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Abstract: Introduction: This guideline (GL) is aimed at providing a reference for the management of prolactin
(PRL)-secreting pituitary adenoma in adults. However, pregnancy is not considered.

Methods: This GL has been developed following the methods described in the Manual of the Italian National Guide-
ARTICLE HISTORY line System. For each question, the panel appointed by Associazione Medici Endocrinologi (AME) has identified
potentially relevant outcomes, which have then been rated for their impact on therapeutic choices. Only outcomes
Received: February 27, 2023 classified as “critical” and “important” have been considered in the systematic review of evidence and only those

Revised: May 04, 2023 classified as “critical” have been considered in the formulation of recommendations.
Accepted: May 04, 2023

Dor Results: The present GL provides recommendations regarding the role of pharmacological and neurosurgical treat-
10.2174/1871530323666230511104045 ment in the management of prolactinomas. We recommend cabergoline (Cab) vs. bromocriptine (Br) as the first-
choice pharmacological treatment to be employed at the minimal effective dose capable of achieving the regression
@ CrossMark of the clinical picture. We suggest that medication and surgery are offered as suitable alternative first-line treatments
to patients with non-invasive PRL-secreting adenoma, regardless of size. We suggest Br as an alternative drug in
patients who are intolerant to Cab and are not candidates for surgery. We recommend pituitary tumor resection in
patients 1) without any significant neuro-ophthalmologic improvement within two weeks from the start of Cab, 2)
o who are resistant or do not tolerate Cab or other dopamine-agonist drugs (DA), 3) who escape from previous efficacy
of DA, and 4) who are unwilling to undergo a chronic DA treatment. We recommend that patients with progressive
disease notwithstanding previous tumor resection and ongoing DA should be managed by a multidisciplinary team
with specific expertise in pituitary diseases using a multimodal approach that includes repeated surgery, radiother-
apy, DA, and possibly, the use of temozolomide.

Conclusion: The present GL is directed to endocrinologists, neurosurgeons, and gynecologists working in hospitals,
in territorial services or private practice, and to general practitioners and patients.
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1. INTRODUCTION

1.1. Epidemiology

Prolactinomas are the most common pituitary adenoma,
accounting for approximately 50% of all pituitary adenomas,
with a prevalence of ~50 per 100,000 population and an inci-
dence of 3-5 new cases/100,000/year [1, 2]. Based on tumor
size, they are classified as microprolactinomas (microP, < 10
mm diameter) or macroprolactinomas (MP, > 10 mm diame-
ter). Giant tumors (> 40 mm) are rare.

MicroPs are mainly observed in premenopausal women,
whereas MPs are more common in men aged more than 50
years.

In a few cases, other pituitary hormones, mostly GH, are
cosecreted in excess beyond PRL. PRL-producing pituitary
carcinomas are rare and defined by the presence of metastases
[3]. Prolactinomas can also occur in the context of genetic
syndromes (1.5-3% of cases), mainly in multiple endocrine
neoplasia type 1 (MEN-1) [4] and familial isolated pituitary
adenoma (FIPA) [5]. Prolactinomas are not associated with
increased prevalence of diabetes, cardiovascular diseases, or
cancer, but premature mortality has been reported in patients
bearing MP [6] probably due to hormonal deficiencies or their
overtreatment.

1.2. Clinic

The patient may seek medical evaluation complaining of
different symptoms, according to gender and age. Women of
reproductive age complain of endocrine symptoms, such as
oligo-amenorrhea or short luteal phase, decreased libido,
anovulatory infertility, or galactorrhea [1, 7]. Postmenopau-
sal women usually present with symptoms due to mass ef-
fects related to a large tumor. Approximately half of the
males typically complain of signs and symptoms caused by
the tumor mass and the other half by hypogonadism [1],
most frequent of those being a loss of libido, erectile dys-
function, infertility and, less frequently, gynecomastia and
galactorrhea [8]. Due to hypogonadism, men may also com-
plain of decreased energy, impaired muscle mass and
strength, and anemia [9].

Patients with MPs may seek medical attention due to mass
effect signs and symptoms, such as visual impairment (mainly
visual field defects), headache [10-12], and hypopituitarism.
This condition may be due to direct compression of the ade-
noma on normal pituitary tissue, hypothalamic disconnection
from stalk compression or, rarely, apoplexy [8]. Cranic nerve
palsies, hydrocephalus, and skull base bone erosion are rare
and late occurrences [13]. Hyperprolactinemia per se or
through hypogonadism may result in osteoporosis and frac-
tures [14, 15]. Effective treatment of hyperprolactinemia can
restore normal bone mineral density [16].

1.3. Diagnosis

PRL secretion is pulsatile, and its serum levels are physi-
ologically higher during sleep and in the early morning [17].

The diagnosis of hyperprolactinemia is established by meas-
uring basal PRL levels. Emotional stress, venipuncture, exer-
cise, and walking stimulate PRL secretion. Thus, specimens
collected after an overnight fast, at least two hours after awak-
ening and while the patient is resting, provide the most relia-
ble PRL level assessment. A saline intravenous infusion
through a G22 catheter, started 15-20 minutes before PRL
sampling, prevents the use of a tourniquet and is a simple and
reliable tool in cases of mild hyperprolactinemia [18]. It is ad-
visable to use a 3-way stopcock and to discard the first 3 mL
of blood that is diluted by the infused saline.

PRL assays typically employ noncompetitive, heterogene-
ous “sandwich” techniques with the use of two antibodies that
recognize different epitopes on the PRL polypeptide. PRL
methods should be calibrated against reference materials with
known international unit potency, such as the WHO's first IRP
75/504, the second international standard (IS) 83/562, or the
third IS 84/500. Attention must be paid to potential interfer-
ences on PRL assessment, especially when the clinical picture
and results are discordant:

e  Falsely high PRL levels may result from macropro-
lactinemia, a condition that is characterized by the
predominance of big—big PRL in the serum. Polyeth-
ylene glycol serum precipitation is the most effective
and inexpensive method for screening the presence
of serum macroprolactin. Recoveries of PRL levels
<40% are indicative of a macroprolactin predomi-
nance, which is less bioactive than the monomeric
PRL and usually accounts for less than 1% of total
serum PRL. Conversely, recoveries >60% suggest
the diagnosis of monomeric true hyperprolactinemia
[19-21].

e Artificially low PRL levels may result from the so-
called ‘hook effect’. This occurrence is rare with the
use of modern assays and may be reliably unmasked
by repeating the PRL assessment after serum sample
dilution [17, 22].

e Biotinis contained in many over-the-counter integra-
tors and may cause artificially low PRL levels [23].
PRL measurement should be repeated after the with-
drawal for a few days of these potentially interfering
substances.

e Heterophilic antibodies are a rare cause of misdiag-
nosis. This unusual assay problem can be overcome
with the appropriate treatment of the sample [24].

It is crucial to ask for sample dilution when the laboratory
report does not indicate a precise PRL value but only states
that the level is higher than for example 200 or 470 ng/mL
(the levels corresponding to the upper limit of the calibration
curve for the most widely employed immunoassay platforms).
This information provides a well-defined baseline level for
following up the treatment outcome.

After the diagnosis of true hyperprolactinemia, the extent
of PRL increase generally correlates with the diagnosis. Lev-
els higher than 250 ng/mL are most frequently observed in
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patients with MP, while a lower increase (up to 150 ng/mL) is
usually detected in patients with microP or other causes of hy-
perprolactinemia [20], specifically:

e Physiological and para-physiological conditions:
pregnancy, breast-feeding, and breast manipulation
(piercing, mammoplasty).

e  Stalk effect due to the disconnection between the hy-
pothalamus and pituitary gland, with the consequent
impairment of the inhibitory dopaminergic path-
ways. This condition may occur in large non-secret-
ing adenomas and in tumoral, infectious, and inflam-
matory processes involving the hypothalamus, the
perisellar region, the pituitary stalk and the pituitary,
or in the primary empty sella.

e Non-endocrine diseases: liver cirrhosis, chronic re-
nal disease, herpes zoster involving the chest wall,
and neurinoma of intercostal nerves [9].

e Endocrine diseases: primary hypothyroidism [25]
and polycystic ovary syndrome [9].

e Drugs that may interact with dopaminergic and/or
serotoninergic regulation (Table 1) [17, 26-28].

Table 1. Common PRL-rising medications.

First-generation or Typical Anti-psychotics: Phenothi-

Anti- ) azines, Thioxanthenes, Butyrophenones
Psychotic ) ) )
Drugs Second-generation Atypical Neuroleptic Drugs:
Amisulpiride, Risperidone
Anti-depres- Tricyclic: imipramine, amitriptyline
sant drugs Selective serotonin reuptake inhibitors

Cardi -
arciovaseu Reserpine, verapamil, a-methyl-DOPA

lar drugs
Gastrointesti- Metoclopramide, domperidone, L-sulpiride, cimetid-
nal drugs ine, ranitidine
Opioids, morphine, cocaine, marijuana
Miscellany Anesthetics
Estrogens

MRI examination of the hypothalamic-pituitary region
should be performed with a standardized method to confirm
that hyperprolactinemia is due to a pituitary lesion. T1- and
T2-weighted sequences in the coronal and sagittal plane, with-
out and with gadolinium, preferably with dynamic technique
in case of microP, should be performed using at least 1.5 Tesla
equipment. Pituitary adenomas are usually detected as mildly
hypointense or isointense images on T1 and with a variable
appearance on T2 sequences [29, 30]. Cystic and hemorrhagic
components may also be present.

1.4. Treatment

Medical therapy with a dopamine agonist (DA) normalizes
serum PRL levels in nearly 90% of patients with microP, and
in 75-80% of patients with MP [31]. Importantly, tumor
shrinkage is reported in more than 90% of treatment-naive MP
patients [32]. Cabergoline (Cab) and bromocriptine (Br) are
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the DA that are available in Italy. Both the 2006 guidelines of
the Pituitary Society on the management of prolactinomas
[33] and the 2022 Italian Position statement for clinical prac-
tice [34] state that Cab is the first choice DA due to its greater
efficacy, tolerability, and sustained effect. In general, Cab is
started at 0.25-0.5 mg weekly and given once or twice a week
after dinner or at bedtime [35]. According to the clinical pic-
ture, the dose is uptitrated, if needed, at 1- to 3-month intervals
in microP, and at weekly intervals in MP with visual impair-
ment [36]. The maintenance dose is usually 0.5-2 mg/week
and may be increased to 3.5 mg/week in a minority of MP.

Br is used only occasionally because it requires multiple
daily administrations (2.5-10 mg/day fractionated in two or
three doses) and is less well tolerated by the patients [37].

Adverse events induced by DA are usually transient and
mild to moderate in severity: nausea, vomiting, postural hy-
potension, drowsiness, somnolence, nasal stuffiness, head-
ache, Raynaud’s phenomenon, and constipation. The risk of
apoplexy is low if the drug is started at a low dose. DA-in-
duced neuropsychiatric symptoms are rare but may be worri-
some. They include psychosis, or an exacerbation of pre-ex-
isting psychosis, and impulse control disorders (ICD), such as
compulsive gambling, shopping, or eating, and hypersexuality
[38, 39]. Current data do not support major concerns about the
risk of valvopathy in hyperprolactinemic patients who are
chronically treated with DA at standard doses (<2 mg/week)
[40, 41]. Subclinical valvular abnormalities detected by ultra-
sonography are not an indication for discontinuation of DA
treatment. Finally, in patients with large invasive MP which
erode the sellar floor, tumor shrinkage may cause cerebrospi-
nal fluid (CSF) nasal leakage. Even if rarely reported, it re-
quires urgent surgical repair [13].

In microP, treatment is aimed at restoring gonadal function
(i.e., ovulatory menses in females, normal testosterone levels
and sexual potency in males, and libido and fertility in both
sexes) and at suppressing galactorrhea. Tumor shrinkage is
not an issue in this setting because clinically significant or per-
sistent growth is uncommon [34, 42]. Patients should be
alerted for initial effective contraception because DA can
quickly restore ovulation. Pregnancy should be programmed
for timely DA discontinuation. DA should be withdrawn dur-
ing pregnancy [34].

