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A new and useful tool for differentiating prolactinomas
from non-functioning pituitary adenomas:
a pilot study of the cabergoline disconnection test

Pilot study to evaluate a new approach to differentiate hyperprolactinemia
from prolactinomas or non-functioning pituitary adenomas

Hyperprolactinemia
11 patients with

non-functioning
pituitary adenomas

8 patients with
prolactinomas

Test
’ Single dose of 0.25 mg cabergoline and
prolactin recollected after 48h

!

Results

Normalization of prolactin after the test was a strong

predictor of non-functioning pituitary adenoma
(100% sensitivity and specificity)
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In Brief

Hyperprolactinemia due to prolactinoma is not always easy to
differentiate from that caused by non-functioning pituitary adenomas.
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ORIGINAL ARTICLE

A new and useful tool for differentiating
prolactinomas from non-functioning
pituitary adenomas: a pilot study of the
cabergoline disconnection test
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ABSTRACT

Objective: Clinical, imaging, and laboratory differentiation between non-functioning pituitary
adenomas (NFPAs) and prolactinomas can be challenging in clinical practice because of their
similar presentation and eventual overlap in prolactin levels. The degree of prolactin suppression
after a single low-dose cabergoline administration may be useful as a test to discriminate
between these two clinical conditions and to determine the choice of therapy (dopamine
agonist versus neurosurgery). Methods: This retrospective cohort study included 19 patients
with macroadenomas (11 NFPAs and 8 prolactinomas) whose prolactin levels were evaluated
at baseline and 48 h after receiving a single dose of 0.25mg cabergoline. A receiver operating
characteristic curve was generated for sensitivity and specificity analyses. Results: The baseline
median prolactin level was 58ng/mL (range, 32.5-151.2ng/mL) in the NFPA Group, which was
significantly lower than that observed in the Prolactinoma Group (733.7 [range, 180-6941ng/mL])
(p<0.001). After the cabergoline disconnection test, the NFPA Group exhibited a lower absolute
prolactin level (p<0.001) and a higher percentage of prolactin reduction (p=0.004). The post-test
prolactin level =26.3ng/mL had 100% sensitivity and specificity in identifying prolactinomas. When
using the percentage of reduction, post-test prolactin reduction =85.6% had 54.5% sensitivity and
100% specificity to differentiate NFPAs from prolactinomas. Conclusion: A single low-dose oral
cabergoline is a fast and inexpensive test for use in daily clinical practice to discriminate between
hyperprolactinemia due to NFPAs and prolactinomas, with high sensitivity and specificity.

Keywords: Prolactinoma; Cabergoline; Pituitary neoplasms; Adenoma; Hyperprolactinemia

INTRODUCTION

The first step in evaluating patients with elevated prolactin levels is to
consider the possibility of autonomous prolactin secretion by a functioning
pituitary tumor, usually a prolactinoma, which is the most frequent type of
pituitary adenoma and the most common cause of pathological endogenous
hyperprolactinemia. Before confirming the diagnosis, excluding secondary
etiologies of hyperprolactinemia, such as physiological conditions (e.g., pregnancy,
breastfeeding, stress, nipple stimulation), pharmacological agents (e.g., dopamine
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antagonists, antipsychotics, certain antidepressants),
and systemic disorders (e.g., hypothyroidism, chronic
kidney disease), is essential. Once these are ruled
out based on clinical history, laboratory testing, and
medication review, pituitary magnetic resonance
imaging (MRI) should be performed to assess sellar
or parasellar lesions. Even when a lesion is detected,
other intrasellar etiologies such as non-functioning
pituitary adenomas (NFPAs), craniopharyngiomas,
meningiomas, and infiltrative diseases, which may cause
hyperprolactinemia via the “stalk effect,” should remain
in the differential diagnosis.®V

In the clinical investigation of hyperprolactinemia,
differentiation between NFPAs and prolactinomas is
crucial and has important therapeutic implications. For
prolactinomas, dopamine agonists such as cabergoline
are indicated as the first-line treatment to control
prolactin levels and reduce tumor size. For NFPAs,
neurosurgical treatment is the therapy of choice in
cases with a “mass effect.”® Nevertheless, differential
diagnosis can be challenging, especially when the
prolactin levels are not elevated in the mid-range area
(50-200ng/mL).®

The prevalence of hyperprolactinemia in patients
with NFPAs varies from 25% to 65%, with a mean
prolactin level of 39 ng/mL (usually <100ng/mL).*>
This increase in prolactin levels is justified by the
mechanism known as the “stalk or disconnection effect”
(Figure 1), a result of a diminishing dopaminergic
inhibition of lactotrophs when the pituitary stalk is
compressed by large sellar tumors® or affected by
inflammatory/infectious conditions.

