» Journal of .
\ Endocrinology and Thyroid Research

" ISSN: 2573-2188

 Juniper,

key to the Researchers

Review Article

Volume 4 Issue 5 - August 2019
DOI: 10.19080/JETR.2019.04.555647

] Endocrinol Thyroid Res
Copyright © All rights are reserved by Fawaz Assaad

GH-Producing Pituitary Adenoma: The Current
Criteria of Biochemical Cure

Fawaz Assaad'*, Asem Salma? and Manar Mrad?

1Professor of neurosurgery, Damascus University, Syria

2St. Rita’s Neuroscience and Rehabilitation Center, Mercy Health- St. Rita’s Medical Center, USA
JDepartment of anesthesiology, Praticien Hospitalier Hospital European Georges Pompidou, France
Submission: July 22, 2019; Published: August 06, 2019

*Corresponding author: Fawaz Assaad, Professor of neurosurgery, Damascus University, School of Medicine, Syria

Abstract

It is well known that the serious systemic changes in acromegaly resulting from excess GH-secretion, and for that reason, treatment is
vital. Trans-sphenoidal adenectomy has typically been the accepted initial treatment of choice for most patients with acromegaly. However,
the prediction of postoperative disease activity is a major challenge, and even though different criteria for a cure have been suggested and
the relationship between these criteria and long-term disease control is still controversial. According to the criteria for cure of Acromegaly-
Consensus, Baseline biochemical parameters for the diagnosis of acromegaly include a fasting or random GH and IGF measurement. If a random
GH level is less than 0.4 pg/L and IGF is in the age- and gender-matched normal range, the diagnosis of acromegaly is excluded. If either of these
levels is not achieved, a glucose tolerance test should be performed, the GH level should fall to 1 pg/L or less for acromegaly to be excluded.

In April 2009, the Acromegaly Consensus Group met to reevaluate and update the guidelines on criteria for cure. These guidelines published
in 2010 summarized the latest consensus on the management of acromegaly. Therefore, optimal disease control (i.e. posttreatment remission of
acromegaly) is now defined as IGF-I level (determined by a reliable standardized assay) in the age-adjusted normal range and a GH level less than
1.0 pg/liter from a random GH measurement (using an ultrasensitive assay). However, assays do not consistently report these values as reflective
of biochemical control. Normalization of IGF-I is the only reliable marker of disease control under pegvisomant.
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Introduction
optic nerves and optic chiasm. Untreated acromegaly results in

Acromegaly is a serious systemic condition reported in over - i o ‘
specific bone and soft tissue deformation including an altered

98% of patients with an adenoma of the pituitary gland secreting
facial appearance (frontal bossing, prognathism), enlargement

excessive amounts of growth hormone (GH). However, in very rare
of the hands and feet, sleep apnea, and carpal tunnel syndrome.

occasions, the increased and unregulated GH production is a result

of ectopic production of GH and GHRH by malignant tumors, GH is a Severe symptoms include; an accelerated cardiovascular disease,

cardiomyopathy, hypertension, diabetes mellitus, hypogonadism,
and an increased risk of colon cancer. If the tumor develops before
bone growth is completed in adolescence, the resulting effect is

necessary spur for normal linear growth. However, excess secretion
of GH induces gigantism in pre-pubertal children, and acromegaly
in adults. GH is not the principal stimulator of growth, but it acts
indirectly by stimulating the formation of other hormones. These
hormones are termed somatomedins. Somatomedin C (SM-C), an
insulin-like growth factor I [IGF-I]) is the most important SM in
postnatal growth. SM-C is produced in the liver, chondrocytes,

gigantism [1-3].