In MP, treatment is aimed mainly at the rapid relief of
neuro-ophthalmologic symptoms and tumor shrinkage. In ad-
dition, the normalization of PRL levels with the restoration of
eugonadism and fertility and suppression of galactorrhea
should be pursued. Some patients experience an extremely
rapid decrease in tumor size with a significant improvement
in visual field defects within 24-72 hours. Cab achieves pro-
gressive PRL decrease and tumor shrinkage up to its disap-
pearance or empty sella development, regardless of basal PRL
levels or tumor size [34, 43]. DA dosage can often be safely
tapered while keeping its efficacy.

DA resistance is defined as the failure to normalize PRL
levels and to achieve at least 50% tumor size reduction on
the maximally tolerated doses of DA [44]. In common clin-
ical practice, the suggested maximum dose of Cab is around
4 mg per week [36]. At least 6 months of therapy on the
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highest tolerated DA dose is suggested as the minimum du-
ration of treatment to define DA resistance [45]. The preva-
lence of resistant prolactinomas is estimated as high as 30%
for Br and 10% for Cab treatment [46]. Resistance is more
frequent in cases of MP and invasive tumors and in male pa-
tients [46-48]. In severe cases, with neuro-ophthalmologic
impairment, patients should be tightly followed up at short
intervals [34]:

e  Neuro-ophthalmologic examination and clinical
evaluation should be strictly scheduled during the
first month of medical treatment to guide the choice
of neurosurgical intervention in case of therapeutic
failure.

e PRL levels should be assessed weekly or monthly
during the first three months of therapy and subse-
quently at longer intervals if treatment is effective.

e  MRI controls should be performed on the basis of
the ophthalmologic and PRL changes induced by
treatment.

In less severe cases of MP and in the absence of visual
impairment, a less aggressive follow-up is appropriate, with
the first evaluation after 3-6 months, and the following ac-
cording to the clinical course: q 6-12 months in fully respon-
sive patients and q 3-6 months in partially responsive sub-
jects (achieving significant PRL decrease without normali-
zation).

DA treatment discontinuation after long-term clinical
and hormonal normalization (over two years) remains a par-
tially unsettled issue [49]. Recent meta-analyses demon-
strate that the remission rate, defined as the persistence of
normal PRL values several months after drug withdrawal, is
less than 40%, especially in MP [45, 46]. From a practical
point of view, Cab treatment should not be withdrawn if PRL
levels increase again after Cab dose tapering.

In case of withdrawal, PRL levels should be measured
after three months and, thereafter, according to the results of
this first control. MRI re-evaluation should be considered on
the basis of the severity of PRL elevation.

In patients with MP remnant, the balance between the
cost-effectiveness of simple yearly monitoring of PRL levels
on minimal DA dosage and the intensive biochemical and
neuroradiological monitoring aimed at withdrawing treat-
ment should be individualized, also considering the impact
of both strategies on quality of life (QoL).

Though DA often leads to hypogonadism reversal [S0-
52], some patients with MP require sex hormone replace-
ment therapy for erectile dysfunction and gonadotropin
treatment to restore fertility [53-57].

After the introduction of DA in the seventies of the last
century, surgery was substantially abandoned and indicated
as a second-line treatment in prolactinoma patients. Surgery
was considered appropriate only in case of resistance or es-
cape to DA, intolerance to DA, spontaneous or DA-induced
CSF leakage, or for patients unwilling to undergo chronic
treatment [58]. Due to the improvement in surgical tech-
niques, transsphenoidal surgery may be now considered as a
first-line option, given its high efficacy rate. A recent meta-
analysis demonstrated that long-term disease remission is
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achieved after surgery in 74% of patients, regardless of sur-
gical technique [59-62]. Specifically, long-term remission is
reported in 83% of microP and in 60% of MP. Notably, the
remission rate rises up to 89% for MP confined within the
sella [63].

The rate of major complications is low (1-4%) [64, 65]:
permanent diabetes insipidus, 0-5%; meningitis, 0-3%; and
CSF leakage, 2-5%. Transient diabetes insipidus (7-28%),
SIAD (5-14%), and hypopituitarism (1-4%) are also re-
ported. On the other hand, improvement in pituitary function
is observed in up to 35% of cases [64]. Post-surgical recur-
rence is described at 5 years in up to 18% of cases [66].

After surgery, PRL levels should be rapidly assessed
(within a few hours), whereas MRI and a complete pituitary
function evaluation should be postponed for 3-4 months [34].

Radiotherapy in patients with surgical failure or relaps-
ing MP is aimed at control of tumor growth. Fractionated
radiotherapy achieves tumor control in over 80% of cases
and normalization of PRL levels in 20-30% of the patients
[67, 68]. The technology most frequently employed is stere-
otactic radiosurgery with the use of gamma-knife or cyber-
knife. It provides a focused high-energy beam of radiation to
the biological target in a single fraction. A recent multicenter
study involving the use of stereotactic radiosurgery showed
tumor growth control in 95% of treated adenomas and nor-
malization of PRL levels in 43% of the patients at 5 years
and 54% at § years [69].

After radiation, a serial MRI and PRL monitoring is
needed in most patients. An appropriate timetable of controls
is every 3-6 months in the first year and subsequently, for
several years, the schedule should be based on the initial re-
sponse. When normalization of PRL levels is reached, the
ongoing medical treatment with DA can be tapered, and
withdrawn after persistent normalization of PRL levels. The
pituitary function should also be serially monitored to rule
out the risk of late hypopituitarism and to promptly start re-
placement treatment [67]. Hypopituitarism is reported to oc-
cur in 25% of irradiated patients [66].

As a general strategy, patients who are partially resistant
to medical treatment may benefit from neurosurgery even if
only an incomplete tumor resection may be achieved [41].
Surgical debulking may improve hormonal control and the
post-operative dosage of Cab may be reduced [36, 62]. Pa-
tients who remain unresponsive to DA treatment after un-
successful surgical treatment should be offered radiotherapy
[46], while surgery may be repeated in resistant or aggres-
sive cases.

In a minority of patients with complete resistance to DA
treatment and unsuccessful surgery and radiation therapy,
the tumor may relapse and show unrelenting and rapid
growth [1, 68]. In these cases, chemotherapy should be con-
sidered. The only treatment approved in this setting is te-
mozolomide, an alkylating agent, which has been demon-
strated in a recent survey of the European Society of Endo-
crinology on 165 patients to induce a positive response, de-
fined as a composite of complete, partial, or stable disease,
in 79% of all patients [69]. Therapeutic options for patients
with progression of disease during temozolomide treatment
or recurrence of disease after an initial response are limited.
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The aim of this guideline (GL) is to answer the clinical
question: What is the best effective and safe treatment for
PRL-secreting pituitary adenomas?

2. METHODS

This GL was developed according to the methodological
manual for the production of clinical practice GLs developed
by the National Center for the Clinical Excellence, Quality
and Safety of Care of the Italian National Institute of Health
(http://www.snlg-iss.it). Appendix 1 details the names and
roles of all the people involved in the GL development team.

2.1. Clinical Question

The recommendations are the answers to a clinical ques-
tion, formulated by the panel using the Population-Interven-
tion-Comparison-Outcome (PICO) framework (Appendix 2).

2.2. Selection of Outcomes

For each question, the panel identified potentially relevant
outcomes, which were rated for their impact on therapeutic
choices using a 9-point scale, namely:

e 1-3 points: outcomes of limited relevance
e  4-6 points: important, but not critical outcomes
e  7-9 points: critical outcomes.

Only outcomes classified as “critical” and “important”
were considered in the systematic review of evidence and only
those classified as “critical” were considered in the formula-
tion of recommendations.

2.3. Literature Review and Assessment of the Quality of
Evidence

A systematic search for each question was performed on
the following databases: Cochrane Library, MEDLINE, Em-
base, Web of Science, and CINAHL (from inception to Janu-
ary 2021).

Specific search strategies were used for each database, as
specified in each section of Appendix 3. No time or language
limits were imposed for all the searches. References of re-
trieved items were searched for further studies meeting inclu-
sion criteria. A systematic review was performed through the
following steps:

1. Selection of the eligible studies obtained with the initial
search, based on title and abstract, for retrieval as full text.

2. Identification among retrieved full-text items of relevant
studies, based on a priori inclusion and exclusion criteria.

3. Assessment of potential bias using validated instruments
(AMSTAR 2) [70].

4.  Extraction of main characteristics of the selected studies
(enrolled population, considered outcomes, results), as
summarized in tables.

5. Quantitative synthesis for each outcome by calculating
odds ratio (OR) for categorical outcomes and weighted
mean difference for continuous variables with 95% con-
fidence intervals (CI). Quantitative meta-analysis was
performed with RevMan 5.4 using fixed effects models.
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6.  Assessment of heterogeneity (I%) by the I? statistic stat-
ing the percentage of variability in effects esteem due to
heterogeneity rather than to chance.

7.  The overall quality and strength of available evidence
for outcomes selected by the panel were rated using the
GRADE criteria.

8. Synthesis of results, using the GRADEPro Guideline
Development tool (https://gradepro.org), with the
frameworks EtD, which summarize results of systematic
reviews for problem priority, desired and undesired ef-
fects of treatments, the strength of available evidence,
values and preferences of stakeholders, economic re-
sources needed, equity, acceptability, and feasibility of
interventions.

2.4. Pharmacoeconomic Studies

The economic evaluation was performed by a pharmaco-
economist with specific expertise (MB).

A survey was performed among the GL panel members
from different disciplines and regions that were representa-
tive of the Italian health system setting. The survey ad-
dressed the specific drivers that contribute to the total cost
of each therapeutic procedure: cabergoline, bromocriptine,
transsphenoidal surgery, with either microscopic or endo-
scopic technique, radiation treatment, or temozolomide.
Specifically, for each procedure, we investigated the dura-
tion, type, and dosage of employed drugs, type and quanti-
ties of disposable materials, number and time of involvement
of each operator, and percentage of patients requiring a care-
giver during and after the procedure (indirect costs).

We calculated the mean value for each parameter to al-
low their use in the different regional settings under Italian
National Health Service (NHS). Activity-based costing
(ABC) analysis was utilized to estimate the expenditures as-
sociated with the provision of the different procedures [71].
ABC consists of three steps:

1. Resource identification by means of a specific survey
among interdisciplinary panelists. The resources re-
quired to implement the procedures under investigation
were detailed to quantify each component (time of op-
erators’ activities, materials, drug dosage, technical re-
sources, efc.).

2. Cost measurement by consultation of scientific litera-
ture and specific databases (such as price lists) [72-79].

3. Results’ valorization: the data obtained during the pre-
vious steps were combined to define the full cost of each
action and the whole process [80].

The GL economic analysis evaluated the four large re-
source categories employed in the procedure under in-
vestigation:

e Direct cost paid by NHS for drugs.
e Direct cost paid by NHS for disposable materials.

e Direct cost paid by NHS for the working time of
operators and the use of structures.

e Indirect costs sustained by caregivers.
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To assess the costs driven by the complications of treat-
ments, we evaluated the rate of occurrence for each potential
complication induced by the various procedures, and the gen-
erated costs were expressed as the corresponding fraction.
Namely, if the cost of a specific complication was € 5000, in-
cluding all the drivers (employed drugs, hospital stay, and loss
of productivity), and if the complication is reported to occur
in about 1% of patients, the sum of € 50 was added to the total
cost of the procedure under evaluation.

2.5. Cost-efficacy Analysis

A cost-efficacy analysis (CEA) was carried out to provide
information on the economic sustainability of the considered
treatments for the management of patients with microP in the
Italian healthcare setting.

CEA is a widely used tool for evaluating public policies,
particularly in the health sector. In pharmacoeconomics, the
incremental cost-effectiveness ratio (ICER) of a therapeutic or
preventive intervention is the ratio between the incremental
costs and the incremental outcome given by the comparison
between the interventions under assessment. The selection of
the appropriate outcome measure should be based on clinical
judgment in the context of the intervention under evaluation.

