35 (95% CI 0.99-1.85)] [9]. Hypertension, dia-
betes, hypopituitarism, and sleep apnea were some of the most frequently reported
comorbidities in the Spanish Acromegaly Registry. Compared to those never
exposed to somatostatin analogues, patients treated with these drugs had a higher
incidence of diabetes (42% compared with 33.5%; 95% CI 2.7-14.3; P = 0.005) and
sleep apnea (16.3% compared with 10.5%; 95% CI 1.3-10.4; P = 0 0.013).
Hypertension prevalence in acromegalic patients varies widely between 18% and
62% likely given lack of standardized defining criteria and evolving guidelines.

Cardiovascular Disease

GH and IGF-1 levels may also affect mortality by altering cardiovascular mortality
in patients with acromegaly. It was noted that even patients with acromegaly who
lacked the traditional cardiac risk factors had increased cardiovascular mortality,
and this correlated with increased levels of GH and IGF-1 [35]. Controlling GH and
IGF-1 levels during the early stages of disease may improve and reverse the cardio-
myopathy that results during the course of the disease thus improving overall mor-
tality risk in those patients [12].

Approximately 50% of acromegaly patients develop hypertriglyceridemia and
reduced HDL levels. LDL levels are more variable and tend to be normal or
increased. These derangements contribute to cardiovascular disease which is one of
the most prevalent comorbidities in patients with acromegaly with arterial hyperten-
sion being the most common disorder. Hypertension is present in at least one third
of acromegaly patients. The main driver of hypertension in these patients is sodium
and water retention leading to increased plasma volume. Aldosterone and renin tend
to be suppressed and total body sodium is increased, possibly due to a direct effect
from GH on sodium transport [35]. Hypertension was found to be more prevalent in
those acromegalic patients with high IGF-I concentrations than in the total acrome-
galic or normal populations. It has been shown to be an independent predictor of
mortality in some studies of patients with acromegaly [36].

Prolonged excess GH exposure leads to cardiac remodeling and changes in the
vasculature further contributing to cardiovascular disease. GH excess leads to con-
centric myocardial hypertrophy, interstitial fibrosis via increased collagen deposi-
tion, and increased left ventricular mass coined as acromegaly cardiomyopathy.
Progressive ventricular dilation eventually leads to biventricular failure, although
acromegalic cardiomyopathy can be improved by lowering GH concentration [35].

Valvular heart disease, secondary to collagen and mucopolysaccharide deposi-
tion, is present in up to 75% of patients at diagnosis with the mitral and aortic valve
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being most affected. LVH prevalence ranges from 11% to 78% in these patients,
although systolic dysfunction appears to be uncommon. Coronary artery disease
does not appear to be increased in patients with acromegaly, and GH excess does not
seem to directly contribute to atherosclerosis [35]. Atherosclerosis prevalence is
controversial due to its multifactorial nature and concomitant cardiovascular risk
factors in acromegaly.

Treating acromegaly patients with first-generation somatostatin analogs has been
shown to improve cardiomyopathy, reduce LVH, and possibly improve diastolic
dysfunction [37]. A study in 2004 showed that increased mortality in acromegaly
was due to cardiovascular disease (60%), respiratory disease (25%), and malig-
nancy (15%), but more recent studies published over the past 10 years have shown
a shift in mortality with malignancy now surpassing cardiovascular disease [9, 35].
In a 20-year follow-up study of Finnish acromegaly patients from January 1980 to
December 1999, cause of death moved from 44% cardiovascular and 28% cancer
related in the first decade to 23% cardiovascular and 35% cancer related over the
next decade with males being more adversely affected than females [32].

Sleep Apnea

GH excess causes a variety of changes in the human body including upper respira-
tory tract changes. Tongue swelling, changes in the cartilage and mucosa along the
respiratory tract, lung volume changes (including reduced elasticity and increased
distensibility), and anatomical changes to the craniofacial region (including macro-
glossia, deformities in the jaw, goiter, thickening of the vocal cords, and epiglottis
hypertrophy) all contribute to respiratory diseases being a common comorbidity in
acromegaly patients. Obstructive sleep apnea has been found to be present in a vast
majority of patients and severity has been found to correspond with higher GH and
IGF-1 levels with males more affected than females. Central sleep apnea is found in
approximately one third of patients. Treatment appears to aid the central component
but not necessarily the obstructive component [38].

Sleep apnea reportedly affects between 67% and 75% of acromegalic patients
when investigated prospectively, but the Spanish Registry only documented a preva-
lence of roughly 13% [39]. This possibly reflects a low awareness of the problem by
many physicians leading to not specifically asking about snoring and sleep apnea in
their acromegalic patients. Sleep apnea is also more frequent in those treated with
somatostatin analogues, probably reflecting both a more active disease and lower
postoperative cure rate than in those who had not required medical treatment, and
increased awareness of the problem in the past decade when these analogues became
available. Sleep apnea is well-known to cause an increase in mortality, and concern-
ingly itis not clear that appropriate treatment with positive airway pressure improves
that mortality rate. A large meta-analysis in 2013 showed an increased RR for CVD
of 1.79, CI 1.47-2.18; fatal and nonfatal stroke of 2.15, CI 1.42-3.24; and death
from all causes of 1.92, CI 1.38-2 [40, 41]. A recent study showed no improvement
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in risk using PAP. Although some of the mortality studies looking at IGF-1 and GH
attempt to control for sleep apnea, it is likely to be a confounding factor in this data.

Diabetes

Diabetes mellitus is more prevalent in acromegaly than in the general population,
greater in the Spanish acromegalic population (especially in those exposed to soma-
tostatin analogues) than in New Zealand (20%) but lower than in Canada (40% plus
22% glucose intolerance) [7, 11, 36, 39]. Type 2 diabetes has been shown indepen-
dently to have a relative risk of mortality of 1.26, CI 1.2—1.32 [42]. Growth hor-
mone excess leads to metabolic derangements affecting both glycemic and lipid
metabolism. Examples include insulin resistance, impaired insulin sensitivity/
impaired glucose tolerance, and increased gluconeogenesis. GH is an anabolic hor-
mone that, in excess, leads to sustained lipolysis and lipid oxidation in addition to
inhibiting lipoprotein lipase in adipose tissue. These changes lead to increased syn-
thesis of triglycerides, reduced HDL, and reduced body fat. GH also reduces glu-
cose uptake via lower expression of GLUT-1 and 4 transporters. IGF-1 typically
promotes free fatty acid uptake into liver and adipose tissues, but its effect is coun-
teracted by GH in acromegaly leading to higher prevalence of glucose and lipid
abnormalities [35].

Approximately 50% of patients with acromegaly will go on to develop impaired
glucose tolerance, and approximately 30-56% will develop diabetes. Family his-
tory, BMI, age, GH levels, and IGF-1 levels all contribute to the risk. Treatment
improves these comorbidities and surgery completely cures diabetes in approxi-
mately two thirds of patients [2, 35].

Conclusions

In summary, a variety of factors influence mortality in acromegaly (see Table 11.1).
The most well established is growth hormone, although debate continues regarding
how to measure this (last available GH vs a time-dependent method). IGF-1 has
proven to be a far less reliable predictor of mortality. Radiotherapy appears to be a
mortality risk factor, but we do not have mortality data for judiciously applied ste-
reotactic radiosurgery. A variety of comorbidities likely affect mortality rates, with
sleep apnea being very common and serious. It is unproven that treating sleep apnea
with positive airway pressure lowers mortality and there is inadequate data in
patients with acromegaly to draw conclusions. Cardiovascular disease and diabetes
are risk factors that are likely more modifiable. To date, we have no data directly
comparing the relative mortality benefits of various pharmaceutical therapies for
acromegaly. Thankfully, there is a consensus that mortality risks have diminished
over time and causes of mortality have shifted toward those seen in the general
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Table 11.1 Influences on mortality in acromegaly

B. Abdulhadi et al.

Pooled SMR
Marker of mortality (selected studies) | CI Comment
GH >2.5 pg (last available) 1.9 [5] 1.5-2.4 | Wide agreement across
studies
IGF-1 above normal (last available) | 2.5 [5] 1.6-4.0 | Increased SMR with IGF-1
not seen in all studies
GH >2.5 pg (time-dependent) 1.2 [8] 0.8-1.9
GH >5 pg (time-dependent) 1.7 [8] 1.1-2.8
IGF-1 (time-dependent) No increase at any
level [8]
OSA 1.92 [40] 1.38— | Patients without acromegaly
2.69
ACTH deficiency 1.7 [12] 1.2-2.5 | SMR higher at higher
replacement doses
DM (general population) 1.26 [42] 1.2— Patients without acromegaly
1.32
Conventional radiotherapy, 2.1[12] 1.7-2.6
all-cause 1.58 [25] 1.22-
2.04
Cerebrovascular mortality after 4.42 [25] 2.71-
conventional radiotherapy 7.22

population. This is probably due to more selective use of radiotherapy and surgery
and a broader armamentarium of effective medical therapies. How to best balance
aggressive lowering of GH levels without introducing now mortality risks continues
to be a fundamental question that must be individualized for each patient. We have
limited data regarding race, sex, and healthcare disparities in acromegaly [43]. The
ongoing use of national acromegaly registries is necessary to understand the disease

and to improve outcomes [44].
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Chapter 12 )
An Overview of the Approach
to the Management of Acromegaly

Check for
updates

Lewis S. Blevins Jr., Denise Feng, and AnneMarie Destruel

At the time of this writing, in early 2022, 34 years has passed since I evaluated and
managed my first patient with acromegaly. Things have changed since then.
Surgeons are better. Treatment goals are more well-defined. Radioimmunoassay
techniques have improved greatly. There have been significant advances in radio-
therapeutic techniques. Multiple classes of drugs are now available to treat patients
with residual and recurrent disease. In this era, uncontrolled treated acromegaly is
the exception rather than the rule. I have learned a lot managing literally hundreds
of patients with this disease process as a neuroendocrinologist over the past three
decades. My recommendations for treatment are evidenced-based yet highly influ-
enced by a multitude of things learned from my patients through observations over
the course of their diseases and treatments. Thus, the medical decision-making that
I employ is a balance between the art of medicine and documented scientific facts
based on accumulated evidence [1].

Over the past couple of decades, various organizations and working groups have
published guidelines for the management of patients with acromegaly [2—4]. While
these are, mostly, evidence-based, I suspect that treatment bias has been introduced
in regard to the recommended choices of medications used to treat residual and
recurrent disease. Still, most of these guidelines are reasonably similar, and they
serve as a roadmap of sorts for practitioners with little to no experience in managing
this complex disease. With experience, however, one recognizes that no two patients
are alike even in the setting of anatomic and biochemical similarities. For example,
if you had 100 patients with 1 cm growth hormone-producing pituitary adenomas
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and IGF-I levels at 3.5 standard deviation above mean for age and sex, you would
have 100 very different patients. Organ and tissue responses to IGF-I among affected
persons are very different. Some patients have a genetic risk for hypertension or
metabolic syndrome and are more likely to have cardiovascular and metabolic com-
plications of the disease. Others may be prone to sleep apnea, arthritis, or in some
way predisposed to develop one or more of the other manifestations of acromegaly,
including malignancies. Further, psychosocial, other social, and economic factors
also play a role in modulating the disease state leading to what I like to consider as
the illness. In effect, not only would those 100 patients have different manifestations
of their disease, but they would have 100 different illnesses. They should be treated
individually, according to need, based on innumerable factors to be considered, and
not according to some general schematic that is meant to apply to a group of patients
as if they all had the same disease and illness. For these reasons, I tend to recom-
mend against the strict use of guidelines in the practice of medicine. Unfortunately,
one of the unintended consequences of the presence of guidelines is that third-party
payers often utilize them as the definitive guide to decision-making in the manage-
ment of patients with acromegaly. In my opinion, carefully considered individual-
ized therapy is often wrestled away from the doctors and patients. These decisions
often lead to consternation among our patients and to a great deal of frustration for
experienced highly specialized clinicians who have deliberately selected most
appropriate treatments for their patients.

Most patients with newly diagnosed and previously untreated acromegaly
undergo surgery as first-line therapy [2, 4]. Surgery is often the treatment of choice
even for those patients in whom resection would not be curative due to invasive
disease or other circumstances. In these patients, incomplete resection often leads to
biochemical and clinical improvement. Furthermore, these patients often respond
better to medical therapy, and their tumor remnants are frequently amenable to and
respond better to stereotactic radiosurgery rather than conventional radiotherapy
that would be required without debulking surgery [5, 6]. In some patients who har-
bor smaller tumors with invasive disease, and without mass effects or compromise
of pituitary functions, it might be reasonable to treat with medical therapy rather
than surgery as these patients would probably end up on medical therapy long-term
[7]. T am inclined to first treat these patients with dopamine agonist drugs.
Nonresponders are treated with somatostatin receptor ligands. Radiotherapy could
also be considered although this is not my usual practice because of the risks of
radiation-induced apoplexy and hypopituitarism. There have been several studies
investigating the use of somatostatin receptor ligands prior to surgery in attempt to
reduce tumor size in hopes of achieving a greater likelihood of gross total removal
of noninvasive tumors [8—10]. There are approximately an equal number of studies
suggesting better outcomes with this approach as there are studies showing no dif-
ference in outcomes between patients treated with somatostatin receptor ligands
prior to surgery and those who were untreated. I have treated two patients prior to
surgery, both of whom enjoyed 50% reduction in tumor size, and they were ren-
dered disease-free as a result of surgery. It is not clear whether they would have
entered remission following surgery without treatment. Importantly, growth
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hormone and IGF-I levels were controlled in both patients, and they experienced
marked improvements in sleep apnea, cardiac dysfunction, and overall sense of
well-being prior to surgery. At the present time, I only employ pre-treatment with
somatostatin receptor ligands prior to surgery for those patients who have cardio-
myopathy, severe obstructive sleep apnea, or other factors that significantly increase
their risks of surgery at the time of diagnosis.

Treatment of patients with residual or recurrent disease requires careful consid-
eration of several factors to determine whether to proceed with repeat surgery,
radiotherapy, medical therapy, or a combination of these modalities. I firmly believe
that treatment of these patients is best undertaken in a tertiary medical center or
“pituitary center of excellence” by experienced providers who understand the
nuances and caveats of the disease and can design and deliver an appropriate indi-
vidualized therapeutic program and follow-up [11].

All patients with residual and recurrent disease should be considered for repeat
surgery when tumor is present on magnetic resonance imaging studies of the sella.
This is especially true if the tumor appears to be amenable to resection or if debulk-
ing of a significant amount of tumor would be possible and likely to improve clini-
cal and biochemical features of the disease process or improve responses to medical
therapy [12]. Repeat surgery is also worthwhile if removal of a sufficient amount of
tumor would allow for stereotactic radiotherapy instead of conventional radiother-
apy. Surgical outcomes, including control of disease and morbidity as well as mor-
tality, are demonstrably better when these patients are operated on by experienced
surgeons [13].

Radiotherapy for acromegaly is a controversial topic. Some use it regularly and
others not at all given there are medications that can control disease activity. Thirty
years ago, nearly all patients were treated with conventional postoperative radio-
therapy [14]. While treatment would almost always prevent further tumor progres-
sion, only about two-thirds to three-quarters of patients would achieve biochemical
control over the ensuing 15-20 years. Further, most patients later developed one or
more partial or complete deficiencies of anterior pituitary hormones. Some suffered
from profound memory loss, and others had cognitive deficits as a result of radiation-
induced brain damage, while others had second neoplasm such as sarcomas and
meningiomas. I have seen two patients who developed postradiation vascular anom-
alies with associated cerebral hemorrhage that required treatment several decades
after conventional radiotherapy. Stereotactic radiosurgery has certainly proved to
result in a lower likelihood of hypopituitarism and other complications, and it is also
quite effective. In general, three- fourths of patients enter remission in response to
stereotactic radiosurgery. While the time course of responses seems to be sooner
than in patients who received conventional radiotherapy, direct comparisons cannot
be made due to the selection biases of modality based on tumor burden, location,
and other factors. My approach is to use radiotherapy sparingly. If a patient has
progressive tumor that cannot be controlled with medical therapy nor surgery, then
I will choose to recommend radiotherapy. I prefer to employ stereotactic radiosur-
gery, if able, rather than conventional radiotherapy but use both modalities as
required. I tend to favor not irradiating younger people, and I'm more comfortable
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recommending radiotherapy to those in and beyond their Middle Ages. However, a
young person with a tumor that is progressing and otherwise uncontrollable would
receive a recommendation for treatment. Regardless, it is important to educate
patients so that they can also contribute to the decision-making process. For exam-
ple, I have seen plenty of patients who do not want a lifetime of medical therapy and
would choose stereotactic radiosurgery, if candidates for such an approach to treat-
ment, in hope to 1 day discontinue medical therapy.

A common approach is to debulk the tumor and then administer stereotactic
radiotherapy. Medical therapy is then employed to control the biochemical and clin-
ical features of the disease until efficacy of radiotherapy has been demonstrated and
medical therapy can be discontinued. Based on analysis of factors that influence
outcomes, most experts choose to withhold treatment with dopamine agonist drugs
and somatostatin receptor ligands for a period of anywhere from 2 weeks to 6 months
after radiotherapy as medication-induced tumor suppression might interfere with
radiation-induced cell damage and apoptosis and lead to diminished efficacy of
treatment [15]. Patients with uncontrolled disease who may require therapy during
this waiting period are often treated with a growth hormone receptor antagonist.

Medical therapy is reviewed in detail elsewhere in this book. I do, however, wish
to convey some of my thoughts regarding the caveats of the disease process and
treatments that guide my decision-making and to convey my general approaches to
treatment.

Patients with biochemical evidence for disease but without obvious residual
tumor on imaging of the sella are best treated with medical therapy while they
undergo surveillance for radiographic evidence of recurrence that would permit
additional surgery and possibly radiotherapy.

I tend to employ dopamine agonist drugs in patients who have plurihormonal
tumors that co-secrete growth hormone and prolactin. I find these drugs to be par-
ticularly useful in the elderly and in patients who have little to no tumor burden [16].

I also treat patients who have biochemical evidence of persistent disease and
little to no tumor burden with a growth hormone receptor antagonist [17].
Appearance of or progression of residual tumor prompts consideration of surgery,
radiotherapy, or transition to a somatostatin receptor ligand.

I tend to favor use of a growth hormone receptor antagonist over a somatostatin
receptor ligand in patients who have hyperglycemia and diabetes mellitus [18]. The
former class of drugs tends to improve glycemic control, while there is potential for
the latter to worsen such.

I tend to use somatostatin receptor ligands in patients who have a significant
amount of residual tumor when it is important to either reduce the size of their
tumors or inhibit tumor progression [19].

Patients who develop side effects during somatostatin receptor ligand therapy are
given the opportunity to transition to one of the other classes of drugs.

If there is no response whatsoever to a somatostatin receptor ligand, then I dis-
continue therapy and employ a different class of drug. Rarely, I will try one of the
other somatostatin receptor ligands. If there is partial but significant response to
treatment, then I will continue therapy and add either a dopamine agonist drug or a
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growth hormone receptor antagonist administered 2 to 3 times weekly [20].
Occasionally, the growth hormone receptor antagonist must be administered daily.

Regardless of drug used, my aim is to lower the IGF-I levels into the normal
range [3]. I prefer to adjust treatment in my patients to achieve IGF-I levels less than
1.0 standard deviation above the mean IGF-1 for their age and sex. In patients
treated with dopamine agonist drugs and somatostatin receptor ligands, a second
goal is to achieve a growth hormone level of less than 1.0 ng/mL.

Most patients on chronic stable medical therapy achieve IGF-1 levels that vary
within a range of 30-50 ng/mL on either side of what seems to be an estimated treat-
ment average result. Consecutive rises in the IGF-I level over time in treated patients
often suggest progression of residual disease and a need to reevaluate for tumor
growth and alter therapy. Conversely, an insidious progressive decline in IGF-I lev-
els suggests that a patient might be responding to radiotherapy, and they may be
able to lower the dose of or even discontinue medical therapy. In this setting, I usu-
ally work to find the least effective dose of the medication necessary to achieve my
treatment goals. Whenever circumstances permit a discontinuation of therapy, I fol-
low IGF-I levels at 3-month intervals for a couple of years and respond accordingly.

As mentioned, this overview highlights my approach to the management of
patients with acromegaly. Detailed information is presented in other chapters
throughout this book. I will conclude by stating that it is imperative that patients be
included in treatment decisions, setting of treatment goals, and that they partner in
establishment of follow-up plans. Development and facilitation of a good doctor—
patient relationship is essential to the successful management of patients with
acromegaly.
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Chapter 13 )
Transsphenoidal Surgery for Acromegaly

Check for
updates

Ryan R. L. Phelps, Jacob S. Young, José Gurrola II, and Manish K. Aghi

Introduction

Pituitary adenomas are quite common, with some reports showing that over 15% of
asymptomatic, healthy individuals have incidental adenomas [1]. Tumors are cate-
gorized by their size, malignant potential, extent of local invasion, and, perhaps
most importantly, their hormonal secretion. Tumors which oversecrete growth hor-
mone (GH) can produce gigantism in younger individuals whose growth plates have
not fully closed or, more commonly, lead to acromegaly in older individuals whose
growth plates have closed [2]. There are rare instances of GHRH-secreting hypotha-
lamic tumors or peripheral secretion of excess GH, but over 95% of acromegaly
cases are attributable to benign GH-secreting pituitary adenomas [3].

Acromegaly can cause substantial morbidity and mortality. The signs and symp-
toms range from facial soft tissue overgrowth to systemic disorders like metabolic
dysfunction and hypertension to respiratory obstruction and severe cardiovascular
disease [4, 5]. Unfortunately, given the insidious nature of this condition, there is
often a substantial delay in diagnosis after symptom onset. In fact, there is a sub-
stantial delay in diagnosis even after patients undergo surgical operations for
acromegaly-induced sequelae, with 35% of patients undergoing these procedures
prior to diagnosis [6]. For example, acromegaly-induced adenoid hyperplasia
(Fig. 13.1a) may be surgically treated without recognition of the underlying pitu-
itary adenoma and GH hypersecretion. This is the case for several other surgically
treatable conditions of the head, throat, nose, thyroid, and musculoskeletal system
as well [6].
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Fig. 13.1 Examples of sinonasal anatomic findings in acromegalic patients. (a) 36-year-old man
with acromegaly-induced nasopharyngeal adenoid enlargement due to lymphoid adenomatous
hyperplasia, evident on sagittal, gadolinium-enhanced T1 MRI, and intraoperatively found to have
5-8 mm cystic deposits within the adenoids. (b) 31-year-old man with obvious acromegalic fea-
tures on exam including frontal bossing (seen here on sagittal MRI), high zygomatic arches, thick-
ened lips and nose, enlarged hands, mild thenar wasting, deepening of the voice, and substantial
muscularity. (¢) 23-year-old woman with significant acromegaly-induced turbinate hypertrophy
evident on coronal, gadolinium-enhanced T1 MRI, and evident intraoperatively during approach to
the sella
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Pituitary adenomas causing acromegaly are typically addressed with surgery
upfront, although surgery can also be combined with medical therapy. Successful
treatment largely normalizes lifespan and significantly improves quality of life as
well [7, 8]. Given the severity of acromegaly sequelae, early surgical management
is often indicated. The importance of surgical intervention for this condition was
first acknowledged in the late nineteenth century. In 1893, an attempt to resect a
somatotroph adenoma was pursued via a transcranial approach, but unfortunately it
was unsuccessful [9]. The first successful resection occurred in 1907 in Vienna,
which ushered in the embrace of transsphenoidal approaches that were subsequently
championed by Harvey Cushing and the rest of the neurosurgical community and
are still preferred today [10].

Given the systemic nature of this condition, the frequently changing subtleties
regarding diagnostics and workup, and the nuances involved in surgical interven-
tion, it is important to understand neurosurgical aspects of acromegaly manage-
ment, especially as they relate to communication and coordination with a
multidisciplinary team working in conjunction to provide optimal care for these
patients.

Diagnosis and Referral

Most acromegaly cases are initially identified by primary care physicians, internists,
or endocrinologists [11]. The physical exam is often key in initiating diagnostic
workup; both patients and providers may notice classic acromegalic features such as
frontal bossing (Fig. 13.1b), high zygomatic arches, thickened lips and nose,
enlarged hands, voice deepening, and increased muscularity. Much of the diagnostic
workup is often complete by the time neurosurgical team members become involved.
However, understanding diagnostic nuances with respect to preoperative GH and
insulin-like growth factor 1 (IGF-1) measurement is crucial for contextualizing
postoperative and sometimes even intraoperative hormone levels. This can have
implications for surgical decision-making in terms of extent of resection as well as
reoperation.

The typical acromegaly workup consists of an initial IGF-1 level measurement,
followed by a confirmatory GH suppression test [12]. GH and IGF-1 have a log-
linear relationship, at least up until a GH level of 7 pg/L. GH secretion is pulsatile,
while IGF-1 levels are more stable given the longer half-life [13]. GH regulation is
complex, but secretion is largely stimulated by GHRH and ghrelin and largely
inhibited by somatotropin release-inhibiting factor (SRIF) and IGF-1. The relation-
ship between acute hyperglycemia (e.g., the oral glucose tolerance test (OGTT))
and GH suppression is incompletely understood but likely involves glucose-
mediated somatostatin release from the hypothalamus, as well as some level of
ghrelin involvement [14].

However, patient-specific and assay-specific factors can contribute to variations
in test results and make test interpretation nuanced. For example, pregnancy and
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late-stage adolescence can both cause false positives due to excess IGF-1-binding
proteins extending the IGF-1 half-life. Medical conditions like hepatic failure, renal
failure, hypothyroidism, malnutrition, infection, and diabetes mellitus can also lead
to aberrant IGF-1 levels, as can oral estrogen medication [12, 15, 16]. Given that
optimal biochemical control (i.e., normalizing GH and IGF-1 levels) is the corner-
stone of acromegaly treatment, the success of surgical resection can most accurately
be determined if all relevant comorbidities, demographic variables, and medications
are accounted for.

Similarly, the specific assays used are important to understand; some are more
sensitive and/or specific than others and have different cutoffs for diagnosis. For
example, the initial screening test for acromegaly—serum IGF-1 levels—can vary
wildly among different laboratories, with some assays failing to diagnose up to 30%
of true positives [17]. Similarly, GH measurement is laboratory-specific, with some
oral glucose tolerance tests being considered positive with a GH nadir of <1 pg/L,
some ultrasensitive tests requiring a nadir of <0.4 pg/L, and some having nonstan-
dard cutoffs [18]. Regardless of the particular assays used, their specific parameters
must be noted for reliable comparison with postoperative biochemical evaluation.

Once the diagnosis is established, the next steps in preoperative workup can
proceed, including neurosurgical referral, pituitary imaging, and possible
premedication.

Given that resection is typically the first-line treatment for acromegaly, neurosur-
gical referral and evaluation is almost always necessary. The decision of where to
refer these patients may warrant more consideration than is necessary for other con-
ditions. There is a large body of literature demonstrating substantial outcome varia-
tion of pituitary surgery; in particular, sites with very experienced surgeons, high
volume, and high-quality multidisciplinary teams familiar with endocrine disease
have improved patient outcome [19]. These variables should be considered when
referring patients for pituitary tumor resection.

Preoperative Management

Preoperative Imaging

After biochemical diagnosis of acromegaly, imaging is indicated to confirm pitu-
itary disease and to assist in preoperative planning with respect to bony, vascular,
and tumor anatomy. Pituitary MRI is the imaging modality of choice. In particular,
these adenomas should be evaluated with contrast-enhanced high-resolution MRI to
investigate the sellar region [20]. This high-resolution imaging is necessary to
understand the three-dimensional nature of the particular tumor as well as intraop-
erative landmarks, some of which can be used to navigate and some of which must
be carefully avoided. If MRI is contraindicated or unavailable, head CT is
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recommended. In fact, thin-slice CT can be valuable as an adjunct regardless of
MRI availability, as it can help outline bony anatomy of the sella and septations
within the sphenoid sinus. In the rare case in which standard imaging fails to dem-
onstrate a pituitary tumor in spite of biochemically confirmed diagnosis, somatosta-
tin receptor scintigraphy and thoracic/abdominal imaging can be performed to
search for ectopic GH secretion [21].