Dopamine

Prolactin
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Serum prolactin levels in macroprolactinomas
(maximum tumor diameter, =1cm) usually exceed
250ng/mL, whereas those in microprolactinomas
frequently range from 100 to 200ng/mL. However,
serum prolactin levels <100ng/mL can occur in 25%
of microprolactinomas. Although prolactin levels
<100ng/mL in the presence of a macroadenoma
suggest a diagnosis of NFPA,? prolactin levels per se
are not always sufficient to discriminate the cause of
hyperprolactinemia owing to some overlapping values.®
Additionally, despite being rare, the “hook effect” can
cause misdiagnosis between macroprolactinomas and
NFPAs (very high prolactin concentrations lead to
false-negative results).

In our institution, patients with NFPAs have been
empirically observed to present with fast normalization
of prolactin levels a few days after cabergoline
administration, whereas the response in patients with
prolactinomas is generally slower and less pronounced.
This observation could be explained by the uninhibited
prolactin secretion at slightly elevated levels by normal
lactotrophs present in the pituitary gland, with preserved
sensitivity to dopamine agonists in NFPAs.

Considering that normal lactotrophs in patients
with NFPAs are very sensitive to dopamine agonists,
the use of low-dose cabergoline could completely
resolve hyperprolactinemia and even suppress prolactin.
Based on this, we explored whether a single dose of
cabergoline could lower prolactin levels at higher
rates in NFPAs than in prolactinomas and whether this
would be a feasible test to differentiate between both
conditions.

Dopamine

TProIactin

Figure 1. Mechanism of hyperprolactinemia in “stalk disconnection.” (A) Physiological control of prolactin secretion: the dopaminergic tone inhibits normal lactotrophs,
maintaining normal prolactin levels. (B) Autonomous prolactin secretion by a prolactinoma: prolactin production overrides physiologic dopamine inhibition, leading to
variable elevations in prolactin levels. (C) Stalk compression or impairment (e.g., due to a large tumor or hypophysitis): this disrupts the dopaminergic tone, which

normally inhibits lactotrophs, typically resulting in mild hyperprolactinemia
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OBJECTIVE

To evaluate whether low-dose (0.25mg) cabergoline
could suppress prolactin levels in non-functioning
pituitary adenomas and distinguish non-functioning
pituitary adenomas from prolactinomas.

METHODS

This pilot retrospective cohort study included 19
patients (11 with confirmed NFPAs and 8 with presumed
or confirmed prolactinomas) between 2001 and 2019.
Clinical, imaging, and laboratory parameters were
collected from patients who underwent the cabergoline
disconnection test at our institution, which is a tertiary
center that focuses on neuroendocrine disorders.

Allpatientsinthe NFPA Group had macroadenomas,
presented with hyperprolactinemia at baseline, and
underwent neurosurgery; their diagnosis was confirmed
through histopathological examination and hormonal
immunohistochemistry analysis. Silent prolactinomas
(presumed to be NFPA with positive prolactin staining
by immunohistochemistry) were excluded. Patients
in the Prolactinoma Group were included based on
either a presumed or confirmed diagnosis. Presumed
prolactinoma was defined as baseline serum prolactin
levels exceeding 100ng/mL and tumor shrinkage =30%
following cabergoline treatment. Prolactinomas were
confirmed histologically and immunohistochemically
in three cases: one due to cabergoline intolerance, one
with tumor apoplexy, and one due to cerebrospinal
fluid leakage. Hyperprolactinemia due to pregnancy,
breastfeeding, macroprolactinemia, hypothyroidism,
renal failure, cirrhosis, acromegaly, or drug use was
ruled out.(”

Prolactin was collected early in the morning using
an indwelling peripheral venous catheter. Serum
prolactin levels were measured using the Prolactin
IT electrochemiluminescence immunoassay (Cobas
E601 and Cobas E602, Roche) with intra- and inter-
assay variation coefficients of 0.8-1.7% and 1.4-2%,
respectively. Routine prolactin dilution was performed
to prevent the hook effect.” The reference range for
prolactin levels was 3.5-19.4 ng/mL in men and 5.2-26.5
ng/mL in women. Selective MRI was performed using
scanners with a field strength of at least 1.5 Tesla. The
examinations were carried out according to the usual
protocol: 3mm multiplane images with T1, T2, and
volumetric sequences. Coronal and sagittal images
were acquired before and after intravenous gadolinium
administration. Tumor volume was calculated using the
classic formula validated by Lundin et al: 0.5 X width X
length X height.("V