Cost-utility analysis is a CEA where the outcome measure
is expressed as quality-adjusted life years (QALYs). A QALY
is generated when the patient experiences one year in a state
of full health. If the patient experiences a state of not complete
health during the same time frame, the QALY generated by
this action is considered lower than one. For the evaluation of
the cost-utility profile of a therapeutic alternative in the Italian
context, as compared to the strategies already available in the
setting, reference is made to a willingness to pay (WTP)
threshold to gain an additional QALY, set to assess the ac-
ceptability of the new strategy, should this be associated to
both higher QALYs and higher costs. As regards the Italian
setting, the WTP threshold is set to approximately €
40,000/QALY gained [81]. Treatments whose cost-utility pro-
file exceeds such index are deemed not economically sustain-
able by the reference economy.

2.6. Development of Recommendations

The GL panel examined and discussed each clinical ques-
tion: the EtD frameworks, the tables of evidence, and the sum-
maries of results (forest plots of meta-analyses). The GL panel
formulated recommendations, rated either as strong or weak,
based on the priority of the problems, benefits and harms of the
options, the strength of evidence, values and preferences, use of
resources, feasibility, acceptability, and equity of the procedure.
Disagreements were settled through collective discussion in all
cases. If evidence was not available or it was inappropriate for
a formal rating of the quality of evidence, the GL panel devel-
oped indications for good clinical practice to be used as instruc-
tions complementary to recommendations.

2.7. External Review

The panel appointed an interdisciplinary board of external
reviewers with specific expertise in pituitary disease manage-
ment. External reviewers received the draft version of the GL
and submitted their comments to the panel, which included,
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after a dedicated discussion, the amendments to the GL docu-
ment.

2.8. Value of Recommendations
Quality of evidence was rated as:

e High: highly reliable data whose confidence in esti-
mated effects is unlikely to be modified by further
studies.

e Moderate: moderately reliable data whose confi-
dence in estimated effects could be modified by fur-
ther studies.

e Low: still limited and uncertain results that need fur-
ther research for a reliable assessment of the positive
and negative effects of the intervention.

e Very low: available data that are not reliable and the
estimates of effects should be considered with cau-
tion.

The strength of recommendations was rated as strong or
weak.

A strong recommendation implies the following:

e Forclinicians: the majority of patients should receive
the recommended intervention.

e For patients: almost all properly informed patients
should follow the recommendation, whereas only a
small fraction of them may choose different options.

e For policymakers: the recommendation can be em-
ployed for planning the use of the available re-
sources.

A weak recommendation implies the following:

e  For clinicians: the final choice should include careful
consideration of patients’ values and preferences.

e For patients: the majority of properly informed pa-
tients will follow the recommendation, but a minor-
ity of them may choose different options.

e For policymakers: a discussion involving the stake-
holders should be performed on the issue.

3. RESULTS

The PRISMA flow diagram for the selection of the studies
is illustrated in Appendix 4. Seven systematic reviews were
retrieved [40, 56, 82-86]. The methodological quality evalua-
tion of the selected studies is detailed in Appendix 5.

3.1. Cabergoline Versus Different PRL-suppressing Drugs
or no Treatment

Two systematic reviews were included. The first consid-
ered the randomized controlled trials (RCTs) that compared
Cab and Br in patients with prolactinoma or idiopathic hy-
perprolactinemia [82]. The second included cross-sectional
studies that compared Cab with no treatment [85]. The meth-
odological quality was critically low. To overcome the lack of
data on different comparisons and outcomes, we also identi-
fied reviews that included studies without a control group and
that, in some cases, considered a population presenting vari-
ous causes of hyperprolactinemia.
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A systematic review of case series (104 patients with giant
prolactinoma, 77 men and 27 women) evaluated the efficacy
of DA treatment for 42.63 months (mean, range 6-204): Br
7.5-15 mg/day in 55 patients and Cab 1-1.5 mg/week in 53
patients, without a control group [86]. Tumor shrinkage and
improvement of visual field defect were not statistically dif-
ferent with the use of the two drugs. PRL normalization was
more frequent on Cab (60.4% vs. 35.3%), but the difference
occurred only in males.

A systematic review of observational studies reported pi-
tuitary apoplexy in 16 out of 157 patients treated with DA for
a period of 3-15 months, with a wide range of incidence (1.19-
44.83% of cases) [84]. Only one of the included studies re-
ported that DA treatment could be associated with a protective
role against apoplexy.

A systematic review [56] of 55 observational studies
without control group, including 3564 patients (median age
41 years, 70% women), reported disease remission after DA
treatment for 24 months (mean, range 1-162) and drug dis-
continuation for 12 months (mean, range 2-90) in 32% (95%
CI 18-48%) of cases (microP 52%, 95% CI 44-59%; MP
28%, 95% CI 4-61%). PRL levels were normalized on treat-
ment in 88% of the whole group (95% CI 82-94%), in 90%
of microP (95% CI 84-95%), in 86% of MP (95% CI 77-
93%), and in 42% of giant adenoma (95% CI 23-62%). Fre-
quent side effects were fatigue in 30% (95% CI 19-42%),
libido alterations in 28% (95% CI 22-36%), sleep disturb-
ances in 25% (95% CI 17-34%), and nausea in 17% (95% CI
2-41%). Major adverse events were ICD in 3% (95% CI 1-
6%), compulsive gambling in 6% (95% CI 3-11%), and CSF
leakage in 4% (95% CI 1-10%).

A systematic review of 13 case-control studies (836 pa-
tients with hyperprolactinemia on Cab treatment for 37-80
months, with a cumulative Cab dosage of 173-443 mg, vs.
1388 controls) demonstrated that risk of tricuspid insuffi-
ciency, but not of aortic or mitral lesions, was increased on
Cab treatment when protracted over 12 months (OR, 3.74;
95% CI 1.79-7.80; p < 0.001) [40].

3.2. Transsphenoidal Surgery

A systematic review [56] of 25 observational studies with-
out a control group involving 1836 patients (median age 34

Table 2. Costs of therapeutic procedures — microprolactinoma.
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years, 69% women) reported disease remission after a median
follow-up of 22 months (range 3-135) in 67% of cases (95%
CI 60-74%). Specifically, remission was observed in 83% of
microP (95% CI 76-90%) and in 60% of MP (95% CI 50-
70%) with no reported mortality (95% CI 0-1%). Major com-
plications were the occurrence of persistent diabetes insipidus
in 2% (95% CI 0-55), meningitis in 1% (95% CI 0-3%), and
CSF leakage in 3% (95% CI 2-5%) of cases. Further endocrine
complications were transient diabetes insipidus in 16% (95%
CI 7-28%), SIAD in 9% (95% CI 5-14%), and hypopituita-
rism in 2% (95% CI 1-4%).

3.3. Temozolomide Treatment

A systematic review of case series and case reports de-
scribed the results of oral temozolomide (150-200 mg/m? for
5 days to 28 days, for 1 to 24 cycles) in patients with aggres-
sive or resistant prolactinoma (23 studies) or PRL-secreting
carcinoma (19 studies) [83]. All included patients were re-
sistant to standard treatments (DA, somatostatin analogs, re-
peated surgery, radiation) with tumor progression. On te-
mozolomide therapy, tumor shrank in 25/34 patients (73.5%),
and PRL was significantly reduced in 18/24 patients (75%)
and normalized in 2/24 patients (8.3%). Tumor progression
was observed in 7/34 patients (20.6%). Most patients tolerated
the treatment well. Severe adverse events, mostly hematolog-
ical toxicity, were reported in three cases and required discon-
tinuation of therapy in one patient.

3.4. Economic Evaluation

Tables 2 and 3 show the weighted costs of the therapeutic
alternative strategies for the management of micro and
macroprolactinomas, respectively.

3.5. Cost-efficacy Analysis

The analysis adapted the results of the study by Jethwa et
al. [87] in the American context to the Italian healthcare set-
ting. In that study, the pharmacological treatment based on
cabergoline and bromocriptine was compared with the use of
endoscopic and microscopic surgery. To determine the cost-
effectiveness of surgical management compared to the use of
pharmacological alternatives, a maximum threshold of WTP
equal to € 40,000/QALY gained was considered.

Following Years
Procedure Application 1% year
(-5 (Beyond 5™)

Cabergoline 91.44% €1,586.04 €807.32 €765.59
Bromocriptine 1.71% €1,129.09 € 466.69 €43891

Temozolomide 0% N/A N/A N/A
Endoscopic surgery 10.63% € 8,818.75 €319.91 €294.64
Microscopic surgery 0.86% € 8,537.54 €324.64 €316.96

Radiation 0% N/A N/A N/A
Weighted Total €2,558.91 €798.13 €754.85
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Table 3. Costs of therapeutic procedures — macroprolactinoma.
Following Years
Procedure Application 1 Year
(2md-5thy (Beyond 5™)
Cabergoline 91.44% €2,267.46 €1,078.26 €967.74
Bromocriptine 1.71% € 1,636.21 €737.00 €607.26
Temozolomide 1.14% €7,738.80 €1,052.34 €1,014.07
Endoscopic surgery 10.63% €8,897.45 €517.73 €422.93
Microscopic surgery 0.86% €8,512.11 €446.97 €384.52
Radiation 2.46% €3,214.06 €615.72 €538.76
Weighted Total €3,287.53 €1,084.59 €968.37
Table 4. Results of cost-efficacy analysis for therapeutic actions.
Differentials
- QALYs Costs ICER
Costs QALYs
Microscopic surgery 0.9656 €8,613.44 - - -
Endoscopic surgery 0.9725 €8,759.12 €146.31 0.01 €21,242.20
Mean for surgery 0.9691 € 8,686.60 - - -
Bromocriptine 0.7939 €3,616.20 - - -
Cabergoline 0.8628 €3,834.61 €218.40 0.07 €3,171.48
Mean Pharmacologic Treatments 0.8283 €3,725.40 €4,961.20 0.14 € 35,248.13

A probabilistic tree, based on the natural history of the pa-
thology, was developed for the realization of the analysis. The
study also included the realization of a multivariate probabil-
istic analysis, performed to characterize the uncertainty sur-
rounding the parameters considered in the pharmacoeconomic
model: 1000 simulations were performed considering a devi-
ation in the absolute value of each parameter in its range of
variation. In the comparison of the average cost and utility
values of the pharmacologic and surgical alternatives, it ap-
pears that surgery is a cost-effective alternative with an ICER
of € 35,248.13 (Table 4).

3.6. Recommendations

The following recommendations were issued by the GL
panel, based on the reported analyses, for the clinical question
“What is the best effective and safe treatment for PRL-secret-
ing pituitary adenomas?”

Recommendation 1: The panel recommends the pharma-
cologic treatment with cabergoline as the first-line therapy vs.
the alternative dopaminergic drug bromocriptine. Cabergoline
should be employed at the lowest effective dose capable of
controlling the clinical picture (strong recommendation, very
low quality of evidence).

° Evidence: Though only limited and low-quality evi-
dence has compared the outcomes of the two drugs, in-

direct evidence stands in favor of Cab. A systematic re-
view of observational studies without a control group [56]
points to a modest benefit for therapeutic efficacy of Cab
vs. Br associated with robust benefit for tolerability. The
panel believes that Cab acceptability is higher for the pa-
tients due to its schedule (administration once or twice per
week as compared to Br that requires at least daily admin-
istration). Though this dimension was not formally eval-
uated in an ad hoc study, the obviously superior accepta-
bility together with better efficacy and tolerability in-
duced the panel to upgrade the strength of the recommen-
dation, notwithstanding very low-quality evidence.

Subgroup Indications:

° In patients with microP: we recommend as the aim of
treatment the reversal of the clinical condition with a
main focus on hypogonadism.

. In patients with MP on chronic DA treatment with
persisting tumoral tissue and pathologic PRL levels:
We recommend against DA withdrawal.

. In women with microP after menopause: We recom-
mend DA withdrawal.