There are several acromegaly-specific anatomic variations that should be looked
for on these images. For example, acromegalic patients may have particularly tortu-
ous or ectatic internal carotid arteries (ICA) [22, 23]. This is crucial information for
operative planning, as pituitary adenomas can abut or even encase the ICAs, and
they must be protected and sometimes mobilized. Not only can the ICAs be tortuous
or ectatic, but the intercarotid distance is often reduced in acromegalic patients as
well, narrowing the operative corridor. The average distance between the ICAs in
acromegalic patients relative to controls at the level of C5 is 1.64 cm versus 1.90 cm
[24], and they can even nearly make contact with each other in the coronal plane
[25]. CT angiography may be of significant value in these cases. Bony anatomy can
also be altered by excess GH and IGF-1. Not only can bone be generally thicker in
these patients, but bone window CT can also uncover common acromegaly-specific
variants such as increased anterior-posterior diameter of the sphenoid sinus [26], or
upward and lateral displacement of the sphenoid ostium [27]. These variations are
important for the surgeon’s ability to anticipate the dimensions of the operative
window, prepare for intraoperative landmark navigation, and even properly select
surgical tools. Imaging can also be helpful for determining whether the adenoma
abuts the optic chiasm (which would be an indication for formal preoperative visual
field testing [25]) or even whether there is substantial mucosal hypertrophy or pol-
yposis [26], which could be important findings for a transnasal approach.

Premedication

Although surgical resection is a critical component of acromegaly management in
the vast majority of patients, it is worth discussing the rare cases in which medica-
tions can either be used as first-line standalone treatment or simply as preparation
for surgical intervention. Somatostatin receptor ligand (SRL) therapy is considered
the cornerstone of medical management for acromegaly [28]. However, there is
some controversy regarding the validity of consensus statements recommending
SRLs over other medications, such as pegvisomant or cabergoline, and medication
decisions should always be made on an individualized basis. SRLs may work
through a variety of cellular mechanisms depending on the particular receptors
involved, but their main effects in inhibiting hormone secretion are likely through
inhibiting Ca*" and activating K* channels, ultimately decreasing intracellular
cAMP levels which decreases cell growth [28].
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If a patient is deemed too high-risk for surgery or anesthesia—whether due to
age or comorbidities—or if they do not consent to surgery, primary medical therapy
may be employed [5]. If a patient has severely anomalous ICA anatomy that pre-
cludes a transsphenoidal approach, surgical intervention may be too risky to pursue
[25]. Sinus infection may prevent surgical intervention, at least temporarily [25].
Furthermore, if a patient has severe pharyngeal thickness and obstructive sleep
apnea, or florid high-output heart failure, preoperative SRL therapy may be neces-
sary to reduce surgical risk [12].

Some tumors—such as macroadenomas that have low likelihood of surgical
cure and no significant mass effect symptoms—may be substantially shrunken
with preoperative SRL therapy, making resection easier [29]. However, just as
preoperative SRL therapy can make resection more effective, resection can also
make postoperative medical therapy more effective. As such, it is theoretically
challenging to determine which therapy should come first in these specific cases.
Regardless of the theoretical benefits of preoperative medical therapy; however,
there is a lack of reliable evidence suggesting a clear benefit to long-term postop-
erative outcomes, and as such, there is no current standard recommendation to
pre-treat with medication.

Additionally, it is important to keep in mind that preoperative SRL therapy
may make postoperative hormone level evaluation uninterpretable in some cases.
Artificially lowering GH/IGF-1 levels preoperatively can mask residual tumor
unintentionally left behind, which makes reoperation decisions challenging.
Furthermore, pre-treatment for several months can change tumor anatomy and
consistency for the worse. In particular, treatment for too long can begin making
the tumor firmer and more fibrous [30], which impairs the ability to easily per-
form curettage and aspiration of what is typically a gelatinous, soft tumor in acro-
megalic patients. This can make tumor resection from the cavernous sinus
particularly challenging and may lead to subtotal resection that subsequently
requires adjunctive radiation therapy.

Operative Details: Transsphenoidal Surgery

Technique

Once surgical resection is deemed necessary, and the preoperative workup is com-
plete, surgical decision-making can begin. This starts prior to reaching the operating
room, when decisions about approach and necessary surgical instruments are made.
Although a transcranial approach may be resorted to in extreme cases of tumor size
or invasion, the vast majority of pituitary adenomas are targeted with a transsphe-
noidal approach. Both endoscopic and microscopic techniques are effective and
dependent upon surgeon preference, but many prefer endoscopic approaches
(Fig. 13.2) due to the optimal visualization it provides.
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Fig. 13.2 Example of a two-surgeon, endoscopic, transsphenoidal approach for resection of a
pituitary adenoma causing acromegaly. The ENT typically holds the endoscope in the right nostril
toward the top of the nostril with the neurosurgeon either working across the ENT or besides the
ENT, as shown here

Anesthetic Considerations

There are also some intraoperative anesthetic considerations about which the sur-
geon and anesthesiologist should communicate. Given the potential for mucosal
hypertrophy and inflammation and skeletal changes, maintaining open communica-
tion between the surgical team and anesthesia remains an important component of
care in these patients. The most significant point of communication between the
surgical team and anesthesia team is that acromegalics can have difficult airways
due to the oropharyngeal soft tissue hypertrophy and edema. The difficulty of acro-
megalic airways has been shown to correlate with the severity of their IGF-1 eleva-
tion [31]. In some cases, the difficulty of the acromegalic airway may lead to a need
for videoscopic direct laryngoscopy intubation or awake fiberoptic intubation [32,
33]. Interestingly, this is true even in many patients with Mallampati scores of 1 or
2, suggesting that intubation difficulty must be prepared for, largely irrespective of
preoperative anesthetic evaluation [34].

Invasive blood pressure monitoring via an arterial line, if required, may be more
dangerous in these patients due to their higher likelihood of carpal tunnel syndrome.
This may lead to ulnar artery compression, making them radial-dominant and
increasing the risk of radial artery catheterization [35]. In these cases, alternative
cannulation sites should be selected. However, invasive blood pressure monitoring
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is not typically necessary unless patients have poor exercise tolerance, have conges-
tive heart failure, or have documented cardiomyopathy [36].

Additionally, the semi-seated position that some surgeons prefer [37] for these
cases can increase the risk of venous air embolism. This can be largely prevented by
avoiding a position that is too vertical or only reserving that posture when it is nec-
essary for hemostasis.

Blood glucose should be measured intraoperatively (as well as preoperatively
and postoperatively). Although good control of blood glucose is valuable in general,
it is more important in the perioperative period to avoid inducing severe hypoglyce-
mia, especially in anesthetized patients who cannot report associated symptoms [36].

Lumbar drains are not typically necessary but may be useful in cases of particu-
larly large adenomas. The surgeon may ask the anesthesiologist to push 10-mL ali-
quots of saline (or sometimes air) into the lumbar drain at various points in the
procedure to facilitate descent of the tumor. This is especially helpful in accessing
the suprasellar component of the tumor [38]. If a lumbar drain is deemed necessary,
itis usually placed after intubation but prior to positioning. Of note, if air is injected,
nitrous oxide administration must be ceased immediately so as to prevent intracra-
nial pressure elevation [36].

Lastly, but very importantly, the choice of anesthetic agents must take into
account both the patient’s specific comorbidities, as well as the need for rapid emer-
gence postoperatively. These patients have a higher likelihood of hypertension, car-
diomyopathy, left ventricular hypertrophy, diastolic dysfunction, and
arrhythmias—all of which must be considered when choosing anesthetic agents and
doses. Rapid emergence from anesthesia is important for postoperative neurologic
exams, including visual exams which could uncover the need for immediate repeat
surgical intervention. As such, rapidly metabolized agents or inhalational agents
with low blood solubility may be ideal, such as a combination of propofol and remi-
fentanil, or perhaps sevoflurane or desflurane [36]. In patients who are particularly
hemodynamically unstable, a combination of an inhalational agent and remifentanil
may be effective [39].

Positioning

There are various positioning options for transsphenoidal procedures. One common
variant is placing the patient in a supine position in reverse Trendelenburg, with
slight head rotation toward the surgeons. Slight neck flexion can facilitate access to
tumors that extend particularly inferiorly, while extension can make suprasellar
extensions more accessible. Another option is tilting the head toward the left, with
the left ear toward the left shoulder, followed by rotating the operating table to the
right and elevating the head of bed 25-30° [40, 41]. These positioning decisions
should be case-specific and should take into account the tumor’s directional exten-
sions, the patient’s body habitus, and the surgeon’s posture and comfort.
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Typical Surgical Steps

First, if needed, the abdomen or thigh should be prepared for a potential fat graft.
Our otolaryngology (ear, nose, and throat or ENT) colleagues typically perform an
endoscopic approach; this is particularly helpful with acromegalic patients, given
that their excess GH and IGF-1 may lead to hypertrophied turbinates (Fig. 13.1c);
thickened mucous membranes; significant mucosal inflammation—including pol-
yposis; and septal deviation or spurs which are challenging to navigate [26, 42].
Additionally, these patients often have sinonasal pathologies such as adenoid hyper-
plasia (Fig. 13.1a) that may need tissue sampling by the ENT surgeon. Although
cooperating with an ENT colleague makes this portion of the case safer and easier,
it does come with logistical considerations in terms of case scheduling. If a micro-
scopic approach is chosen, the acromegalic nasal speculum may be needed for
patients with enlarged nasal passageways.

Once the anterior aspect of the sphenoid sinus is visualized, the sphenoid ostium
must be localized. Neuronavigation or fluoroscopy may be of significant value here.
At this stage, a sphenoidotomy is made. It is often recommended to extensively drill
so as to expose the whole sellar floor [43]. Some surgeons resect all mucosa in the
sphenoid sinus, but others attempt to preserve and simply spread the sphenoid
mucosa, which is put back together at the conclusion of the case. This more conser-
vative method is more suitable for small tumors. Once again, neuronavigation or
fluoroscopy can be helpful to navigate the relatively large septal bony compartments
in the sphenoid sinus that can be found in acromegalic patients.

Once the sellar floor is well-visualized, it can be opened with a bayoneted chisel
or high-speed diamond burr [44]. It should be opened in the exact midline, using the
superior rostrum of the sphenoid sinus as a landmark (other landmarks, such as the
sphenoid sinus septum, can be unreliable midline markers). Reliance of navigation
can lead to devastating complications if the navigation is inaccurate. Kerrison ron-
geurs can be used to expand this opening. While one should open as widely as pos-
sible, typically from the medial cavernous sinus wall on both sides, it is important
to avoid breaching the cavernous sinus as this leads to unnecessary blood loss and
risks injury to the ICA.

Once the bone is removed and the dura is visualized, the ICAs can be identified
prior to dural incision using micro-Doppler. A dural incision is typically made in a
cruciate fashion, and any bleeding can be coagulated with straight- or right-angle
bipolar cautery. Again, it is important to expose as widely as possible here—later-
ally from cavernous sinus wall to cavernous sinus wall and vertically from the tuber-
culum to the sella-clivus junction [45]. This wide exposure should not be understated;
a common cause of postoperative hemorrhage is subtotal resection, and the most
common cause of subtotal resection/residual tumor and need for repeat surgery is
inadequate exposure [46].

Once the dura is opened, some tumors will immediately come into view, while
others will be covered by a rim of normal gland that must be elevated off the tumor.
Pituitary adenomas can be relatively easy to distinguish from normal pituitary;
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normal anterior pituitary is yellowish and has fine, superficial vasculature, whereas
pituitary adenomas tend to be white in color and soft, gelatinous, or flaky. However,
as mentioned above, patients who have had more than a few months of preoperative
medical therapy with SRLs may have tumors that are firmer and more fibrous and
more difficult to dissect and resect.

It is becoming increasingly recognized that pituitary microadenomas should be
resected en bloc via pseudocapsular dissection if possible [47, 48]. As such, it is
very important to attempt to find the pseudocapsule plane and stay in this plane
while dissecting the tumor from the normal pituitary gland. It may be necessary to
cut through a small amount of normal pituitary to access the pseudocapsule, and it
may also be necessary to take a thin margin of normal pituitary deep to the pseudo-
capsule as well to facilitate this type of resection. Microadenomas that are not read-
ily visible may require some level of intraoperative exploration. This is typically
carried out through a series of vertical incisions in the pituitary gland (so as to avoid
as much of the vertically oriented pituitary vasculature as possible) [49]. Each inci-
sion is made about 2 mm apart and 1 mm deep, followed by increasing depth, but
stopping by the time the intermediate lobe or anterior aspect of the neurohypophysis
is found. If there is dural involvement, the involved dura should be radically resected
as well, although this is relatively uncommon.

While performing these resections, the main two priorities are complete resec-
tion and hemostasis. Given that these are hormone-secreting tumors, gross total
resection is key for preventing sequelae. This means that more aggressive maneu-
vers may be taken than might be necessary for nonfunctional tumors for which the
priority may simply be debulking. As such, it is common to pursue resection of
tumor that has invaded the cavernous sinus, especially since somatotroph adenomas
are typically soft and easily aspirated. However, with tumor components that are too
far lateral to the ICAs, or too firm and fibrous, it is often safest to avoid overly
aggressive resection and instead leave those remaining portions for stereotactic
radiosurgery or radiation therapy postoperatively.

Closure details are dependent on the defects caused by each particular case. In
the absence of a readily identifiable cerebrospinal fluid (CSF) leak, the sella can be
packed with fat, and the sellar floor can be reconstructed with a well-tailored pros-
thesis sheet [46]. The sphenoid sinus is rarely packed, and the nares are infrequently
packed as well. As always, adequate hemostasis should be ensured upon closure.

Morbidity of Transsphenoidal Surgery for Acromegaly

Transsphenoidal surgery has become incredibly safe in recent years, particularly in
the hands of experienced surgeons. Mortality rates are below 0.4% [50], and
although short-term morbidity can surpass 30% in some series due to temporary
endocrine disturbances [50, 51], overall complication rates in the hands of experi-
enced surgeons are as low as 3% [52]. Some morbidities that can arise from
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transsphenoidal pituitary adenoma resection become more common in patients who
have acromegaly, underscoring the importance of relying on experienced surgeons.

Vascular Complications

While rare, vascular complications are among the most important to consider in
acromegalic patients. Extradurally, the posterior nasal septal arteries—branches off
of the respective sphenopalatine arteries—are of particular concern during the sphe-
noidotomy. In an untreated, hypervascular or mucosally inflamed patient, the poten-
tial to injure these arteries and place the nasal septal flaps at risks is increased to
slightly more than the 3% rate with which this injury occurs after all pituitary sur-
geries [53]. The posterior nasal septal arteries are found at the inferolateral aspect of
the sphenoidotomy and are especially at risk when using electrocautery near the
sphenoid ostium or when dividing and manipulating the middle turbinate in an
attempt to improve exposure [44]. Partial injury without proper treatment can lead
to postoperative epistaxis that can vary from a mild nuisance to the patient to more
severe blood loss requiring hospitalization. Careful hemostasis during opening and
closure are crucial to reduce the risk of postoperative epistaxis. In rare cases where
a patient develops postoperative epistaxis and presents to the clinic or emergency
room, nasal packing will usually tamponade the bleeding, with bedside cautery or
return to the OR for cautery rarely needed.

ICA injury is a very rare complication, occurring in 0.2-1% of cases [54].
However, it is potentially devastating. Careful interpretation of preoperative imag-
ing is key in charting the courses of these arteries. In some rare cases, especially in
acromegalic patients, their courses may preclude the option of transsphenoidal
approaches altogether. However, in most cases, ICA anatomy allows for this
approach, and they can be charted intraoperatively with micro-Doppler so they can
be avoided or safely manipulated. If they are breached, often due to instrumentation
in the lateral sella or cavernous sinus, torrential bleeding can ensue. This can be
addressed with swift but gentle packing with cottonoid patties [46]. Overly aggres-
sive packing can exacerbate the hemorrhage. Once hemostasis is achieved, some
surgeons opt to conclude the procedure immediately to obtain an angiogram.
However, in cases in which hemostasis is readily achieved, the patient is stable, and
more resection of the tumor is deemed critical, it may be reasonable to proceed with
resection and obtain an angiogram afterward. Given collateral blood supply as well
as improved management methods, the rates of mortality and severe neurologic
complications are both roughly 10% for this complication [55].

Intercavernous sinus bleeding can typically be well-managed with cottonoids,
Gelfoam, and bone wax [56]. Excessive cavernous sinus bleeding can be managed
with thrombin-soaked Gelfoam, tamponade, and sometimes head elevation [46].
However, head elevation carries the risk of air embolism, which must be considered
before employing this technique to decrease bleeding.
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CSF Leak

Intraoperative CSF leaks can occur during resection of large adenomas relatively
often, with rates surpassing 60% [57]. However, thanks to modern repair techniques
such as nasoseptal flaps, the rate of postoperative CSF leaks has declined from
~20% to 8%, thus preventing the need for a substantial amount of repeat surgery
[58]. Unfortunately, there is insufficient literature describing CSF leak rates in acro-
megalic patients after nasoseptal flaps, but it may be similar to the overall rate of
those undergoing transsphenoidal surgery for other pituitary adenomas.

When postoperative CSF leak does occur, it is managed as quickly as possible by
returning the patient to the operating room. Of course, large tumors and large dia-
phragmatic/dural defects are associated with increased risk of CSF leak. Any condi-
tions causing elevated intracranial pressure such as obesity can increase the risk of
a postoperative CSF leakage requiring repair.

For simple cases in which there is minimal CSF leakage, the typical closure con-
sists of an autologous fat graft placed into the sella or sphenoid sinus. More tissue
may have to be placed for bigger leaks, but it is important to avoid overpacking, as
this could lead to mass effect similar to that of the tumor itself [59]. Mucosal grafts
can be placed so as to cover the sella, and this is an effective and fast-healing option.
Some surgeons also use bone or absorbable plates to fasten grafts into place, which
is a very effective but slightly riskier closure option. Vascularized flaps, such as
nasoseptal flaps, can be phenomenal resources for large defects or anticipated high-
flow CSF leaks [59]. This is yet another reason why vasculature such as the spheno-
palatine arteries must be preserved during the operation. Given that more intensive
closure methods are reserved for cases in which more significant CSF leaks are
expected, it is difficult to objectively compare the effectiveness of all these closure
options. However, this decision is always one that should be made thoughtfully, tak-
ing into account not only the defect but also several patient characteristics, as failed
closure is a common reason for repeat surgery and infection.

Adenohypophysis Hormonal Deficits

Rates of new hormonal deficits of the anterior pituitary are as low as 8% after trans-
sphenoidal surgery [60]. This risk is substantially increased in large tumors that
significantly compress the pituitary gland or in cases in which a significant portion
of the pituitary must be resected. However, it is important to keep in mind that a
similar percentage of patients actually gain function of the anterior pituitary postop-
eratively, which is a benefit that should be weighed against the risk of decreased
function. Hormone assessment (e.g., cortisol and electrolyte levels) and thorough
exams should be performed to evaluate for this complication.
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Diabetes Insipidus and SIADH

Diabetes insipidus (DI) and the syndrome of inappropriate antidiuretic hormone
secretion (SIADH) occurring after 2-10% of transsphenoidal surgeries [61, 62].
Although these conditions can be mild and transient if well-managed, poor manage-
ment can lead to devastating sequelae. Strict intakes and outputs must be monitored,
patients must be precisely weighed, sodium should be measured every 6 h in the
early postoperative stage, and several hormones (e.g., cortisol) must be closely
monitored. Desmopressin, while essential in some cases, must not be overdosed.
Often, if these steps are followed and if patients drink to thirst (but do not drink
excessively), DI will self-resolve rather quickly.

SIADH tends to occur slightly later in the recovery course, typically just under
1 week after surgery. It can be very challenging to predict which patients will go on
to develop this condition. Similarly to the workup and management of DI, patients
should be closely monitored while inpatient, and then their labs should again be
drawn at one postoperative week to evaluate for this complication [35]. Fluid restric-
tion is typically sufficient to rehabilitate these patients.

Biochemical Outcomes and Management of Residual Tumor

Postoperatively, GH may decline quickly, but IGF-1 can decline at a slow rate. Even
with rapid biochemical (GH) and radiologic evidence of surgical success, it takes an
average of 10 months for IGF-1 to normalize, although the majority of patients will
experience IGF-1 normalization within 3 months (range of 3 days to 57 months)
[63]. As such, IGF-1 levels should be checked about 3 months postoperatively, at
which time a definitive postoperative MRI can also be obtained [64]. The criteria for
remission and cure are regularly changing, and standards have dramatically
increased over the past several decades. Originally, a postoperative GH level of
<5 pg/L was considered a desirable outcome, but criteria have become more strin-
gent. We now seek a random sensitive GH level of <1 pg/L, a normal IGF-1 level
(adjusted for patient characteristics), and an OGTT demonstrating a GH of
<0.4 pg/L. However, given that an OGTT can be an inconvenient test, our practice
is to simply get a postoperative morning GH level (with a level of <1 pg/L predict-
ing cure) and follow IGF-1 over time to confirm normalization. Increasingly strin-
gent remission/cure criteria may cause postoperative biochemical control rates to
artificially decline, but they are still quite impressive, especially for tumors that are
confined to the sella. Surgical success for microadenomas is roughly 80% and can
be up to 95% for particularly simple cases. Macroadenomas respond very well to
surgical intervention 50-60% of the time and even more often if not invasive
[65-67].
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Although surgical success is common, there may be persistent sequelae from
longstanding GH and IGF-1 excess. Fortunately, many acromegaly-induced con-
ditions, such as myocardial fibrosis and early-stage cardiomyopathy (concentric
biventricular hypertrophy) [68, 69], significantly improve after treatment. Indeed,
improvements such as this largely explain the substantial mortality benefit of
treatment. However, some stigmata of acromegaly persist indefinitely and can
lead to significant morbidity. For example, hypertension—which is strongly asso-
ciated with acromegaly—often remains after treatment [70]. Coronary artery dis-
ease also often remains a high risk [71]. Furthermore, although cardiac
function—such as diastolic filling—often improves, some valvular disease involv-
ing aortic root dilation may be irreversible [72]. Diabetes mellitus is another
important consideration, as it has several cardiovascular implications. Some evi-
dence suggests that glucose homeostasis and insulin sensitivity are largely stabi-
lized, even with treatment that is only moderately successful [73, 74]. However,
other reports find persistently higher rates of diabetes mellitus postoperatively
than in the overall population [75]. As such, it is important to screen for this con-
dition even with adequate GH and IGF-1 control. Two other conditions that can
dramatically impact patient quality of life after treatment are arthropathy and
physical appearance. If treatment is successful in early-stage arthropathy, when
there is only cartilage hypertrophy and ligament laxity, it may be reversible.
However, after joint degeneration begins, it may become an irreversible, lifelong
complaint [71]. Acromegalic changes to physical appearance also continue to
bother many patients. We have found that skull deformities such as frontal boss-
ing (Fig. 13.1b) and cranial thickening fail to naturally regress after cure [76]. It
is important to note, however, that perceived body image actually tends to be more
closely associated with depressive symptoms in these patients than objective acro-
megalic facial/body changes [77]. As such, proper screening for and treatment of
depression and other psychological and cognitive complaints are key in optimiz-
ing outcomes.

In instances in which biochemical remission is not attained postoperatively, there
are several avenues that can be pursued. Often, stereotactic radiosurgery can pre-
cisely target residual tumor and can be so effective that intraoperative resection
aggression can be decreased. Medical therapy is also often turned to in order to
attain biochemical control postoperatively. In many instances, it is more effective in
debulked tumors anyways and can be guided by the pathology specimen from sur-
gery. For example, pathological analysis of tumor cell somatostatin receptor (SSTR)
expression (including SSTR density, specific receptor(s) expressed (SSTR 1-5),
and receptor splice variant) can predict which somatostatin receptor ligand thera-
pies, if any, are valid and promising options [78]. For many patients, repeat surgery
can also be a viable option and is sometimes favored over medial therapy or radia-
tion therapy given that it may obviate the need for lifelong treatment or some life-
long side effects. This is a nuanced, multidisciplinary decision that should be made
on an individual basis.
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Introduction

Acromegaly is most commonly caused by a growth hormone (GH)-secreting pitu-
itary adenoma [1]. Excessive and unopposed GH secretion causes raised levels of
insulin-like growth factor 1 (IGF-1). Acromegaly is considered a relatively rare dis-
order with incidence rate of approximately 3 cases per one million population [2]
and with estimated prevalence rates ranging from 8 to 42 cases per million popula-
tion per year [3-5]. However, acromegaly remains under or undiagnosed and often
untreated. For example, in a study in unselected sample of adult primary care
patients, it was discovered that 125 out of 6773 screened patients (1.8%) had ele-
vated IGF-1 levels corresponding to a prevalence of 1034 per million patients [6].
Acromegaly is often underestimated in patients with diabetes mellitus or glucose
intolerance [7].

GH hypersecretion can damage numerous organ systems with varying levels of
severity, and this can consequentially result in variable clinical manifestations of
acromegaly that may range from soft tissue swelling, acral enlargement, and vis-
ceromegaly to life-threatening somatic complications, such as diabetes, hyperten-
sion, and respiratory and cardiac failure [1, 8]. Acromegaly patients are at 1.48-fold
increased mortality risk when compared to the general population with hyperten-
sion, diabetes, hypopituitarism, and cardiomyopathy being the most important
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contributing factors [9, 10]. In young patients, GH hypersecretion before epiphyseal
bone closure results in gigantism. Furthermore, compression of the optic chiasm by
GH-secreting pituitary macroadenomas and consequential visual dysfunction
do occur.

Management of patients with acromegaly remains challenging and requires mul-
tidisciplinary expertise that usually includes neurosurgery, neuroendocrinology,
radiation oncology, and general medical care. According to the Endocrine Society
Clinical Practice Guideline, the goal of acromegaly management is normalization
of GH and IGF-1 serum levels [11]. Resection, radiosurgery, radiation therapy, and
medical management options should be considered and used as appropriate for
management of acromegaly patients (Fig. 14.1). Transsphenoidal resection plays a
central role in the management of GH-secreting pituitary tumors as it also allows
immediate endocrine control and decompression of neural structures [1, 12].
However, from 20% to 40% of surgically treated acromegaly patients fail to achieve
endocrine remission [1, 13, 14]. Medical therapy is used to reduce surgical risk and
to improve biochemical control after surgery [11]. Medical therapy can also be used

History, imaging and laboratory
findings suggestive of acromegaly

L

Transsphenoidal resection

'

Endocrine remission: normal IGF-1
concertation off suppressive
medication

Medical Radiation
management resection therapy
y: Fracti i RT: Proton bean therapy:
Widely available Widely available Limited availability
Small-moderate residual tumor Large residual tumor
Fractionation possible Close to cranial nerves /_

Endocrine suppression:
Stop 2 weeks before radiation therapy
Continue after RT until endocrine remission

Laboratory and imaging surveillance

Biochemical target goal: age normalized serum IGF-1 value.
Therapeutic goal: random GH < 1.0 pg/L.

Fig. 14.1 Treatment and follow-up algorithm of acromegaly patients
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in patients with persistent disease after surgery, but it usually requires life-long ther-
apy, can be quite expensive, and places patients at risk for side effects [1, 11].

Ionizing radiation in the form of stereotactic radiosurgery (SRS) or fractionated
radiotherapy is currently recommended in the treatment of residual GH-secreting
pituitary adenomas after attempted incomplete transsphenoidal adenoma resection
or if medical therapy is not available, effective, or tolerated [11]. SRS is recom-
mended for many patients with persistent acromegaly, whereas conventional frac-
tionated radiation therapy is often considered for tumors residing in close spatial
proximity to critical neural structures, such as the optic nerve or chiasm, or when
SRS technology is not available [11].

Historical Perspective

Acromegaly as a clinical entity was first established by Pierre Marie in 1886 [15],
and in 1909 Sir Harvey Cushing implicated growth hormone hypersecretion by the
pituitary gland as the underlying mechanism of acromegaly. Radiation therapy for
treatment of acromegaly was first described in 1909 [16, 17]. Initially, radiation
treatment for acromegaly included 200 roentgens delivered to the sella from the oral
cavity during twice weekly 1 h sessions over a period of 1 month [18]. Radiation
therapy delivery approaches and delivery schedule were subsequently refined, and
the dosage of 4000 roentgens was deemed as the most effective for treatment of the
pituitary fossa tumors [19, 20].