The diagnosis and management of complications of disease
are therefore critical for assuring a favorable long-term outcome
for this chronic illness.

kidney, muscle, pituitary, and gastrointestinal tract. o ) . )
The clinical picture of acromegaly develops insidiously, taking

The clinical features associated with acromegaly include the years or even decades to become apparent. In addition, the

effects of GH over secretion and in some instances the tumor
directly compressing and injuring the normal pituitary gland,

excess GH production leads to significant increase in morbidity
and mortality additionally, and of course the mass effect of the
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pituitary tumor itself can cause several problems. Dealing with
patients who develop GH producing pituitary adenoma is a
challenging medical and surgical task. From surgical prospective,
the hormonal functional abnormality is coupled with anatomical
deviation making the surgical approach itself is quit more difficult
comparing with other types of pituitary adenoma. Because of the
serious systemic changes resulting from excess GH, treatment
is vital. Trans-sphenoidal tumor resection has typically been
the accepted initial treatment of choice for most patients with
acromegaly [4-6], However, the prediction of postoperative
disease activity is a major challenge, and even though different
criteria for a cure have been suggested. The relationship between
these criteria and long-term disease control is still controversial
[7-42].

Aim of therapy in GH-producing pituitary adenoma

The
transsphenoidal

current main treatment options available

medical

are;
microsurgical surgery, treatment,
and radiotherapy. Surgical outcome depends on expertise of
the surgeon, tumor-size, extension of the adenoma, and the
preoperative level of GH. Despite surgical removal is the main
treatment for GH secreting adenomas; however, some patients are
not cured by surgical treatment and need additional interventions.
The main aim of treatment is to remove the tumor mass, control
the disease by suppressing GH hyperactivity to normal values,
reduce morbidity and mortality, and eliminating secondary co-
morbid complications. Such control of acromegaly maybe achieved
through either single or combined surgery, radiotherapy, and/or
medical treatment. The biochemical goals of therapy are to reduce
circulating insulin-like growth factor I (IGF-I) levels to normal for
age and sex and to reduce serum GH concentration to less than
1 pg/L after an oral glucose load. Continuous, and long-term
monitoring of the disease activity post-operatively, post medical

treatment, or post radiotherapy is of high priority.

Baseline Biochemical Parameters utilized in GH-pro-
ducing pituitary adenoma and their pitfalls

According to the workshop held 1999 in Cortina, Italy [10], to
develop a consensus defining the criteria for cure of acromegaly
[6], baseline biochemical parameters for the diagnosis of
acromegaly include a fasting or random GH and IGF measurement.
If a random GH level is less than 0.4 pg/L and IGF is in the age-
and gender-matched normal range, the diagnosis of acromegaly is
excluded. If either of these levels is not achieved, an oral glucose
tolerance test should (OGTT) be performed with 75 g oral glucose
and subsequent measurements of glucose and GH every 30 min
over 2 h. During this time, the GH level should fall to 1 pg/L or
less for acromegaly to be excluded [11]. Failure of GH suppression
after glucose loading suggests the diagnosis of acromegaly, but
the results should always be considered in conjunction with
an IGF-I measurement. Using all current commercial assay,
the cut-off GH value separating normal subjects from those
with acromegaly is less than 1 pg/L. Care need to be taken in
interpretation of the test in the immediate postoperative period
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due to effects of concomitant glucocorticoid administration and
other perioperative medications, including glucose, dopamine,
opiates, and anesthetics. The attained blood glucose levels are of
importance with respect to the diagnosis of diabetes mellitus, but
do not affect interpretation of the GH result.

TRH and GnRH stimulation tests of GH secretion have been
used as a second-tier evaluation of abnormal GH dynamics in the
diagnosis of acromegaly and in assessing responses to therapeutic
intervention [12]. These tests offer no advantage over the OGTT
and, as serious side effects may occasionally occur in response to
TRH, their use is not recommended for diagnosis. Although nearly
all patients respond to GHRH stimulation [13], this agent is not of
value in the diagnosis of GH-secreting tumors, nor in distinguishing
them from those with ectopic GHRH secretion. In suspected cases
of the rarely encountered latter condition, a serum GHRH level
is the preferred test. Several consensus documents have been
published on various aspects of acromegaly management in and
after the year 2000 [4,10,14-16]. In April 2009, the Acromegaly
Consensus Group that had produced these previous documents
met to reevaluate and update the guidelines on criteria for cure and
published in 2010 [17] the latest consensus on the management of
acromegaly.