° In women with MP after menopause: We recommend
continuing DA treatment at the lowest effective dose ca-
pable of controlling tumor growth, with a follow-up
planned on the basis of clinical status.
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° Evidence: Though women after menopause were not
specifically considered in the available evidence, the
panel addressed the issue of the duration of drug treat-
ment. Literature data demonstrated that treatment can be
safely discontinued in postmenopausal women with mi-
croP, whereas a more prudent attitude is warranted in
other conditions [34].

° Indications for further research: RCT with an ade-
quate sample size comparing the efficacy and safety of
Cab vs. Br should be carried out.

Recommendation 2: The panel suggests that cabergoline
and trans-sphenoidal resection of the adenoma should be of-
fered as alternative therapeutic options to any patient with a
fully resectable adenoma (microP or enclosed MP). The dia-
logue with the patient should be preferably conducted during
a joint evaluation among pituitary experts. This approach al-
lows the patient to select the option that he/she considers more
appropriate according to his/her general conditions, values,
preferences and accessible resources (weak recommendation,
very low quality of evidence).

Evidence: A cohort study showed that a few patients with
prolactinoma opted for neurosurgery instead of long-term
medical therapy [88]. The surgical option appears also prefer-
able from an economic point of view.

Recommendation 3: The panel suggests bromocriptine
treatment in patients with intolerance to cabergoline who are
not candidates for surgery (weak recommendation, very low
quality of evidence).

Recommendation 4: The panel recommends the resection
of the adenoma by an expert pituitary surgeon for patients:

e  Who do not exhibit rapid improvement of neuro-ophthal-
mologic impairment after two weeks of cabergoline treat-
ment.

e Who are resistant/intolerant to cabergoline or other DA.
e Who escape from DA effects.

e  Who require treatment but are unwilling to take chronic
medical therapy (strong recommendation, very low qual-
ity of evidence).

Evidence: Although the quality of the available evidence
on surgical therapy is low, overall data from the literature
point to the benefits of this therapy, especially in some sub-
groups of patients. A systematic review of observational stud-
ies without a control group [56] confirmed the efficacy of sur-
gery compared to pharmacological therapy. In patients who
do not benefit or tolerate drug therapy or who refuse chronic
medical treatment, neurosurgery is the only therapeutic option
with adequate safety and demonstrated efficacy. Thus, the GL
panel increased the strength of the recommendation notwith-
standing very low-quality evidence.

Recommendation 5: The panel recommends, in case of
uncontrolled tumor growth despite treatment with DA associ-
ated with neurosurgery, that a multidisciplinary pituitary team
with specific expertise adopts the multimodal approach that is
appropriate for the individual patient. The use of repeated sur-
gery + radiotherapy + DA + temozolomide should be consid-
ered with a time frame appropriate to the course of the disease
(strong recommendation, low quality of evidence).

Endocrine, Metabolic & Immune Disorders-Drug Targets, 2023, Vol. 23, No. 12 1467

Evidence: Patients who show tumor progression despite
the appropriate use of standard therapies are at risk of unfa-
vorable evolution and of death if are not promptly addressed
to a multi-disciplinary team, including different skilled ex-
perts. Notwithstanding low-quality evidence, the panel in-
creased the strength of the recommendation for rare patients
with potentially life-threatening clinical conditions.

3.7. Indications for Good Clinical Practice

The following statements reflect the opinions of the GL
panel members about issues not addressed by studies directly
comparing the different therapeutic options. These statements
are complementary to the formal recommendations, are based
on large clinical experience, and are unanimously agreed upon
by the panel. Thus, they are provided as an aid for good clini-
cal practice.

1. Whenever neurosurgery may be considered, the patient
should be referred to a pituitary surgeon with specific ex-
pertise.

2. Clinical surveillance may be considered an appropriate
option in patients with microP without hypogonadism or
galactorrhea.

3. For patients, especially those of the male sex, who start
Cab treatment, their caregivers should be warned about
the possible development of impulse control disorders.
They should be regularly investigated for the occurrence
of psychiatric symptoms during chronic treatment. These
adverse effects occur rarely but may be severe [89], and
clinicians should be aware of their possibility.

4. After DA initiation, MRI control should be performed
within 12 months in patients with microP and within 3-6
months in those with MP. Earlier follow-up should be
considered in non-responder MP subjects and in case of
new symptoms occurrence. The use of contrast media
during follow-up should be appropriately limited, espe-
cially in patients with MP, to avoid harm related to Gd
deposits.

5. In patients with MP who are DA-responders, follow-up
can be safely performed after PRL normalization and tu-
mor shrinkage with PRL assessment performed at yearly
intervals.

6. Urgent evaluation by a neurosurgeon is warranted in case
of CSF leakage on DA treatment.

7. 1In patients on protracted cabergoline treatment, espe-
cially in those taking high doses (e.g., >2 mg/week for
prolonged periods), cardiac ultrasonography should be
considered on the basis of a complete clinical evaluation,
including age, comorbidities, Cab dosage, and duration of
treatment. Potential extra-endocrine causes of valvular
involvement should be ruled out. The decision to undergo
ultrasonography screening needs an individualized com-
prehensive assessment considering all the potential addi-
tional risk factors.

8. In patients with MP, DA treatment may be discontinued
only after the complete disappearance of the tumor mass,
or an at least 50% decrease in tumor size, associated with
the persistence of low-normal PRL levels after progres-
sive down-titration of DA. In these patients, a careful
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quarterly follow-up of PRL levels and gonadal status
should be performed.

9. In males with MP and persistent hypogonadism, testos-
terone replacement treatment should be started within 3-
6 months after the start of DA treatment, provided that
PRL is progressively decreasing. A laboratory re-evalua-
tion of the gonadal axis should be performed after the nor-
malization of PRL levels.

10. In hypogonadal women with MP, sex hormone replace-
ment therapy should be based on a case-by-case evalua-
tion.

11. Hormone replacement treatment in hypogonadal women
with MP should be continued at least until the age of
physiologic menopause.

12. Women with microP or DA-responder MP can be safely
treated with estroprogestinic if they require contracep-
tion.

13. Hormone replacement treatment can be offered to post-
menopausal women with microP, provided that PRL lev-
els are monitored.

14. Patients with MP should be tightly followed up with the
determination of PRL levels and MRI assessment. This
approach is of relevant importance in males who are di-
agnosed after the age of 50 years due to their elevated risk
of unfavorable course.

15. Whenever radiation treatment is indicated, stereotactic
radiosurgery should be preferentially used instead of frac-
tionated radiotherapy, unless the tumor is huge or close
to the optic pathways.

16. In patients with invasive MP or pituitary carcinoma who
are unsuccessfully operated on and/or irradiated due to
uncontrolled tumor growth, temozolomide therapy
should be started under the guidance of a neuro-oncolo-
gist.

3.8. Guideline Update

This systematic review will be updated with the use of the
same search strings, three years from the date of GL approval.
The ERT and the GL panel will assess the availability of new
clinical data that could modify the overall quality of evidence
and risk/benefit ratio and, consequently, the formulation and
strength of recommendations.

The GL panel will also consider updating, adding, or re-
moving clinical questions or outcomes of interest and their
relative relevance. In case of changes in clinical questions
and/or critical outcomes, the process of evidence review and
development of recommendations will be performed again.

4. DISCUSSION

Pharmacological therapy is the standard of care for prolac-
tinomas since the introduction, in the late 70s of the last cen-
tury, of DA drugs with proven anti-secretory and anti-tumor
efficacy. DA drugs have been used successfully in the major-
ity of cases, while neurosurgery has been progressively re-
served for a minority of patients, namely those intolerant or
resistant to pharmacological therapy and those with aggres-
sive tumors [7].
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In recent years, the technical progress in surgical tech-
niques has resulted in a significant improvement in neurosur-
gical outcomes, paralleled by a decrease in adverse events.
Currently, neurosurgery is considered also for non-aggressive
prolactinomas, with an extension of the indications to micro-
adenomas and to enclosed macro-adenomas, in the event of
patients who are unwilling to undergo long-term drug therapy
[55-57]. Besides being appreciated by part of the patients [88],
surgical treatment is considered a favorable cost-effective ap-
proach [87].

The above-reported analysis assessed, at the best accuracy
level, the costs associated with pharmacological and surgical
interventions for patients affected by microP or MP. The results
ofa survey addressed to a pool of clinicians with proven clinical
experience within the Italian healthcare setting were used for
this issue. The survey investigated drugs, tests, visits, and health
professionals involved in the treatment process and the contri-
bution provided by the caregiver/family members. The analysis
showed that the average absorption of resources per patient with
microP and MP is in the first year, respectively.

e Cabergoline, € 1,586.04 and € 2,267.46.

e  Bromocriptine, € 1,129.09 and € 1,636.21.

e Temozolomide, not appropriate, and € 7,738.80.

e Endoscopic surgery, € 8,818.75 and € 8,897.45.

e  Microscopic surgery, € 8,506.63 and € 8,512.11.

e Radiation therapy, not appropriate, and € 3,214.06.

As for the loss of patients and caregivers’ productivity,
costs are € 256.59 for pharmacologic therapies, € 1,399.95 and
€ 924.54, respectively, for endoscopic and microscopic sur-
gery, and € 788.70 for irradiation. Notably, the costs of health
personnel for surgical treatment could be considered less rel-
evant due to the use of already available resources. Actually,
the National Health Service staff is paid regardless of whether
or not the service under evaluation is provided.

The cost-utility analysis performed by Jethwa et al. [87]
on the subgroup of patients with microP could be modified
according to the Italian healthcare setting. This investigation
demonstrated that cabergoline is a more cost-effective treat-
ment than bromocriptine, with an ICER of € 3,171.48/QALY.
Also, endoscopic surgery was more cost-effective than micro-
scopic surgery, resulting in an ICER of € 21,242.20. Finally,
surgical management, regardless of its technical modalities,
was more cost-effective than the pharmacologic approaches,
with an ICER of € 35,248.13. A major limitation in the deter-
mination of the management costs of prolactinoma is the poor
quality of available evidence concerning the therapies under
analysis in the Italian context.

The large-scale implementation of a shift from DA as the
first-line approach for prolactinomas deserves a few com-
ments. The favorable results reported in the literature are ob-
tained in centers of excellence, which are not easily accessible
from all areas of the country. A pituitary neurosurgeon with
specific expertise is requested to perform at least 50 pituitary
surgeries per year and work in a multi-disciplinary pituitary
team [90]. The working group should include an endocrinol-
ogist and a neuroradiologist, but the participation of neuro-
ophthalmologist, neuro-oncologist, radiotherapist, and
pathologist is advisable.
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Based on this consideration, two management scenarios
can be foreseen in the medium term. Patients may be ad-
dressed to centers with lower experience, at the cost of obtain-
ing suboptimal results or, alternatively, to centers of excel-
lence, so resulting in delayed admission times and interven-
tions for pituitary diseases that need a rapid action, such as in
the event of severe hypercortisolism due to ACTH-secreting
adenomas and tumors abutting optical pathways.

Unfortunately, it was not possible to have an accurate
“official” report of transsphenoidal surgeries that are per-
formed each year in Italy, because the diagnosis-related
group (DRG) 286 aggregates the surgeries on the adrenal
and pituitary glands (3190 in 2019 according to the 2020 an-
nual report of the Ministry of Health). Presently, 5-10% of
pituitary surgeries are performed for prolactinomas. The
number of operations performed with curative intent is
widely variable between Italian centers but it can be arbitrar-
ily assumed that nearly 90% of prolactinomas are operated
upon for optical pathway compression, for aggressive
growth, or for resistance to medical therapy. We postulate
that the implementation of this GL might result in an in-
crease in the annual number of surgeries performed as first-
line treatment for prolactinomas. The estimated raw cost for
the Italian NHS could initially range from € 1,600 to €
12,000 per year. Thus, if the proportion of prolactinoma pa-
tients undergoing neurosurgery as first-line treatment would
increase by 10% yearly (a conservative and absolutely arbi-
trary fraction), the NHS excess cost could rise to € 7,000-
32,000 in a three-year period. Though a conclusive estimate
of the variation of annual expenses cannot be performed, the
cost-efficacy analysis appears in favor of surgical therapies.
The postulated ICER of € 36,122 for surgical therapies com-
pared to pharmacologic treatment appears well below the as-
sumed expenditure threshold for each QALY, which is set at
€ 40,000 in our economic setting.