Stereotactic radiosurgery for treatment of intracranial tumors was introduced by
Lars Leksell in 1951 [21]. The Gamma Knife (Elekta AB, Stockholm) was first used
to treat a patient with a pituitary adenoma in 1968, and between 1968 and 1982 a
total of 27 acromegaly patients were treated using this innovative technique [22].
Around the same time Kjellberg with colleagues described their experience with
proton beam hypophysectomy for treatment of acromegaly [23]. More than a decade
later Betti and Derechinsky described linear accelerator (LINAC)-based system for
SRS that used 10-MV LINAC and targeting based Talairach coordinate system [24].

Brachytherapy is another radiation therapy technique that received attention for
treatment of acromegaly. Initial attempts with brachytherapy for pituitary adenomas
and other intracranial lesions used radioactive radium needles, also known as the
“radium bomb” [25, 26]. In 1961 Joplin with colleagues presented their results of
pituitary gland brachytherapy with gold-198 seeds treating of patients with acro-
megaly [27]. However, brachytherapy is now rarely used for treatment of acromeg-
aly and is now sometimes utilized in the treatment of recurrent craniopharyngiomas
[28, 29]. Subsequent technological advancements of Gamma Knife and LINAC-
based SRS techniques have substantially improved the efficacy and safety of ioniz-
ing radiation delivery to the sella/parasellar region, and this has led to wider adoption
of these treatment modalities into everyday clinical practice. Today, SRS plays an
important role in the adjuvant treatment of acromegaly.
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SRS is used to deliver a high dose of focused radiation with submillimeter spatial
accuracy and precision for treatment of small and well-defined intracranial lesion.
Steep radiation dose falloff allows highly selective treatment and preservation of the
surrounding normal neural tissues from appreciable radiation. Precise and selective
treatment is of particular importance for management of intracranial lesions resid-
ing in eloquent brain regions surrounded by critical neural and vascular structures.
Radiobiological effects underlying therapeutic actions of radiosurgery and radiation
therapy include vascular and cytotoxic effects [30]. Ionizing radiation causes bio-
chemical damage of irradiated cells and breakage of single-stranded and double-
stranded DNA. This consequentially leads to cell necrosis, apoptosis, or cell
survival. Endothelial cell damage of tumor vasculature is considered the dominant
cause of cell death from SRS, and the linear quadratic formula is widely used to
explain the rationale for the effect of fractionation in radiation therapy. This is rel-
evant as the hypothalamic/pituitary axis is radiosensitive, particularly among nor-
mal GH-secreting cells [31].

SRS, in contrast, is usually delivered in a single fraction. However, fractionated
SRS treatment (in up to five fractions) can be considered for treatment of large pitu-
itary adenomas and/or tumors that are in close proximity to or encase critical neural
structures (such as optic nerves and chiasm) in order to minimize the risk of inad-
vertent radiation injury to normal tissues. There are three main current approaches
to deliver SRS: (1) GKRS (Elekta Instruments AB, Stockholm, Sweden) using mul-
tiple cobalt-60 gamma radiation-emitting radiation beams, (2) Cyberknife Robotic
Radiosurgical System (Accuray, Sunnyvale, CA, USA), and (3) linear accelerator-
based irradiation.

Patient Selection and Pre-SRS Evaluation

Candidates for SRS procedures should be carefully selected while taking into con-
sideration rigorous clinical, biochemical, and imaging assessment. Comprehensive
pre-SRS evaluation should include (1) complete endocrine evaluation (serum con-
centrations of GH, IGF-1, adrenocorticotropic hormone, cortisol, prolactin, total
and free thyroxin, thyroxin-stimulating hormone, luteinizing hormone, follicle-
stimulating hormone, and testosterone levels in men) and (2) comprehensive neuro-
imaging that is used for radiosurgery planning and should include thin-sliced (1 mm
sections) T1-weighted contrast-enhanced MRI with and without contrast. Brain
computerized tomography (CT) can be considered as alternative option for patients
who cannot tolerate MRI or it is contraindicated. Fat saturation MR imaging can be
useful for patients with prior resections.

Pre-SRS ophthalmic examination of visual function should also be considered
for patients who experience visual dysfunction or have imaging findings suggestive
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of visual pathway compression, and such evaluation should include assessments of
visual acuity and visual fields.

SRS Procedure

For GKRS, a rigid stereotactic frame (Leksell frame; Elekta Instruments AB,
Stockholm, Sweden) is commonly used to optimize spatial precision of GKRS pro-
cedure. The frame is usually applied under local anesthesia and intravenous seda-
tion in the morning of SRS. The scalp is prepared with alcohol, and areas of pin
placement are infiltrated with long-acting local anesthetic. Histories of prior cranial
neurosurgical procedures and cranial defects should be considered before pin place-
ment not to cause inadvertent brain damage, and thin-sliced head CT scan should be
considered in unclear cases to optimize safety of frame pin placement. Four-pin
fixation is typically utilized, but three-pin fixation has been shown to be adequate
[32]. As a rule of thumb, stereotactic frame should be placed parallel to the anterior
optic apparatus to optimize visualization of the optic apparatus during radiosurgery
planning. Frameless SRS using a thermoplastic mask can be considered for patients
who are selected for fractionated SRS or when frame application is contraindicated
for medical reasons.

Quality imaging is essential for accurate SRS planning and hence optimized effi-
cacy and safety of the procedure. Advancements of imaging techniques have
improved spatial resolution and treatment precision. Detailed imaging studies are of
paramount importance to delineate residual tumor, its invasiveness, and association
with surrounding neurovascular structures and the normal pituitary gland. At the
University of Virginia (Charlottesville, Virginia, USA) pre-GKRS treatment plan-
ning MRI protocol for pituitary adenoma patients includes pituitary windows of
axial and coronal T2w, pre-contrast sagittal T1w, as well as post-contrast axial,
sagittal, and coronal T1w series. Thin-sliced (I mm) planning MRI series include
post-contrast T1w axial, sagittal, and coronal series and pre-contrast axial T1w
series. Dynamic MRI sequences are also often performed as they are useful to delin-
eate residual tumor remnants and microadenomas. Treatment planning is performed
using a computer software called Gamma Plan (Elekta AB). The endocrine remis-
sion to complication risk ratio should be carefully balanced when selecting radio-
surgical dose. For functional pituitary adenomas, prescription doses of 18 Gy to
30 Gy to prescription isodose line (often around 50% for GKRS) are usually consid-
ered reasonable to optimize likelihood of achieving endocrine remission (Fig. 14.2).
Close proximity of the adenoma to the surrounding parasellar neural and vascular
structures should be carefully considered when planning and deploying radiation
therapy. Optic neuropathy is usually avoided by restricting radiation dose to the
optic apparatus to less than 8Gy to 12Gy in a single fraction. A minimal distance of
at least 3 mm between the lateral edge or rostral extent of the adenoma and optic
nerve/chiasm is desirable for single-fraction stereotactic radiosurgery to allow ade-
quate sparing of the optic apparatus. Cranial nerves that run in the cavernous sinus
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can typically tolerate substantially larger radiation doses. Radiation-induced injury
to the cavernous segment of the internal carotid artery is extremely rare. Nevertheless,
care should be taken not to include these neurovascular structures into radiation
“hotspots” where the dose may be heterogeneous.

Pituitary adenoma SRS treatment with the Cyberknife Robotic Radiosurgical
(CKRS) System (Accuray, Sunnyvale, CA, USA) follows similar steps [33]. Head
is immobilized using the aquaplastic mask, i.v. contrast-enhanced head CT is per-
formed, and treatment is planned on the Cyberknife treatment planning workstation.
Radiosurgery techniques and procedures using the LINAC-SRS systems depend on
the details of the center’s technology and workflow but can be employed through a
variety of strategies.

Endocrine Control

GKRS is the most widely studied SRS instrument for treatment of GH-secreting
tumors, followed by the LINAC-SRS and CKRS (Table 14.1). The majority of pub-
lished studies are retrospective single-institution series. There are no prospective
randomized clinical trials rigorously comparing different SRS delivery methods for
the treatment of acromegaly. Also, results of endocrine remission should be inter-
preted with caution given differences in follow-up duration, definition of endocrine
remission, and follow-up protocols between centers and also across studies.
Reported rates of endocrine remission of acromegaly after GKRS range from 17%
[39, 53] to over 70% [41, 47]. The largest published series of GKRS for GH-secreting
pituitary adenomas to date comes from the International Gamma Knife Research
Foundation (IGKRF), an international multi-institutional registry of GKRS centers
[13]. They published 10 institution experience with 371 acromegaly patients who
were treated with GKRS (mean margin dose: 24.2 Gy) who were followed for
37.7 £ 32.5 months (range: 1-216 months). Fifty-four percent of patients treated with
GKRS achieved endocrine remission at a median of 38 months after the GKRS pro-
cedure. Endocrine remission was defined according to contemporary criteria as nor-
malization of age- and gender-matched IGF-1 levels while off of all suppressive
medication for at least 4-8 weeks. The only independent predictor of durable

<
<

Fig. 14.2 41-year-old gentleman presented with clinical features consistent with acromegaly.
IGF-1 and GH were elevated at 919 ng/mL and 3.1 ng/mL, respectively. Brain MRI demonstrated
pituitary macroadenoma invading left cavernous sinus and surrounding the intracavernous portion
of the internal carotid artery and gently elevating of right optic nerve and optic chiasm. He under-
went transsphenoidal resection of intra-sellar potion of pituitary adenoma. Pathology documented
pituitary adenoma immunoreactive for growth hormone. Postoperative morning growth hormone
level dropped to <1 ng/mL after the surgery, and he has had clinical improvement of his symptoms
of acromegaly. However, his IGF-1 levels remained elevated, and 4 months later, the patient under-
went single-fraction GKRS treating sella and left cavernous sinus with a prescription dose of
25 Gy to the 50% isodose. 7 months after GKRS, his IGF-1 levels normalized, and MRI docu-
mented decreased size of treated pituitary adenoma remnants
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endocrine remission was cessation of IGF-1 suppressing medication around the time
of GKRS. Another multicentered retrospective series from South Korea, which
included 138 acromegaly patients treated with GKRS and with a median follow-up of
85.2 months, reported that 34% of patients achieved endocrine remission [34]. Female
gender, low IGF-1 level (< twofold of the maximal age- and sex-matched level), and
use of GKRS as adjuvant treatment were independent predictors of endocrine remis-
sion. A study from Italy of 103 patients with acromegaly and median follow-up of
75 months reported that 61% of patients achieved endocrine remission after treatment
with GKRS [35]. Jezkova with colleagues reported that 44% of 43 patients at risk
achieved endocrine remission (GH < 1 pg/l in oGTT and normal IGF-I) 54 months
after treatment. Castinetti reported that 17% out of 82 GKRS-treated acromegaly
patients achieved endocrine remission during a mean follow-up of 49.5 months [53].
Higher levels of GH and IGF-I before GKRS were associated with decreased likeli-
hood of endocrine remission after GKRS [53]. Pai with colleagues reported that low-
dose GKRS (margin dose <25 Gy; median dose, 15.8 Gy; range, 11.9-22 Gy) resulted
in endocrine remission in 43% of their patients during a median follow-up of 6 years.
Absence of cavernous sinus invasion and lower pre-GKRS IGF-1 concentration were
independent predictors of biochemical remission [38]. Vik-Mo with colleagues
reported that 9 out of 53 (17%) of patients treated with GKRS for GH-secreting pitu-
itary adenomas achieved endocrine remission [54]) during a median follow-up period
of 5.5 years [39]. Smaller (<50 patients) contemporary series of acromegaly patients
treated with GKRS reported comparable success rates (see Table 14.1). Higher preop-
erative endocrine burden [13, 34, 38, 53] and the use of suppressive medication around
the radiosurgical procedure [13] were commonly shown to be associated with a
reduced likelihood to achieve endocrine remission after the GKRS procedure.

Published experience with CKRS for treatment of GH-secreting pituitary adeno-
mas is more limited when compared to GKRS (Table 14.1) [33, 49]. A group from
Stanford used a median prescription dose to GH-secreting pituitary adenomas of
24 Gy that ranged from 18 to 30 Gy. They reported during a mean of 3.6 years of
follow-up, 41% of their patients experienced endocrine “cure” defined as normal
gender and age standardized serum IGF-1 levels, random GH concentra-
tion < Imcg/L without used of medical therapy for at least 12 weeks [49]. Higher
biologically effective dose (BED) was associated with remission, suggesting that
the highest safest dose of radiation should be delivered to maximize treatment suc-
cess; however, this should be interpreted with caution given small sample size [49].
Groups from Japan [55] and South Korea [56] also presented their experience with
CKRS system for treatment of pituitary adenomas that also included acromegaly
patients; however, treatment regiments, outcomes, and safety profile of a subgroup
of patients with acromegaly were not specified.

LINAC systems are also used for radiosurgery of GH-producing pituitary adeno-
mas albeit published experience is more limited when compared to GKRS. Wilson
with colleagues published the largest series of acromegaly patients (n = 86) treated
with the LINAC-SRS using the BRW head ring [50]. Median prescription dose was
20 Gy (range: 14-25 Gy), and median follow-up duration was 5.5 years. Fourteen
percent of patients achieved endocrine remission defined as fasting GH
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concentration of <2.5 ng/mL, and 18.6% of patients achieved age and gender-
matched target IGF-1 levels. A group from Germany reported that 24 out of 64
(37.5%) patients treated with LINAC-SRS achieved endocrine remission during a
mean follow-up of almost 7 years [51]. A group from Taiwan reported their experi-
ence with 22 patients treated with LINAC SRS and using the Cosman-Roberts-
Wells stereotactic frame system between 1994 and 2004 for intractable acromegaly
[52]. During a median follow-up period of 94.7 months that ranged from 36 to
161 months, 68.2% and 27.3% of patients achieved that was defined as fasting GH
concentration of <2.5 ng/mL and <1 ng/mL, respectively (the proportion of patients
taking suppressive medication was not specified). Higher GH levels at diagnosis
and before SRS were associated with longer time to endocrine remission.

Complications from SRS

SRS for GH-secreting pituitary adenomas has acceptable safety profile. The most
common complication after SRS for a pituitary adenoma is new onset pituitary defi-
ciency that usually affect up to one third of treated patients. Pituitary hormone defi-
ciencies can be readily diagnosed via endocrine surveillance and can be well
managed with hormone replacement therapy. The incidence rate of SRS-induced
cranial nerve neuropathy is substantially lower and is usually well below 4%.

In GKRS series, the incidence of new hypopituitarism and cranial nerve neuropa-
thy was 8-50% and less than 4%, respectively (Table 14.1). The largest series of
GH-secreting pituitary adenomas treated with GKRS reported the incidence rate of
new post-GKRS hypopituitarism and cranial deficit at 26% and 4%, respectively.
Among acromegaly patients treated with CKRS, approximately one third experienced
some degree of new hypopituitarism [33, 49]. Patients with preexisting pituitary dys-
function were more likely to develop new pituitary deficit(s). In LINAC-SRS series,
approximately 20% of acromegaly patients experienced some degree of new hypopi-
tuitarism, while the risk of new cranial nerve neuropathy was minimal [50, 52].

Careful selection of patients for SRS procedures and optimal SRS techniques
and meticulous SRS planning are critical for optimized outcomes and safety profile
of SRS procedures. Ongoing technological advancements of neuroimaging tech-
niques, radiosurgical planning algorithms, and radiation delivery are expected to
continue to improve precision and accuracy of radiation delivery and hence contrib-
ute to improved safety profile of SRS.

Repeated GKRS

Repeated GKRS can be considered for patients who experience disease recurrence
after prior surgery and radiosurgery [57]. A multi-institutional series of 21 acrome-
galic patients who were retreated with repeated GKRS at a median of 5 years after
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initial GKRS found that 83% and 43% of patients had adequate tumor control and
achieved endocrine remission, respectively. Four (19%) patients experienced
adverse events after their second GKRS, and they included new cranial neuropathy
(n = 3) and some degree of new pituitary dysfunction (n = 1). While repeated SRS
can place patients at increased risk for radiation-induced cranial nerve damage, it
can be a reasonable alternative that can be considered for treatment of persistent
acromegaly in these challenging clinical scenarios after failure of first-line resec-
tion, medical management, and prior SRS. Repeated GKRS can be an appealing
treatment option for patients with persistent acromegaly who cannot tolerate medi-
cal treatment and for patients deemed unfit surgical candidates due to size and/or
location of residual/recurrent pituitary adenoma or poor surgical candidates due to
medical comorbidities.

Brief Cessation of Antisecretory Medication around
the Time of SRS

Accumulating evidence suggests that cessation of antisecretory medication before
the SRS procedure may improve endocrine control rates and reduce time interval to
achieve endocrine remission [13, 58, 59].

In IGKREF series of 371 acromegalic patients, 132 patients were taking antise-
cretory medication prior to SRS. Medical therapy was intentionally held in 74
patients (56%) in the time period around the SRS procedure. In multivariate
regression analyses, temporary cessation of IGF-1-lowering medication prior to
SRS was independently associated with initial endocrine remission, and it was a
significant independent predictor of durable endocrine remission (HR = 2.49,
95% CI: 1.21-5.11; P = 0.01) [13]. Similar findings were reported by a group
from Switzerland in a study of 31 patients who were treated with GKRS for
recurrent and persistent acromegaly after adenoma resection surgery [58]. They
found that patients who were not taking octreotide at the time of GKRS reached
normal levels of GH and IGF-1 significantly faster when compared to patients
taking the drug. Another retrospective series from Mayo Clinic of 46 consecutive
acromegaly patients treated by radiosurgery between 1991 and 2004 also found
that absence of pituitary suppressive medication at the time of radiosurgery was
associated with fourfold increased odds for biochemical remission [59]. On the
other hand, a study in 82 acromegaly patients with 49.5 months of follow-up did
not find that discontinuation of suppressive medication increased the likelihood
of endocrine remission after GKRS [53]. Nevertheless, when feasible, a brief
cessation of pituitary adenoma suppressive medication around the time of SRS
seems prudent. Given possible radioresistance-inducing effect of somatostatin
analogues in the setting of GH-producing pituitary adenomas, we generally rec-
ommend that our patients have a brief cessation of suppressive therapy around an
SRS procedure.



198 A. Bunevicius et al.

Fractionated Radiation Therapy for Acromegaly

Endocrine Control

Conventional fractionated radiation therapy (FRT) has been used for over 50 years
for irradiation of GH-secreting pituitary adenomas. It continues to be used espe-
cially in centers where SRS is not available. FRT should also be considered for
adenomas compressing the anterior optic apparatus (not amenable to decompres-
sion) in order optimize safety and reduce risk of radiation-induced neuropathy
(Fig. 14.3). Summary of studies that reported FRT treatment results for treatment of
GH induced pituitary adenomas is presented in Table 14.2. Series that reported
combined cohorts of acromegaly patients treated using both FRT and SRS were not
included.

The largest published series of FST for GH-secreting pituitary tumors comes
from a registry in the United Kingdom that includes retrospectively and prospec-
tively collected data of 884 patients treated at 14 centers during a period from 1970
to 2004 [60]. Patients who received pituitary radiotherapy before tumor resection
surgery were treated with irradiation on more than one occasion or received SRS or
brachytherapy with yttrium implants excluded, leaving a total sample of 656 acro-
megaly patients. Radiation therapy was delivered via three-field technique with
median administered dose of 45 Gy in 25 fractions (1.8 Gy per fraction). Median
duration of follow-up was 7 years (interquartile range, 3—13 year). At 10 years 60%
of patients at risk achieved GH levels of <2.5 ng/ml, and 63% had normal IGF-1
levels. Higher pre-irradiation GH levels were associated with longer interval to
achieve GH normalization.

Fig. 14.3 A patient with a
recurrent pituitary
adenoma who received
fractionated radiotherapy.
Note that the IMRT inverse
planning algorithm allows
for “dose painting” or
intensification of dose
within certain components
of the tumor
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Another large single-institution series reported experience with 128 acromegaly
patients who were followed for 11.5 + 8.5 years after FST that was administered in
daily fractions of 1.8 Gy (mean dose: 52 + 8.5 Gy) [61]. GH levels of <2.5 pg/L
were reached in 66% of patient at 15 years, and suppression of GH during OGTT
was seen in 61% of patients at 15 years. 79% of patients had normal IGF-I levels.
Higher pre-irradiation GH levels predicted longer time to endocrine remission.

A recent study from Mexico of 94 acromegaly patients treated with FRT and fol-
lowed for 12.9 + 7.3 years reported that at 10 years after FRT, 66% of treated
patients achieved IGF-1 levels of <1.2x the upper limit of normal, and 44% of
patients had basal GH levels <1 ng/mL [62].

Another study of 67 acromegaly patients treated with FRT with mean follow-up
of 11 = 6 years reported that 55% of patients achieved normal IGF-1 levels, 58%
patients achieved GH levels <2.5 pg/L, and 55% of patients achieved both crite-
ria [63].

Smaller institutional series that reported their experience with less than 50 acro-
megaly patients irradiated with FRT reported endocrine remission rates ranging
from 12% [64] to 55% [65]. Large variations of endocrine remission rates across
series can be attributed to varying lengths of endocrine follow-up and different cri-
teria used to define endocrine remission. Specifically, mean or median follow-up
duration across series ranged from 45 months [67] to almost 13 years [62]. Endocrine
remission criteria were also variable and include normalization of IGF-1 and/or GH
levels. GH suppression with OGTT test was employed by some studies [61, 65].
Furthermore, the use of suppressive medication use was reported by some studies
[63, 66, 68].

Complications Following FRT

As with SRS, new onset hypopituitarism or decline in normal pituitary function is
the most common side effect of FRT. Reported rates of some degree of pituitary
dysfunction of acromegaly patients treated with FRT approached 80% in some
series that combined pre-FRT with post-FRT pituitary dysfunction (Table 14.2) [61,
65]. New onset post-FRT pituitary dysfunction occurs in approximately one third of
patients [66, 68, 69]. The risk of FRT-induced radiation neuropathy is low with
reported incidence rates ranging from 1% [62] to 8% [64].

Other reported complications of FRT include radiation necrosis, radiation-
induced intracranial neoplasms, and stroke. For example, in one series 3% of
patients presented with neurological event after FRT and were diagnosed with cere-
bral necrosis on brain imaging that occurred 10-19 years after irradiation [61].
Others reported two cases of temporal region radiation necrosis 4 and 10 years after
FRT [65]. Kim with colleagues detected radiation necrosis in 13.8% of treated
patients [44]. Reported cases of presumably FRT-induced tumors include meningio-
mas (five reported cases) [62—-64] and one pineal tumor [63].
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Proton Beam Irradiation

Proton beam radiation therapy and radiosurgery have been used for irradiation of
the pituitary gland for pituitary adenomas since 1960s [23, 70-72]. However, tech-
nological advancements of photon irradiation (like intensity modulated radiation
therapy, IMRT) methods have called into question the therapeutic benefit of proton
beam irradiation. Nevertheless, proton beam radiotherapy is an effective modality,
and the number of proton beam centers in the United States has grown, and today
there are 30 proton beam centers in the United States. European and Asian countries
have also witnessed gradual increases of proton beam centers. Hence, it can be
expected that the number of acromegaly patients treated with proton beam radio-
therapy will grow. However, the role of proton beam radiosurgery is still to be
defined, as current physical uncertainties with small volume proton beam irradiation
limit its applicability to tumors under 1-2 cm.

In 1968 Kjellberg and colleagues presented treatment results of 22 acromegalic
patients treated with 160-million-electron-volt (Mev) Harvard Cyclotron between
1963 and 1967 [23]. They followed 14 of the treated patients for 2 to 36 months
after the procedure and found that levels of GH fell in 8 patients and glucose toler-
ance curves improved to normal in three patients. There have been no deaths associ-
ated with the procedure, and three patients reported intermittent mild diplopia.

More recently, a group from the Massachusetts General Hospital presented their
experience with proton therapy in 165 functioning pituitary adenomas that included
50 acromegaly patients treated between 1992 and 2012 [73]. They found that 26%
of acromegaly patients achieved endocrine remission, and median time to achieve
endocrine remission was 62 months. Endocrine remission was defined as age and
sex-appropriate IGF-1 levels, supported by a normal oral glucose tolerance test
result in some cases. Time to achieve remission was the longest in patients with
acromegaly when compared to patients harboring other types of pituitary adeno-
mas. Of 127 patients treated with proton beam therapy and at risk for new post-
procedural pituitary deficiency, actuarial 3-year and 5-year rates of new deficiency
requiring hormone replacement therapy were 45% and 62%, respectively. Median
time to hypopituitarism was 40 months. One acromegaly patients experienced tem-
poral lobe seizures associated with imaging changes. Another acromegaly patient
who received proton beam therapy after external beam irradiation experienced
osteonecrosis of the ethmoid sinus that was associated with a chronic fungal
infection.

Conclusions

Stereotactic radiosurgery and fractionated radiation therapy play important roles in
the contemporary management of GH-producing pituitary adenomas. Pituitary
tumor irradiation should be considered after unsuccessful adenoma resection
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surgery or when suppressive therapy is not tolerated. SRS is the most commonly
used method as it allows spatially precise irradiation of recurring, persistent, and/or
invading adenoma tissue. Fractionated radiation therapy is also effective treatment
method that is associated with acceptable safety profile and is used in centers with-
out SRS availability. Proton therapy is another alternative however with more lim-
ited availability. Delayed postradiation therapy hypopituitarism is the most common
complication that should be monitored and appropriately managed. Cranial nerve
damage and other serious, irreversible complications are rare.
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Chapter 15
Challenging Questions in the Management
of Acromegaly in the Young

Nancy Youssef and Kevin C. J. Yuen

Introduction

Acromegaly is a rare systemic disorder characterized by persistent hypersecretion
of growth hormone (GH), mostly due to a pituitary GH-secreting pituitary adenoma
[1], that can lead to excess morbidity and mortality if not adequately treated [2—4].
Appropriate and effective treatment regimens to achieve long-term disease remis-
sion frequently require multimodal treatment approaches including surgery, medi-
cal therapy, and radiotherapy [5]. Previous consensus guidelines have proposed that
the objectives of effective acromegaly treatment should include normalization of
serum insulin-like growth factor-I (IGF-1) levels, reduction of serum GH levels
<1.0 pg/L, reduction of tumor volume, improvement of clinical symptoms, and
preservation of pituitary function [6-8].

Transsphenoidal surgery is the first-line treatment for most patients [9, 10] and
is effective when performed in experienced centers with biochemical remission
rates in excess of 80%. However, because most patients present with macroadeno-
mas, the remission rates after surgery are lower, and a significant number of
patients often require medical therapy [8]. Additionally, there are cases where
patients who may be ineligible for surgery due to their tumor being technically
difficult to resect and/or other concurrent comorbid conditions, and primary medi-
cal therapy has been shown to induce disease remission in such patients [11].
Currently, there are three different classes of drugs available: somatostatin
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receptor ligands (SRLs), dopamine agonists (DAs), and the GH receptor antago-
nist (GHRA) pegvisomant (PegV). First-generation SRLs, such as octreotide,
octreotide LAR (long-acting release) and lanreotide, are recommended in patients
with persistent disease after surgery and as first-line treatment for those ineligible
for surgery, whereas their role in neoadjuvant settings is still debatable [8]. In
2014, pasireotide long-acting release (LAR) was approved by the US Food and
Drug Administration (FDA) and the European Medicines Agency (EMA) for
treatment of patients with acromegaly who failed surgery and for patients in
whom surgery is not an option (Signifor LAR). Pasireotide LAR is a somatostatin
multireceptor ligand that exhibits higher binding affinities to somatostatin recep-
tor subtypes 5 (SSTRS) and a lesser extent to SSTR2, SSTR3, and SSTR1 [12].
Because of its broader SSTR-binding profile, pasireotide LAR has been suggested
to have greater clinical efficacy in acromegaly than first-generation SRLs. The
Acromegaly Consensus Group in 2017 recommended medical therapy with first-
generation SRLs, DAs, or the GHRA PegV for patients who have failed surgery
and for patients in whom surgery is not an option and pasireotide LAR mono-
therapy as second-line therapy [8]. In June 2020, the FDA approved the use of oral
octreotide capsules (OOC) for long-term maintenance of acromegaly patients
who have responded to and tolerated treatment with injectable octreotide and lan-
reotide [13]. By contrast, radiotherapy is generally reserved as third-line therapy
in patients with persistent disease or tumor growth after surgery or while on medi-
cal therapy [14, 15]. When surgery fails to induce disease remission, treatment
decisions at this stage (e.g., repeat surgery or medical therapy or medical therapy
followed by radiotherapy) can be challenging and are determined by multiple fac-
tors, including visibility of the adenoma on MRI, patient age, underlying patient
comorbidities, patient preference, patient tolerability to the adverse effects of
each treatment modality, and whether surgical remission is achievable safely
without compromising pituitary function.