The mostimportantassaysused for the diagnosis, management,
and monitoring of acromegaly are GH and IGF-I measurements.
The lack of reliable assays, assay standardization, and adequate
normative data are major issues in the interpretation of these
biochemical measures. [18-21] These factors can lead to major
discrepancies in the values obtained in different laboratories. The
reasons for heterogeneity among GH immunoassay results include
variable calibration, epitope specificity of the chosen antibody, and
differences in the specificity of antibody recognition of different GH
isoforms circulating in the serum [19]. As a first step to improving
the interpretation of GH assays, it is strongly recommended that
the World Health Organization (WHO) international standard
(WHO IS 98/574) be used and results be expressed in mass units
(micrograms per liter) [22].FormularbeginnFormularende The
measurement of GH and age-matched IGF-I concentrations are
the most important biochemical variables for the diagnosis of
acromegaly and for monitoring progression or treatment response
[20,23,27].

At present it is accepted that, the measurement of total IGF-I
levels reflects GH secretory status in acromegaly (at baseline for
diagnosis, after neurosurgery or radiotherapy, or during medical
treatment). The measurement of free IGF-I and/or IGF-binding
proteins does not provide additional clinical information [23-
25]. In the investigation of suspected acromegaly, an elevated
IGF-I level and a failure to suppress GH during an oral glucose
tolerance test (OGTT) confirm the diagnosis [26]. In some cases,
when the IGF-I and GH levels are clearly elevated, an OGTT may
not be required [27]. Discrepant in biochemical results: According
to 2010 consensus Andrea Giustina et al [17], GH and IGF-I levels
are closely correlated in patients with acromegaly and healthy
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individuals [28-29] however, discordance between GH and IGF-I
levels has been noted in up to 30% of patients with acromegaly
after treatment [23]. Most discordance involves the measurement
of normal GH levels and elevated IGF-I levels, but some cases
exhibit elevated GH levels and normal IGF-I levels [30,31].

Apparent discrepant results may stem from inaccurate
estimates of GH status, either from limited sampling (often a single
or small number of GH measurements are obtained randomly or
during dynamic testing, which may not accurately measure 24-h
GH output) or from the lack of assay standardization [20]. The
combination of an elevated IGF-I level and a normal GH level is
sometimes seen after radiation therapy because radiotherapy
causes a flat GH secretory pattern [32]. In contrast, a number of
factors have been identified that can result in lower IGF-I levels
relative to GH levels (either by reducing IGF-I levels or raising GH
levels); these include nutritional or gastrointestinal disorders such
as chronic inflammatory bowel disorder and anorexia nervosa
(which can impair IGF-I production by the liver), hepatic or renal
failure, oral estrogens, hypothyroidism, and poorly controlled
type 1 diabetes [20] .

It should be noted that the timing of postoperative testing may
affect apparent discrepancies. Because of the long IGF-I half-life
and other factors regulating IGF-, it can take several months after
surgery for levels to be accurate [33]. If bilochemical measurements
3-6 months after surgery show an elevated IGF-I level, further
testing of GH with an OGTT, multiple GH sampling (three to five
times over 2 h), or isolated GH measurement should be performed
[27,28,32]. If there is a significant discrepancy, further testing may
be needed over time, and therapeutic decisions should be made
according to the clinical context.

The Anatomical Tumor Control Prospective

According to S. Melmed et.al [34], the role of tumor
characteristics and of optimal tumor growth control has not been
fully agreed by consensus. Factors proposed to be associated with
disease persistence after surgery and/or a sub-optimal response
to medical therapy include:

i.  Younger age at diagnosis.

ii. High expression of tumor aggression markers like Ki67, p53
and pituitary tumor transforming gene.

iii. Sparsely granulated adenomas and hyper-intense imaging on
T2 weighted magnetic resonance imaging.

iv. Very large adenomas and actively growing tumors.

v.  No previous radiation therapy, especially during pegvisomant
therapy.

vi. Previous, sub-optimal response to SRL therapy.
vii. High GH and IGF-I levels during long-term follow-up.

viii. Larger tumor remnants after surgery.
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Comorbidities Contribution and Consideration