Major limitations to a reliable calculation of costs changes
are as follows:

° Price fluctuation of surgical devices.

e  Risk of surgical complications, and related costs, which
is most likely higher in the real world than in series re-
ported by specialized centers.

e Overestimation of costs for surgical procedures due to a
postulated similar follow-up for pharmacologic treat-
ment and neurosurgery. As the recurrence rate of prolac-
tinomas in post-surgical remission is low (25% at 10
years) [91], follow-up after surgery could be less intense
than with pharmacologic therapy.

e  Costs of replacement therapies and monitoring that may
result from surgery-induced hypopituitarism.

e  Personnel cost for surgical interventions also including
the pauses between operations and the non-surgical
times (dressing and undressing times, patient infor-
mation, informed consent, operating room cleaning,
monitoring of patient weaning from anesthesia, ezc.).

CONCLUSION

In conclusion, based on GRADE methodology, this is the
first GL that considers pharmacologic and surgical options as
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first-line treatments of equivalent importance for PRL-secret-
ing enclosed adenomas. This innovative approach should not
be considered as backward movement of a swinging pendu-
lum but as a forward step that may enable clinicians and pa-
tients to consider the best management for this frequent dis-
ease with the potential of a definitive cure.

LIST OF ABBREVIATIONS

ABC = Activity-based costing

ACTH = Adrenocorticotropic hormone

AGREE = Appraisal of guidelines for research and
evaluation

AME = Associazione medici endocrinologi
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views

Br = Bromocriptine

Cab = Cabergoline

CEA = Cost-efficacy analysis

CI = Confidence interval

CINHAL = Cumulative index to nursing and allied
health literature

CSF = Cerebrospinal fluid

DA = Dopamine agonist

DOPA = Dihydroxy-phenylalanine

DRG = Diagnosis-related group

ERT = Evidence review team

EtD = Evidence to decision

FIPA = Familial isolated pituitary adenoma

GH = Growth hormone

GL = Guideline

GRADE = Grading of recommendations assessment,
development, and evaluation

ICER = Incremental cost-effectiveness ratio

IRCCS = Istituto di ricovero e cura a carattere
scientifico

IRP = International reference preparation

MEN = Multiple endocrine neoplasia

microP = Micro-prolactinoma

MP = Macro-prolactinoma

MRI = Magnetic resonance imaging

N/A = Not appropriate

NHS = National health service

OR = Odds ratio

PICO = Population, intervention, comparison, out-
come

PRL = Prolactin

QALY = Quality-adjusted life years
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Appendix 2

CLINICAL QUESTION AND INCLUSION CRITERIA (PICO)

Clinical question: What is the best effective and safe treatment for PRL-secreting pituitary adenomas?

Population: Adult subjects (aged >18 years) diagnosed with PRL-secreting pituitary adenoma.

Intervention: Chronic dopaminergic treatment with cabergoline.

COMPARISONS:

a) Other pharmacologic treatments (bromocriptine, methergoline).
b) Neurosurgery.

¢) Radiation treatment (fractionated or radiosurgery).

d) Temozolomide.

e) No intervention (surveillance).

OUTCOMES:

Permanent cure allowing treatment withdrawal.

Tumor shrinkage or disappearance with the improvement of local signs and symptoms.

1

2

3. PRL reduction/normalization.
4. Treatment resistance or escape.
5

Improvement or cure of hypogonadism and its complications; recovery of pituitary function and related complications
(hypothyroidism, adrenal insufficiency, diabetes insipidus).
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6. Complications of treatments.
7. Quality of life.
Design of searched studies: Systematic reviews and metanalysis of RCTs or observational studies were included. If unavailable,

individual RCTs or observational studies with a control group were searched. If different relevant reviews were retrieved for the
same clinical question, the review with the higher methodological quality, according to the checklist AMSTAR 2, was selected.

Subgroups of patients with microprolactinoma, macroprolactinoma, or giant prolactinoma were considered.

Exclusion criteria: Pregnant women, patients with plurihormonal secreting adenomas or familiar/genetic forms.

Appendix 3
SEARCH STRATEGY
DATABASE: CENTRAL

DATE OF SEARCH: ISSUE 1, 2021

MeSH descriptor: [Prolactinoma] explode all trees
Prolactinoma*

Microprolactinoma®

Macroprolactinoma*

MeSH descriptor

Prolactin near/2 secreting

PRL near/2 secreting

prolactin*:ti

{OR #1-#9}

MeSH descriptor: [Dopamine Agonists] this term only

A e AN S i

—_
— O

. dopamin* NEXT agonist*

—_
N

. cabergolin*
. 11 OR #12 OR #13
14. 10 AND #14 in Trials

Ju—
w

DATABASE: OVID MEDLINE(R)

DATE OF SEARCH: 1946 TO JANUARY 7, 2021
Prolactinoma/

Prolactinoma®.mp.

Micro?prolactinoma*®.mp.

Macro?prolactinoma*.mp.

(prolactin* adj3 (adenoma* or carcinoma* or tumor¥)).tw.
Lactotroph.mp. or Lactotrophs/

PRL.ti.

(PRL secreting adj3 (adenoma* or carcinoma* or tumor*)).tw.

A A ol o

prolactin®.ti.

_
e

Dopamine Agonists/
11. dopamin* agonist*.ti.

12. cabergolin*.mp. or Cabergoline/
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13. 10or 11 or 12
14. 1Tor2or3ord4or5or6or7or8or9
15. 13 and 14

DATABASE: EMBASE

DATE OF SEARCH: 1974 TO JANUARY 7, 2021
Prolactinoma/

Prolactinoma*.mp.
Micro?prolactinoma*.mp.
Macro?prolactinoma*.mp.

prolactin*.ti.

Lactotroph.mp. or prolactin secreting cell/
PRL.ti.

(PRL secreting adj3 (adenoma* or carcinoma* or tumor¥*)).tw.

A A o o

(Prolactin* adj3 (adenoma* or carcinoma* or tumor*)).tw.

_.
e

lor2or3ord4orSor6or7or9

—_
—_

. Dopamine Agonists/

—_
[\S}

. dopamin* agonist*.ti.

—_
W

. cabergolin*.mp. or Cabergoline/
11or12or 13
. 10 and 14

16. limit 15 to human

— -
TR

DATABASE: WEB OF SCIENCE

# 8 #7 AND #6

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years
# 7 TOPIC: (cabergolin*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years
# 6 #5 OR #4 OR #3 OR #2 OR #1

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years
# 5 TOPIC: (Macro-prolactinoma*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years
# 4 TOPIC: (Macroprolactinoma*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years
# 3 TOPIC: (Micro-prolactinoma*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years
# 2 TOPIC: (Microprolactinoma*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years
# 1 TOPIC: (Prolactinoma*)

Indexes=SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, ESCI Timespan=All years

DATABASE: CINAHL EBSCO HOST
DATE OF SEARCH: 1974 TO JANUARY 7, 2021
S 1 (MH "Prolactinoma") OR "Prolactinoma"
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S 2 TI Prolactinoma* OR AB Prolactinoma* OR TX Micro-prolactinoma* OR TX Microprolactinoma* OR TX Macro-pro-
lactinoma* OR TX Macroprolactinoma*

S3 TX (prolactin®* N3 (adenoma* OR carcinoma* OR tumor*))

S4 TXPRL N5 (adenoma* OR carcinoma* OR tumor*))

S5 SIORS2O0RS3OR S4

S 6 (MH "Dopamine Agonists")

S 7 TX Cabergolin*

S 8 TI dopamin* agonist*

S9 S6 OR S7OR S9

S 10 S5 AND S10

Appendix 4

STUDY SELECTION

—
: . .
.g Records identified through database
.g searching
= (N =4679)
c
)
3
-
—
v
U’ .
S Records af 1 of duplli Records excluded after reading
g ecords after rein;wa ot duplicates title and abstract
g (N'=2990) (N =2961)
(7}
—_—
v
> C
= Records evaluated for eligibility Records excluded
S N = 28 systematic reviews —> 21 systematic reviews
(=)
i
—
) Studies included into narrative synthesis
N =2 systematic reviews with direct comparison of cabergoline vs. bromocrip-
S tine or cabergoline vs. no treatment
® N = 5 systematic reviews including studies without a control group or with a
% population affected by hyperprolactinemia
c
-
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Appendix 5

EVALUATION OF METHODOLOGIC QUALITY OF INCLUDED STUDIES (CHECKLIST AMSTAR 2).

ftem Global eval
Study 0 a. evalua-
1 2 3 4 5167 8 9 10 11 12 | 13|14 15] 16 tion
Prob.Y N N N N N|N|Y
Almalki, 2017 No No No o No | No Yes No ° ° No ¢ Critically low
es o o MA MA o| o] s
N N No No N|N
ijia, 2012 N N N N No | N N N N N itically 1
Carijia, o o o o o o o o o o MA MA o ol o o | Critically low
Ye | Ye | N Prob.Y | N Ye | N|N|Y
D'Sylva, 2015 Yes No | Yes Yes el e Yes o Yes No ¢ ¢ Critically low
s s | o es o s oo s
Prob.Y | Ye | Ye | N N N|N|Y
dos Santos Nunes, 2011 | Yes No Yes o ¢ ¢ Yes No Yes No No ¢ Critically low
es S s | o o oo s
Ye | Ye | N N N N Ye | N|N|Y
Huang, 2018 Yes No | Yes Yes elre Yes No ° © ¢ ¢ Critically low
S s | o o MA MA s |o|o] s
Prob. Ye | N | Prob.Y | Prob.Y | N Ye | N|N|Y
Stiles, 2019 Yes o No No No ¢ o o Yes No ¢ ¢ Critically low
Yes s | o es es o s oo s
Z i Najaf i Ye | Ye | N N Ye | N|N|Y
amanipoor Najafabadi, No No No Yes el re Yes No Yes Yes ¢ ¢ Critically low
2020 S s o o S oo S

AMSTAR CHECKLIST (73).

1.

e A

12.

13.

14.

15.

Did the research questions and inclusion criteria for the review include the components of PICO?

Did the report of the review contain an explicit statement that the review methods were established prior to the conduct
of the review and did the report justify any significant deviations from the protocol?

Did the review authors explain their selection of the study designs for inclusion in the review?
Did the review authors use a comprehensive literature search strategy?

Did the review authors perform study selection in duplicate?

Did the review authors perform data extraction in duplicate?

Did the review authors provide a list of excluded studies and justify the exclusions?

Did the review authors describe the included studies in adequate detail?

Did the review authors use a satisfactory technique for assessing the risk of bias in individual studies that were included
in the review?

. Did the review authors report on the sources of funding for the studies included in the review?
11.

If meta-analysis (MA) was performed, did the review authors use appropriate methods for the statistical combination of
results?

If meta-analysis was performed, did the review authors assess the potential impact of risk of bias in individual studies
on the results of the meta-analysis or other evidence synthesis?

Did the review authors account for the risk of bias in primary studies when interpreting/discussing the results of the
review?

Did the review authors provide a satisfactory explanation for, and discussion of, any heterogeneity observed in the
results of the review?

If they performed quantitative synthesis, did the review authors carry out an adequate investigation of publication bias
(small study bias) and discuss its likely impact on the results of the review?

Did the review authors report any potential sources of conflict of interest, including any funding they received for conducting the

review?