In this chapter, we present a young patient with acromegaly who had failed
multiple transsphenoidal surgeries despite being operated on by an experienced
surgeon and discuss the challenging management issues that arose over time that
shaped our medical decision-making in treating this patient. While the goal of this
chapter is to provide clinical guidance for the approach and treatment to a young
patient with aggressive acromegaly, it is our strong opinion that patients with this
rare disorder should be managed at expert centers, consisting of a multidisci-
plinary team (endocrinologists, neurosurgeons, radiation oncologists, neurolo-
gists, neuro-ophthalmologists, pathologists, and genetic counsellors) experienced
and dedicated to the care for patients with complex pituitary disorders. In addition
to providing clinical care to such patients, the expert multidisciplinary teams
establish recurring tumor board review which provides a platform for the exchange
of clinical experience among various medical specialties, scientific knowledge,
coordination of clinical trials, and translational research activities.
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Case Presentation

On November 11, 2012, a 16-year-old female, who at that time was living in New
Hampshire, presented to her endocrinologist in Massachusetts with a 16-month
history of secondary amenorrhea, fatigue, and frontal headaches. Laboratory tests
revealed prolactin 31.5 ng/mL, IGF-I 1085 ng/mL (reference range: 185-551
ng/mL), 8 AM GH 7.5 ng/mL, TSH 1.04 mU/L, free T4 1.1 ng/dL, 8 aM cortisol
10.2 pg/dL, and 8 AM ACTH 23 pg/mL. A pituitary-dedicated magnetic reso-
nance imaging (MRI) showed a pituitary macroadenoma measuring
2.0 x 2.3 x 1.8 cm invading down into the sphenoid sinus and extending superi-
orly compressing the optic chiasm with no invasion into the cavernous sinuses.
She underwent her first transsphenoidal surgery with an experienced neurosur-
geon in Massachusetts on December 19, 2012. Pathologic findings revealed strong
GH and prolactin positivity on immunohistochemistry. Postoperatively, she devel-
oped secondary hypothyroidism, but remission from acromegaly was not achieved
with postoperative IGF-I levels in the range of 600-800 ng/mL and an oral glu-
cose tolerance test nadir GH level of 3.7 ng/mL. She continued to report symp-
toms of headache, fatigue, and increased perspiration. A 3-month postoperative
MRI revealed postsurgical changes with notable residual tumor measuring 2 mm
inferior to the pituitary gland. Based on this result, she was commenced on lan-
reotide injections 60 mg every 28 days, and her dose was gradually increased to
90 mg and eventually 120 mg every 28 days over 6 months. However, with each
injection of lanreotide, she experienced nausea and diarrhea for 2-3 days before
these symptoms resolved spontaneously. She was able to escalate her dose of
lanreotide up to 120 mg every 28 days, but her IGF-I levels remained persistently
elevated above 600 ng/mL. Another MRI performed on December 4, 2014,
revealed interval enlargement of the residual tumor measuring 4 mm inferior to
the normal gland and IGF-I remained elevated at 742 ng/mL. Because of lack of
normalization of IGF-I levels and side effects associated with lanreotide, the deci-
sion at this point was made to undergo a second transsphenoidal surgery with the
same surgeon in Massachusetts. The surgery took place on January 13, 2015, and
her postoperative IGF-I and 8 AM GH in April 2015 remained elevated at 577
ng/mL and 7.4 ng/mL, respectively. Lanreotide was resumed but she could only
tolerate 90 mg every 28 days. Pathologic findings revealed similar findings to
those after her first surgery of GH and prolactin positivity on immunohistochem-
istry. Postoperative MRI on May 12, 2015, revealed postsurgical changes with
stable residual tumor measuring 3 mm inferior to the pituitary gland. The patient
then relocated to Montana to stay with her mother on June 10, 2015, and pre-
sented to me for the first time in Washington on June 16, 2015, with increasing
fatigue, sweaty palms, body odor, central weight gain, arthralgias, frontal head-
aches, and persistent amenorrhea. Laboratory testing confirmed secondary
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adrenal insufficiency, secondary hypothyroidism, secondary hypogonadism, and
central diabetes insipidus, and she was started on hydrocortisone 15 mg in the
morning and 5 mg at noon, levothyroxine 75 pg a day, Orsythia® (levonorgestrel
and ethinyl estradiol) tablets, and desmopressin tablets 0.05 mg twice a day,
respectively. Because her IGF-I remained elevated at 658 ng/mL (reference range:
185-551 ng/mL) and her previous intolerance and lack of IGF-I normalization
with lanreotide, the decision was made to switch her to PegV 20 mg 3 days a
week. While on PegV, she reported improvement in her arthralgias and headaches,
and her dose of PegV was eventually decreased to 20 mg 2 days a week on
February 8, 2016, based on her IGF-I levels. Sleep study excluded sleep apnea
and colonoscopy revealed two colonic polyps that were successfully excised.
However, surveillance MRI on February 8, 2016, showed that the previously
noted in the sella cavity has now filled with a heterogeneous mass extending into
the suprasellar cistern measuring 1.5 x 1.4 x 1.3 cm and almost contacting the
underside of the optic chiasm (Fig. 15.1). Because the recurrent mass was suffi-
ciently close to the optic chiasm, the decision was made for the patient to undergo
her third transsphenoidal surgery in Washington on March 15, 2016, to allow the
administration of a single full dose of 24 Gy to the 50% isodense line Gamma
Knife radiosurgery on May 13, 2016. Pathologic findings indicated sparsely gran-
ulated GH cell type and focal prolactin staining with strong diffuse bodies on
CAMS.2 stain, Ki-67 5%, and weak P53 immunostaining 4%. Genetic testing on
June 22, 2016, revealed heterozygosity for the aryl hydrocarbon receptor-
interacting peptide (A/P) missense mutation on exon 6. Further genetic testing of

Fig. 15.1 MRI images
before the patient’s
third transsphenoidal
surgery




15 Challenging Questions in the Management of Acromegaly in the Young 211

her parents was negative of the any A/P mutations. Postoperatively, her IGF-I
continued to be mildly elevated at 451 ng/mL (reference range: 85-370 ng/mL) on
June 15, 2016, so she was restarted on PegV 10 mg 3 days a week. She continued
to report of sporadic headaches, and after consultation with neurology, she was
treated with subcutaneous (sc) octreotide 100 pg injections no more than three
injections a day on an “as required basis,” and she found that these injections were
effective in relieving her headaches. Since her third transsphenoidal surgery, sur-
veillance MRIs from 2016 to 2020 revealed postsurgical changes in the pituitary
fossa and no evidence of recurrence of the pituitary mass. Her dose of PegV was
adjusted further down to 20 mg once a week when her results on June 7, 2017,
showed an IGF-I level of 287 ng/mL (reference range: 85-370 ng/mL), and the
patient continues to obtain relief from her arthralgic pains. On March 21, 2018,
surveillance MRI revealed a partially empty sella, resolving enhancement of the
pituitary stalk now positioned midline, and new downward traction upon the optic
chiasm possibly representing developing optic chiasm herniation in the setting of
an empty sella. In addition, there was interval decrease in the extent of migrated
fat packing material throughout the ventricular system. Because her IGF-1 on July
19, 2019, had decreased to 74 ng/mL (reference range: 85-370 ng/mL), the pos-
sibility of developing adult GH deficiency following three transsphenoidal surger-
ies and Gamma Knife radiosurgery was considered, and PegV was discontinued
at this time. The patient saw a reproductive endocrinologist in Montana on January
2, 2020, to discuss about the prospects of future fertility, and laboratory tests
revealed prolactin 11.8 ng/mL, IGF-I 103 ng/mL (reference range: 73-320 ng/
mL), TSH 0.33 mU/L, free T4 1.0 ng/dL, FSH 0.3 mIU/mL, LH < 0.3 mIU/mL,
estradiol <5.0 pg/mL, and anti-Mullerian hormone 2.6 (reference range:
0.9-9.5 ng/mL). She was commenced on transdermal estrogen patch twice a week
and progesterone 10 days every 3 months to induce withdrawal bleed. Surveillance
MRI on August 19, 2020, revealed postsurgical changes in the pituitary fossa, no
evidence of recurrence of pituitary mass, and slight increase in soft tissue change
extending into the ventral clivus likely mucosal regeneration, whereas bone den-
sitometry scan revealed osteopenia in her proximal femur and osteoporosis in her
lumbar spine that had worsened since her previous study on February 6, 2019.
Although she denies any history of previous fractures, the patient is concerned of
the worsening osteoporosis. On July 14, 2020, laboratory tests revealed IGF-I
122 ng/mL (reference range: 73-320 ng/mL), FSH < 0.3 mIU/mL, LH < 0.3 mIU/
mL, prolactin 53.6 ng/mL, TSH 0.62 mU/L, free T4 0.8 ng/dL, procollagen type I
N propeptide (PINP) 65 pg/L (reference range: 19-83 pg/L), and C-terminal telo-
peptide of type I collagen (CTX-I) 434 pg/mL (reference range: 25-573 pg/mL),
while thoracolumbar spine X-ray revealed no evidence of fractures. In order to
address her bone health, she was started on calcium supplements 1200 mg a day
and vitamin D 2000 IU a day and advised to remain on estradiol patch 0.075 mg
twice a week. She eventually agreed to consider GH replacement therapy based
on her having panhypopituitarism and an IGF-I in the lower half of the reference
range; hence a low dose of GH replacement therapy of 0.2 mg a day was



212 N. Youssef and K. C. J. Yuen

st nd 39788, Pegv
185, 2SS, WS resumed, so
octreotide
Relocated  LAN started and PegV DEXA
Diagnosed toMTand  stopped genetic stopped as revealed
with LAN established and PegV/ IGF-I worsening

GKRS, festi
acromegaly | started careinWA started wa e decreasing osteoporosis _CH _

Fr "oy - o

Nov Dec Mar Jan  June July Feb May  June July Aug Oct
2012 2012 2013 2015 2015 2015 20162016 2016 2019 2020 2020

Fig.15.2 Timelines of significant events and treatment milestones of the patient. Aug August, Dec
December, DEXA dual energy X-ray absorptiometry, Feb February, GH growth hormone, GKRS
Gamma Knife radiosurgery, /GF-I insulin-like growth factor-1, Jan January, LAN lanreotide, MA
Massachusetts; Mar March, Nov November, Oct October PegV pegvisomant, 7SS transsphenoidal
surgery, MT Montana, sc subcutaneous, WA Washington

commenced on October 1, 2020. Figure 15.2 illustrates the timelines of important
treatment milestones in our patient.

Challenging Clinical Management Questions

Question 1
If this patient was tested earlier after her first transsphenoidal surgery and found to
be AIP mutation positive, should she have been managed differently?

Mutations in the AIP gene account for the largest proportion of genetic/inherit-
able forms of acromegaly. Among unselected acromegaly populations, 0-4% of
patients have AIP mutations/deletions, which rises in more focused groups such as
familial isolated pituitary adenoma kindreds and young patients [16]. These patients
harbor adenomas that consist of more than 80% of GH-secreting or prolactin-
secreting or mixed GH and prolactin or silent GH/prolactin-producing types with no
apparent family history [17].

AIP mutations confer important aggressive and treatment-resistant characteris-
tics in acromegaly. Compared with non-mutated acromegaly patients, those with
AIP mutations present at a younger age at onset (peak age of onset during the 2nd
and 3rd decades of life, with 65% of patients developing symptoms aged <18 years
and 87% by theage of 30 years) [17], larger tumors, more susceptible to apoplexy
[18], and more frequently consisting of sparsely granulated adenomas [19], a sub-
type which has been previously suggested to respond less well to first-generation
SRLs (octreotide and lanreotide) [20]. A greater need for reoperation/s after initial
surgery and of multiple therapies, including radiotherapy [17], has also been
described. Conversely, postoperative use of adjuvant PegV has been shown to be
effective in inducing biochemical remission by normalizing serum IGF-I levels
children with sporadic GH-secreting pituitary macroadenomas due to AIP muta-
tions [21].
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The aggressive nature of pituitary adenomas in those with AP mutations raises
a number of challenges for clinical management. As tumors are often large and
invasive at diagnosis, primary neurosurgical cure is, unfortunately, the exception, as
is with our patient. Furthermore, unlike in acromegaly in general where it is usually
helpful, surgical debulking in A/P-mutated acromegaly cases is not guaranteed to
increase control with postoperative SRLs [22, 23]. Use of PegV in combination
with first-generation SRLs has proven effective in young A/P-mutated patients [21,
24]. For our patient, if she had been found to be AP mutation positive soon after her
first transsphenoidal surgery, proceeding with radiation therapy followed by PegV
therapy would have been reasonable. As a high percentage of young-onset
GH-secreting adenomas show mutations in the AIP gene [22], earlier referral to
genetic counselling would have also benefitted this patient as she could have been
offered screening for AIP mutations sooner. Some investigators have recommended
that AP mutation screening be routinely conducted in patients diagnosed with a
GH- or prolactin-secreting macroadenomas before the age of 30 years [25]. The
patient’s parents were A/P-negative and had a normal MRI, so we have no plans to
follow up her parents in the future. As for the patient, we are following her in clinic
every 6 to 9 months and performing surveillance MRIs at 12- to 18-month intervals.

Question 2
Would treating this patient with pasireotide have been more effective than lanreo-
tide in this patient?

The underlying explanation for the relative resistance to first-generation SRLs
may occur via Gai proteins or ZAC1, which themselves are important mediators of
SST2 actions [26, 27]. Given the relatively poor results achieved with first-
generation SRLs in patients with AIP mutations, the role of pasireotide has been
considered [21, 28]. Because of the broader binding SSTR profile, pasireotide LAR
has been suggested to have greater clinical efficacy in acromegaly than first-
generation SRLs [29, 30].

Where surgery has failed to control the GH hypersecretion, there is some evi-
dence that pasireotide may be more effective than the first-generation SRLs in
reducing the IGF-I burden in AZP mutation positive patients, especially tumors that
express SSTRS5 [28]. Pasireotide monotherapy has been recommended by Coopmans
etal. [31] as a second-line therapy for young patients who show tumor growth dur-
ing first-generation SRL therapy and combination therapy of pasireotide and PegV
as a third-line treatment option in patients with tumor growth or symptoms of active
acromegaly during first-generation SRL and PegV combination therapy. In some
cases, more aggressive treatment regimens may even be necessary. For example, in
the youngest known case of 4 years of age, surgery followed by first-generation
SRL, temozolomide, bevacizumab, radiotherapy, PegV, Gamma Knife therapy, and
SRL combined with increasing dose of PegV was required to induce biochemical
remission and stabilization of further tumor growth [32].

Question 3
Why was PegV effective in normalizing this patient’s serum IGF-I levels?
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Pegvisomant is a direct GH receptor antagonist that antagonizes endogenous GH
binding at its receptor and inhibits IGF-I synthesis [33]. However, because GH lev-
els increase due to the negative feedback from the antagonistic effects of PegV on
GH receptors, measuring IGF-I, and not GH levels, best monitors treatment efficacy
[33]. Pegvisomant has been shown to be effective in adult trials of acromegaly with
control rates exceeding 60% after 5 years use [34, 35], but data in pediatric patients
are limited [21, 36]. Combined PegV with SRLs and DAS in pituitary gigantism has
reported control in 53.5% cases [37], but there remains a theoretical concern of its
effects in causing tumor regrowth, although the data in adults to date remains reas-
suring [38—40].

Question 4
How should acromegaly headaches be managed?

In acromegaly, headache is a prominent and disabling symptom frequently
reported, regardless if the tumor is a macroadenoma or a microadenoma [41]. The
pathophysiology remains uncertain but likely multifactorial and may be related to
dural stretch, changes in skull structure, invasion of the cavernous sinus, functional
disturbance within the hypothalamo-pituitary axis, or secondary to concurrent sleep
apnea. Rarely, increased ventricular pressure due to large adenomas as well as pitu-
itary apoplexy may be involved, but patients tend to present with acute rather than
chronic headaches [42, 43].

Early studies have shown that transsphenoidal surgery improves headaches in
75-100% of patients [44, 45] that was not correlated with biochemical remission of
acromegaly, whereas data are limited on the effects of radiosurgery on headaches.
SRLs have been reported to be effective in the treatment of primary headache [46]
due to the distribution of SSTR2 within the central nervous system [47], and the
analgesic effect of SRLs, especially sc octreotide, is well recognized [48, 49] that is
unrelated to either GH suppression or tumor shrinkage. Subsequent reports have
indicated several important features of the effects of octreotide in acromegaly head-
ache: rapidity of onset (and offset) of the effect of the sc formulation [50], greater
analgesic potency vs the other clinically available SRL lanreotide SR [51, 52], and
persistency during time of the analgesic effect of octreotide also with the LAR for-
mulation in most patients (without the rebound effect seen with the sc formulation)
[51]. Our patient developed chronic headaches that persisted after her transsphenoi-
dal surgeries and only found relief with sc octreotide and not lanreotide injections
suggesting a direct and more potent (but short lived) analgesic effect of sc octreotide.

If our patient had failed to find relief from her headaches with sc octreotide,
pasireotide would be the next alternative that we would have considered for her.
Two small studies have reported that after failing octreotide LAR therapy, three
young women with acromegaly between the ages of 21 to 33 experienced resolution
of her intractable headaches within a month of first receiving pasireotide treatment
without achieving biochemical control [53, 54], raising the possibility of a direct
analgesic and/or anti-inflammatory effect mediated via SSTRs, in particular SSTR1,
SSTR4, and SSTRS5 [55, 56]. More studies are needed to further elucidate the effects
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of pasireotide in alleviation of headaches, particularly in patients with persistently
elevated GH levels, despite surgery and other interventions.

Question 5
Is there a possibility for this patient to get pregnant?

This patient developed panhypopituitarism with hypothalamic amenorrhea and
secondary hypoestrogenemia, making her chances of getting pregnant very slim.
She consulted a reproductive endocrinologist and was recommended for now to
remain estrogen and cyclic or continuous progesterone replacement to ensure a
healthy endometrial lining free of endometrial hyperplasia. When she is ready to get
pregnant, she will be considered for gonadotropin induction of ovulation. Because
of her headaches and her family beliefs of being on oral contraceptives for an
unmarried female, she was commenced on transdermal estrogen (Vivelle Dot
0.5 mg twice weekly) and cyclic progesterone replacement therapy. Currently she is
not on any medications for acromegaly and is on GH replacement therapy, so if she
does get pregnant, we will recommend that she discontinue GH as the data for use
of GH during pregnancy remains insufficient to recommend its continued use after
conception [57], although several studies have demonstrated the safety of GH ther-
apy during pregnancy [58—60]. However, if she was still on any medication/s for
acromegaly, then these medication/s should be stopped either before planned con-
ception or immediately after confirming pregnancy [61].

Question 6
Can this patient develop GH deficiency over time, and if so, can she be treated with
GH replacement therapy?

In an effort to induce complete biochemical remission in patients with acro-
megaly, some patients may be overtreated and develop GH deficiency by their dif-
ferent treatment modalities, typically in patients having undergone multiple
surgeries and radiotherapy [62]. In some studies, the prevalence of postsurgical GH
deficiency was less than 10% [63, 64], whereas others reported greater frequencies
exceeding 50% [65]. Differences in the reported rates of severe GHD may be attrib-
utable to differences in selection criteria for dynamic testing, tumor size, methods
used to evaluate GH secretory function, interval after surgical procedure, metabolic
background, and the extent of surgical manipulation of the pituitary adenoma.
Growth hormone status evolves with time after cranial radiotherapy and depends on
dose, the likelihood of GH deficiency being greater than 50% if the biological effec-
tive dose is greater than 40 Gy [66]. In our patient, her age, longer interval after
radiotherapy, and higher radiation dose were all risk factors of developing GH defi-
ciency after irradiation. The persistently low IGF-I after PegV was discontinued in
our patient with underlying panhypopituitarism strongly indicated the diagnosis of
GH deficiency without the need to undergo any GH stimulation tests [57].

Patients with acromegaly have an excess burden of comorbidities (e.g., cardio-
myopathy, hypertension, diabetes mellitus, sleep apnea, and osteoarthropathy)
which leads to the impairment of quality of life and premature mortality [3, 4, 6,
67]. Adult GH deficiency is also associated with high cardiometabolic risk owing to
alterations in body composition, lipid profile, fibrinolytic activity, endothelial
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function, impaired quality of life, osteoporosis, and increased mortality [68—71].
Therefore, transition from active acromegaly to GHD may affect several target
organs, such as the cardiovascular system and the skeleton, with consequent wors-
ening of some clinical complications already caused by chronic GH excess.
Hypertension and insulin resistance may be persistent in some patients with acro-
megaly even after adequate biochemical control of GH hypersecretion [72, 73]. In
this specific clinical context, it is expected that the development of GH deficiency,
with consequent negative effects on body composition and endothelial function,
worsens hypertension and insulin resistance. Growth hormone excess and defi-
ciency may have opposite effects on bone health, leading both to skeletal fragility
and increased risk of vertebral fractures [74, 75], whereas increased body fat and
visceral adipose tissue in acromegaly patients with GH deficiency may result in
persistent glucose intolerance and dyslipidemia [65].

Studies of acromegaly patients with GH deficiency of short- or long-term GH
therapy have generated inconsistent results. In a sub-analysis of the KIMS database,
6-month GH therapy determined no improvement in quality of life, BMI, waist
circumference, and blood pressure [76]. In a subsequent 6-month prospective study
on 15 patients randomized to GH compared with 15 patients randomized to placebo,
reductions in body fat mass, visceral and sc abdominal adipose tissue, an increase in
fat-free mass, and an improvement in quality of life were observed [77]. Similar
favorable effects of GH therapy on quality of life were found in a group of women
with GHD with prior acromegaly [78]. Conversely, a 1-year open-label prospective
study found that replacement with GH therapy neither echocardiographic parame-
ters nor any of the cardiovascular risk factors and quality of life parameters changed
significantly during GH treatment but did show changes in bone turnover markers
without changes in lumbar spine bone mineral density (BMD) [79]. In a another
study of KIMS data on 115 acromegaly patients with GH deficiency patients treated
for up to 5 years with GH, a significant reduction of total and LDL cholesterol lev-
els, as well as a significant improvement of HDL cholesterol levels and quality of
life, was reported [80]. In this analysis, the change in lipids was not associated with
changes in BMI or body adiposity, supporting a beneficial role of GH therapy on
lipoprotein kinetics. Collectively, current data seem to suggest that long-term GH
treatment might be needed to achieve improvements in body composition, lipid
profile, and quality of life in acromegaly patients with GH deficiency.

Side effects of GH therapy are infrequent, mild, and comparable between the
GH-treated and placebo groups or other reference groups (76-78). Nonetheless,
safety issues have been raised in prospective and long-term retrospective interven-
tion studies on GH therapy concerning cardio- and cerebrovascular safety and mor-
tality [76, 80]. On the basis of these data, we adopted a conservative approach in
considering GH therapy for our patient mainly to capitalize on the positive effects
of GH therapy on BMD and reduction of future cardiovascular risk factors. Because
the neoplastic risk is intrinsically increased in acromegaly, we plan to closely assess
the neoplastic risk of our patient in the future, e.g., breast and colon cancer.
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Question 7
Given her young age, how should her worsening BMD be managed?

Most patients with acromegaly show normal or even increased BMD at various
skeletal sites, and osteopenia and osteoporosis are not common features [81-84].
However, when concurrent hypogonadism is present [81, 85, 86], BMD was low at
the lumbar spine and, to a lesser extent at the femoral neck [87], consistent with the
concept that loss of sex steroids increases bone turnover at the trabecular level,
which is predominant in the spine. Moreover, the differences between lumbar spine
and femoral neck BMD may be also influenced by the activity of acromegaly,
reflecting the different effects of GH excess on trabecular and cortical bone [87].
Vertebral fractures are slightly more frequent in males as compared with females
and more common in hypogonadal compared with eugonadal patients [84, 88—90].
These fractures occur more frequently at the thoracic spine and are commonly ante-
rior wedge fractures [90]. Because there is consistent evidence that acromegaly
causes deterioration of bone microstructure leading to high risk of vertebral frac-
tures, development of panhypopituitarism with secondary hypogonadism, and
worsening BMD in our patient, we assessed her vertebral morphometry with tho-
racic and lumbar spine X-rays and bone turnover markers PINP and CTX. We found
that PINP and CTX were normal and that there was no evidence of vertebral frac-
tures on the X-rays. Thus, we started her on calcium supplements 1200 mg a day
and vitamin D 2000 IU a day and advised her to remain on estradiol patch 0.075 mg
twice a week. She also agreed to consider GH replacement therapy, and we started
her on low dose of GH 0.2 mg a day and plan to repeat her bone densitometry scan
after 18 months of GH therapy. Conversely, had she demonstrated evidence of ver-
tebral fractures and increased bone turnover markers, we would have then consid-
ered oral or intravenous bisphosphonate therapy despite data of its use in
premenopausal women being scarce. The duration of bisphosphonate therapy will
depend on the response of BMD, and we would plan to treat her with bisphospho-
nate therapy for 2-3 years before considering discontinuation, with the notion that
combined bisphosphonates with GH therapy might synergistically improve and
maintain her BMD for several years to come.

Conclusions

Due to the aggressive nature of the disease, young acromegaly patients often
require careful and thoughtful diagnostic work-up that includes genetic testing and
multimodal treatment involving a multidisciplinary team. For our patient, although
we were able to control tumor growth after her third transsphenoidal surgery fol-
lowed by radiotherapy, the biochemical effects of excess GH secretion was only
effectively controlled by PegV. Coupled with recent advances in the genetic under-
pinnings of the disease, the standardization and multidisciplinary approach to
clinical care of young acromegaly patients provide an opportunity toward



218 N. Youssef and K. C. J. Yuen

personalized management and improved outcomes. While centralization and
expert-based care for patients with rare disease, such as acromegaly, are an essen-
tial requirement toward progress, the scarcity of expert programs and long travel
distances in many cases preclude patients from seeking care at centers of excel-
lence with expertise in management of patients with complex pituitary disorders.
Fortunately, our patient and her mother were proactive in seeking follow-up care
of her disease after she relocated back to Montana. In the era of the expanding
informational technology and development of telemedicine practices, efforts
should be placed toward expert-guided local care where local medical providers
collaborate with the multidisciplinary expert teams to provide excellent and up-to
date care for patients with complex acromegaly presentations.
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Chapter 16

Somatostatin Analogues

in the Management of Patients
with Acromegaly

Lewis S. Blevins Jr.

Somatostatin receptors, types SSTR2 and SSTRS5, are expressed in varying degrees
on the cell surface membranes of many patients with pituitary adenomas derived
from GH-producing cells [1, 2]. Activation of these receptors can lead to inhibition
of GH production and release as well as direct and indirect effects that diminish cell
proliferation [3]. As a result, somatostatin analogues can be used in the management
of some patients with acromegaly.

Octreotide acetate was approved for use in patients with acromegaly in 1988. It
is a short-acting analog of somatostatin that must be administered subcutaneously
every 6-8 h or even continuously by infusion pump. Typical doses range from
50 mcg every 8 h to 300 mg every 8 h. Approximately 50-60% of patients can be
expected to normalize IGF-1 levels. Response rates are greater in those who experi-
ence a decline in GH levels in response to a single dose of octreotide and in those
with pituitary tumors and positive somatostatin receptor scintigraphy. Due to the
advent of several long-acting somatostatin analogues, subcutaneous octreotide is
now used mostly to treat headaches in patients with acromegaly and to control acro-
megaly during pregnancy. The effective dose to treat headaches is 50-100 mcg
administered subcutaneously once or twice daily [4].