The cabergoline disconnection test consisted of a
single oral administration of 0.25mg cabergoline with
prolactin measurement at baseline and 48 h after the
test. The test was always performed during initial visits
prior to definitive treatment (such as the introduction of
a dopamine agonist or surgery). Notably, a minority of
patients did not follow the aforementioned institutional
protocol and inadvertently took a full tablet (0.5mg) of
cabergoline, or a new prolactin was collected within the
first week after the test (up to 168 h). The use of 48 h after
cabergoline administration was based on classic studies
regarding the pharmacokinetics and pharmacodynamics
of cabergoline in healthy volunteers. When lactotrophs
are normal, maximum prolactin suppression is usually
observed within 48 h of low-dose cabergoline intake,
and an increase is observed after more than 1 week.?

Data are summarized as means * standard deviations
or medians with ranges for continuous variables and as
counts and percentages for categorical variables. The
main outcomes evaluated were the absolute prolactin
level after the test and the percentage of prolactin
reduction in the two groups. The two groups were
compared using the Mann-Whitney U and chi-square
tests, and a receiver operating characteristic (ROC)
curve was constructed for sensitivity and specificity
analyses. Statistical analysis was performed using SPSS
version 18.0, with statistical significance set at p<0.05.

This study was approved by the Research Ethics
Committee of the Hospital das Clinicas, Faculdade
de Medicina, Universidade de Sao Paulo (CAAE:
86439224.7.0000.0068; # 7.632.550). All participants
signed an informed consent form.

RESULTS

Nineteen patientswere included: 11 (57.9%) with NFPAs
and 8 (42.1%) with prolactinomas. The cohort consisted
of 4 men (21%) and 15 women (79%), with a mean age
of 47.3%+13.2 years. All patients had macroadenomas.
Additional clinical details are summarized in table 1.

The mean age was similar between the Prolactinoma
Group (44.8%14.1 years) and NFPA Group (47.2=13.4
years) (p=0.49). The sex distribution did not significantly
differ between the groups (p=0.134). The NFPA Group
had a median prolactin level of 58 ng/mL (range, 32.5-
151.2ng/mL) at baseline, which was significantly lower
than that observed in the Prolactinoma Group (733.7ng/
mL [range, 180-6941ng/mL]) (p<0.001).

All patients in the NFPA Group exhibited
normalized prolactin levels after cabergoline intake.
After the cabergoline disconnection test, the mean
prolactin level was 7.9+6.8ng/mL in the NFPA
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Table 1. Clinical and imaging characteristics of the included patients

Prolactin (ng/mL)
Case Sexand age Baselin_e after 48 h of !).25mg
prolactin cabergoline
(% of reduction)

1 Male, 66 36.2 10(72)

2 Female, 70 325 75(77)

3t Female, 41 36.9 3(92)
NFPAs 4 Female, 58 45.3 0.5(99)

5 Female, 36 58 11.8(80)

6 Female, 63 65.4 1.2(98)

7 Female, 43 61.2 23.6 (62)

8 Female, 48 1019 7.1(93)

9 Female, 33 15612 2.5(98.3)

10 Female, 45 79 15(81)

1" Female, 37 429 5.5(87.2)

1* Female, 36 199.8 98.9(51)