1476 Endocrine, Metabolic & Immune Disorders-Drug Targets, 2023, Vol. 23, No. 12

REFERENCES

(1

[2]

[3]

[4]

[3]

(6]

(7

[8]

[

[10]

(1]

[12]

Chanson, P.; Maiter, D. The epidemiology, diagnosis and treatment of
Prolactinomas: The old and the new. Best Pract. Res. Clin. Endocrinol.
Metab., 2019, 33(2), 101290.
http://dx.doi.org/10.1016/j.beem.2019.101290 PMID: 31326373
Vroonen, L.; Daly, A.F.; Beckers, A. Epidemiology and management
challenges in prolactinomas. Neuroendocrinology, 2019, 109(1), 20-
27.

http://dx.doi.org/10.1159/000497746 PMID: 30731464

Olarescu, N.C.; Perez-Rivas, L.G.; Gatto, F.; Cuny, T.; Tichomirowa,
M.A.; Tamagno, G.; Gahete, M.D. Aggressive and malignant prolac-
tinomas. Neuroendocrinology, 2019, 109(1), 57-69.
http://dx.doi.org/10.1159/000497205 PMID: 30677777

de Laat, J.M.; Dekkers, O.M.; Pieterman, C.R.C.; Kluijthout, W.P.;
Hermus, A.R.; Pereira, A.M.; van der Horst-Schrivers, A.N.; Drent,
M.L.; Bisschop, P.H.; Havekes, B.; de Herder, W.W.; Valk, G.D.
Long-term natural course of pituitary tumors in patients with MEN1:
Results from the Dutch MENI study group (DMSG). J. Clin. Endo-
crinol. Metab., 2015, 100(9), 3288-3296.
http://dx.doi.org/10.1210/JC.2015-2015

PMID: 26126205

Daly, A.F.; Tichomirowa, M.A.; Petrossians, P.; Heliévaara, E.; Jaff-
rain-Rea, M.L.; Barlier, A.; Naves, L.A.; Ebeling, T.; Karhu, A.; Raap-
pana, A.; Cazabat, L.; De Menis, E.; Montafiana, C.F.; Raverot, G.;
Weil, R.J.; Sane, T.; Maiter, D.; Neggers, S.; Yaneva, M.; Tabarin, A.;
Verrua, E.; Eloranta, E.; Murat, A.; Vierimaa, O.; Salmela, P.I.; Emy,
P.; Toledo, R.A.; Sabaté, M.I.; Villa, C.; Popelier, M.; Salvatori, R.;
Jennings, J.; Longas, AF .; Labarta Aizptn, J.I.; Georgitsi, M.;
Paschke, R.; Ronchi, C.; Valimaki, M.; Saloranta, C.; De Herder, W.;
Cozzi, R.; Guitelman, M.; Magri, F.; Lagonigro, M.S.; Halaby, G.;
Corman, V.; Hagelstein, M.T.; Vanbellinghen, J.F.; Barra, G.B.;
Gimenez-Roqueplo, A.P.; Cameron, F.J.; Borson-Chazot, F.; Holda-
way, I.; Toledo, S.P.A.; Stalla, G.K.; Spada, A.; Zacharieva, S.;
Bertherat, J.; Brue, T.; Bours, V.; Chanson, P.; Aaltonen, L.A.; Beck-
ers, A. Clinical characteristics and therapeutic responses in patients
with germ-line AIP mutations and pituitary adenomas: An interna-
tional collaborative study. J. Clin. Endocrinol. Metab., 2010, 95(11),
E373-E383.

http://dx.doi.org/10.1210/jc.2009-2556

PMID: 20685857

Soto-Pedre, E.; Newey, P.J.; Bevan, J.S.; Leese, G.P. Morbidity and
mortality in patients with hyperprolactinaemia: The PROLEARS
study. Endocr. Connect., 2017, 6(8), 580-588.
http://dx.doi.org/10.1530/EC-17-0171 PMID: 28954743

Melmed, S.; Casanueva, F.F.; Hoffman, A.R.; Kleinberg, D.L.; Mon-
tori, V.M.; Schlechte, J.A.; Wass, J.A.H. Diagnosis and treatment of
hyperprolactinemia: An Endocrine Society clinical practice guideline.
J. Clin. Endocrinol. Metab., 2011, 96(2), 273-288.
http://dx.doi.org/10.1210/jc.2010-1692 PMID: 21296991

De Rosa, M.; Zarrilli, S.; Di Sarno, A.; Milano, N.; Gaccione, M.;
Boggia, B.; Lombardi, G.; Colao, A. Hyperprolactinemia in men:
Clinical and biochemical features and response to treatment. Endocr.
J., 2003, 20(1-2), 75-82.

http://dx.doi.org/10.1385/ENDO:20:1-2:75 PMID: 12668871
Samperi, L; Lithgow, K.; Karavitaki, N. Hyperprolactinaemia. J. Clin.
Med., 2019, 8(12), 2203.

http://dx.doi.org/10.3390/jcm8122203 PMID: 31847209

Hayashi, Y.; Sasagawa, Y.; Oishi, M.; Kita, D.; Misaki, K.; Fukui, L;
Tachibana, O.; Nakada, M. Contribution of intrasellar pressure eleva-
tion to headache manifestation in pituitary adenoma evaluated with in-
traoperative pressure measurement. Neurosurgery, 2019, 84(3), 599-
606.

http://dx.doi.org/10.1093/neuros/nyy087 PMID: 29618106

Bussone, G.; Usai, S.; Moschiano, F. How to investigate and treat:
Headache and hyperprolactinemia. Curr. Pain Headache Rep., 2012,
16(4), 365-370.

http://dx.doi.org/10.1007/s11916-012-0267-x PMID: 22639180
Kallestrup, M.M.; Kasch, H.; Osterby, T.; Nielsen, E.; Jensen, T.S.;
Jorgensen, J.O.L. Prolactinoma-associated headache and dopamine
agonist treatment. Cephalalgia, 2014, 34(7), 493-502.
http://dx.doi.org/10.1177/0333102413515343 PMID: 24351278

[13]

[14]

[13]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Cozzi et al.

Cesék, T.; Poczos, P.; Adamkov, J.; Nahlovsky, J.; Kasparova, P.;
Gabalec, F.; Celakovsky, P.; Choutka, O. Medically induced CSF rhi-
norrhea following treatment of macroprolactinoma: Case series and
literature review. Pituitary, 2018, 21(6), 561-570.
http://dx.doi.org/10.1007/s11102-018-0907-1 PMID: 30116971

di Filippo, L.; Doga, M.; Resmini, E.; Giustina, A. Hyperprolac-
tinemia and bone. Pituitary, 2020, 23(3), 314-321.
http://dx.doi.org/10.1007/s11102-020-01041-3 PMID: 32219718
Mazziotti, G.; Mancini, T.; Mormando, M.; De Menis, E.; Bianchi, A.;
Doga, M.; Porcelli, T.; Vescovi, P.P.; De Marinis, L.; Giustina, A.
High prevalence of radiological vertebral fractures in women with pro-
lactin-secreting pituitary adenomas. Pituitary, 2011, 14(4), 299-306.
http://dx.doi.org/10.1007/s11102-011-0293-4 PMID: 21301967
Klibanski, A.; Greenspan, S.L. Increase in bone mass after treatment
of hyperprolactinemic amenorrhea. N. Engl. J. Med., 1986, 315(9),
542-546.

http://dx.doi.org/10.1056/NEIM198608283150903 PMID: 3736637
Vilar, L.; Vilar, C.F.; Lyra, R.; Freitas, M.C. Pitfalls in the diagnostic
evaluation of hyperprolactinemia. Neuroendocrinology, 2019, 109(1),
7-19.

http://dx.doi.org/10.1159/000499694 PMID: 30889571

Tsur, A.; Dreyfuss, E.; Ness-Abramof, R.; Pollack, R.; Cahn, A. Role
of cannulated prolactin test in evaluation of hyperprolactinemia - A
retrospective study. Endocr. Pract., 2020, 26(11), 1304-1311.
http://dx.doi.org/10.4158/EP-2020-0260 PMID: 33471661

Sturk, A.; Sanders, G.T. Macro enzymes: Prevalence, composition,
detection and clinical relevance. J. Clin. Chem. Clin. Biochem., 1990,
28(2), 65-81.

PMID: 2184194

Vilar, L.; Abucham, J.; Albuquerque, J.L.; Araujo, L.A.; Azevedo,
M.F.; Boguszewski, C.L.; Casulari, L.A.; Cunha, M.B.C.; Czepielew-
ski, M.A.; Duarte, F.H.G.; Faria, M.S.; Gadelha, M.R.; Garmes, H.M.;
Glezer, A.; Gurgel, M.H.; Jallad, R.S.; Martins, M.; Miranda, P.A.C.;
Montenegro, R.M.; Musolino, N.R.C.; Naves, L.A.; Ribeiro-Oliveira,
A.; Silva, C.M.S.; Viecceli, C.; Bronstein, M.D. Controversial issues
in the management of hyperprolactinemia and prolactinomas — An
overview by the Neuroendocrinology Department of the Brazilian So-
ciety of Endocrinology and Metabolism. Arch. Endocrinol. Metab.,
2018, 62(2), 236-263.
http://dx.doi.org/10.20945/2359-3997000000032

PMID: 29768629

Gibney, J.; Smith, T.P.; McKenna, T.J. Clinical relevance of
macroprolactin. Clin. Endocrinol., 2005, 62(6), 633-643.
http://dx.doi.org/10.1111/j.1365-2265.2005.02243.x

PMID: 15943822

Fleseriu, M.; Lee, M.; Pineyro, M.M.; Skugor, M.; Reddy, S.K.; Siraj,
E.S.; Hamrahian, A.H. Giant invasive pituitary prolactinoma with
falsely low serum prolactin: the significance of ‘hook effect’. J. Neu-
rooncol., 2006, 79(1), 41-43.
http://dx.doi.org/10.1007/s11060-005-9108-7 PMID: 16598425
Piketty, M.L.; Prie, D.; Sedel, F.; Bernard, D.; Hercend, C.; Chanson,
P.; Souberbielle, J.C. High-dose biotin therapy leading to false bio-
chemical endocrine profiles: validation of a simple method to over-
come biotin interference. Clin. Chem. Laborat. Med. (CCLM), 2017,
55(6), 817-825.

http://dx.doi.org/10.1515/cclm-2016-1183 PMID: 28222020

Aliberti, L.; Gagliardi, I.; Dorizzi, R.M.; Pizzicotti, S.; Bondanelli, M.;
Zatelli, M.C.; Ambrosio, M.R. Hypeprolactinemia: Still an insidious
diagnosis. Endocrine, 2021, 72(3), 928-931.
http://dx.doi.org/10.1007/s12020-020-02497-w PMID: 32949349
Khawaja, N.M.; Taker, B.M.; Barham, M.E.; Naser, A.A.; Hadidy,
A.M.; Ahmad, A.T.; Hamamy, H.A.; Yaghi, N.A.; Ajlouni, K.M. Pi-
tuitary enlargement in patients with primary hypothyroidism. Endocr.
Pract., 2006, 12(1), 29-34.

http://dx.doi.org/10.4158/EP.12.1.29 PMID: 16524860

Peuskens, J.; Pani, L.; Detraux, J.; De Hert, M. The effects of novel
and newly approved antipsychotics on serum prolactin levels: A com-
prehensive review. CNS Drugs, 2014, 28(5), 421-453.
http://dx.doi.org/10.1007/s40263-014-0157-3 PMID: 24677189
Molitch, M.E. Dopamine agonists and antipsychotics. Eur. J. Endo-
crinol., 2020, 183(3), C11-C13.
http://dx.doi.org/10.1530/EJE-20-0607 PMID: 32508315



Italian Guidelines for the Management of Prolactinomas

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Alvarez-Tutor, E.; Forga-LLenas, L.; Rodriguez-Erdozain, R.; Gofii-
Iriarte, M.J.; Menendez-Torre, E.; Alvarez-Tutor, J. Persistent in-
crease of PRL after oral contraceptive treatment. Arch. Gynecol. Ob-
stet., 1999, 263(1-2), 45-50.
http://dx.doi.org/10.1007/s004040050261 PMID: 10728629

Burlacu, M.C.; Maiter, D.; Duprez, T.; Delgrange, E. T2-weighted
magnetic resonance imaging characterization of prolactinomas and as-
sociation with their response to dopamine agonists. Endocrine, 2019,
63(2), 323-331.