Three separate long-acting somatostatin analogues have been approved for use in
acromegaly by the US FDA [5-7]. These include octreotide LAR, lanreotide depot,
and pasireotide LAR. Each is formulated differently to enable a continuous slow
release of the analogue from a depot injection. Different injection techniques are
required for each. Patients may choose to learn to administer their injections or to
receive them from a healthcare professional either in the providers office or at some
other location. Most injections are administered every 4 weeks. Lanreotide injec-
tions may, however, be administered every 6 to 8 weeks in some patients. Efficacy
rates are highly variable from study to study and, in some cases, lead to questions
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about bias, preselection, and study design. In my experience, with an intent to treat
to optimize therapy, this class of drugs will normalize IGF-1 levels in about 50% of
treated patients. Symptomatic improvement often follows reductions in IGF-1.
Tumor regression is seen, on average, in a similar number of patients ranging from
30 to 70% across studies [5, 8]. Side-effect profiles are similar and include mal-
digestion and malabsorption with their attendant symptoms, a spectrum of gall blad-
der dysfunction, including cholelithiasis, glucose intolerance, diabetes mellitus,
bradycardia, and hypothyroidism [5].

I have had considerable experience with this class of drugs. I will share a few
caveats and observations that apply to the use of the long-acting injectable
preparations.

e Treatment with somatostatin analogues prior to surgery may reduce tumor size.
It is not clear, however, whether such reductions improve surgical outcomes.

e Treatment with somatostatin analogues prior to surgery may be reasonable to
improve cardiac performance and sleep apnea as well as respiratory compromise
thereby decreasing perioperative risks of adverse outcomes because of anesthe-
sia and surgery.

» Pasireotide is more likely to cause diabetes mellitus and glucose intolerance than
are other somatostatin analogues.

* Subcutaneous octreotide is useful to manage headaches even in patients who
have normalized GH and IGF-1 levels on therapy with other somatostatin
analogues.

» Patients are best started on the intermediate doses of these medications. IGF-1
should be checked 2 weeks after the third injection of a dose to assess efficacy.

* For patients with low IGF-1 levels during dose titration, the dose should be low-
ered to the next lower level.

* For patients with high IGF-1 levels during dose titration, the dose should be
raised to the next dose level.

* The dose interval in patients who demonstrate good control on Lanreotide can be
extended to 6-8 weeks. Efficacy should be reassessed after three subse-
quent doses.

* Somatostatin analogues should be withheld for a month before and a few months
after planned radiotherapy to the offending tumor. This approach will likely
improve the efficacy of radiotherapy.

e In patients who have received radiotherapy, the first sign that they may be
responding to radiotherapy and need either a lowering or discontinuance of their
dose of somatostatin analogue is a fall of the IGF-1 level within the normal
range. In this setting, I discontinue therapy and follow the IGF-1. When retreat-
ment is required, I often start with a dose lower than that used when the IGF-1
level had first declined prompting discontinuance.

* [ discontinue treatment in patients who have no biochemical or demonstrable
tumor response to therapy.

e I tend to continue treatment in those partial responders who have at least a
40-50% lowering of their IGF-1 levels. A second drug is added to the regimen
depending on several different variables.
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» I’ve seen patients affected by one or more of every conceivable side effect of this
class of medications. Only two of about ten patients who developed cholelithia-
sis underwent cholecystectomy due to symptomatic disease. One patient devel-
oped hypoglycemia due to presumed inhibition of glucagon secretion.
Gastrointestinal side effects often improve over time.

» Patients often fatigue due to the required monthly injections. Though biochemi-
cal control may be lost with lapses in injections, it is best to accept that patients
simply need drug-free holidays. I've seen too many reasonably compliant
patients discharged from practices because they took a break from treatment.
Work with patients to find compromises that are acceptable.

An oral form of octreotide was recently approved by the US FDA [9]. The drug
is taken twice daily. Slight dietary modifications are required. Patients are candi-
dates for treatment if they experienced normalization of IGF-1 levels in response to
treatment with one of the injectable somatostatin analogues. A majority of patients
maintain normal IGF-1 levels on treatment. Most patients prefer oral therapy to
injectable treatments. In my practice, we inform patients of this suitable alternative
when they meet the criteria for treatment.
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Chapter 17
Use of Dopamine Agonists for Acromegaly

Christine E. Chiu and John D. Carmichael

History of Acromegaly Treatment and Use
of Dopamine Agonists

Historically, acromegaly was initially treated by pituitary surgery and radiotherapy.
The first successful temporal and frontal transcranial surgeries for acromegaly were
reported between 1904 and 1906 followed by the reported use of radiotherapy for
acromegaly in 1909 [1, 2]. Later around the 1970s, the pathophysiology of acro-
megaly was better understood, and targeted medical treatments were developed for
acromegaly. In the 1970s, bromocriptine was first used to control acromegaly,
though future studies have led bromocriptine to fall out of favor due to poor efficacy
[3]. Historically, bromocriptine utilized as adjuvant medical therapy in acromegaly
has been shown to normalize IGF-1 in only about 10% of patients [4]. Cabergoline
later replaced bromocriptine as the dopamine agonist of choice due to improved
efficacy and dosing advantages [5]. Of note, while bromocriptine does have FDA
approval for an indication of acromegaly, cabergoline does not, though it has been
widely studied and accepted for off-label use in acromegaly [6]. Following dopa-
mine agonists, in 1978 somatostatin analogues as therapy for acromegaly were
introduced and by 1988 octreotide was registered by the FDA for treatment of acro-
megaly [7, 8]. Later, GH receptor antagonists were introduced in the early 1990s
when pegvisomant proved to be effective medical therapy for acromegaly [9].
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Mechanism of Action of Dopamine Agonists in Acromegaly

Bromocriptine is an ergot alkaloid derivative dopamine D2 agonist that also is a
partial antagonist for D1 dopamine receptors [6]. Similarly, cabergoline is also an
ergot derivative but is more selective for the D2 receptor and has a longer duration
of action than bromocriptine [10]. Though dopamine and other catecholamines
stimulate GH secretion, it has been shown that dopamine agonists paradoxically
suppress GH hypersecretion in acromegaly [11-14]. GH-secreting adenomas con-
tain dopamine binding sites, with the D2 receptor as the predominant dopamine
receptor subtype in somatotropinomas [15]. Bromocriptine and cabergoline work
by binding to these D2 receptors and other dopamine receptor subtypes and thereby
suppressing GH hypersecretion. Additionally, it has been shown that D2 receptors
and type 5 somatostatin receptors (SSTRS) heterodimerize, leading to a synergistic
effect of utilization of both somatostatin receptor ligands and dopamine agonists
[16]. Additional in vitro studies have demonstrated that dopamine acting on D2
receptors has anti-proliferation and cell death effects on pituitary tumor cells
through oxidative stress pathways [17].

Acromegaly Treatment Algorithm

Primary therapy for acromegaly is transsphenoidal surgery in most patients, with
particular emphasis on surgeon experience and a multidisciplinary team to optimize
outcomes [18-20]. Occasionally if patients are poor surgical candidates or if the
tumor is likely unresectable (i.e., invading the cavernous sinus), surgical manage-
ment is forgone and primary medical therapy chosen [21-23]. Typically, 12 weeks
following surgical resection, an IGF-1 level and GH should be checked to monitor
for surgical remission [21, 24, 25]. This timeframe is set to prevent inaccurate val-
ues in the immediate postoperative period that may falsely elevate GH in the setting
of surgical stress on normal somatotroph function and falsely elevated IGF-1 due to
the long half-life of IGF-binding proteins [24-26]. A normal IGF-1 value and low
GH signify surgical remission; however, if the GH is detectable, measurement of the
GH nadir after a glucose load may be done for confirmation, with a GH nadir
<0.4 pg/L as a marker of postsurgical remission now given ultrasensitive GH assays
[27, 28]. In most cases, assessment of surgical success can be made with IGF-I
alone, with OGTT used for confirmation with borderline or abnormal IGF-I results.
Additionally, postoperative MRI of the pituitary should also be performed at
12 weeks postoperatively as a new baseline image [21, 29]. If persistent disease is
noted, patients should undergo adjuvant medical therapy. Different medical thera-
pies are employed based on the degree of residual disease, both in terms of bio-
chemical disease activity and visible residual tumor. If patients demonstrate
significant persistent disease, a somatostatin receptor ligand or pegvisomant (human
GH receptor antagonist) is typically chosen as the initial adjuvant medical therapy.
If there is only mild or modest elevation of IGF-1 and mild clinical symptoms,
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cabergoline may be employed instead. Furthermore, if patients are still uncontrolled
despite single-agent adjuvant therapy, combination medical therapy is typically
employed [21]. For this review, we will focus our discussion on the use of cabergo-
line alone or in combination with other therapies.

Dopamine Agonist Dosing in Acromegaly

Dopamine agonist dosing is variable, and typically up-titrated to reach therapeutic
goal. Jackson et al. performed a preliminary dose finding study with cabergoline in
the treatment of acromegaly [30]. During this study, cabergoline dose was escalated
on a monthly basis for 4 months with the goal of reaching biochemical remission as
defined as serum GH <5 mU/I. All ten patients showed maximum GH response at a
dose of 0.5 mg daily with maximum suppression of GH achieved within the dose
range of 1 mg twice weekly to 0.5 mg daily.

Dopamine Agonists as Monotherapy

Integrated data regarding efficacy of dopamine agonists in acromegaly comes from
a meta-analysis of 15 studies (237 total patients included) performed by Sandret
et al. [31]. Among the 10 trials (160 patients) including cabergoline monotherapy,
normalization of IGF-1 levels was achieved in 34% of patients. Other parameters
studied in this meta-analysis demonstrated a mean reduction of IGF-1 by 33% and
a mean reduction of GH levels by 47%. Likelihood of IGF-1 normalization was
related to the baseline IGF-1 concentration, with lower baseline IGF-1 elevation
more likely to result in normalization of IGF-1. This meta-analysis demonstrated
that the likelihood of normalizing IGF-1 improved to 50% if the IGF-1 level was
less than 150% of the ULN, as compared to only 30% if over 150% of the
ULN. Radiotherapy was also shown to be associated with efficacy of cabergoline,
though notably could be related to lower baseline IGF-1 levels at time of initiation
of medical therapy. Additionally, hyperprolactinemia demonstrated a trend toward a
relationship with efficacy of cabergoline, though not statistically significant in this
meta-analysis. Within this meta-analysis, cabergoline dose ranged from 0.5 mg to
7 mg/week with only a statistical trend toward a relationship between cabergoline
dose and decline in IGF-1, though a statistically significant relationship was noted
for decrease in GH. The mean cabergoline dose was 2.5 mg/week in patients who
achieved normal IGF-1 levels. The mean duration of treatment was 15 months in
those who achieved normal IGF-1 levels. Tumor shrinkage was noted with about
one third of patients who received cabergoline [31]. Of note, among studies included
in this meta-analysis, Abs et al. performed the largest (64 patients) retrospective
study investigating the efficacy of cabergoline, which demonstrated decrease in
IGF-1 levels in 39% of patients, defined as a decline to less than 300 ng/ml. This
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study also demonstrated that efficacy of cabergoline was associated with hyperpro-
lactinemia and low pretreatment plasma IGF-1 below 750 ug/L [5]. This finding of
association between prolactin co-secretion and favorable treatment outcomes has
not been independently validated.

Additional studies performed after the publishing of the meta-analysis by Sandret
et al. have produced variable results. For example, a single-center retrospective
study of 82 patients in Brazil demonstrated short-term disease control (defined as
random GH <1.0 pg/L and normal age-matched IGF-1 level after 3-6 months of
treatment) in only 21% of patients who received cabergoline monotherapy with
PRL level noted as a predictive factor for treatment response [32]. The UK
Acromegaly Register demonstrated normalization of IGF-1 in 36% of patients on
cabergoline [33]. Retrospective analysis of data from the Bulgarian Acromegaly
Database (between the years of 1980 and 2012) demonstrated disease control in
18.8% of patients treated with bromocriptine and 31.4% treated with cabergoline,
which decreased to 16.3% and 18.2%, respectively, when including only patients
without prior radiotherapy [34]. From the other end of the spectrum, there have been
case reports of remission of acromegaly following long-term cabergoline mono-
therapy, in which patients maintained normal GH and IGF-1 levels 2.5-5.5 years
after discontinuation of cabergoline [35].

Despite the wide variation of results of cabergoline monotherapy across dif-
ferent studies, generally cabergoline therapy is thought to be less effective than
other medical therapies, specifically somatostatin analogues, which are gener-
ally considered the initial choice by many for medical therapy. A recent review
comparing efficacy of medical treatment for acromegaly noted control of acro-
megaly in about 40% of patients on somatostatin analogue monotherapy and
normalization of IGF-1 levels in about 80% of patients on pegvisomant mono-
therapy [36].

Dopamine Agonists as Combination Therapy

Dopamine Agonists and Somatostatin Analogues

In the meta-analysis conducted by Sandret et al., combination therapy with soma-
tostatin receptor ligands and cabergoline normalized IGF-1 levels in 52% of patients
whose levels were unable to be normalized with a somatostatin receptor ligand
alone. Addition of cabergoline led to a further 22% decrease in IGF-1 level as com-
pared to SRL alone. This decrease in IGF-1 also showed a statistically significant
correlation with baseline IGF-1 concentration, with a lower IGF-1 level associated
with increased cabergoline efficacy. This is the same relationship demonstrated with
cabergoline monotherapy [31]. Several studies following publishing of the meta-
analysis by Sandret et al. reported slightly lower rates of normalization of IGF-1
between 30% and 40% for patients on combination cabergoline and somatostatin
analogue therapy [32, 37-39].
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A retrospective single-center study was performed that demonstrated normaliza-
tion of IGF-1 levels in 58% (75 of 129) of patients when cabergoline was added to
SRL treatment. Normalization of IGF-1 levels demonstrated an association with
female sex, lack of fibrous bodies in the adenomas, smaller pre- and post-cabergoline
tumor size, lower levels of IGF-1 in pre-and postoperative period, and lower levels
of IGF-1 in pre-and post-cabergoline treatment. In this study, IGF-1 less than 144%
of the ULN and GH level less than 2.35 ng/ml predicted treatment response [40].

Dopamine Agonists and Growth Hormone Receptor Antagonists

Few studies have been performed involving pegvisomant and cabergoline combina-
tion therapy. One prospective multicenter trial of 24 patients demonstrated improve-
ment of normalization of IGF-1 from 11% to 68% of patients when pegvisomant
was added to cabergoline after 18 weeks of cabergoline monotherapy. Interestingly,
after cabergoline was withdrawn, only 26% of patients maintained normalized
IGF-1 levels on pegvisomant monotherapy suggesting combination therapy of cab-
ergoline and pegvisomant as more effective than cabergoline or pegvisomant mono-
therapy alone. Adding cabergoline to pegvisomant has the advantage of potentially
lowering pegvisomant doses and thus reducing cost of therapy [41].

Additional studies done include an observational, retrospective, cross-sectional
study of 14 patients uncontrolled on a somatostatin analogue alone who were
switched to pegvisomant and still had persistent IGF-1 elevation, and then under-
went addition of cabergoline, which subsequently normalized IGF-1 in 28% of
patients and decreased IGF-1 in 64% of patients. This study demonstrated that
lower baseline IGF-1 (less than 160% ULN), female gender, lower body weight,
and higher baseline prolactin levels were associated with better response to pegvi-
somant and cabergoline combination therapy [42]. Additionally, it should be noted
that combination therapy with pegvisomant and a somatostatin analogue has dem-
onstrated IGF-1 normalization in 80.6% of patients in a review performed by Grasso
et al., ranging from 55.5% to 100% depending on the study [36].

Side Effects of Dopamine Agonists

Side effects of dopamine agonists are typically few and well-tolerated. Some of the
most common side effects are headache, nausea, vomiting, dizziness, hypotension,
and fatigue with other less common reported side effects of constipation, nasal con-
gestion, Raynaud’s phenomenon, psychosis, and fibrosis (pericarditis, pleuropul-
monary fibrosis, retroperitoneal fibrosis). Adverse effects typically occur after the
initial dose and at each dose increase and typically tolerance develops to the adverse
effects [43]. Overall, cabergoline is well-tolerated, and in one meta-analysis, side
effects only led to drug interruption in 5.2% of patients with doses ranging between
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0.5 and 2 mg/week [31]. Psychosis or exacerbation of preexisting psychosis and
impulse control disorders have been associated with bromocriptine and cabergoline
in patients with prolactinomas and typically resolve within 72 h of discontinuation
of the medication [44—48].

Dopamine agonists have been associated with increased risk of cardiac valve
disease when utilized at very high doses (such as daily doses of pergolide or caber-
goline at greater than 3 mg) for Parkinson’s disease [49, 50]. There have also been
studies done investigating whether cabergoline use in acromegaly is associated with
cardiac valve disease, especially given the association of acromegaly itself with
cardiac valve disease. In a cross-sectional study of cabergoline-treated patients with
acromegaly compared to a matched control population of untreated patients, there
was no increased risk of cardiac valve regurgitation or remodeling in patients with
acromegaly [43, 51].

Side effects are overall less common with cabergoline than with bromocriptine
as bromocriptine has a shorter half-life and is less specific for the D2 receptor.
Additionally, cabergoline has the benefit of only requiring once- or twice-weekly
dosing as compared to daily bromocriptine dosing [43].

Summary

Dopamine agonists remain a choice in the medical treatment of acromegaly, yet
their use is often bypassed in favor of other treatment modalities due to a lower
efficacy rate in published work. However, meta-analysis suggests a role for use of
cabergoline monotherapy in milder disease and as an additional agent in combina-
tion with other therapies. We utilize cabergoline monotherapy as an option for those
patients with mild elevation of IGF-1 after surgical resection, once it has become
clear that the disease is active yet uncontrolled by surgery alone. Additionally, it has
been used in combination with SRL therapy and pegvisomant in select patients,
some of whom have hyperprolactinemia in addition to GH excess. Rarely, tumor
MRI surveillance with cabergoline monotherapy, where slight incremental growth
of residual disease has been detected, has prompted a switch to SRL therapy, despite
biochemical control. This illustrates the need for comprehensive surveillance with
laboratory and radiological data during follow-up observation.

Generally, cabergoline single-agent adjuvant medical therapy has modest effi-
cacy (about 34% of patients have normalization of IGF-1 levels) in acromegaly.
Under the circumstances of postoperative mild-moderate biochemical excess, such
as IGF-1 below 150% of ULN, cabergoline may be a reasonable first adjuvant medi-
cal therapy, with about 50% of patients achieving a normalized IGF-1. When caber-
goline is utilized as an adjunct therapy to somatostatin receptor ligands when
biochemical normalization is not yet achieved, about 50% of patients have subse-
quent normalization of IGF-1 with combination therapy [31].

Some criticisms of cabergoline use for acromegaly have included the lack of
randomized-controlled clinical trials and scarcity of evidence of outcomes with
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cabergoline use in acromegaly as compared with the higher quality evidence and
better outcomes (including biochemical outcomes and tumor shrinkage) associated
with use of somatostatin analogues and pegvisomant. This lack of evidence and
inferior outcomes associated with cabergoline use favors somatostatin analogue use
instead as primary medical therapy for acromegaly [52].

However, cabergoline has the benefit of oral administration and lower economic
cost as compared to somatostatin analogues and pegvisomant. These factors may
lead to improved compliance which is especially beneficial for acromegaly which
may require lifelong medical treatment. Cabergoline also has few adverse effects
and is generally well-tolerated. Therefore, cabergoline may be most useful as an
adjunct in the postoperative setting when there are mild or moderate elevations of
GH and IGF-1 (i.e., <150% of the ULN) [53].
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Chapter 18 )
Pegvisomant: Lessons Learned After 20
Years and Practical Recommendations

of Its Use for the Treatment of Acromegaly

Check for
updates

Kevin C. J. Yuen

Introduction

Acromegaly is a chronic, debilitating disease caused by growth hormone (GH)
hypersecretion, most often due to a GH-secreting pituitary adenoma [1]. If left
untreated, acromegaly results in a significant reduction in quality of life (QoL), with
local, systemic, and neuropsychological comorbidities contributing to its excess
morbidity and mortality [2-5]. Main treatment goals include biochemical normal-
ization, tumor control, prevention of complications, and improvement of clinical
signs and symptoms [6-9]. Surgery is the first-line treatment modality for most
patients [8, 9]. However, medical is often considered when surgery is contraindi-
cated or failed to induce remission, when disease recurs after apparent surgical
remission, or when the patient is unable or unwilling to undergo surgery [8, 9].

In the USA, there are two classes of medical therapies for treatment of acro-
megaly approved by the US Food and Drug Administration (FDA): (1) somatostatin
receptor ligands (SRLs) including first-generation SRLs (octreotide long-acting
release [LAR] and lanreotide autogel) and a multireceptor-targeted SRL (pasireo-
tide LAR) [8] and, recently, oral octreotide capsules and (2) a GH receptor antago-
nist pegvisomant. Although not approved by the FDA for acromegaly, the dopamine
receptor agonist cabergoline is also used in patients with mildly elevated insulin-
like growth factor (IGF-I) levels [<2x upper limit of normal (ULN)] [10-13]. The
efficacy rates for these medications range from 18 to 70%, with variable adverse
event (AE) rates and profiles (Table 18.1). Additionally, combination therapies have
been increasingly proposed to achieve therapeutic goals [28]. Despite these options,
acromegaly remains challenging to treat and often requires a multidisciplinary [29]
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Table 18.1 Medical therapies currently available in the USA for the treatment of acromegaly

Patients
with
>20%
tumor
Dose and route volume
Mechanism of | of Biochemical | reduction | Major adverse
Drug action administration | efficacy (%) | (%) events
Octreotide SRL (greater 10—40 mg/ 30-50 73-80 Gastrointestinal,
long-acting | SSTR2 affinity) | month, IM injection-site
release reactions
[14-17]
Lanreotide SRL (greater | 60-120 mg/ 40-50 63-79 Gastrointestinal,
autogel SSTR2 affinity)  month, deep SC injection-site
[15-18] reactions
Pasireotide SRL 40-60 mg/ 25-54 81 Hyperglycemia,
long-acting | (multireceptor | month, IM gastrointestinal,
release [15, | ligand greatest injection-site
16, 19, 20] SSTRS and reactions
SSTR2 affinity)
Oral SRL (greater | 40-80/day, PO | 58-65 Unknown | Gastrointestinal
octreotide SSTR2 affinity) | containing
capsules transient
[21-23] permeability
enhancer
formulation
Pegvisomant | GHR 10-30 mg/day, |70 No effect | Injection-site
[24-26] antagonist SC in majority | reactions, liver
transaminitis
Cabergoline* | D2R agonist 1-3.5 mg/week, | 18 ~33° Gastrointestinal,
[11,27] PO nasal congestion,
orthostatic
hypotension,
headaches

D2R dopamine 2 receptor, FDA US Food and Drug Administration, GHR growth hormone recep-
tor, /M intramuscular, NA not available, PO by mouth, SC subcutaneous, SRL somatostatin recep-
tor ligand, SSTR somatostatin receptor

“Not FDA approved

"Threshold for percentage reduction in tumor size not noted

and personalized approach [30-33]. Current therapeutic options leave room for
improvement as full biochemical and symptomatic control are often not achieved
[34] and AEs can limit use, decrease treatment adherence, and can lead to treatment
cessation (Table 18.1).

Currently, the most effective treatment for biochemical control is pegvisomant
[35-37]. Approved in the USA in 2003 [38] and Europe in 2002 [39], general indi-
cations for treatment with pegvisomant include inadequate biochemical control
after pituitary surgery, radiotherapy, and inadequate control or intolerance to long-
acting SRLs [7-9]. In recent years, pegvisomant has mostly been used as an adju-
vant in either monotherapy [40—42] or combined with SRLs [24, 28, 43, 44] and
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cabergoline [45, 46], although its use as first-line therapy after surgery has been
proposed [42, 47]. Herein, we review lessons learned from published clinical trial
data and experience of pegvisomant use after 20 years and provide recommenda-
tions for its optimal use in treating patients with acromegaly.

Data from Clinical Studies of Pegvisomant

Pegvisomant is a recombinant, bioengineered 191 amino acid GH analog, which
carries a glycine to lysine mutation (residue 120) as well as 8 additional amino acid
substitutions intended to enhance the binding affinity of pegvisomant over that of
the native GH molecule, but does not activate the GH receptor [48]. Several poly-
ethylene glycol chains are covalently attached to the pegvisomant backbone, lead-
ing to the prolongation of its half-life in comparison to native GH from 15 min to 6
days [48, 49]. Following subcutaneous administration, pegvisomant effectively
decreased IGF-I levels in healthy volunteers [50]. In a subsequent proof-of-concept
study, IGF-I levels decreased by 31 % in patients with acromegaly with pegviso-
mant therapy at a dose of 80 mg weekly over 6 weeks [48]. In a pivotal phase III,
double-blind, placebo-controlled study, 112 patients with acromegaly were ran-
domly allocated to 1 of 3 daily doses of pegvisomant or placebo [36]. Serum IGF-I
level normalization was reported in 54, 81, and 89 % of patients treated with pegvi-
somant at 10, 15, or 20 mg daily, respectively, for up to 12 weeks, and symptoms
(e.g., fatigue, headache, arthralgias, edema, and excess sweating) and signs (ring
size) associated with GH excess improved. In an open-label extension study of 160
patients, pegvisomant therapy at a higher dose of 40 mg daily for 18 months nor-
malized IGF-I levels in up to 97 % of patients [51]. Improvement in QoL was fur-
ther demonstrated in a prospective, double-blind, placebo-controlled, crossover
study involving 20 acromegaly patients without significant change in IGF-I levels
after adding 40 mg pegvisomant weekly to SRL therapy in patients who had nor-
malized IGF-I levels on SRL monotherapy, suggesting added benefits of pegviso-
mant on QoL without correlation to IGF-I levels [52].

However, data from a large pharmacoepidemiological surveillance database
(ACROSTUDY), a representation of the “real-world” setting, reported that pegviso-
mant normalized IGF-I levels in only 67.5 % of patients with acromegaly using a
mean dose of 17.2 mg daily over 5 years [40]. These observations were consistent
with the findings of country-specific data from the same pharmacoepidemiological
surveillance database [24-26, 53, 54]. It was postulated that this discrepancy of the
data with the higher efficacy in clinical trials might be related to insufficient dose
titration as a consequence of “therapeutic inertia” by the treating physician, lack of
availability of vials containing sufficiently high pegvisomant doses in the past,
decreased patient adherence outside a clinical trial setting, AEs, and costs.

Recent outcome data from ACROSTUDY of the full cohort of 2221 acromegaly
patients treated with pegvisomant reported that 75.4% of patients achieved IGF-I
normalization at 10 years with increasing number of patients requiring at least
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30 mg daily with time and 71.1% of patients with no changes in tumor size on MRI
[26]. Importantly there were no new safety signals after long-term use and only 3%
demonstrated transient transaminitis. Notably, improvements in all-cause mortality
rates and small improvements in QoL and glycemia were observed when IGF-I
level was normalized with pegvisomant therapy [26], indicating the overall favor-
able benefit-to-risk profile and effectiveness of pegvisomant as monotherapy and
combination therapy with first-generation SRLs in the real-world setting. Long-
term pegvisomant therapy has also been shown to accompany increases in visceral
and subcutaneous adipose tissue mass that do not differ from stable skeletal muscle
mass and no glycemic worsening [55]. When pegvisomant was combined with
pasireotide LAR, this combination therapy only modestly improved glycemia in a
small number of patients [56], presumably due to the greater hyperglycemic effects
of pasireotide compared to first-generation SRLs in negating the beneficial effects
of pegvisomant on glucose metabolism.

In patients with modest elevations of IGF-I levels (<2 x ULN) but intolerant to
SRLs, a trial of a dopamine agonist, usually cabergoline as the initial adjuvant medi-
cal therapy followed by combined therapy with low-dose pegvisomant has been
suggested, as this combination has the potential to be more cost-effective with no
deleterious effect on glucose metabolism. In a prospective clinical trial of 24 acro-
megaly patients treated for 18 weeks of dose titration to a maximum dose of 0.5 mg
once daily, cabergoline monotherapy did not significantly reduce IGF-I levels, but
the addition of 10 mg pegvisomant daily for 12 weeks significantly reduced IGF-I
levels, with 68% of patients achieving IGF-I normalization [46]. These data suggest
that combination treatment with cabergoline and low-dose pegvisomant may be
more effective at reducing IGF-I levels than either cabergoline or pegvisomant alone.