Morbidity and mortality rates in untreated and uncontrolled
acromegaly are very high because of raised GH and IGF-I. Effective
and aggressive long-term treatment is needed to normalize these
rates. Delay in diagnosis and subsequently comorbidities are the
main factors influencing the prognosis of acromegaly. Both GH and
IGF-I levels correlate with mortality and mortality, and mortality
is close to levels expected in the general population when GH
and serum IGF-I are controlled. According to S. Melmed et al.
[34] most of the patients with acromegaly have Cardiomyopathy,
early treatment of acromegaly improves and intermediate stage
myocardial hypertrophy and cardiac dysfunction. Hypertension
occur in more than 40-45 % of patients with acromegaly, and
early diagnosis and early aggressive treatment of elevated blood
pressure is very important irrespective of the kind of treatment of
acromegaly. Diabetes mellitus is the second serious complication
and occurs more frequently in acromegaly patients than in the
general population and is an important predictive factor for
increased mortality in patients with acromegaly.

Generally, lowering of growth hormone (GH) levels improves
glycemic control and enhances insulin sensitivity (GH is a powerful
insulin antagonist). The prevalence of sleep apnea is very high in
patients with acromegaly (over 75%), therefore, every patient
should have the necessary sleep laboratory assessment. Moreover,
acromegaly is associated with increased colon polyps and may be
associated with increased risk of colorectal cancer. All joints may
be affected in acromegaly patients (large joints, small joints and
vertebrae), and range from osteoarthritis to arthralgia to fractures
together with soft tissue swelling. Early diagnosis of acromegaly
is required, because joint and cartilage changes are irreversible.
Visual impairment is also a symptom of acromegaly resulting from
chiasmal compression in macroadenomas. Surgical decompression
is the primary treatment, but SRLs may decompress mass effect
when surgery is not indicated3. Effective biochemical control does
not always mean optimal control of these comorbidities. Usually
only partial improvement or regression may occur to these
comorbidities in patients with normalized GH levels [35,36].

The practical application of cure criteria for evalu-
ating and to guide the treatment of GH-producing
pituitary adenoma

The therapeutic goals in acromegaly are to eliminate morbidity
and to reduce mortality to the expected age- and sex-adjusted
rates by using safe treatments that remove the tumor mass or
control its growth and restore GH secretion and action to normal.
The biochemical goals of therapy are to reduce circulating insulin-
like growth factor I (IGF-I) levels to normal for age and sex and to
reduce serum GH concentrations to less than 1 pg/L after an oral
glucose load. The Definitive long- term remission of acromegaly
was present when GH levels were less than 1 pg/mL and there was
no clinical or magnetic resonance imaging evidence of a persisting
disease. Monitoring disease activity post-operatively, post medical
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treatment, or post radiotherapy is of high priority. Nevertheless,
this is not an easy mission, because the criteria to classify as an
endocrinological remission are being constantly revised. For
instance, in early series, GH levels < 5 pg/L were used to define
biochemical remission. Depending on this criterion, Abosch et
al. report 1998, that 76% of 254 patients had endocrinological
remission after trans-sphenoidal pituitary resection [37].

In the same way, Ross and Wils found GH levels < 5 pg/L in
79% of 165 patients at the 76-month follow-up. However, the
basal GH secretion has a pulsatile nature, therefore the GH serum
level changes with sleep, age, and nutritional status of a patient
[38]. For that reason, an assessment of the absolute nadir GH
levels (< 2ug/L) after an oral glucose load was introduced and
used by subsequent studies. Using these criteria, Fahlbusch et
al. [39] reported a 57% rate of endocrinological remission after
trans-sphenoidal surgery. In wing years a value of nadir GH levels
(GH levels < 1 pg/L) was used as a more conservative criterion.
Beside GH, an additional criterion for endocrinological remission
is the assessment of IGF-I serum levels. This criterion has the
following advantage; it reflects integrated 24-hour GH secretion
and remains relatively constant over the day. Normalization
of IGF-I levels has been demonstrated following the successful
treatment of acromegaly [40,41].