2 Female, 37 180 29 (84)

3 Female 27 527.1 169.9 (67.8)

4 Female, 35 6941 3238(53.3)
Prolactinomas | 5 Female, 45 564.1 207.3(63.2)

6 Male, 60 1460 1122(23.1)

7 Male, 69 5809 1299(77.6)

8 Male, 50 903.4 466.1(50)

Initial image Volume reduction
(:Ilil::l(:zz:"n o Immunohls;:chemlstry W|tlt|r:::):|:’gn|:hne
aspect) %
2.5¢m, solid Surgery FSH+ (>50), LH+ (10-560%)
3.5¢m, solid Surgery FSH+ (>50)
4.0cm, solid Surgery TSH+ (<10), FSH+ (>50)
1.0cm, solid Surgery Null cell
2.5¢m, solid Surgery Null cell
2.0cm, solid Surgery Null cell
1.5¢m, solid Surgery Null cell
3.1cm, solid Surgery FSH+ (<10), LH+ (<10)
2.1cm, solid Surgery Null cell
2.7cm, solid Surgery FSH+ (<10)
2.4cm, solid Surgery FSH+ (10-60), LH+ (10-50)
1.1cm, cystic  0.5mg/w cabergoline - 100
T.4cm, solid  0.5mg/w cabergoline - 68
1.7cm, solid  Surgery (cabergoline Prolactin+ (>50)
intolerance)
4.5¢m, solid Surgery (apoplexy Prolactin+ (>50)
with visual loss)
2.5cm, solid  0.5mg/w cabergoline - 79
2.2cm, solid Surgery Prolactin+ (>50)
(cerebrospinal fluid
leakage)
4.3cm, solid  1.5mg/w cabergoline - 97
2.9cm, solid-  0.5mg/w cabergoline - 100

cystic

" Prolactin levels after 7 days (168 h); * Intake of a full tablet (0.5mg) of cabergoline during the test.
NFPAs: non-functioning pituitary adenomas.

Group and 828.7+1084.6ng/mL in the Prolactinoma
Group (p<0.001). The mean percentage of prolactin
reduction was 85.4+12% in the NFPA Group, which
was significantly higher than that in the Prolactinoma
Group (58.7£19%) (p=0.004).

Upon evaluation, baseline prolactin level =165.6ng/
mL showed 100% sensitivity and specificity for
prolactinomas, with an area under the ROC curve (AUC)
of 1 (Figure 2A). Similarly, post-test prolactin level
=26.3ng/mL (upper limit of reference for our method)

10 10 ‘
08 T T - | 08 % T I
2 2 2
= = o =
el o 2
(2] (0] [
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(7] [ [
0 o o oa o) o
02 | ] I ) 02 02
%0 02 04 ™ P 0 % 02 04 05 08 10 %0 02 04 05 08 10
A 1-specificity B 1-specificity C 1-specificity

Figure 2. ROC curve for each parameter for the discrimination between non-functioning pituitary adenomas and prolactinomas. (A) ROC curve for the absolute baseline
prolactin value. (B) ROC curve for the absolute post-test prolactin value. (C) ROC curve for the post-test percentage of prolactin reduction
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exhibited 100% sensitivity and specificity in identifying
prolactinomas, with an AUC of 1 (Figure 2B).

When using the percentage of reduction, post-test
prolactin reduction =85.6% showed 54.5% sensitivity
and 100% specificity to discriminate NFPAs from
prolactinomas, with an AUC of 0.886 (95% confidence
interval: 0.737-1) (Figure 2C).

DISCUSSION

Several strategies have been proposed to help
clinicians differentiate NFPAs from prolactinomas.
The first approach proposed in the literature is the
use of baseline prolactin values. However, every
center presents different cut-off values, ranging
from 40 to 150ng/mL,*'3% accompanied by variable
sensitivity and specificity rates. According to the 2023
Pituitary Consensus, prolactin level =200ng/mL is
more suggestive of prolactinomas.() Nonetheless, as
previously mentioned, prolactin levels are overlapping
in both conditions. Some clinical characteristics such
as old age, extrasellar tumor extension with relatively
low prolactin levels, visual defects, and growth hormone
(GH) deficiency favor NFPAs. By contrast, galactorrhea
and amenorrhea/hypogonadotropic hypogonadism are
suggestive of prolactinomas.

Another approach is to evaluate the ratio between
prolactinlevelsandtumorvolumeordimensions(Table2).
It is based on the proportionality of prolactin levels
and tumor mass in prolactinomas, which is not linear
in NFPAs. Nevertheless, this strategy is not ideal for
patients harboring cystic prolactinomas, in which
prolactin levels can vary from 50 to 150ng/mL® and
are directly correlated with the smaller solid mass of
hyperfunctioning lactotrophs.

Importantly, tumor volume shrinkage =30% in
macroprolactinomas can be noticed during the first
3-4 months of cabergoline therapy.('® Therefore, in
patients without significant visual impairment, when
clinical observation is feasible, a therapeutic test
with cabergoline can be used to aid in differentiating
prolactinomas from NFPAs. However, patients with
NFPAs on cabergoline may have tumor shrinkage.!”
Although this is usually minimal (0.5mm), tumor
shrinkage could reach approximately 20% (5mm) in
good responders within the first years of treatment,'®
rendering its distinction from resistant prolactinomas
troublesome. In addition, prolactinomas may show a
significant drop in prolactin levels, independent of a
proportional reduction in tumor size."” Unfortunately,
this strategy is not applicable to microadenomas.