When to Consider Pegvisomant Therapy in Patients
with Acromegaly

Current guidelines recommend using SRLs first after surgery has failed and con-
sider pegvisomant (approved at doses of 10-30 mg daily) if first-generation SRLs
has not controlled the disease, if patients develop AEs while on SRLs, or if there is
clinically relevant glucose intolerance [9]. The use of pegvisomant as first-line ther-
apy has recently been proposed due to its high efficacy rates [47], and this notion
has been substantiated by Qiao et al. [57] in a meta-analysis that demonstrated that
pegvisomant was more effective than first-generation SRLS in unselected patients
in normalizing serum IGF-I levels, with a mean absolute serum IGF-I control of
40% to 60%.
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Table 18.2 Factors that require
higher doses of pegvisomant in the
treatment of patients with
acromegaly

Female gender
High basal IGF-I and GH

Younger age
Increased body mass index

No previous radiotherapy

GH growth hormone, /GF-I insulin-like growth factor-I

Previous studies have shown that a higher baseline IGF-I or GH level, younger
age, female gender, greater body mass index, and the presence of glucose intoler-
ance are associated with higher pegvisomant doses required to achieve IGF-I nor-
malization [58-60] (Table 18.2). When used as second-line monotherapy, body
weight is the best predictor, with obese patients requiring higher doses and more
rapid up-titration [61]. When used in combination with first-generation SRLs, body
weight, younger age, and higher baseline IGF-I levels are also associated with
higher pegvisomant dose requirements [62, 63]. Conversely, patients that have
received radiation therapy appear to require lower pegvisomant doses, likely reflect-
ing the effects of previous radiotherapy on somatotroph adenoma function [59].
Some patients may have a GH receptor polymorphism with a short isoform due to a
deletion of exon 3 (d3GHR) [64] that increases the GH receptor (GHR) activation
by GH, and it has been proposed that GHR isoforms may increase the response to
pegvisomant. Initial studies of patients with the d3GHR isoform demonstrated that
they had better response to pegvisomant treatment (lower doses and shorter treat-
ment to normalize IGF-I levels) [65, 66], but these data have not been replicated in
other studies of pegvisomant treatment between patients with the d3GHR and those
with the full-length isoform [67, 68] and a study using combination therapy with
pegvisomant and first-generation SRLs in patients with the different isoforms of
GHR [69]. Therefore, current data do not support the use of d3GHR as a biomarker
of response to pegvisomant. Other patients that may benefit from pegvisomant ther-
apy include those with acromegaly whose tumors harbor mutations in the aryl
hydrocarbon receptor-interacting protein gene [70, 71] and patients with McCune
Albright syndrome, as they tend to be resistant to SRLs [72, 73], and children and
adolescents with gigantism, including patients with the X-linked acrogigantism [74,
75]. Table 18.3 displays several special circumstances where pegvisomant may be
considered in patients with acromegaly.
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Table 18.3 Special circumstances where pegvisomant may be considered in patients with

acromegaly

Special circumstances

Rationale or case scenarios

To relieve symptoms while
awaiting surgery

In selected patients, optimization of management of current
comorbidities (e.g., glucose intolerance, hypertension, and
obstructive sleep apnea) while awaiting surgery

High surgical risk

High risk of postoperative cardiovascular or cerebrovascular
events (e.g., myocardial infarction or stroke)

Multiple comorbid conditions

Uncontrolled diabetes mellitus and hypertension, and severe
obstructive sleep apnea

Patient unwilling to undergo
surgery during COVID-19
pandemic

Patient can be counselled to reconsider surgery when the
COVID-19 pandemic improves

Patient declining surgery

To improve clinical signs and symptoms, reverse/control

associated metabolic abnormalities (e.g., hypertension and
diabetes mellitus), and potentially improve mortality

Adenoma mostly resected by pituitary surgeon with minimal
or no adenoma visible on MRI

Persistence of disease

Adenoma not visible on MRI due to persistence of
microscopic disease

Awaiting radiotherapy to take effect

Recurrence of disease after
surgical remission

Persistent disease after
completion of radiotherapy

Patient contemplating but not | Awaiting first or repeat pituitary surgery
fully decided to undergo
pituitary surgery

COVID-19 coronavirus disease 2019, MRI magnetic resonance imaging

Initiation, Titration, and Maintenance
of Pegvisomant Therapy

Considering pegvisomant and initiating and maintaining effective therapeutic doses
needs to be personalized based on individual patient characteristics and adjusted to
normalize IGF-I levels. In the pivotal phase III clinical trial [36], when starting
therapy, a loading pegvisomant dose was subcutaneously administered, but this
practice is often not undertaken in clinical practice nowadays. Pegvisomant can then
be initiated subcutaneously once daily, in accordance with how it was administered
in the pivotal phase III clinical trial [36]. Additionally, due to its excellent efficacy
profile and long half-life of 6 days [76], I may also consider less frequent (alternate
day, once weekly, or twice weekly) pegvisomant administration [77, 78] in patients
on many other injection therapies (e.g., insulin and testosterone injections) in order
to simplify their treatment regimen. Patients with concurrent glucose intolerance
and no tumor concerns on MRI, in my opinion, are particularly appropriate candi-
dates for pegvisomant therapy.

Once treatment is initiated, IGF-I levels should be monitored regularly (4-6
weeks upon treatment initiation or after each dose titration, as well as periodically
thereafter ranging from 3- to 6-month intervals), aiming at IGF-I normalization and,
ideally, inducing symptomatic relief. By antagonizing GH action, GH levels are
elevated rendering the measurement the levels clinically unhelpful. Furthermore,
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pegvisomant causes interference in several commercial immunoassays, which may
underreport endogenous GH levels, as a consequence of antibody binding to pegvi-
somant, thereby limiting the antibody mass available for interaction with GH mol-
ecules being assayed [79].

In recent years, combination medical therapy has also gained traction to capital-
ize on the additive and synergistic effects [28] and lower side-effect profile due to
lower doses used of each therapy that may also be more cost-effective [43]. The
combination therapy involving pegvisomant that I tend to use is pegvisomant plus
SRLs and pegvisomant plus cabergoline. I tend to combine pegvisomant with a low-
dose first-generation SRL if SRL monotherapy has failed to normalize IGF-I levels,
especially in a patient with concurrent glucose intolerance. We recently reported in
a prospective study of 51 patients that low-dose monthly octreotide LAR (10 mg) or
lanreotide (60 mg) combined with weekly pegvisomant (40—160 mg/week) achieved
a biochemical control rate of 96% in controlled and uncontrolled patients at consid-
erably lower cost compared with combination regimens of higher-dose SRL and
weekly pegvisomant or low-dose SRL and daily pegvisomant [43]. If the patient on
first-generation SRL is showing worsening glycemia, switching the patient to pegvi-
somant monotherapy can be considered if liver function tests permits and no tumor
concerns on MRI, rather than switching the patient to pasireotide or combining
pegvisomant with pasireotide. In the PAPE study [80, 81], 61 well-controlled
patients on first-generation SRLs plus pegvisomant were switched to pasireotide
with or without pegvisomant, following a 12-week run-in phase in which pegviso-
mant dose was reduced by 50%, and 15 (25%) biochemically controlled patients
were switched to 60 mg pasireotide monotherapy, while 46 (75%) uncontrolled
patients were switched to the same dose of pasireotide but continued the 50%
reduced pegvisomant dose (mean dose: 61 mg/week). After 12 weeks of switching
therapy, IGF-I normalized in 73.8% of patients, including 93% of patients in the
monotherapy arm and 67% of patients in the combination arm, despite decreasing
mean pegvisomant doses to 48 mg/week and pegvisomant discontinuation in 68%
of patients. However, the rate of hyperglycemia was high, with significant increases
in mean fasting plasma glucose (110-164 mg/dL), mean hemoglobin Alc
(6.1-7.3%), and new-onset diabetes mellitus in 36.1% of patients.

On the other hand, if the patient has mild elevations of IGF-I, concurrent glucose
intolerance, and AEs to SRLs, combining low-dose pegvisomant with cabergoline is
a reasonable option, as this combination has three advantages. Firstly, cabergoline is
well-tolerated, orally administered, and less costly than SRLs. Secondly, both pegvi-
somant and cabergoline have the potential to be administered less frequently on a
twice or once weekly basis. Thirdly, this combination may reduce the need for pegvi-
somant dose escalation, thus reducing the cost of effectively treating acromegaly.

Personalized medical treatment in acromegaly demands knowledge about the
size and extension of the pituitary tumor on MRI. In any patient with a pituitary
tumor impinging the optic chiasm, SRLs have a stronger case than pegvisomant.
Only when the tumor is not of a clinical concern on MRI that pegvisomant should
be considered as first-line treatment because of its superior efficacy and better gly-
cemic control. Table 18.4 summarizes some practical recommendations at different
treatment phases when utilizing pegvisomant to treat acromegaly.
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Table 18.4 Practical recommendations at different treatment phases when utilizing pegvisomant
to treat acromegaly

Treatment
phases

Practical recommendations

Before starting
therapy

* Review concomitant medications to rule out possible drug-drug interactions

— Patients on opioids often need higher pegvisomant doses to achieve
appropriate IGF-I suppression compared with patients not receiving opioids
» Counsel patients on symptoms associated with adverse events (e.g., liver
transaminitis, injection-site reactions, and lipohypertrophy)

— Normal baseline LFTs: check LFTs at monthly intervals during the first
6 months of treatment, quarterly for the next 6 months, and then biannually
for the next year

—Abnormal LFTs < 3 x ULN: monitor LFTs monthly for at least 1 year
after initiation of therapy and then biannually for the next year

— Abnormal LFTs > 3 x ULN: do not treat with pegvisomant until a
comprehensive workup establishes the cause of the patient’s liver
dysfunction. Determine if cholelithiasis or choledocholithiasis is present,
particularly in patients with a history of prior therapy with SRLs, and if
pegvisomant is initiated, LFTs and clinical symptoms should be monitored
very closely
« If a patient develops LFT elevations, or any other signs or symptoms of
liver dysfunction while receiving pegvisomant, the following patient
management is recommended

— Abnormal LFTs 3-5 x ULN without signs/symptoms of hepatitis or other
liver injury: may continue pegvisomant therapy but monitor LFTs weekly
and perform a comprehensive hepatic workup to discern if an alternative
cause of liver dysfunction is present

—Abnormal LFTs > 5 x ULN: discontinue pegvisomant immediately and
refer to hepatology and when LFTs normalize, consider cautious reinitiation
of pegvisomant therapy with weekly LFT monitoring for 4 weeks and then
monthly for 3 months until LFTs normalization has stabilized

— Signs or symptoms suggestive of hepatitis or other liver injury (e.g.,
Jjaundice, bilirubinuria, fatigue, nausea, vomiting, right upper quadrant pain,
ascites, unexplained edema): pegvisomant should be discontinued and
consider referral to hepatology

Initiation « Start dose of 10 mg daily (less frequent dosing can be considered in mild

phase of disease)

therapy * Based on serum IGF-I levels, patient’s clinical symptoms, and tolerability,
titrate dose by increasing in 5 mg increments if IGF-I still elevated and 5 mg
decrements if IGF-I below reference range every 4—-6 weeks to no more than
30 mg/day maintenance

Monitoring * Monitor serum IGF-I levels, clinical symptoms, and patient tolerability

phase of every 4—6 weeks during dose titration or as indicated during the initiation

therapy phase of therapy

¢ Once the maintenance dose is achieved, monitor serum IGF-I levels,
clinical symptoms, and patient tolerability monthly or as indicated

* Monitor for adverse effects

« If treatment is interrupted, reinitiate at a lower dose when serum IGF-I
levels are normalized and symptoms have resolved

e Perform surveillance MRI of the pituitary periodically to monitor for
changes in tumor size

IGF-I insulin-like growth factor-I, LFT liver function test, MRI magnetic resonance imaging, ULN
upper limit of normal
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Precautions When Using Pegvisomant

The side effects of pegvisomant are usually mild, transient, or self-limiting, with
liver enzyme disturbances being the most common side effect [26, 82]. Liver transa-
minitis can occur both during pegvisomant therapy in combination with SRLs or
during monotherapy. During combination therapy, liver transaminitis can range
from 11 to 15% when alanine transaminase cut-off levels between 2 and 3 x ULN
are used [83, 84], whereas in 5.2% of patients, transaminitis with > 3 ULN were
observed with monotherapy [85]. In the ACROSTUDY outcome data, only 3.2% of
patients had abnormal alanine transaminase or aspartate transaminase levels, with
over one third of patients receiving combination therapy [26]. It is possible that this
incidence is underreported as patients in ACROSTUDY are not seen as frequently
as being in a clinical trial resulting in LFTs not being measured frequently. The
pathophysiology of transaminitis during pegvisomant therapy remains unclear.
Lipohypertrophy is another side effect of pegvisomant, with a lower prevalence than
liver transaminitis [82, 83, 86, 87], and frequent rotation of injection sites seems to
reverse local lipohypertrophy or prevent it [83, 88]. Nevertheless, in some cases,
resolution can take up to 8 months, necessitating treatment discontinuation [83].

Because of its mechanism of action, safety concerns have been raised about the
potential risk of tumor size increase with pegvisomant. Despite the fact that there
are a few reports of increase in tumor size during pegvisomant use, there is no clear
evidence that it directly promotes tumor growth [25, 84]. In the ACROSTUDY out-
come data of 2221 patients treated with pegvisomant for a median of 9.3 years and
followed up for a median of 7.4 years, only 7.1% of patients has pituitary tumor size
increase, while the majority (71.1%) of patients had no changes [26]. It is hypoth-
esized that in some patients, this increase in tumor size may have caused by the
withdrawal of SRL therapy or may have simply reflected the natural history of more
aggressive pituitary adenomas. Currently, it is reasonable to conclude that pegviso-
mant has a neutral effect on the natural course of tumor growth; nevertheless, peri-
odic pituitary MRI should still be performed in patients receiving long-term
pegvisomant therapy.

Cost Considerations When Using Pegvisomant

The cost for 10, 15, 20, 25, and 30 mg pegvisomant subcutaneous injections are
around $259, $383, $508, $632, and $757, respectively, for a supply of 1 powder for
injection, making it the most costly of available medical therapies [89]. With an
increasing array of medical therapy options, it is important to personalize manage-
ment of patients with acromegaly based not only on unique disease characteristics
and patient preference [30-33] but also on cost considerations. One strategy is to
use lower doses of pegvisomant and combine it with SRLs to offset the high pegvi-
somant cost while still maintaining high biochemical control rates. In a randomized,
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open-label, parallel three-arm study of high-dose SRL (lanreotide 120 mg/octreo-
tide LAR 30 mg) plus weekly pegvisomant (40—160 mg/week), low-dose SRL (lan-
reotide 60 mg/octreotide LAR 10 mg) plus weekly pegvisomant, and low-dose SRL
plus daily pegvisomant (15-60 mg/day), Bonert et al. [43] demonstrated that low-
dose SRL plus weekly pegvisomant provided a new therapeutic regimen that mini-
mizes drug cost while maximizes treatment efficacy for patients with acromegaly
requiring combination therapy. Using a regimen of weekly pegvisomant plus low-
dose SRL may be just as efficacious as weekly pegvisomant plus high-dose SRL in
uncontrolled acromegaly patients, suggesting that patients started on pegvisomant
while maintaining maximal SRL dose may be unnecessarily costly and possibly
overtreated.

Conclusion

Pegvisomant is an effective and safe medical option for many acromegaly patients,
but its use still needs to be optimized. Starting and maintaining pegvisomant therapy
needs to be personalized based on individual patient characteristics. The patient that
would most benefit from pegvisomant would be the one with minimal to no tumor
concerns on MRI with low Ki-67 and concurrent glucose intolerance (Fig. 18.1),

Disease persistence or recurrence
after surgery

l

‘ Medical therapy considered |

l

[ Low SSTR2 or no AP expression l

- -

' '
Long-acting first-generation SRLs 1GF-1< 2 x ULN, SSTRS expression =7
- lanreotide DR2 expression present, high Ki-67, .
- oetreatide LAR present, low Ki-67 and residual hyper-intense concern on MRI, and
no concerns with tumor on MR, and normal presence of glucose
residual tumor on MRI glucose tolerance intolerance
Cabergoline | | Pasireotide | | Pegvisomant

Fig. 18.1 How to position pegvisomant and other medical therapies for acromegaly guided by
biochemical, molecular, histopathological, and radiological parameters. AIP aryl hydrocarbon
receptor-interacting protein, D2R dopamine 2 receptor, /GF-I insulin-like growth factor-1, Ki-67
marker of proliferation, LAR long-acting release, MRI magnetic resonance imaging, SSTR2 soma-
tostatin receptor 2, SSTR5 somatostatin receptor 5, ULN upper limit of normal
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where pegvisomant can be used either as first-line monotherapy or combined with
cabergoline to minimize cost. In patients not adequately controlled by SRLs, pegvi-
somant can be added, but this combination therapy can be costly. However, when
combined with SRLs, the dose of pegvisomant can be lowered while maintaining a
similarly high degree of efficacy and minimizing drug cost. Another type of patient
where pegvisomant can be added is patients controlled on SRLs but with poor QoL,
as this combination can improve QoL, and young patients with genetic syndromes.
Side effects related to pegvisomant are rare and mainly transient. Elevated transami-
nases are more common with combination therapy than monotherapy, but no reli-
able predictive factors are known. Long-term follow-up of patients on pegvisomant
therapy have not demonstrated a risk of pituitary tumor growth, but periodic surveil-
lance MRIs remains imperative.
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Introduction

The goals of acromegaly treatment include insulin-like growth factor-1 (IGF-1) nor-
malization, reduction in growth hormone (GH) levels (to <1.0 pg/L), decrease in
tumor volume, and improvement in clinical symptoms [1—4]. Surgical pituitary
tumor removal is the first-line treatment of choice. However, GH excess remains
uncontrolled in 15-20% of patients who have microadenomas and is as high as 60%
in patients with a macroadenomas [5, 6]. Medical therapy is indicated for persistent
disease after surgery. Radiotherapy is usually reserved as a third-line treatment
option in patients who have persistent disease or tumor growth despite surgery or
medical therapy [1].

Somatostatin receptor ligands (SRLs) are the cornerstone of medical therapy [1].
However, as monotherapy, SRLs achieve IGF-1 normalization in only approxi-
mately 17-35% of unselected cases [7-9], with no differences in efficacy between
the two first-generation, long-acting release (LAR) preparations, octreotide (OCT),
and lanreotide (LAN) autogel (ATG) [10]. These SRLs have highest affinity to
somatostatin receptor subtype 2 (SSTR2). When used as adjunct therapy after sur-
gery, tumor volume reduction is observed in 30—40% of cases [11]. Several tumor
characteristics, including sparsely granulated somatotroph adenomas [12, 13], a
lack of somatostatin receptor (SSTR) expression [12], and high Ki67, have been
shown to predict SRL resistance, affecting approximately 10% of acromegaly
patients [14].
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Pasireotide LAR (PAS) is a multireceptor-targeting SRL with higher affinity to
SSTRS compared to SSTR2, SSTR3, and SSTR1. Approximately 20% of patients
who are resistant to maximum doses of OCT LAR or LAN ATG achieve biochemi-
cal control with PAS [15, 16]. As such PAS is an option for patients who do not
respond to first-generation SRLs [17]. The GH receptor antagonist, pegvisomant
(PEG), and the dopamine agonist (DA), cabergoline, may also be used as mono-
therapy. Pegvisomant clinical trial data suggests disease control is achieved in more
than 90% of patients with daily subcutaneous (s.c.) PEG injections. However, in
longer-term “real-life” studies, IGF-1 normalization is observed in 75% of patients
at 2 years and in two thirds at 5 years [18-20]. Results of a recent meta-analysis are
consistent with disease control in 72% (64-78.4% [95% confidence interval; CI]) of
patients [21]. Conversely, due to a modest effect, cabergoline is considered mainly
in patients with mildly elevated IGF-1 (levels up to two times above the upper limit
of normal; ULN) [1, 17, 22].

Combination medical therapy is therefore an approach that should be considered
when managing those patients who are inadequately controlled after surgery and
who are poor SRL monotherapy responders [23, 24]. Additive and possibly syner-
gistic mechanisms are the aim of a combined medical treatment strategy. Results
include improved efficacy, while minimizing individual medication side effects,
potential dose decreases and/or less frequent s.c. injections, and thereby reduced
cost. Combination therapy has also been suggested to be efficacious in selected
elderly acromegaly patients [25].

Somatostatin Receptor Ligand and Dopamine Agonist
Combination Treatment

Dopamine-2 receptor (D2R) is expressed on both somatomammotroph and pure
GH-secreting adenomas and DAs suppress GH secretion in acromegaly. Of the two
commercially available DAs, only cabergoline is considered an acromegaly medical
treatment as bromocriptine normalizes IGF-1 in only 10% of cases [26]. In contrast,
based on a 2011 meta-analysis of five studies, cabergoline monotherapy normalizes
IGF-1 in 34% of patients [22]. Greater efficacy was observed in patients with mild
IGF-1 elevations, <1.5 times above the ULN.

Several small studies undertaken between the years of 2000 and 2010 demon-
strated a beneficial effect of adding cabergoline to SRL treatment in patients with
persistent GH excess while on SRL monotherapy [27-31]. Normalization of IGF-1
was observed in 42-56% of patients. Similarly, in the aforementioned meta-analy-
sis, based on individual data derived from 77 patients, IGF-1 normalization was
observed in more than half of patients, with a 30% reduction in IGF-1 after 6
months. The addition of cabergoline resulted in a further 22% reduction in IGF-1
beyond that attributable to SRL monotherapy [22]. Similar to monotherapy, a lower
baseline IGF-1 was the best predictor of efficacy. Cabergoline doses required in the
treatment of acromegaly are, however, two to five times higher (mean 2.5 mg/week)
than the usual recommended dose for hyperprolactinemia (0.5-1.0 mg/week).
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Some retrospective observational studies have demonstrated more conservative
IGF-1 normalization rates of 25-48% with SRL-cabergoline combination therapy
[32-34]. Data from prospective studies also suggest lower efficacy rates of between
30 and 40%. In a study by Mattar et al. [35], IGF-1 normalized in 7 of 19 patients
(37%) when cabergoline was added, at a maximum dose of 3.5 mg/week, to OCT
LAR treatment, with effects persisting at 18 months (range 12-27 months). In
another prospective study, Vilar et al. [36] demonstrated IGF-1 normalization in 21
of 52 patients (40.4%) at 6 months, which was sustained at 12 months. Mean caber-
goline dose required was 2.2 mg/week, with some patients requiring up to 3 mg/
week. Similar to previous studies, a lower baseline IGF-1 of up to 2.2-fold above the
ULN was associated with better outcomes.

There is limited data related to tumor volume reduction in patients who are on a
combined SRL-cabergoline treatment, and mechanisms resulting in GH suppres-
sion are unclear. Baseline prolactin levels, positive immunohistochemical staining
for prolactin, and D2R expression have not been shown to predict treatment efficacy
[34-36]. Importantly, the efficacy of cabergoline appears to wane with time [37].
This phenomenon was recently highlighted in a large retrospective single-center
study of patients treated with cabergoline either as monotherapy or in combination
with SRLs. At a median of 34 months (range 3—88 months), disease control was
demonstrated in 20/62 patients (32%) on combination therapy with cabergoline
(median 2.5 mg/week, range 1.5-2.5 mg/week) and SRLs. However, treatment
escape was seen in in six patients (30%) after 38 months (range 10-55 months).
Overall, long-term disease control was only observed in 23% at 60 months (range
20-88 months) [38]. Interestingly, in this study, pre-treatment GH, but not IGF-1
levels, predicted response to combination treatment.

Results of a combination study that evaluates oral octreotide capsule (OOC) and
cabergoline are published (https://clinicaltrials.gov/ct2/show/NCT02685709) [39,
40]. This is a phase 3, randomized open-label study of patients well controlled on
injectable SRLs, who switch to OOC. The study will assess in a sub-analysis, the
effectiveness OOC-cabergoline combination in those with inadequate biochemical
control on OOC alone in the run-in phase. If successful, this will represent the first
available oral combination therapy that may be suitable for some patients.

The synergistic effect of SRLs and DAs has also led to the development of chi-
meric compounds that bind to both D2R and SSTRs, particularly SSTR2 and
SSTRS. A chimeric compound BIM-23A760 was found to suppress GH more effec-
tively than OCT, cabergoline, or the SRL-cabergoline combination, when used
in vitro. Further studies, however, demonstrated that it produced interfering metabo-
lites that compete with intrinsic drug activity, resulting in decreased efficacy with
repeated injections [41, 42]. Another chimeric compound, BIM-065, has greater
potency and efficacy and lacks interfering metabolites. In in vitro studies, BIM-065
has been found to decrease GH secretion and decrease cell viability in GH-secreting
adenomas, via increased apoptosis [43]. Further studies in acromegaly patients are
needed, but this novel compound may prove to be a promising new option for acro-
megaly treatment.
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Adverse Effects

Adpverse effects that are most commonly reported for SRL-cabergoline combination
therapy include nausea, headache, postural hypotension, and dizziness. Despite
high doses of cabergoline used to treat acromegaly and an inherently increased risk
of valvular disease with GH excess, no association has been found between the use
of cabergoline and the development of clinically relevant cardiac valve disease
(CRVD). In a large cross-sectional and a 4-year longitudinal study, compared to
acromegalic controls, patients who received cabergoline did not have a higher prev-
alence or incidence of valvular regurgitation [44]. Valvular abnormalities seem to be
more likely related to acromegaly disease itself than to cabergoline use [2, 45].

Somatostatin Receptor Ligand and Growth Hormone
Receptor Antagonist Combined Treatment

Greater efficacy has been reported with a SRL-PEG than a SRL-DA combined
treatment therapy, likely owing to the direct effect of GH receptor antagonism in
blocking peripheral IGF-1 production. The newest addition to the armamentarium
of treatment options is the combination of PAS and PEG. First-generation SRL-
PEG and PAS-PEG studies are highlighted in Table 19.1.

Long-Acting First-Generation Somatostatin Receptor Ligands
and Pegvisomant (SRL-PEG)

Primary Efficacy Endpoints

In patients with acromegaly who are inadequately controlled with high-dose long-
acting SRLs, the addition of PEG at a median once-weekly dose of 60 mg (range
40-80 mg) was first reported in 2005 to normalize IGF-1 at any point in 95% of
patients [46]. Subsequently, in one of the largest studies to date, Neggers et al. [47]
reported the outcome of 141 patients (mean IGF-1 1.9 x ULN) who had PEG added
to SRL their treatment regime and were treated for a median of 4.9 years.
Normalization of IGF-1 at any point was observed in 97% of patients with the addi-
tion of a median weekly PEG dose of 80 mg (range 60—120 mg). Treatment out-
comes were similar in patients who had undergone surgery and in those patients
receiving primary medical therapy.

Other multicenter studies, however, have reported lower efficacy rates of 60% at
6-12 months. Van de Lely et al. [48] reported IGF-1 normalization in 79% at any
point in the study, but 58% at the 28-week study ended with PEG-LAN. Similarly,
in a prospective randomized controlled trial, Trainer et al. [49] demonstrated that
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62% of patients on PEG-OCT LAR had a normal IGF-1 at 40 weeks. Interestingly,
in this study, there was no difference in efficacy between this group and those ran-
domized to PEG monotherapy. In a recent analysis of the ACROSTUDY (a long-
term international observational study of patients taking PEG combined with SRLs),
IGF-1 was normal in 62% of patients at 4 years [50]. Of note, however, is that in this
real-world clinical study, patients could switch treatment categories, and at 7 years
after the start of PEG, only 44% of patients remained in the original PEG-SRL treat-
ment category.

Differences in treatment and efficacy definitions may account for differences in
the reported study outcomes. In particular, studies differed with respect to criteria
for normal IGF-1 (below 1.2 x ULN vs below 1.0 x ULN) and with regard to effi-
cacy endpoints. Some studies used lowest IGF-1 achieved at any time point during
treatment [46, 47], while others used fixed time point or end of study IGF-1 to
define efficacy [48-50]. Furthermore, varying study protocols, patient inclusion cri-
teria, dosing regimens, and lack of SRL dose escalation [51] and IGF-1 assays may
also have contributed to the observed differences.