http://dx.doi.org/10.1007/s12020-018-1765-3 PMID: 30267354
Tosaka, M.; Sato, N.; Hirato, J.; Fujimaki, H.; Yamaguchi, R.; Kohga,
H.; Hashimoto, K.; Yamada, M.; Mori, M.; Saito, N.; Yoshimoto, Y.
Assessment of hemorrhage in pituitary macroadenoma by T2*-
weighted gradient-echo MR imaging. AJNR Am. J. Neuroradiol.,
2007, 28(10), 2023-2029.

http://dx.doi.org/10.3174/ajnr.A0692 PMID: 17898201

Verhelst, J.; Abs, R.; Maiter, D.; van den Bruel, A.; Vandeweghe, M.;
Velkeniers, B.; Mockel, J.; Lamberigts, G.; Petrossians, P.; Coremans,
P.; Mahler, C.; Stevenaert, A.; Verlooy, J.; Raftopoulos, C.; Beckers,
A. Cabergoline in the treatment of hyperprolactinemia: A study in 455
patients. J. Clin. Endocrinol. Metab., 1999, 84(7), 2518-2522.
http://dx.doi.org/10.1210/jcem.84.7.5810 PMID: 10404830

Colao, A.; Di Sarno, A.; Landi, M.L.; Scavuzzo, F.; Cappabianca, P.;
Pivonello, R.; Volpe, R.; Di Salle, F.; Cirillo, S.; Annunziato, L.; Lom-
bardi, G. Macroprolactinoma shrinkage during cabergoline treatment
is greater in naive patients than in patients pretreated with other dopa-
mine agonists: A prospective study in 110 patients. J. Clin. Endo-
crinol. Metab., 2000, 85(6), 2247-2252.
http://dx.doi.org/10.1210/jc.85.6.2247 PMID: 10852458

Casanueva, F.F.; Molitch, M.E.; Schlechte, J.A.; Abs, R.; Bonert, V.;
Bronstein, M.D.; Brue, T.; Cappabianca, P.; Colao, A.; Fahlbusch, R.;
Fideleff, H.; Hadani, M.; Kelly, P.; Kleinberg, D.; Laws, E.; Marek,
J.; Scanlon, M.; Sobrinho, L.G.; Wass, J.A .H.; Giustina, A. Guidelines
of the Pituitary Society for the diagnosis and management of prolacti-
nomas. Clin. Endocrinol., 2006, 65(2), 265-273.
http://dx.doi.org/10.1111/j.1365-2265.2006.02562.x

PMID: 16886971

Cozzi, R.; Ambrosio, M.R.; Attanasio, R.; Battista, C.; Bozzao, A.;
Caputo, M.; Ciccarelli, E.; De Marinis, L.; De Menis, E.; Faustini,
F.M.; Grimaldi, F.; Lania, A.; Lasio, G.; Logoluso, F.; Losa, M.; Maf-
fei, P.; Milani, D.; Poggi, M.; Zini, M.; Katznelson, L.; Luger, A.;
Poiana, C. Italian Association of clinical endocrinologists (AME) and
International Chapter of Clinical Endocrinology (ICCE). Position
statement for clinical practice: Prolactin-secreting tumors. Eur. J. En-
docrinol., 2022, 186(3), P1-P33.
http://dx.doi.org/10.1530/EJE-21-0977 PMID: 35000899

Del Dotto, P.; Bonuccelli, U. Clinical pharmacokinetics of cabergo-
line. Clin. Pharmacokinet., 2003, 42(7), 633-645.
http://dx.doi.org/10.2165/00003088-200342070-00003 PMID:
12844325

Vroonen, L.; Jaffrain-Rea, M.L.; Petrossians, P.; Tamagno, G.; Chan-
son, P.; Vilar, L.; Borson-Chazot, F.; Naves, L.A.; Brue, T.; Gatta, B.;
Delemer, B.; Ciccarelli, E.; Beck-Peccoz, P.; Caron, P.; Daly, A.F.;
Beckers, A. Prolactinomas resistant to standard doses of cabergoline:
A multicenter study of 92 patients. Eur. J. Endocrinol., 2012, 167(5),
651-662.

http://dx.doi.org/10.1530/EJE-12-0236 PMID: 22918301

Ciccarelli, E.; Camanni, F. Diagnosis and drug therapy of prolacti-
noma. Drugs, 1996, 51(6), 954-965.
http://dx.doi.org/10.2165/00003495-199651060-00004

PMID: 8736617

Bancos, I.; Nannenga, M.R.; Bostwick, J.M.; Silber, M.H.; Erickson,
D.; Nippoldt, T.B. Impulse control disorders in patients with dopamine
agonist-treated prolactinomas and nonfunctioning pituitary adenomas:
A case-control study. Clin. Endocrinol., 2014, 80(6), 863-868.
http://dx.doi.org/10.1111/cen.12375 PMID: 24274365

De Sousa, S.M.C.; Chapman, .M.; Falhammar, H.; Torpy, D.J. Dopa-
testotoxicosis: Disruptive hypersexuality in hypogonadal men with
prolactinomas treated with dopamine agonists. Endocrine, 2017,
55(2), 618-624.

http://dx.doi.org/10.1007/s12020-016-1088-1

PMID: 27601019

Stiles, C.E.; Tetteh-Wayoe, E.T.; Bestwick, J.; Steeds, R.P.; Drake,
W.M. A meta-analysis of the prevalence of cardiac valvulopathy in

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

Endocrine, Metabolic & Immune Disorders-Drug Targets, 2023, Vol. 23, No. 12 1477

hyperprolactinemic patients treated with Cabergoline. J. Clin. Endo-
crinol. Metab., 2018, 104, 523-538.
http://dx.doi.org/10.1210/jc.2018-01071 PMID: 30215804

Steeds, R.; Stiles, C.; Sharma, V.; Chambers, J.; Lloyd, G.; Drake, W.
Echocardiography and monitoring patients receiving dopamine ago-
nist therapy for hyperprolactinaemia: A joint position statement of the
British Society of Echocardiography, the British Heart Valve Society
and the Society for Endocrinology. Clin. Endocrinol., 2019, 90(5),
662-669.

http://dx.doi.org/10.1111/cen.13940 PMID: 30818417

Schlechte, J.; Dolan, K.; Sherman, B.; Chapler, F.; Luciano, A. The
natural history of untreated hyperprolactinemia: A prospective analy-
sis. J. Clin. Endocrinol. Metab., 1989, 68(2), 412-418.
http://dx.doi.org/10.1210/jcem-68-2-412 PMID: 2918052

Delgrange, E.; Daems, T.; Verhelst, J.; Abs, R.; Maiter, D. Character-
ization of resistance to the prolactin-lowering effects of cabergoline in
macroprolactinomas: A study in 122 patients. Eur. J. Endocrinol.,
2009, /60(5), 747-752.

http://dx.doi.org/10.1530/EJE-09-0012 PMID: 19223454

Molitch, M.E. Dopamine resistance of prolactinomas. Pituitary, 2003,
6(1), 19-27.

http://dx.doi.org/10.1023/A:1026225625897 PMID: 14674720
Souteiro, P.; Karavitaki, N. Dopamine agonist resistant prolactinomas:
Any alternative medical treatment? Pituitary, 2020, 23(1), 27-37.
http://dx.doi.org/10.1007/s11102-019-00987-3 PMID: 31522358
Maiter, D. Management of dopamine agonist-resistant prolactinoma.
Neuroendocrinology, 2019, 109(1), 42-50.
http://dx.doi.org/10.1159/000495775 PMID: 30481756

Aratjo, C.; Marques, O.; Almeida, R.; Santos, M.J. Macroprolactino-
mas: Longitudinal assessment of biochemical and imaging therapeutic
responses. Endocrine, 2018, 62(2), 470-476.
http://dx.doi.org/10.1007/s12020-018-1703-4 PMID: 30088141
Vermeulen, E.; D’Haens, J.; Stadnik, T.; Unuane, D.; Barbe, K.; Van
Velthoven, V.; Glésker, S. Predictors of dopamine agonist resistance
in prolactinoma patients. BMC Endocr. Disord., 2020, 20(1), 68.
http://dx.doi.org/10.1186/s12902-020-0543-4 PMID: 32429916
Colao, A.; Di Samo, A.; Cappabianca, P.; Di Somma, C.; Pivonello,
R.; Lombardi, G. Withdrawal of long-term cabergoline therapy for tu-
moral and nontumoral hyperprolactinemia. N. Engl. J. Med., 2003,
349(21), 2023-2033.

http://dx.doi.org/10.1056/NEJM02a022657 PMID: 14627787

Bonert, V. Do nothing but observe microprolactinomas: When and
how to replace sex hormones? Pituitary, 2020, 23(3), 307-313.
http://dx.doi.org/10.1007/s11102-020-01039-x PMID: 32274622
Cocks Eschler, D.; Javanmard, P.; Cox, K.; Geer, E.B. Prolactinoma
through the female life cycle. Endocrine, 2018, 59(1), 16-29.
http://dx.doi.org/10.1007/s12020-017-1438-7 PMID: 29177641
Colao, A.; Vitale, G.; Cappabianca, P.; Briganti, F.; Ciccarelli, A.; De
Rosa, M.; Zarrilli, S.; Lombardi, G. Outcome of cabergoline treatment
in men with prolactinoma: Effects of a 24-month treatment on prolac-
tin levels, tumor mass, recovery of pituitary function, and semen anal-
ysis. J. Clin. Endocrinol. Metab., 2004, 89(4), 1704-1711.
http://dx.doi.org/10.1210/jc.2003-030979 PMID: 15070934
Christin-Maitre, S.; Delemer, B.; Touraine, P.; Young, J. Prolactinoma
and estrogens: Pregnancy, contraception and hormonal replacement
therapy. Ann. Endocrinol., 2007, 68(2-3), 106-112.
http://dx.doi.org/10.1016/j.and0.2007.03.008 PMID: 17540335
Duskin-Bitan, H.; Shimon, 1. Prolactinomas in males: Any differ-
ences? Pituitary, 2020, 23(1), 52-57.
http://dx.doi.org/10.1007/s11102-019-01009-y PMID: 31802331
Honegger, J.; Nasi-Kordhishti, I.; Aboutaha, N.; Giese, S. Surgery for
prolactinomas: A better choice? Pituitary, 2020, 23(1), 45-51.
http://dx.doi.org/10.1007/s11102-019-01016-z PMID: 31853793
Zamanipoor, N.A.H.; Zandbergen, I.M.; de Vries, F.; Broersen,
L.H.A.; van den Akker-van Marle, M.E.; Pereira, A.M.; Peul, W.C.;
Dekkers, O.M.; van Furth, W.R.; Biermasz, N.R. Surgery as a viable
alternative first-line treatment for prolactinoma patients. A systematic
review and meta-analysis. J. Clin. Endocrinol. Metab., 2020, 105(3),
e32-e4l1.

http://dx.doi.org/10.1210/clinem/dgz144 PMID: 31665485
Tampourlou, M.; Trifanescu, R.; Paluzzi, A.; Ahmed, S.K.;
Karavitaki, N. Therapy of endocrine disease: Surgery in microprolac-
tinomas: Effectiveness and risks based on contemporary literature.
Eur. J. Endocrinol., 2016, 175(3), R89-R96.