However, the interpretation of IGF-I serum levels is more
difficult than the interpretation of GH serum level, and the value of
IGF-I serum level needs to be adjusted for age and gender. Assaad
et al. [42]. Present a retrospective analysis of 103 GH producing
pituitary adenoma cases. Having long term postoperative random
GH levels to less than 1 pg/L taken at multiple follow up intervals
coupled with radiological evidence of total removal of the tumor
were the criteria of cure. They depended on random GH level as
sole method for biochemical follow up because of its simplicity in
addition to some technical issues that prevent using IGF-1 in all
patients, however, and order overcome the shortage of using the
GH level a lone we sampled GH level multiple time randomly. This
study validates - atleast to some extend - the relationship between
the early (in the first week after surgery) postoperative basal
GH level and the long term surgical treatment outcome of GH-
producing pituitary adenoma. There was a significant relationship
between the early postoperative basal GH concentration and long-
term postoperative outcome (p<0.05).

Definition of cure According to the consensus from
2000

In February 1999, a workshop was held in Cortina, Italy to
develop a consensus defining the criteria for cure of acromegaly.
Control is achieved when GH secretion is restored to normal.
Biochemically, thisis evident when circulating IGF-Iisreduced toan
age-adjusted normal range and nadir GH after an oral glucose load
is less than 1 pg/L. These cure criteria differ according to type of
acromegaly treatment, i.e., postoperative or post medical treatment
or post radiotherapy [10]. Postoperative cure in acromegaly: The
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goal in the transsphenoidal surgery is the complete resection
of the GH-secreting adenoma, with preservation or subsequent
restoration of pituitary function [43]. Surgical outcome depends
on expertise of the surgeon, tumor-size, extension of the adenoma,
and the preoperative level of GH. Usually postoperatively it comes
to rapid reduction of serum GH levels and corresponding lowering
of IGF-I levels after weeks following surgery. Patients have been
classified as “cured” or “noncured.” This concept was based on
outcomes of surgical interventions with imprecise biochemical
evaluation and is misleading for patients and clinicians. According
to this consensus used for the interpretation of surgical results
(GH nadir after OGTT< 1 pg/L), approximately 80% of patients
with microadenomas and substantially less than 50% of patients
with macroadenomas can be defined as controlled [37,44-46].

On the other side after long-term somatostatin receptor
ligand administration, GH levels are suppressed to less than
2.5 mg/L in 65% of patients and IGF-I levels are normalized
in 70% of patients [47-49]. New slow-release formulations of
long-acting somatostatin receptor ligands result in persistent
GH and IGF-I suppression after IM depot injection. Drug levels
peak at 28 days and are sustained for over 4 weeks. Persistently
controlled mean GH levels (> 2 pg/L) are achieved in over 70%
of octreotide-sensitive patients [50-51]. Acromegaly patients have
delayed effect on GH levels after radiotherapy, and about 90% of
patients achieve random GH levels of less than 5 pg/L after 18
years. Ineffectiveness of radiotherapy in lowering IGF-I despite
attenuation of GH levels has been reported. However, shrinkage
or at least prevention of continued pituitary tumor mass growth
is usually achieved with radiotherapy. Stereotactic radiosurgery is
currently under investigation, and early results show that after 1.4
years, 8 of 16 patients achieve GH levels less than 5 pg/L [51,52].
Based on the above criteria and results, the aim of treatment is to
control the disease by suppressing GH hyperactivity, reducing the
size or impeding the growth of the pituitary mass, and eliminating
secondary comorbid complications.

Such control of acromegaly maybe achieved through either
single or combined surgery, radiotherapy, and/or medical
treatment. Patients can, thus, be classified depending on the
degree of disease control. Good control implies that the patient
does not exhibit GH hyperactivity, as measured by available assays.
Inadequate control implies the presence of GH hypersecretion,
but minimally enhanced morbidity. Poor control implies that
parameters of GH hyperactivity are present with a high risk of
morbidity and mortality. All in all, normal IGF-I levels and a GH
nadir of < 1 pg/L after administration of the oral glucose tolerance
test (OGTT) were proposed by a consensus statement in 2000
as criteria for an acromegaly cure. By using this criterion, the
endocrinological remission rates range between 57%-67% after
microsurgical trans-sphenoidal approaches (We need references).
However, when considering only pituitary macroadenomas (tumor
diameter > 1 cm), Nomikos et al. [53].reported an endocrinological
remission in 51% of patients, as well as Beauregard et al. [41].
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Definition of Disease Control according to the
2010-consensus