Secondary Efficacy Endpoints

One advantage of SRL-PEG combination therapy over switching from SRL to PEG
monotherapy is the potential to reduce the PEG dose needed to normalize IGF-1
levels. In the aforementioned randomized controlled trial by Trainer et al., PEG
doses were 5 mg/day less (15 mg/day vs 20 mg/day) when used as part of combina-
tion therapy, as compared to monotherapy [49]. Van der Lely et al. [48] also showed
in post hoc analyses that weekly PEG doses could also be reduced by about half in
patients whose IGF-1 levels were similar during PEG monotherapy and combina-
tion therapy. In a similar fashion, SRL dosing may also be reduced when PEG is
introduced. In one study, the addition of PEG (median dose 52.5 mg/week) allowed
a 50% reduction in SRL dose in patients previously well controlled on SRL mono-
therapy [52]. There is, however, significant inter-individual variation in the PEG
dose required to normalize IGF-1 in patients with acromegaly with limited clinical
data to specifically guide dosing and titration when PEG is added to a SRL treatment
regime. Recently, based on a multivariable prediction model, IGF-1 x ULN (but not
GH) and body weight beyond a threshold of 100 kg were found to be positively
associated with the normalization dose in patients on combination therapy [53].
The cost effectiveness of SRL-PEG combination therapy has been evaluated in
a prospective, randomized, open-label, parallel arm study [54]. Sixty patients strat-
ified by SRL dose required for IGF-1 normalization were randomized to three
arms: (Arm A) high-dose SRL (LAN 120 mg or OCT LAR 30 mg, monthly) plus
weekly PEG 40-160 mg/week, (Arm B) low-dose SRL (LAN 60 mg or OCT LAR
10 mg, monthly) plus weekly PEG 40-160 mg/week, and (Arm C) low-dose SRL
(LAN 60 mg or OCT LAR 10 mg, monthly) plus daily PEG (15-60 mg/day). Low-
dose SRL plus weekly PEG was the most cost-effective, achieving IGF-1
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normalization in 95.7%, arate that was independent of previous SRL-responsiveness
and similar to the two other treatment arms (93.3% and 100% in Arms A and C,
respectively).

Another advantage of a SRL-PEG combination treatment is tumor shrinkage or
tumor control [47]. Significant tumor volume reduction (TVR) of >20% has been
reported in 13—19% of patients [47, 55-57]. This is in contrast to PEG monotherapy
whereby tumor growth has been reported, albeit in the minority of patients [21].

In addition, first-generation SRLs have been found to be effective in reducing
headache, and in patients who remain biochemically uncontrolled, the addition of
PEG may achieve the goal of IGF-1 normalization, while maintaining the benefits
of symptom relief with SRLs [58]. Furthermore, one study showed that the addition
of PEG at a weekly dose of 40 mg resulted in improvement in quality of life (QoL)
scores in patients already biochemically controlled on first-generation SRLs [59]. In
this double-blind, placebo-controlled cross-over study, the addition of PEG
improved acromegaly-specific QoL despite an absence of significant IGF-1 changes.

The effects of medical therapies on acromegaly complications are less well
established. Most studies demonstrate a modest negative impact of first-generation
SRLs on glucose homeostasis [60, 61]. Meta-analyses of prospective interventional
studies showed that though the effect on fasting plasma glucose (FPG) was neutral,
SRL treatment reduced insulin levels and increased after-load glucose, leading to
increased hemoglobin A lc, an effect that was proportionate to IGF-1 and GH lower-
ing [62]. Conversely, PEG improves FPG, glucose tolerance, and hemoglobin Alc
in patients when used as monotherapy and in those switched from SRLs to PEG
[63—65]. Of note, in a meta-analysis of 13 prospective interventional studies of PEG
monotherapy treatment, Feola et al. demonstrated that these positive effects on glu-
cose metabolism were independent of disease control [66].

Compared to SRL monotherapy, several small studies have demonstrated
improvements in glucose tolerance with the addition of PEG, but no significant dif-
ferences in FPG, hemoglobin Alc, insulin resistance, or beta-cell function [52, 67,
68]. In one prospective study of 50 patients, FPG levels were lower during SRL-
PEG combination therapy than PEG monotherapy among patients biochemically
controlled, declining further with withdrawal of SRL therapy and maintenance of
PEG monotherapy. A similar effect on glucose tolerance was observed in patients
with active disease [69]. However, in the aforementioned meta-analysis by Feola
et al. [66], based on five SRL-PEG studies, besides a decrease in fasting plasma
insulin, there was no significant effect on other parameters, signifying that overall,
adding PEG may mitigate the negative effect of SRLs on glucose metabolism
toward a neutral balance. Somatostatin receptor ligand-PEG combination may
therefore be especially beneficial in patients with diabetes who have persistently
elevated IGF-1 with either drug when used as monotherapy.

Auriemma et al. [70] reported significant improvement in left ventricular mass
index (LVMi) and diastolic function with the addition of PEG to SRL treatment,
both at 12 months, and in the long term (5 years). Cardiac structure and perfor-
mance correlated with PEG dose, but not IGF-1 levels, suggesting a potentially
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intrinsic role of PEG in blocking cardiac GH receptors, over and above the effects
of IGF-1 normalization and improvement in metabolic parameters, with regard to
acromegalic cardiomyopathy. The significance of this finding needs further
investigation.

Adverse Effects

Transient two- to threefold elevation in liver enzymes has been reported in 11-15%
of patients on SRL-PEG combination treatment [47, 48], significantly >1.5-5.2%
risk reported with PEG monotherapy in clinical practice studies [18, 19]. Incidence
is highest particularly in the first year following treatment and especially in patients
on high-dose SRLs [49]. No correlation has, however, been observed between PEG
dose and the degree of transaminitis [46, 47]. It is hypothesized that the increase in
intrahepatic fat content with combination therapy may account for elevated liver
enzymes [52]. Patients with elevations >3 x ULN need close monitoring, and cho-
lelithiasis should be ruled out. Discontinuation of therapy and a liver biopsy is rec-
ommended if liver enzymes are more than tenfold elevated [47].

Pasireotide Long-Acting Release and Pegvisomant (PAS-PEG)

Twenty percent of patients resistant to maximum doses of first-generation SRLs
may benefit from a switch to PAS monotherapy, achieving biochemical control and
an improvement in acromegaly symptom scores [15, 16]. Consistent GH and IGF-1
lowering is seen for up to 6 years [71], and tumor volume reduction is equal or
slightly superior compared to the first-generation SRLs [16, 72].

Primary Efficacy Endpoints

A combination of PAS-PEG may, therefore, confer an additional advantage over
SRL-PEG. Recently, a PEG-sparing effect has been demonstrated in patients on
PAS-PEG combination therapy, as compared to first-generation SRL-PEG combi-
nation. In a prospective open-label Pegvisomant and First-Generation Somatostatin
Analogues (PAPE Study), patients who were well controlled with SRL-PEG (IGF-1
<1.2 x ULN) were switched to either PAS as monotherapy or a combination with
PEG [73]. Mean PEG dose was 134 mg/week at baseline. After a 50% reduction in
PEG weekly dose to 60 mg/week, 46/61 (75.4%) patients had elevated IGF-1 (1.59
x ULN), following, which first-generation SRLs were switched to monthly PAS
60 mg. Normalization of IGF-1 was achieved in 31/46 patients (67.4%) at 24 weeks
despite the reduced PEG dose. This increased to 71.7% at 48 weeks in an extension
study, albeit with 40% achieving <50% PEG dose reduction at that time point [74].
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Overall, at 24 weeks, a cumulative 66% PEG-sparing effect was observed with the
switch from first-generation SRLs to PAS, which reduced to 52% at 48 weeks.

Secondary Efficacy Endpoints

There is limited data on tumor response with PAS-PEG combination therapy.
However, PAS monotherapy studies show that TVR occurs more frequently in
patients using PAS than in patients whose disease is inadequately controlled on
first-generation SRLs (54% vs 42%), with a 25% TVR observed in the former and
18% reduction observed in the latter [16]. Theoretically, there may, therefore, be a
beneficial effect on tumor response compared to patients on SRL-PEG combina-
tion [75].

In the PAPE study, authors observed a significant improvement in global
AcroQoL with greatest improvements observed in the physical dimension; improve-
ment in QoL was associated mainly with improvement in symptoms of fatigue and
headache [75].

A published small case series also highlights the role of PAS-PEG in treatment-
resistant acromegaly. Six patients with giant, invasive pituitary adenomas and per-
sistent disease resistant to first-generation SRLs received second-line medical
therapy, including SRL-PEG and PAS monotherapy. After failure of all other treat-
ments, biochemical control was finally achieved only through combination therapy
with PAS and PEG [76]. Of note, in this case series, a greater SSTRS and lower
SSTR2 expression in the pituitary adenoma was found in those responsive to this
combination, as compared to a control of patients resistant to SRLs but controlled
with other treatments such as PAS monotherapy, PEG monotherapy, or SRL-
PEG. Though in vitro studies suggest a lower SST2/SSTRS expression in PAS-
responders [77], an in vivo study demonstrated that the IGF-1 lowering effects of
PAS treatment seemed to be mainly driven by SSTR2 expression as opposed to
SSTRS [78]. Further studies are needed to ascertain which patients will benefit the
most from PAS-PEG combination.

Triple combination therapy is rare; however, a combination of PAS, PEG, and
cabergoline has been reported to be effective in IGF-1 normalization in a patient
resistant to all other treatments [79].

Adverse Effects

While the PAS safety profile is otherwise comparable to first-generation SRLs, PAS
is associated with a greater frequency and degree of hyperglycemia-related adverse
events [16, 72, 80] that can be explained by its affinity binding. Glucagon-producing
pancreatic a-cells predominantly express SSTR2, whereas insulin-producing p-cells
mainly express SSTR2 and SSTRS. By binding with high affinity to SSTRS, PAS
suppresses insulin secretion, but only modestly inhibits glucagon secretion [81],
leading to hyperglycemia. As in PAS monotherapy, hyperglycemia is also
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commonly encountered with PAS-PEG treatment. In the PAPE study, FPG increased
significantly after the start of PAS treatment, rising from 6.1 mmol/L (95% CI
5.9-6.3) to 9.1 mmol/L (95% CI 8.1-10.1), and hemoglobin Alc rising from 6.1%
(95% CI 5.9-6.3) to 7.3% (95% CI 6.9-7.7). The incidence of diabetes mellitus
doubled from 33% at baseline to 69% after 24 weeks, with baseline hemoglobin
Alc being the most important predictor for development of diabetes. Incidence of
diabetes increased further to 77% at 48 weeks of treatment. Most patients required
treatment with a combination of metformin and a dipeptidyl peptidase 4 (DPP-4)
inhibitor. Nine of 59 patients discontinued PAS-LAR due to severe hyperglycemia,
which improved after switching back to first-generation SRL-PEG treatment [73,
74]. Of note, no significant elevation in liver enzymes was observed in patients in
the PAPE study.

Therefore, the PEG-sparing effect of PAS may be most beneficial to patients
without diabetes using low PEG doses (<80 mg/week) during combination therapy
with first-generation SRLs. Close monitoring for hyperglycemia is recommended in
all patients treated with PAS. Patients whose disease is biochemically controlled
with first-generation SRL-PEG but who develop symptoms toward the fourth week
after SRL administration may also have symptomatic relief after switching to PAS-
PEG combination [75].

Cabergoline and Pegvisomant Combination Treatment

Limited data is available on cabergoline-PEG (CAB-PEG) combination therapy. In
the only prospective trial to date, this combination therapy was found to be more
effective than either drug used alone [82]. Twenty-four patients with active disease
(mean IGF-1 1.8 x ULN) on no treatment or after withdrawal of DAs or SRLs were
treated with cabergoline monotherapy titrated to a maximum dose of 3.5 mg/week.
Only two achieved normal IGF-1 levels after 18 weeks. The addition of PEG 10 mg/
day for 12 weeks normalized IGF-1 in 13 (68%). When cabergoline was withdrawn,
only five patients (26%) continued to have normal IGF-1 levels and demonstrated
greater efficacy with the combination than either treatment as monotherapy.

In another retrospective observational study, 14 patients partially resistant to
first-generation SRLs and with elevated IGF-1 (median 1.6 x ULN) were placed on
PEG monotherapy (mean 20 mg/day) [83]. The addition of cabergoline (final dose
1.5 mg/week) normalized IGF-1 in 4 patients (28%) after 18 months. It should be
noted that all four had received prior radiotherapy. The relatively lower dose of cab-
ergoline used, as compared to that commonly required in acromegaly, may account
for the lower efficacy observed in this study. The nadir IGF-1 achieved, but not the
rate of IGF-1 normalization was significantly associated with baseline prolactin lev-
els. No significant TVR was observed in this study. Based on the ACROSTUDY
[50], at4 years, IGF-1 normalization in patients on CAB-PEG was similar to patients
on SRL-PEG combination treatments (63% and 62%, respectively), though as pre-
viously noted, patients could switch between treatment categories.
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Overall, as compared to PEG monotherapy, an increased use of combination
therapy with SRLs or DA has increased, from 20% in 2003 to 54% in 2012. No
significant impact on hepatic function has been reported with this CAB-PEG com-
bination treatment and, overall, appears to be well-tolerated [82, 83]. While no data
is available, based on PEG monotherapy studies, a CAB-PEG combination treat-
ment is likely to have a neutral, if not positive, effect on glycemic control.

Conclusion

The management of patients with acromegaly who are inadequately controlled
after surgery and first-line medical therapy with first-generation SRLs remains
challenging. While further SRL dose optimization, tumor debulking, or switching
to PAS or PEG monotherapy may be options, combination therapy should also be
considered. In particular, first-generation SRL-PEG combination treatment leads to
good biochemical control in the majority and is recommended in patients with no
significant response to first-generation SRLs. In those who respond well, reduction
in individual drug dosage and frequency of subcutaneous PEG injections may be
possible thereafter, which may be both cost-effective and improve QoL. Availability
of OOC might increase combination therapy use as patients will only require one
injectable therapy. Furthermore, in patients with mild deterioration in glycemic
control with first-generation SRLs, the addition of PEG may negate this effect. As
compared to PEG monotherapy, this combination may also provide additional
symptom relief and TVR and may be considered in patients with large remnant
tumor volumes.

In patients with uncontrolled disease, tumor growth, or persistent symptoms
despite high doses of first-generation SRL-PEG, switching to PAS-PEG is a viable
option. A PEG-sparing effect may also be observed in patients taking SRL-PEG
on low PEG doses of 80 mg/week or less, if switched to PAS-PEG. This again
allows for a reduction in PEG dose and injection frequency. These benefits, how-
ever, have to be balanced against the propensity of the PAS-PEG combination to
worsen glycemic control and may not be suitable in patients with underlying dia-
betes mellitus.

The addition of the relatively inexpensive, well-tolerated, and orally adminis-
tered cabergoline to SRL treatment is most likely to be effective in patients with
mild IGF-1 elevations 1.5-2 x ULN, though patients will need to be monitored for
treatment escape. While less data is available, the combination of PEG and cabergo-
line may be useful in a subset of patients with mild IGF-1 elevations, particularly in
the setting of SRL-intolerance, if the cost of SRL-PEG is prohibitive, or in patients
with poorly controlled diabetes.

Ultimately, individualization remains key to the management of patients with
acromegaly and patient characteristics, including disease activity, tumor volume
and location, symptoms and comorbidities, patient preferences, and QoL, and the
cost effectiveness of combination therapy needs to be considered [84].
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Long-Term Follow-up of Patients
with Acromegaly

Lewis S. Blevins Jr.

A lot has changed in the more than three decades since I first started caring for
patients with acromegaly. In the early 1990s, most patients underwent surgery and
received radiotherapy as adjuvant treatment. Bromocriptine was then the only drug
available to treat patients with residual and recurrent disease, and it normalized
IGF-1 levels in only about 15% of patients [1]. Long-term follow-up and manage-
ment focused on control of tumor and, mostly, management of the comorbidities of
disease in those with active acromegaly. Today, because of a combination of
advances in surgical therapy leading to improved remission rates, radiotherapy to
control residual tumor, and with several classes of drugs available to treat patients
with residual and recurrent disease, we are now able to achieve and maintain control
of tumor growth and GH and IGF-1 levels in a majority of patients. These abilities
are despite current recommendations that call for tighter control than was required
three decades ago. The natural history of treated acromegaly has changed. While we
still see occasional patients with significant morbidity due to the disorder, one
encounters these dastardly complications with less frequency due to the develop-
ment of effective treatments. In fact, most of my recent patients with cardiac disor-
ders or severe arthropathy requiring joint replacement had complications because of
a considerable delay in diagnosis rather than due to persistent disease after treat-
ment. I will say, however, that all patients with acromegaly, whether they enter
remission after initial surgery or have residual or recurrent disease requiring multi-
modal therapy, require long-term follow-up (lifetime) for several important reasons.

There are several reasons it is difficult to gain true estimates regarding the remis-
sion and recurrence rates after surgery in patients with acromegaly. Much of the
variance in the literature is related to the experience levels of the surgeon’s reporting
their outcomes. Some of the differences are related to the variable criteria used to
define a successful surgical procedure. Laboratory assays employed over time also
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affect the results. Further, longitudinal follow-up studies are of different lengths of
time, and many are not of sufficient duration to make any real inferences as to actual
recurrence rates. Silverstein wrote “a substantial number of patients (48.0-72.4%)
will have persistent acromegaly despite treatment with surgery, medical therapy,
and/or radiotherapy and ~2—-8% of patients who achieve remission with surgery will
experience disease recurrence within 5 years” [2]. So, what do we tell our patients?
How do we proceed? It’s actually very simple and straightforward. I tell all patients
they may have residual or recurrent disease after surgery, and they require lifetime
follow-up. I am, however, able to make some generalizations based on my experi-
ences with a small number of excellent surgeons. I have included these estimates in
Table 20.1 as an example of the information that I provide to my patients so that I
may manage their expectations. While most patients with acromegaly experience
recurrences within 5 years, I’ve seen patients recur more than a decade after initial
successful surgery illustrating the need for long-term follow-up.

Responses to radiotherapy in patients with acromegaly are highly variable and
seem to depend on tumor size, biology, and other unknown factors. It is conceivable
that success and even the time to normalization of IGF-1 is also dependent on
whether the entire tumor was irradiated as there are patients who have recurrent
disease in an area of the original tumor bed where stereotactic radiosurgery to resid-
ual disease might have not been administered. It’s tempting to compare stereotactic
radiosurgery to conventional radiotherapy, but there is inherent bias in patient selec-
tion for one modality or the other based on tumor size and proximity to vital struc-
tures, so the comparisons are invalid. In general, three-fourths of patients who
receive conventional radiotherapy will normalize IGF-1 levels within a 10- to
20-year period after treatment [3]. Following Gamma Knife radiosurgery, as many
as three-fourths of patients will normalize IGF-1 levels within 15 years and half will
do so by about 7 years after treatment. I have seen patients with minimal disease
treated with Gamma Knife radiosurgery who have required medical therapy for 12
years and others with large tumors who received conventional radiotherapy who
required therapy for less than 5 years. Long-term tumor control is achieved in most
patients provided that all viable residual or recurrent tumor is irradiated. These
approximations are useful in educating patients and in planning for ongoing assess-
ments of disease activity in medically treated patients. My approach in these patients
has been to follow the IGF-1 level at 6-month intervals once stability on medical
therapy has been achieved. When the IGF-1 starts to decline from a treatment

Table 20.1 Likelihood of remission in acromegaly after surgery based on tumor characteristics

Tumor characteristics Likelihood of remission (%)
Intrasellar microadenoma 92-97

Intrasellar macroadenoma 87-95

Suprasellar macroadenoma 70-90

Macroadenoma invading medial cavernous sinus 40-50

Macroadenoma invading lateral to carotid artery 0

Macroadenoma >4 cm 0
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average level, I presume the patient is responding to radiotherapy. Then, I taper
medical therapy as able, and, when the IGF-1 level remains controlled on the lowest
dose of medication, I discontinue therapy and follow the IGF-1 at monthly intervals
for a year then twice a year thereafter. If the level rises to above the third quartile of
the normal range and the patient develops symptoms of active acromegaly, I reiniti-
ate medical treatment at the lowest dose that was providing control. Obviously,
treatment is resumed in those patients in whom the IGF-1 exceeds the upper limit of
normal during a period of follow-up. I usually discontinue medical therapy and
reassess over time in those patients whose IGF-1 levels fall below the lower limit of
the normal range. Once a patient has demonstrated a response but still requires
medical therapy, I often withdraw therapy annually and assess the need for contin-
ued medical therapy. Invariably, a patient will simply no longer require medical
therapy and then can be followed every 6 months for a couple of years and then
annually provided they maintain normal IGF-1 levels.

Magnetic resonance imaging of the sella should be performed only when clini-
cally indicated [4]. In patients with residual or recurrent disease, I tend to perform
imaging studies only when it is necessary to assess for tumor growth or else regres-
sion in response to treatment. Frankly, the choice to do imaging should be made
according to need; there are no specific guidelines for performance of serial imag-
ing in these patients since every single patient is different from the others affected
with acromegaly. In patients who have been rendered disease free or are in remis-
sion, I favor deciding on follow-up imaging based on the results of GH and IGF-1
levels. A rise or elevation in one of these parameters of disease activity and, espe-
cially, if there is failure of GH to suppress in response to oral glucose should prompt
imaging to assess for recurrent tumor. I am more inclined to do regular imaging in
those in remission after treatment of residual or recurrent disease.

I tend to follow GH and IGF-1 levels every 6 months for a few years then annu-
ally for life in patients who achieve remission after therapy. I've learned that bio-
chemical presence of disease oft precedes any abnormalities that may be seen on
imaging studies. Rises in GH alone are evaluated further with the assessment of GH
after an oral glucose load. IGF-1 levels that continue to rise through the normal
range, and, especially, if associated with symptoms consistent with acromegaly,
should be considered as a sign of recurrent disease. Patients with discordant IGF-1
and GH levels should be evaluated carefully and followed long-term to determine
the best time to intervene [5]. These biochemical parameters are assessed more
regularly but on an as-needed basis in patients on medical therapy.

The long-term follow-up of patients with acromegaly should also include peri-
odic assessments for complications of treatment. Hypopituitarism and diabetes
insipidus are just two of the common complications that may result from surgery
and necessitate treatment [6]. Patients who have received radiotherapy and espe-
cially in the setting of having had large tumors and multiple surgical procedures
should undergo annual screening to evaluate pituitary functions since there is a risk
of radiation-induced hypopituitarism in a significant number of patients.
Replacement therapy may be required, and treatment should be assessed in a man-
ner, combining clinical and laboratory assessments, to ensure that specific hormone
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replacement therapy is optimized. Some patients develop clinically important GH
deficiency, and replacement therapy should be considered in the absence of contra-
indications to treatment. Though rare, second neoplasm and vascular malformations
may complicate radiotherapy and should be considered in symptomatic patients
who received conventional radiotherapy. Medications used to treat acromegaly are
not without side effects. Treating physicians should familiarize themselves with the
relevant side effects and assess treated patients regularly for symptoms and signs of
a variety of complications specific to the drugs employed in the management of
these patients.

Importantly, follow-up must include surveillance for complications of long-
standing or poorly controlled acromegaly [7]. Many patients in remission for will
require treatment for one or more comorbidities of their disease as the consequences
of GH and IGF = 1 excess are not fully reversed after successful treatment. In fact,
many of these, such as the arthropathies, inexorably progress despite remission.
Some patients require ongoing evaluation and management of conditions such as
diabetes mellitus, hypertension, osteopenia, osteoporosis, nephrolithiasis, cardiac
failure, colon polyposis, sleep apnea, and psychosocial consequences of their disor-
der. I’ve seen patients with acromegaly who have suffered from various malignan-
cies including those of the skin, gastrointestinal tract, genitourinary tract, lung, and
breast. While I don’t recommend any particular screening schedules for malignancy,
treating physicians should individualize their recommendations to individual
patients based on factors such as age, other risk factors and disease processes, fam-
ily history, duration of disease, etc.
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Chapter 21
Acromegaly from the Perspective
of a Patient

Jorge D. Faccinetti

A Perspective

Perhaps, one of the more fascinating things about living with acromegaly, as well as
the journey you embark on when you have this disease, is that the farther away you
move on from the day of diagnosis, at least for me, the least you feel like a patient.
You either get used to it, or you forget what it is like not to have it. Not sure which
one. Regardless, early on, I knew I would have to adapt my life to a new normal.
Gone were the days of long hikes, tennis, biking in the mountains, skiing, and other
sports. Understanding early in the disease process that life would not be the same
worked well for me. I adapted. It is not that I don’t often experience the disease’s
effect: the tiredness, the joint pain, the slow metabolism that makes weight manage-
ment a struggle, the daily injection, the surgeries, and the physical therapy. I sup-
pose you can say that pretending it’s not there is not smart. I think it is more like I
know you are there, but I’'m ignoring you, and to the extent that is possible, it makes
it easier to get on with your life with as few challenges as possible. And by what I
can gather from my personal experience and listening to virtually thousands of peo-
ple with acromegaly, a much healthier way to deal with everything that comes with
it. It is better than spending your life lamenting you have it. But listen, it’s always
best to look at the positives in everything. Right? I always looked for the positive
side in any situation and this disease wasn’t going to change it. Whining, complain-
ing, and feeling sorry for myself was not going to happen. Not in this lifetime.

Which brings me to the word lamenting; it reminds me of the Pope. I'm not par-
ticularly religious, but I have a great deal of respect and admiration for Francis, the
Pope. He is simple and direct. No nonsense. Not sure where this admiration comes
from since I’ve never been particularly fond of Popes.
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I grew up with Italian Catholic paternal and Scottish Protestant maternal grand-
parents, so organized religion has never been an essential part of my life. It was
more like an annoyance peppered with people telling me how to think, convinced
that their views are better than the others. So, I opted very early in my life not to give
religion too much importance. Curiously, the Pope and I have a few things in com-
mon: our first name is Jorge. We were both born in Argentina, the Pope in 1936, I in
1954 (I emigrated to the USA in 1973). Both our paternal families were Italian, and
coincidentally, we both have the same sign in our homes: the Pope’s is a placard, in
Italian, that says “Vietato Lamentarsi,” which translates as “forbidden to complain”
[1]. Mine is a little rock carved with two words: “No Whining,” which means the
same thing. I don’t know how long the Pope has had this emblem, but mine has been
there for 30 years. It was handy during my two sons’ teenage years. The Pope’s sign,
roughly translated from Italian, goes on to say, “violators are subject to a syndrome
of always feeling like a victim and the consequent reduction of sense of humor and
capacity to solve problems.” The “vietato lamentarsi,” no whining, mantra has been
in my home for quite a long time.

Acromegaly is a disease that requires problem-solving, so you’re going to need
an ethos that allows you to be positively engaged. And it is not the same for every-
one. I remember early on in a conversation with Dr. Blevins, where he said, “You
know, you can have 150 people with acromegaly in a room and you will find 150
different disease states.” And that means that acromegaly affects everyone differ-
ently. That stuck with me and it’s been very helpful in my ability to understand it
and, through that process of understanding, relate to other people who have it.

When I was diagnosed with acromegaly in 2010, the first order of business was
to learn the facts about the disease. I clearly understood that even though it comes
with a whole host of complications, it is treatable and manageable. The second
order of business was to get over the shock of it all and wrap my mind around the
fact that my condition was missed by everyone and could have potentially been
“cured” if someone would have recognized it earlier. Many doctors and other health-
care professionals, say a dentist or physical therapist, didn’t recognize the signs and
symptoms and my diagnosis was delayed for 28 years. I’ve heard literally thousands
of people with acromegaly describe their stories and journeys and they are all very
similar to mine: things start growing, blood pressure goes up, blood sugar goes up,
teeth start moving, energy goes down, and bones and joints start hurting; doctors
and other healthcare providers in positions to recognize the symptoms don’t recog-
nize them, so it takes an average of /0 years to diagnose acromegaly and that is
preposterous. It is senseless because an early diagnosis would preclude many of the
related conditions—or to use a medical term, “comorbidities”—from happening.
Quality of life would be considerably better, even if the condition remains chronic
and you have to manage it with medication. I should add that typically you would
only require medication if you have a residual tumor, and obviously a residual tumor
happens if the surgeon can’t resect it all. The longer you have the disease unrecog-
nized, the bigger the tumor, the tougher it is to resect. You get the picture.

The third order of business was to stop whining and do something. So, after
many San Francisco Café discussions with Lewis Blevins M.D., we created Pituitary
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World News, a doctor-patient collaboration with two basic goals in mind: one, to
work to, through basic awareness strategies, try to reduce the time it takes for some-
one to get diagnosed properly and, two, to connect through leaders with patients,
and, in doing so, provide a platform for collaboration that would result in creative,
innovative ways of solving problems and make life better for people that have to
deal with this disease. I’ll tell you more about this effort later in the chapter.