1478

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Endocrine, Metabolic & Immune Disorders-Drug Targets, 2023, Vol. 23, No. 12

http://dx.doi.org/10.1530/EJE-16-0087 PMID: 27207245

Ikeda, H.; Watanabe, K.; Tominaga, T.; Yoshimoto, T. Transsphe-
noidal microsurgical results of female patients with prolactinomas.
Clin. Neurol. Neurosurg., 2013, 115(9), 1621-1625.
http://dx.doi.org/10.1016/j.clineuro.2013.02.016 PMID: 23498159
Primeau, V.; Raftopoulos, C.; Maiter, D. Outcomes of transsphenoidal
surgery in prolactinomas: improvement of hormonal control in dopa-
mine agonist-resistant patients. Eur. J. Endocrinol., 2012, 166(5), 779-
786.

http://dx.doi.org/10.1530/EJE-11-1000 PMID: 22301915

Raverot, G.; Wierinckx, A.; Dantony, E.; Auger, C.; Chapas, G.; Ville-
neuve, L.; Brue, T.; Figarella-Branger, D.; Roy, P.; Jouanneau, E.; Jan,
M.; Lachuer, J.; Trouillas, J. Prognostic factors in prolactin pituitary
tumors: Clinical, histological, and molecular data from a series of 94
patients with a long postoperative follow-up. J. Clin. Endocrinol.
Metab., 2010, 95(4), 1708-1716.
http://dx.doi.org/10.1210/jc.2009-1191 PMID: 20164287

Kreutzer, J.; Buslei, R.; Wallaschofski, H.; Hofmann, B.; Nimsky, C.;
Fahlbusch, R.; Buchfelder, M. Operative treatment of prolactinomas:
Indications and results in a current consecutive series of 212 patients.
Eur. J. Endocrinol., 2008, 158(1), 11-18.
http://dx.doi.org/10.1530/EJE-07-0248 PMID: 18166812

Fatemi, N.; Dusick, J.R.; Mattozo, C.; McArthur, D.L.; Cohan, P.;
Boscardin, J.; Wang, C.; Swerdloff, R.S.; Kelly, D.F. Pituitary hormo-
nal loss and recovery after transsphenoidal adenoma removal. Neuro-
surgery, 2008, 63(4), 709-719.
http://dx.doi.org/10.1227/01.NEU.0000325725.77132.90

PMID: 18981881

Roelfsema, F.; Biermasz, N.R.; Pereira, A.M. Clinical factors involved
in the recurrence of pituitary adenomas after surgical remission: A
structured review and meta-analysis. Pituitary, 2012, 15(1), 71-83.
http://dx.doi.org/10.1007/s11102-011-0347-7 PMID: 21918830
Gillam, M.P.; Molitch, M.E.; Lombardi, G.; Colao, A. Advances in
the treatment of prolactinomas. Endocr. Rev., 2006, 27(5), 485-534.
http://dx.doi.org/10.1210/er.2005-9998 PMID: 16705142

Sheplan Olsen, L.J.; Robles Irizarry, L.; Chao, S.T.; Weil, R.J;
Hamrahian, A .H.; Hatipoglu, B.; Suh, J.H. Radiotherapy for prolactin-
secreting pituitary tumors. Pituitary, 2012, 15(2), 135-145.
http://dx.doi.org/10.1007/s11102-011-0348-6 PMID: 21948464
Hung, Y.C.; Lee, C.C.; Yang, H.; Mohammed, N.; Kearns, K.N.; Na-
beel, A.M.; Abdel Karim, K.; Emad E.R.M.; El-Shehaby, A.M.N.;
Reda, W.A.; Tawadros, S.R.; Liscak, R.; Jezkova, J.; Lunsford, L.D.;
Kano, H.; Sisterson, N.D.; Martinez A‘R‘; Martinez Moreno, N.E.;
Kondziolka, D.; Golfinos, J.G.; Grills, I.; Thompson, A.; Borghei-Ra-
zavi, H.; Maiti, T.K.; Barnett, G.H.; McInerney, J.; Zacharia, B.E.; Xu,
Z.; Sheehan, J.P. The benefit and risk of stereotactic radiosurgery for
prolactinomas: An international multicenter cohort study. J. Neuro-
surg., 2020, 133(3), 717-726.
http://dx.doi.org/10.3171/2019.4.JNS183443 PMID: 31374549
Fleseriu, M.; Hashim, L. A.; Karavitaki, N.; Melmed, S.; Murad, M.H.;
Salvatori, R.; Samuels, M.H. Hormonal replacement in hypopituita-
rism in adults: An Endocrine Society clinical practice guideline. J.
Clin. Endocrinol. Metab., 2016, 101(11), 3888-3921.
http://dx.doi.org/10.1210/jc.2016-2118 PMID: 27736313

Trouillas, J.; Delgrange, E.; Wierinckx, A.; Vasiljevic, A.; Jouanneau,
E.; Burman, P.; Raverot, G. Clinical, pathological, and molecular fac-
tors of aggressiveness in lactotroph tumours. Neuroendocrinology,
2019, 109(1), 70-76.

http://dx.doi.org/10.1159/000499382 PMID: 30943495

McCormack, A.; Dekkers, O.M.; Petersenn, S.; Popovic, V.; Trouillas,
J.; Raverot, G.; Burman, P. Treatment of aggressive pituitary tumours
and carcinomas: Results of a European Society of Endocrinology
(ESE) survey 2016. Eur. J. Endocrinol., 2018, 178(3), 265-276.
http://dx.doi.org/10.1530/EJE-17-0933 PMID: 29330228

Shea, B.J.; Reeves, B.C.; Wells, G.; Thuku, M.; Hamel, C.; Moran, J.;
Mobher, D.; Tugwell, P.; Welch, V.; Kristjansson, E.; Henry, D.A. AM-
STAR 2: A critical appraisal tool for systematic reviews that include
randomised or non-randomised studies of healthcare interventions, or
both. BMJ, 2017, 358, j4008.

http://dx.doi.org/10.1136/bmj.j4008 PMID: 28935701

Ruggeri, M.; Basile, M.; Armuzzi, A.; Cicchetti, A. Activity-based
costing and budget analysis of vedolizumab versus conventional treat-
ments in ulcerative colitis and Crohn’s disease. Glob. Reg. Health
Technol. Assess., 2016, 4, e88-¢99.

[72]

(73]

[74]

[75]

[76]

[77]
[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

Cozzi et al.

http://dx.doi.org/10.5301/grhta.5000258

Rate list for specialist outpatient services.. Available from:
https://www.salute.gov.it/imgs/C_17_pagineAree 1767 _lista-

File itemName 0 _file.pdf

State General Accounting Department - Technical commission for
public finance.. Green Paper on Public Expenditure, 2007. Available
from: http://www.astrid-online.it/static/upload/protected/Libr/Libro
Verde Spesa Pubblica.pdf

Rate list for specialist services for acute patients. Available from:
https://www.salute.gov.it/portale/temi/p2_6.jsp?id=3662&area=pro-
grammazioneSanitariaLea&menu=vuoto

Supplementary Mutual Health - Together Health.. Available from:
https://www.insiemesalute.org/mutua-sanitaria/in-
siemesalute.nsf/pdf/tariffario_completo_insieme_salute.pdf

Rossitto, C.; Gueli Alletti, S.; Romano, F.; Fiore, A.; Coretti, S.; Ora-
dei, M.; Ruggeri, M.; Cicchetti, A.; Marchetti, M.; Fanfani, F.; Scam-
bia, G. Use of robot-specific resources and operating room times: the
case of Telelap Alf-X robotic hysterectomy. Int. J. Med. Robot., 2016,
12(4), 613-619.

http://dx.doi.org/10.1002/rcs.1724 PMID: 26748491

AIFA Transparency List, Class H Drugs. Available from:
https://www.aifa.gov.it/liste-farmaci-a-h

AIFA Transparency List, Class A Drugs.
https://www.aifa.gov.it/liste-farmaci-a-h

Agency for the Negotiating Representation of Public Administrations
(ARAN).. Available from: https://www.aranagenzia.it/statistiche-e-
pubblicazioni/dati-statistici.html

Job Pricing: All About Rewards — Salary Outlook 2019: Analysis of
the Italian salary market — data updated to the second half. 2018.
Available from: https://www.jobpricing.it/blog/project/salary-out-
look-2019-prima-edizione/

Drummond, M.F.; Sculpher, M.J.; Claxton, K. Methods for the eco-
nomic evaluation of health care programmes; Oxford University
Press, 2015.

dos Santos Nunes, V.; El Dib, R.; Boguszewski, C.L.; Nogueira, C.R.
Cabergoline versus bromocriptine in the treatment of hyperprolac-
tinemia: A systematic review of randomized controlled trials and
meta-analysis. Pituitary, 2011, 14(3), 259-265.
http://dx.doi.org/10.1007/s11102-010-0290-z PMID: 21221817
Almalki, M.H.; Aljoaib, N.N.; Alotaibi, M.J.; Aldabas, B.S.; Wahedi,
T.S.; Ahmad, M.M.; Alshahrani, F. Temozolomide therapy for re-
sistant prolactin-secreting pituitary adenomas and carcinomas: A sys-
tematic review. Hormones, 2017, 16(2), 139-149.
http://dx.doi.org/10.14310/horm.2002.1729 PMID: 28742502

Carija, R.; Vucina, D. Frequency of pituitary tumor apoplexy during
treatment of prolactinomas with dopamine agonists: A systematic re-
view. CNS Neurol. Disord. Drug Targets, 2013, 11(8), 1012-1014.
http://dx.doi.org/10.2174/1871527311211080011 PMID: 23244423
D’Sylva, C.; Khan, T.; Van Uum, S.; Fraser, L-A. Osteoporotic frac-
tures in patients with untreated hyperprolactinemia vs. those taking do-
pamine agonists: A systematic review and meta-analysis. Neuroendo-
crinol. Lett., 2015, 36(8), 745-749.

PMID: 26921574

Huang, H.Y ; Lin, S.J.; Zhao, W.G.; Wu, Z.B. Cabergoline versus bro-
mocriptine for the treatment of giant prolactinomas: A quantitative and
systematic review. Metab. Brain Dis., 2018, 33(3), 969-976.
http://dx.doi.org/10.1007/s11011-018-0217-3

PMID: 29546691

Jethwa, P.R.; Patel, T.D.; Hajart, A.F.; Eloy, J.A.; Couldwell, W.T.;
Liu, J.K. Cost-effectiveness analysis of microscopic and endoscopic
transsphenoidal surgery versus medical therapy in the management of
microprolactinoma in the United States. World Neurosurg., 2016, 87,
65-76.

http://dx.doi.org/10.1016/j.wneu.2015.10.090

PMID: 26548828

Baussart, B.; Villa, C.; Jouinot, A.; Raffin-Sanson, M.L.; Foubert, L.;
Cazabat, L.; Bernier, M.; Bonnet, F.; Dohan, A.; Bertherat, J.; Assié,
G.; Gaillard, S. Pituitary surgery as alternative to dopamine agonists
treatment for microprolactinomas: A cohort study. Eur. J. Endocrinol.,
2021, 185(6), 783-791.

http://dx.doi.org/10.1530/EJE-21-0293 PMID: 34605772

Castinetti, F.; Albarel, F.; Amodru, V.; Cuny, T.; Dufour, H.; Graillon,
T.; Morange, 1.; Brue, T. The risks of medical treatment of prolacti-
noma. Ann. Endocrinol., 2021, 82(1), 15-19.

Available from:



Italian Guidelines for the Management of Prolactinomas

[90]

http://dx.doi.org/10.1016/j.and0.2020.12.008 PMID: 33373604
Casanueva, F.F.; Barkan, A.L.; Buchfelder, M.; Klibanski, A.; Laws,
E.R.; Loeffler, J.S.; Melmed, S.; Mortini, P.; Wass, J.; Giustina, A.
Criteria for the definition of pituitary tumor centers of excellence
(PTCOE): A pituitary society statement. Pituitary, 2017, 20(5), 489-
498.

http://dx.doi.org/10.1007/s11102-017-0838-2 PMID: 28884415

[o1]

Endocrine, Metabolic & Immune Disorders-Drug Targets, 2023, Vol. 23, No. 12 1479

Losa, M.; Mortini, P.; Barzaghi, R.; Gioia, L.; Giovanelli, M. Surgical
treatment of prolactin-secreting pituitary adenomas: Early results and
long-term outcome. J. Clin. Endocrinol. Metab., 2002, 87(7), 3180-
3186.

http://dx.doi.org/10.1210/jcem.87.7.8645
PMID: 12107221



	Italian Guidelines for the Management of Prolactinomas
	Abstract:
	1. INTRODUCTION
	Table 1.
	2. METHODS
	3. RESULTS
	Table 2.
	Table 3.
	Table 4.
	4. DISCUSSION
	CONCLUSION
	LIST OF ABBREVIATIONS
	FUNDING
	CONFLICTS OF INTEREST
	ACKNOWLEDGEMENTS
	Appendix 1
	Appendix 2
	Appendix 3
	Appendix 4
	Appendix 5
	REFERENCES