With regard to MRI for the analysis of stalks in
NFPAs, the data are controversial. A previous study
reported no significant correlation between prolactin
levels and the degree of pituitary stalk compression,
stalk deviation, or tumor size. Prolactin levels were
markedly elevated in some patients with tumors, causing
minimal distortion of the pituitary stalk; conversely,
prolactin levels were often normal despite evidence of
massive stalk distortion.®” A recent study involving 107
patients with NFPAs demonstrated that the presence
of a cystic or hemorrhagic tumor and the presence of
pituitary stalk deviation were statistically more frequent
in patients with hyperprolactinemia. Surprisingly, the
incidence of postoperative transient diabetes insipidus
was also statistically significantly higher in the group
with prolactin levels =40 ng/mL and in the group with
radiologic evidence of stalk deviation.®

Rarely, non-functioning microadenomas causing
hyperprolactinemia have been described, with increased
intrasellar pressure without apparent stalk deviation as
the possible mechanism.?) In our study, the smallest
NFPA presenting with hyperprolactinemia had a
maximal dimension of 1.0cm. Although our pilot project
included patients with a somewhat clear diagnosis (i.e.,
large NFPA with prolactin levels <100ng/mL and
macroprolactinoma with prolactin levels >500ng/mL),
this was intended to serve as a conceptual proof for the
rationale of the test. In the present study, a few patients
(cases 1 and 2 in the Prolactinoma Group and cases 8
and 9 in the NFPA Group) posed a diagnostic dilemma.
For these patients, the cabergoline disconnection test
would add information because the post-test prolactin
level in the two cases of NFPAs was within the normal
range (in fact, next to the lower limit of normality).

The inclusion of cystic lesions in the Prolactinoma
Group also expanded the usefulness of the cabergoline
disconnection test. As the behavior after cabergoline
administration in this situation did not change
(maintained the attenuated reduction in prolactin
values when compared to NFPAs), this is an advantage
when compared to the volume parameters previously
reported in the literature. The cabergoline test can also
be used in resistant prolactinoma cases with the same
rationale.

Radiomics has recently been proposed as a method
for identifying prolactinomas and differentiating them
from other sellar tumors using multiparametric MRI.*?
Radiomics is a quantitative approach to medical image
analysis that aims to decode the morphological and
functional characteristics of a lesion and correlate
them with histology, prognosis, and therapeutic
response.® Nonetheless, challenges such as the lack of
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standardization in radiomic feature extraction (dynamic
versus static),®¥ the need for advanced machine learning
algorithms, and complex statistical validation remain
significant hurdles.®® Further studies are required to
establish the applicability of this technique in routine
clinical practice.

This study had some limitations. The sample size was
small, and not all patients in the Prolactinoma Group
underwent neurosurgery for histological confirmation.
Additionally, a minority of patients did not fully adhere
to the study protocol, either receiving a full tablet (0.5mg)
of cabergoline or failing to undergo new prolactin
measurements within 48 h. Despite these deviations,
the prolactin reduction patterns remained similar.
Furthermore, the presumed or confirmed Prolactinoma
Group included patients with extremely high prolactin
levels (up to 6941ng/mL), which might have introduced
a “performance” bias, potentially resulting in a smaller
prolactin reduction when compared to prolactinomas
with lower baseline prolactin levels.

In the future, we plan to expand the test to a larger
cohort in a prospective trial to further evaluate its
applicability in daily clinical practice, with a particular
focus on borderline cases (typically with prolactin
levels between 100 and 200ng/mL). In honor of Dr.
Marcello Delano Bronstein, the former head of the
Neuroendocrinology Unit in our department and
the visionary behind this test, we propose naming it
“Bronstein’s test.”

CONCLUSION

The cabergoline disconnection test is a simple, fast,
inexpensive, and useful tool for differentiating non-

functioning pituitary adenomas from prolactinomas
with high sensitivity and specificity. We suggest that, in
cases of macroadenomas, normalization of prolactin
levels (prolactin levels <26.3ng/mL) after cabergoline
administration should be considered a strong predictor
of non-functioning pituitary adenomas.
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