The Diagnosis Story

For me, it all started early spring 2010, when I couldn’t stand for more than 10 min
or walk a few blocks without feeling intense, sharp pain. The pain moved from the
lower back to the groin to the legs. It was worse on the right side. A few calls to my
primary care doc yielded a “humm those hips look pretty bad” and a referral to the
local Lake Tahoe orthopedist group where I live. A great group of physicians if you
have a ski injury but frankly not very good at anything else. I immediately called
friends, did some research, and ended up at Dr. John Dearborn’s office at the Institute
for Join Restoration in Menlo Park, California, just South of San Francisco in the
famous Silicon Valley.

John Dearborn, M.D., has a stellar reputation and has performed thousands of
these operations. He immediately recommended a hip replacement. After showing
me the X-ray and pointing out where the bone hit the bone, he explained exactly
where they pain was coming from and how it typically moves through your body.
It’s called referred pain. Where it hurts is not actually where the injury is. My hips
didn’t really hurt. It was everything around it that felt like it was going to explode.
He proceeded to explain how he noticed unusual bone plates and how the femoral
head had grown too big for the socket, called the acetabulum, and “by the way,” “I
think you have a condition called Acromegaly,” he said. That was the first time I had
heard the word. Well, actually, I had heard it before in a documentary about the Irish
Giants. But that’s beside the point. The simple truth was that it was the furthest thing
I could have imagined. Not on the radar, at all. I think he had a few more questions.
He mentioned something about growth hormone and whether I was aware of other
issues. Through the shock of it all, I really don’t remember what he said after that. I
never, ever thought I could have something like acromegaly. “I was no giant,” I
reasoned, although I had gained weight, my shoe size increased a few sizes, and
could no longer play my guitar. My fingers had gotten so big I could no longer do
basic chords. He told me what it was and what causes it. I must have looked at him
in horror because immediately after he felt compelled to tell me I was not going to
die and, I think to make me feel better, then proceeded to explain how a colleague
of his had Acromegaly and had had a golf ball-size tumor removed from his pitu-
itary gland. “This is serious but treatable,” I remember him saying. “You really
should see an endocrinologist if you haven’t done so already,” he added. ““You need
to see someone now” he said. It was like a bucket of cold water in your face.
Strangely, somewhere during that whole surreal event with Dr. Dearborn, I
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remembered that a few months before one of my dearest friends, a neurologist, had
asked me if I had ever had my hormones checked. Ah, of course, I now realized
that’s what my friend Evye was telling me. I remember that moment to this day, but
at the time I dismissed it, not sure why. Likely because somewhere in my uncon-
scious, and I really don’t want to get too Freudian here, I didn’t want to deal with it.
Honestly that is the best I can do to offer an explanation as to why I didn’t pay much
attention to what she told me. To this day, I wonder why I reacted the way I did, and
really did nothing. Now, in retrospect, I know now exactly what she meant. I remem-
ber thinking there were several signs. It was so farfetched that something like a
hormonal condition could be affecting me that I just didn’t react.

And there were more early signs. A high school friend, whom I had not seen in
decades, during a reunion dinner in 1996 in Argentina, made a comment about
growth hormone. You see, he knew me when I was 18 years old and weighed 119
pounds, which incidentally was the last time had I had seen him before I immigrated
to the USA in 1973. He is a physician, so he knew what he was looking at during
that reunion. Many years later, he told me he had suspected a problem, but he never
said, “Hey, there is something wrong with you! You need to get checked.” I told him
in a recent conversation about this book and asked him if he remembered our con-
versation. He told me he clearly remembered briefly telling me, albeit timidly, about
his suspicion. At the time, I didn’t process it. After all, this was dinner with my
dearest high school friends, a night where we celebrated seeing each other after 25
years of being away, full of anecdotes, remembrances, and camaraderie where it
often felt we were still 16. Whatever he said, I sadly didn’t hear it, or simply dis-
missed it.

I started gaining muscle in my late 20s. I could run for miles and bike all day long.

I could hit the hell out of a tennis ball and play all day. I didn’t spend too much
time at the gym working out. It was like the workout ferry had touched me “you
must be doing something right,” I kept thinking. I didn’t have an ounce of fat in my
body. But then, in my early 40s the pain started. First the lower back, then ankles,
then the knees, and then I think everything that could hurt did. I remember many
days getting up in the morning and thinking, “Humm, I didn’t know you could hurt
there.” It was a clear as a bell. I know now what Dr. Charlie Craig, my pediatrician
friend in Argentina, and my dear friend Dr. Evye Szanto asking about my hormone
had meant. It made total sense. But I, in a sea of naivete, reasoned I was aging, and
when you age, you change, and to me, that was normal.

I remember getting home after my appointment with Dr. Dearborn and Googling
“Acromegaly,” as we all do when we have no clue about something, and there it
was! “How is this possible,” I thought. People that looked like me filled the screen.
I read through the symptoms and started checking each one of them — high blood
pressure, check! High blood sugar, check! Skin tags, check! Tired, check! Joint
pain, check! Fatigue, muscle weakness, check! “I have almost every symptom
listed,” I screamed loud enough for my wife to hear me three rooms away. “You
mean to tell me other people are running around with this?” “I have most of the
physical characteristics!” I added. “Wait a second, Andre the Giant has acromegaly?
Don’t any of these doctors I've seen for 30 years know about this?” “My



21 Acromegaly from the Perspective of a Patient 281

grandmother could have diagnosed me. I could have diagnosed it,” I thought angrily.
It was so evident to me!

I felt ignorant, then angry, then depressed. But I also realized then and there that
I should have been more aware as a patient. Perhaps, if I had been more aware of
potential pituitary conditions, I could have asked better questions and helped the
doctors focus on a diagnosis earlier. Then, the symptoms and the changes would
have registered as not normal and usual. Particularly since my doctors treated the
symptoms and never once questioned an underlined reason. I knew things would get
better, but growing for 30 years had done irreversible damage to my bones and
joints. That was the end of some of my favorite things: tennis, backpacking, hiking,
and even standing and walking for long periods. I was going to have to adjust to all
of that.

The Surgery and Treatment

I met Dr. Lewis Blevins and Dr. Sandeep Kunwar for the first time at UCSF Center
for Pituitary Disorders on a dreary, grey, drippy November San Francisco morning
in 2010. “How fitting,” I thought; when you’re going to get bad news, it is usually a
day like today, wet, windy, and miserable. But, in sharp contrast to my expectation
of bad news, they were amazingly reassuring, particularly to my wife Carol, who
was very worried. After all, it is not every day someone tells you you have a tumor
in your head. Yet, for some strange reason, I was as calm as I’ve ever been. Finally,
knowing what had been bothering me for so many years was like a 5000-pound rock
lifted off my back. “Well,” Dr. Blevins said, “you’ve been growing for 30 years, and
we’re going stop that.” ““You are going to be feeling much better,” he said. As I lis-
tened to their explanations, the surgery, medical treatment steps, and what the future
would hold, I was as reassured as anyone could ever be and could not wait to get this
thing out of my head. I felt fortunate to be where I was.

After transsphenoidal surgery removed 95% of the pituitary adenoma, I remem-
ber thinking I wanted to do something to help raise the awareness of acromegaly
and pituitary disorders. “People should be diagnosed early and properly. I can use
my skills to do this,” I thought. I studied communication and marketing and later
specialized in qualitative research, which meant that I could glean insight from peo-
ple and collect information that could help us understand how best to communicate.
I spent 35 years working with advertising firms and national and international cli-
ents, helping their marketing department understand the different ways to get their
stories and products known.

My perception at the time was that many people were spending a lot of time try-
ing to educate the world about pituitary disorders. But it was also evident that the
word was not getting out fast and efficiently enough. Too many people are still
without a proper diagnosis because the disease is not recognized or suspected early
enough. There was a real need here. Early diagnosis would mean real tangible
impacts in this patient population.
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In one of my follow-up meetings with the UCSF team, I told Dr. Blevins I wanted
to help and get involved, and he immediately connected me with many people and
organizations. Dr. Blevins and I have developed a great friendship over the past
years. I have great admiration for his skills as a doctor and as a friend. We’ve spent
many moons chatting about how and what to do to help educate and inform.

Pituitary World News

The online e-magazine Pituitary World News was our first effort. The doctor-patient
collaborative approach would be very helpful to communicate, not just the medical
and scientific knowledge but also what it is like to live with a chronic condition,
right from the horse’s mouth. We also wanted to give patients and their perspectives
a seat at the table. We started publishing articles of general interest, medical knowl-
edge, updates, opinions, insight, resources, and helpful reading so people could
manage their disease. Importantly, we wanted to provide ideas and knowledge for
people to improve the way they work with their physicians and healthcare teams.
The simple idea was to generate conversation and amplify pituitary disease scien-
tifically based content. But when we started in 2014, we really weren’t sure what
and how we were going to do it. I knew, because of my background that awareness
was key. But awareness is not just talking about something. How you talk about it
matters. Messages have to break through; people have to want to read them. That
takes effort, knowledge, and an understanding of the audience. Yes, we did have a
strategy, but I can honestly tell you, we didn’t have a clue how it was going to
develop or if it was going to take off at all. Let’s just get started, we thought, and
stop talking about it. Let’s give anyone that wants to work with us an opportunity to
frame their issues and experiences in their own words, we said to ourselves.

I always thought that it was better to “Just do it” [2], to steal the great Nike adver-
tising tag line, and learn, fine-tune, make it better, ask for opinions, try new things,
rather than planning until you’re green and leaving ideas in a file somewhere, never
to see the light of day. Many great initiatives die in the concept stage because they
are never tried; they are never tested in the real world because some focus group
somewhere has a few negative comments or opinions. I can’t tell you how many
times I’ve seen so called marketing research kill great ideas. In the communications
business, unlike the scientific, medical world, if you're going to test ideas, you do it
as you go. This is exactly what Nike did, and they became one of the most powerful
brands in the world. Like I was saying, we had a strategy, and the logic went some-
thing like this: if we could, through our communications and content development
efforts, provide relevant information and amplify the conversation, so these diseases
become better known, how they affect someone, we may be able to affect diagnosis
times. We think that if patients know more about the disease their questions may
focus the physician to think about the possibility of a pituitary disease, and con-
versely, with more awareness of the disease, the Doctor will have it on the radar and
inevitably put it on the list of possibilities sooner, or at the very least suspect it. If
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anything close to that dynamic would have happened with me, I could have possibly
been diagnosed ten or fifteen years earlier. The signs were all there. All it would have
taken is someone to recognize it and send me to get an IGF-1 test. It’s that simple!

Pituitary World News grew as a communication and publishing platform. It
evolved and is still evolving into a platform where industry experts, pharmaceutical
company executives, medical personnel, physicians, scientists, patients, patient
advocate groups, families, and everyone who has been touched by a pituitary disor-
der can collaborate for the greater good of patients, their families, and the healthcare
community in general. Since our founding in September 2014, we’ve been writing
about pituitary disease and listening to people’s experiences, through their com-
ments and feedback, about their journey with diagnosis and treatment. We have
been learning from the many voices of the people affected by this tough disease and
its many related conditions. As patients, doctors, communicators, and publishers,
we work to understand the importance of our collective experiences to find solutions
that are effective, sustainable, and long-lasting. We have written hundreds of articles
and produced audio podcasts and video educational series on these devastating
conditions.

A big piece of the solution, we learned, is rather simple; listening to patients’
voices will advance care and, most critically, aid in the development of new treat-
ments. The good news is it seems these channels of communication and collabora-
tion are taking shape. Many patient advocacy organizations, physicians, healthcare
professionals, industry, and governmental organizations have joined us by sharing
the content we produce and contributing to the effort with opinions, articles, and
awareness initiatives.

The role of awareness and strategic communication is well understood in the
business and marketing academic literature [3]. Further the role of strategic com-
munications is well documented in successful efforts to affect behavior change and
adherence to social causes. Strategic communications can make a difference, but it
has to be done right.

Language and imagery are critical to the impact content can have. Stigmatized
images, particularly the ones associated with pituitary disease, especially with acro-
megaly, affect how people perceive the disease. Take, for example, Andre the Giant.
A recent documentary about Andre the Giant caught my attention specifically how
the producers treated his gigantism and acromegaly [4]. Andre Roussimoff, that was
his real name, was a French professional wrestler who suffered from gigantism and
later acromegaly. He was once called the 8th wonder of the world. This was an
intense documentary about the crazy world of professional wrestling and the tragic
life of a person with an “extreme,” let me say that again, an “extreme” case of gigan-
tism and acromegaly who did not get or, according to the producers, refused
treatment.

Throughout the film, I could feel his sorrow. It made me angry and sad, so much
so that several times I couldn’t help but flip the channel and walk away. I eventually
resorted to the “On Demand” feature to watch it in its entirety. “If I'm going to have
an opinion about this, I need to sit through it,” but I kept thinking, Andre the Giant
is the last thing I want people to think about when they think about or hear the word
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acromegaly. Here I was watching someone with a debilitating disease that I know
all too well and have, unfortunately, firsthand experience with, and all I could see
was a sad human being far, very far from the reality of the thousands of people that
deal with the disease. It was unfortunate acromegaly was even mentioned in the
documentary, which concluded with a segment about the inevitability of his fate
when he died of a heart attack at age 46.

For those of us who are in the business of increasing awareness, educating, and
informing people about pituitary disease, this documentary underlined the stigma of
the illness. Let me try to explain what I mean. When all people see are extreme
cases, they think this could never happen to them, and, in my humble opinion, there
is a good chance they will ignore it. I can’t remember what I knew or felt about
acromegaly before my diagnosis, but the thought that I could have what Andre had
was so far from the possibility of ever happening to me, or so I thought, the disease
didn’t register even for a nanosecond.

Most people with acromegaly look very much like everyone else. Early in their
disease process, most people don’t have the unusual physical characteristics so
often photographed in the medical and popular literature. Perhaps, if we paid less
attention to the physical issues and more to other signs of the disease, we’d be catch-
ing it earlier before it starts wracking havoc with people’s physiques and metabo-
lism. Typically, once physical changes manifest themselves, the disease has taken a
firm hold in a person. And, if all we are looking for are the physical manifestations,
we will never achieve meaningful change to significantly reduce the time it takes to
recognize it and diagnose it.

The Work and the Learning Continues

A pituitary disease diagnosis gives you perspective. Suddenly, you are immersed in
knowledge that you didn’t have a clue about before. The science is fascinating;
hormones, the pituitary gland, genetics, therapies, research, and the everyday life
new things you are force to think about are endless. I often ask my friends who have
experience with acromegaly what they would do if faced with this scenario: imagine
you’re sitting at an airport, I tell them, suddenly someone sits next to you. You look.
Then look again. The features. The hands. “Yes, I think this person has acromegaly,”
you say to yourself. “Or, maybe not. Hmm, not sure. But it sure looks like it. I
should know; I have it! Once you know acromegaly, you can’t miss it, right?” Hmm,
what to do? Do you say something? Of course, you do! Or do you? But what? How
do you approach it? How do you walk up to a complete stranger and tell them you
think they have a disease—maybe you should say “condition,” that sounds a bit bet-
ter, you say to yourself—and by the way, who the hell are you to get involved? What
makes you an expert? Are you a doctor? Are you nuts? This may very well be the
response you get, but you can’t just leave it alone! How do you start this conversa-
tion? All this goes through your head in a split second. But in the end, you just can’t
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let this person disappear. What if they don’t know? How much longer will it be until
someone else notices? Will they suffer for 10 or, worse yet, 25 years, wondering
what’s wrong with them? This scenario is not that uncommon. It happens pretty
frequently.

I have run into it twice since my diagnosis. The first encounter was so evident,
but I didn’t know what to do or how to approach it. My hesitation was not knowing
how to verbalize it clearly. Maybe say, “I was recently diagnosed with a disease
called acromegaly and you look like you have some of the physical characteristics
of the condition. This is a tough disease but it’s very manageable once you are
treated, and sometimes you can be totally cured. Early detection is key. And so
many people go undetected by their physicians. Here’s a number you can call.” I
hesitated and hesitated and hesitated. Every time I decided to approach this person,
my heart would start pounding and a rush of what felt like gallons of adrenaline
rushing through my body. Shame on me, I thought, and in the end, I did nothing.
Needless to say, I could not get this person out of my head for months. I still think
about it and want to kick myself for not saying anything.

The second time was at an airport frequent flyer lounge. As I gathered enough
mustard to go, the same feelings of insecurity and stress came over me and I hesi-
tated. “T’ll go get a cup of coffee, gather some courage then talk to him,” I thought.
When I returned, he had gone. Couldn’t find him.

In sharp contrast, sometime later my son mentioned he had met someone whose
features looked eerily similar to mine, and without skipping a beat, he told him to
go see a Doctor. This person was diagnosed immediately, had very successful sur-
gery, and today is in total remission. Not a peep of the tumor. So, my advice: don’t
walk away. Don’t over think it. Say something!’

About Insights

In the awareness business, coming up with new, fresh, creative ideas is essential to
get messages across. However, breaking through the clutter can be challenging,
expensive, and, yes, very often, frustrating.

I try to tell people about acromegaly and, without boring them to tears, give them
a quick explanation. For this, you need an “elevator pitch,” which assumes that you
only have the time it takes to ride an elevator, usually a minute or 2, to tell your
story. Therefore, whatever you say has to be memorable, relatable, and, above
all, brief.

Learning how other people talk about their disease gives perspective and insight,
so, in preparation for this project, I asked our readers to tell us what it is like to have
acromegaly. How does it affect their life, goals, hobbies, and perspectives?

Usually, the best answers are straightforward: “A rollercoaster,” someone once
said to me.

Here are a few more:
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As I wake each morning, I am hopeful that this will be the morning my energy returns. That
I will be able to jump out of bed at my “usual” 5:30 AM, get a 3-mile mountain run in or a
1500 m swim at the rec pool. I will then work an 8—10-h day, followed by 60 min of crossfit
or a 20-mile bike ride. After running a few errands on the way home, I cook dinner, catch
up on phone calls, take the dogs for a walk, complete a few chores, watch a show with my
husband, and read a few chapters before bed. This was my past life, pre-diagnosis, but it is
far from my present reality. My husband’s alarm goes off at 6:30 AM. There is no way my
eyes can open yet. My lids are so heavy it feels like they’re weighted down with bean bags.
My mind is aware that I need to get up and start my day, but my body is telling me “hell no!”.

It is a battle with your body. You look at yourself and the person looking back isn’t you.
Your appearance has changed, your character has changed. Every aspect of your life is
impacted on. You are in constant pain, whether it is the permanent headache that peaks at
various points of the day, or the bone pain and nerve pain due to the years of being undiag-
nosed taking its toll. The mood swings. Depression, anxiety, zero patience.

I was blindsided with the diagnosis of Acromegaly in 2012 after I went to an endocrinolo-
gist referral for diabetes. I didn’t know what this disease was but when I left her office, I got
home and quickly did my research. After almost 8 years, I have to say that I feel I am prob-
ably in the minority of patients with Acromegaly that finds it has not had horrible impact on
my life. After 4 MRIs over the past 8 years, a tumor still cannot be seen, but all the clinical
tests indicate I have acromegaly. Looking back, I was lucky to be diagnosed early and now
I can see the symptoms that I mistook for aging annoyances as being the symptoms of
Acromegaly.

Acromegaly is coming to terms with the unknown. There are days where I feel like my
“old” self again, and I can partake in physically demanding activities, such as rearrange an
entire room or garden, without having my joints lock up. There are days where I can stay
awake for the entire day and feel like I can contribute to my household. Then there are days
where I can’t do anything. I have headaches that last all day long, I forget what I’'m saying
in the middle of my sentence, or I can hardly walk due to the joint inflammation throughout
my body. These days are the hardest because I know what I used to be like previous to the
diagnosis, and I mourn for that on occasion. Having acromegaly is almost like a rebirth of
yourself because so many things change in a short period of time.

Acromegaly has a duality to it because you can look so healthy but feel so unhealthy; you
can have so much wrong with you yet no one can see it. Or, conversely, you can appear so
unusual to others, yet no one knows the changes you’ve gone through. It’s silent but vis-
ceral. It’s never- ending, from daily shots and monthly doctor visits to regular battles with
insurance and pharmaceutical companies just to get and afford your medication. It’s hum-
bling, it’s scary, and it’s frustrating. It teaches you things, like self-awareness and how to be
your own advocate. The side effects and symptoms can be depressing and alter how you
interact with the world (or how you don’t).

Frustrating....my body doesn’t work like it used to but my brain has a hard time processing
how broken it is because my brain says I can still do everything. I spend way too much time,
money, and energy dealing with medications. I hate anytime I have to see a new doctor of
any kind and explain what acromegaly is and how long I’ve been dealing with it.

Often, when people affected by Acromegaly talk about their experiences with the
disease, it usually includes a discussion into what some people call the diagnosis
journey: when were you diagnosed? How long did it take? It goes something like
this: “boy, it took forever for someone to figure it out”; “I kept bouncing between

99, ¢, 99, ¢

doctors”; “I kept gaining weight”; “they told me to stop eating, exercise more”; “my

99, <

primary care doc never put it together”; “they kept giving me pills;” “I had to see



21 Acromegaly from the Perspective of a Patient 287

many different doctors for each of my symptoms.” You get the jest. The conversa-
tion inevitably moves to the symptoms and signs that brought you in to see the doc-
tor in the first place and often end in a comment like “finally someone recognized
it!” Yes, those are the same symptoms and signs that eventually lead to a proper
diagnosis.

On Family and Genetics

Carol Mackie Passera (Passera is her married name) is my second cousin. Our
maternal grandmothers were sisters. Their families immigrated from Scotland and
Wales to Argentina in different waves in the mid-1800s to the early 1900s when
many European immigrants came to the Southlands to seek opportunities and a bet-
ter life. Not unlike the many people that came to the USA during the same period in
search of the same things: happiness and opportunity.

Early settlers from my grandmother’s maternal family arrived in the now famous,
cold, inhospitable, mysterious, but beautiful Patagonia region. If you want to learn
about this spectacular place, visit Carol’s eco-travel business at Causana Viajes and
browse through the pages; I guarantee you’ll want to go there tomorrow and experi-
ence some of these incredible places.

I honestly can’t tell you when was the last time Carol and I saw each other. We
were probably 10 years old. Perhaps we saw each other one or two more times after
that, but I really can’t remember. I came to the USA in 1973. I had just turned 18
years old. I haven’t seen or heard of Carol and her family since. But with the advent
of technology and social media, I reconnected with that side of my family, and after
a series of conversations and coincidences, I learned Carol has acromegaly. Talk
about a shock!

After sharing the news with my wife, my first call was to my Pituitary World
News partner, doc, and friend, Dr. Lewis Blevins. He was amazed! My second call
was to Dr. Marta Korbonits at St. Bart’s and the London Medical School in the UK,
whom I met through Dr. Blevins a few years back in San Francisco. For those who
don’t know, Dr. Korbonits is an expert in the genetics of acromegaly. She researched
the acromegaly AIP gene mutation and the FIPA (Familial Isolated Pituitary
Adenoma) gene. If you haven’t read about Dr. Korbonits and her work, here it is.
Please give it a read. It is well worth the time [5].

Carol and I are the same age. We both started noticing changes in our early 30s.

Carol and I met a few years ago in person after 50 plus years in what was an
emotional almost surreal experience. Her story is very similar to mine, but then
again, all of our stories are. We shared our lives and our experiences, and after all
these years, we became closer through the magic of technology and, unimaginably,
acromegaly.

The coincidences are concerning because acromegaly is a familial disease, and
current knowledge tell us it occurs in clusters. My take on this: although science has
made tremendous inroads in understanding genetics and the genome, we don’t



288 J. D. Faccinetti

know enough about the specifics of the genetics of these diseases to be sure of any-
thing. So, keep a close eye on your family and close relatives if you can, and at the
first-ever slight sign, have them checked.

How Awareness Works: One Story

A few years after starting PWN, the impact of awareness became crystal clear.
Involvement, engagement, and conversation on a significant scale work in what
sometimes seems magic ways. Case in point. My primary care doc of many years,
for this story, I'm going to call him Larry, and I had a fantastic experience. I started
seeing Larry in 1990, and for 20 years, he treated everything from wellness visits to
my aches and pains. He prescribed the one-a-day aspirin, hypertension, the predia-
betes medication, we did all the stress tests, and as I aged, he continued to see me.
But, together with the other doctors in the group, he never even once suggested or
sadly suspected there was an underlying disease affecting me. I think Larry really
enjoyed seeing me, and so did I. We had great chats during my office visits and
occasional social events. But post-diagnosis, I kept trying to understand how you
can go for 28 years without anyone noticing some connection. Is it a failure of the
medical education system or how we practice primary care medicine today? You
know, the 15-min visits, the constant typing on the keyboard. It isn’t easy to under-
stand the whys. I’ve heard many physicians say acromegaly is a disease you miss
only once. That’s why awareness is critical, and this story perfectly illustrates it.

I got over being mad and feeling sorry for myself and kept seeing Larry for minor
aches and pains and checks, and to this day, I consider him one of the best doctors I
ever had. We had the opportunity to talk things out. I had a chance to get it off my
chest. He was candid and frank with me. “I never saw an acromegaly case before.”
“You were my first patient ever.” “I just did not put it together,” he said. His honesty
was heartfelt, and that was enough for me. We moved on.

One morning, a few years after my diagnosis, I got a call from Larry. He tells me
he had just seen a patient he immediately suspected had acromegaly. He confirmed
his suspicion, and I would mind talking to him about my experiences with the dis-
ease; “Chat with him,” he suggested. I jumped at the opportunity. This gentleman
had brought his elderly father for an appointment and came into the treatment room.
Larry noticed his features immediately, “there was no doubt in my mind,” he told
me. “And it’s all because of you. I don't think I would have recognized his acro-
megaly if I hadn’t had that experience with you,” he added. So, I met with Larry’s
second-in-less-than-a-year-acromegaly patient after 28 years of no acromegaly
patients. I advised his newly minted acromegaly patient where to go and what to
expect. Dr. Blevins and the team at UCSF treated him. His adenoma was success-
fully resected, and today he is in total remission. That, my acromegaly and pituitary
friends and colleagues, was an indescribable feeling!

Shortly after, the New York Times Magazine published an article about this
story. The article “The Patient Had Pain When He Walked, but There Was a More
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Telling Change” illustrates a narrative that we, unfortunately, often hear [6]. People
across the globe go undiagnosed for long periods; research tells us, on average,
8—10 years from the onset of symptoms. In most pituitary diseases, the underlying
condition can be successfully treated. Still, the effect of long delays in diagnosis
means that many related illnesses continue to progress. It is a poignant article about
the realities of life with pituitary disease, and it clearly illustrates why our mission
to increase awareness is so critical. In that New York Times article, renowned author
Lisa Sanders M.D., who pens the popular Diagnosis column for the New York
Times Magazine, said acromegaly is a disease you miss once! This is an excerpt of
the article:

As a primary-care doctor,  had my own [Larry] moment. One of my patients, a 50-something
woman, suffered from what in my own mind I call “the usual”—obesity, diabetes, and
hypertension. I'd cared for her for several years. And then, when I was away on vacation, a
colleague saw her, and at the end of their encounter, she asked my patient if she had an old
photo of herself or driver’s license. The patient did and that was enough to allow my col-
league to diagnose acromegaly. The patient was kind when I saw her. But I wasn’t surprised
when she moved her care to continue with the doctor who figured it out.

How could I have missed this? Like [Larry], I asked myself that a thousand times. I'd
assumed that was the way the patient looked. But acromegaly is a disorder you miss only
once. Recently, I saw a patient with one of my trainees. He had the familiar set of prob-
lems—obesity, diabetes, hypertension. But I recognized the broad, square forehead and
wide, flat nose that I saw in my old patient. I suggested to the resident that we check for a
pituitary tumor. I still haven't heard. But I'm pretty sure of the diagnosis.

Life, like acromegaly, has taught me a few lessons.

You live every day in the present; the past is gone; the future has never happened.
You make the best out of every day. You have fun doing it. Despite the disruption a
disease like this one brings, it also brings gifts, the opportunity to serve, give, and
use one’s skills to do some good.

Lewis Blevins and I undertook this challenge to move the needle, however insig-
nificantly. One person with acromegaly undiagnosed is one too many.

I want to thank Lewis for the opportunity to ramble in this book. Lots of work to
do, please get in touch, get involved. I hope you find the insight enlightening and
helpful.
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