In April 2009, the Acromegaly Consensus Group that had
produced previous documents met to reevaluate and update the
guidelines on criteria for cure. The meeting was sponsored by the
Pituitary Society and the European Neuroendocrine Association
and included endocrinologists and neurosurgeons skilled in the
management of acromegaly [18]. Most of the case series [30,31,54]
published in the last decade have suggested that use of the Cortina
criteria [10] for defining disease control could have two main
drawbacks: first, they were not sufficiently flexible to be applied
to different treatment modalities; and second, cutoff limits for GH
did not reflect the now widespread availability of ultrasensitive GH
assays. These guidelines published in 2010 summarized the latest
consensus on the management of acromegaly. Therefore, optimal
disease control (i.e. posttreatment remission of acromegaly) is
now defined as IGF-I level in the age-adjusted normal range and
a GH level less than 1.0 pg/liter from a random GH measurement
[55]. However, assays do not consistently report these values as
reflective of biochemical control. Normalization of IGF-I is the only
reliable marker of disease control under pegvisomant [56].

During follow-up after neurosurgery or radiotherapy,
controlled GH status can be defined as GH suppression during an
OGTT (for patients not receiving medical therapy) and a normal
IGF-I-level (after 3-6 months for those that have undergone
neurosurgery) [26]. When there is discrepancy between GH and
IGF-I values, multiple GH sampling (three to five times over 2 h)
is helpful [57]. For patients receiving medical treatment with a
somatostatin receptor ligand (SRL) or dopamine agonist, IGF-I
and random GH measurements are enough for assessment. In fact,
an OGTT may not be helpful for monitoring response in patients
receiving any medical treatment [20,26]. In patients receiving a
GH receptor antagonist, only IGF-I should be measured [58]. When
surgery does not achieve control of tumor mass, medical therapy
is the choice of therapy. The role of medical therapy in achieving
tumor shrinkage is less well defined. In patients receiving SRL
therapy, a detectable degree of shrinkage (after 4-12 months)
is seen in up to 80% in some treatment series [41,57,59-62].
Tumor shrinkage is not necessarily associated with biochemical
remission. There is still no clear evident that presurgical use of
SRLs may improve surgical outcome [63-66].

At present, there is no longer justification for staging the
outcome of treatment in acromegaly, except to define active
disease and controlled disease. In summary, we talk about active
disease when random GH >1 pg/L and nadir GH after OGTT > 0.4
ug/L together with elevated IGF-I, and controlled disease when
Random GH <1 pg/L, or nadir GH after OGTT <0.4 ug/L together
with Age-sex normalized IGF-1. Despite these guidelines, in a new
published study, Hazer et al [67]. found that random GH Levels
<2.33 ng/L after the 1st day post operatively is a predictive of cure.
Also, they found that the GH and IGF-I levels of these “uncured”
cases decrease to the hormone levels of the cured cases (GH levels

Res. 2019; 4(5): 555647. DOI: 10.19080/JETR.2019.04.555647

were between 0.4 and 1 pg /L) at the 1-year follow-up. Also,
Assaad et al. [42] studied the relationship between early (in the
first week after surgery) postoperative basal GH concentration
and long-term outcome of GH-producing pituitary adenoma, there
was a significant relationship between the early postoperative
basal GH concentration and long-term postoperative outcome
(p<0.05). There is an important point that Hazer et al pointed
out in there article, as they found that using the Strict guideline
criteria of 2010 consensus several patients fail to attain a cure in
short term according to the 2010 consensus criteria may however
they fulfill these criteria in a longer follow-up period.

Summary

In the 10 years since the criteria for cure of acromegaly were
defined by the Acromegaly Consensus Group, significant progress
has been made in the management of acromegaly. If managed
appropriately by a multimodality team with specific experience
of managing pituitary tumors, there is little justification for
patients to have reduced life expectancy, frequent morbidity, or
uncontrolled disease. Challenges related to criteria of cure include
the need to standardize GH and IGF-I assays, how to interpret
discrepant biochemical results, and how to refine treatment with
SRLs to optimize tumor shrinkage.
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