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Most prolactinomas respond rapidly to low doses of dopa-
mine agonists. Occasionally, stepwise increases in doses of
these agents are needed to achieve gradual prolactin (PRL)
reductions. Approximately 50% of treated men remain hy-
pogonadal, yet testosterone replacement may stimulate
hyperprolactinemia.

A 34-yr-old male with a pituitary macroadenoma was found
to have a PRL level of 10,362 pg/liter and testosterone level of
3.5 nmol/liter. Eleven months of dopamine agonist therapy at
standard doses lowered PRL levels to 299 pg/liter. Subsequent
stepwise increases in cabergoline (3 mg daily) further lowered
PRL levels to 71 pg/liter, but hypogonadism persisted. Initi-
ation of testosterone replacement resulted in a rise and dis-

continuation in a fall of PRL levels. Aromatization of exoge-
nous testosterone to estradiol and subsequent estrogen-
stimulated PRL release was suspected. Concomitant use of
cabergoline with the aromatase inhibitor anastrozole after
resuming testosterone replacement resulted in the mainte-
nance of testosterone levels and restoration of normal sexual
function, without increasing PRL. Ultimately, further reduc-
tion in PRL on this therapy permitted endogenous testoster-
one production. Thus, novel pharmacological maneuvers may
permit successful medical treatment of some patients with
invasive macroprolactinomas. (J Clin Endocrinol Metab 87:
4447-4451, 2002)

HERAPY WITH DOPAMINE agonists such as bro-
mocriptine and cabergoline has proven to be highly
effective treatment for prolactinomas, both in reducing hy-
perprolactinemia and inducing tumor shrinkage (1-3). The
majority of micro- and macroprolactinomas respond to low
doses of dopamine agonists with a rapid lowering of pro-
lactin (PRL) within hours of administration of these drugs
(4). In addition to their rapid PRL-lowering effects, bro-
mocriptine and cabergoline are capable of inducing signifi-
cant tumor shrinkage within the first 3 months of therapy in
the majority of tumors (4, 5).

Some prolactinomas, however, demonstrate a relative re-
sistance to dopamine agonists and require escalating doses
of these agents to elicit satisfactory responses. Although not
widely appreciated or recognized, a subset of prolactinomas
respond only with a stepwise reduction in PRL levels with
continued stepwise increases in the dose of dopamine ago-
nist therapy. These more gradual responses have been ob-
served in several published trials evaluating the efficacy of
dopamine agonists in the treatment of prolactinomas. For
example, in a study of 23 patients with macroprolactinomas
treated with cabergoline, 70% of patients achieved a normal
PRL level within 12 wk of instituting therapy, and 83%
achieved a normal PRL level within 6 months (3). PRL levels
in the remaining 17% of patients were reduced to a range of
mildly elevated values by increasing doses of cabergoline to

Abbreviations: MRI, Magnetic resonance imaging; PRL, prolactin.

3 mg/wk. In another series of 56 patients with macropro-
lactinomas treated with cabergoline, 82% achieved normal
PRL levels within the first 6 months of therapy. In the re-
maining 18% of patients, cabergoline doses were increased to
a maximum of 7 mg/wk over 12 months, allowing an 88%
reduction of initial PRL levels (6).

Cabergoline in particular has been shown to be effective in
normalizing PRL levels in patients with macroprolactinomas
resistant to bromocriptine or quinagolide (CV205-502). In a
study of 19 patients with macroprolactinomas deemed re-
sistant to bromocriptine or quinagolide, cabergoline in
weekly doses of 0.5-3.0 mg normalized PRL levels in 47% of
patients within 1-6 months, in another 16% by 12 months,
and in another 11% after 18 months (7). However, the suc-
cessful use of very large doses of cabergoline (beyond 7 mg
weekly) in the treatment of resistant prolactinomas has not
been reported.

Moreover, hypogonadism persists in 50% of men with
macroprolactinomas, requiring exogenous androgen re-
placement (5, 8, 9). Although testosterone replacement will
normalize serum testosterone levels, sexual dysfunction may
persist in some of these patients (9-11). We report a patient
with a pituitary incidentaloma that turned out to be a giant
macroprolactinoma. This patient required stepwise escala-
tions to very high doses of cabergoline to reduce PRL levels
in a stepwise pattern. In addition, an aromatase inhibitor was
used in conjunction with testosterone injections to facilitate
androgen replacement. The combination of very high doses
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of cabergoline, testosterone injections, and an aromatase
inhibitor permitted near normalization of PRL levels and
eventual recovery of the patient’s endogenous gonadal
axis. We believe that this case experience provides ideas
for new therapeutic strategies for treatment of patients
with macroprolactinomas.

Patients and Methods

Hormone measurements and magnetic resonance
imaging (MRI)

Plasma PRL, LH, FSH, estradiol, testosterone, and T, levels were
measured through Quest Diagnostics, Inc. by RIA methods. The normal
range for PRL is 2.7-12.2 ug/liter, for total testosterone is 9.0-34.7
nmol/liter, for TSH is 0.39-4.60 mU/liter, and for T, is 58—157 nmol/
liter. Goldmann perimetry evaluation of visual fields was performed.
MRI of the pituitary gland was performed with high resolution T1
weighted images in the sagittal, coronal, and axial planes pre- and
postgadolinium enhancement. The first MRI preceded dopamine ago-
nist therapy, the second was performed 5 months later, and yearly exams
followed thereafter.

Patient history

A 34-yr-old previously healthy male presented with symptoms of
left-sided hearing loss. To evaluate for the possibility of an acoustic
neuroma, an MRI of the brain was performed. This study incidentally
demonstrated a giant, invasive pituitary mass measuring 4.5 cm in
width, 3.5 cm in sagittal diameter, and 4.5 cm in height (Fig. 1). The
tumor occupied the entire sella, extending back along the clivus to the
midbrain and into both cavernous sinuses, encasing both internal carotid
arteries. The mass extended superiorly to abut the optic chiasm. Visual
fields were normal by Goldmann perimetry.

Retrospectively, the patient had noted symptoms of low libido and
situational sexual dysfunction for several years. His physical examina-
tion revealed the presence of gynecomastia. He had normal visual fields,
normal secondary sexual characteristics, and no galactorrhea.

Initial laboratory data revealed a PRL level of 10,362 pg/liter, an LH
of 1 IU/liter, an FSH of 2 IU/liter, and a total testosterone of 3.5 nmol/
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liter. The serum total T, was 118 nmol /liter, and TSH was 2.21 mIU/ liter.
The remainder of anterior pituitary function testing was normal.

Results

Bromocriptine therapy was initiated at 2.5 mg daily and
then gradually increased. However, even on 30 mg/d, the
PRL level remained elevated at 469 ug/liter. Therefore, 7
months later, cabergoline was substituted at escalating doses
beginning with 1 mg/wk. Over the next 8 months, stepwise
increases in cabergoline doses led to stepwise reductions in
PRL levels, yielding a level of 88 ug/liter at a dose of 9
mg/wk (Fig. 2). A repeat MRI of the pituitary showed an
approximately 5-10% reduction in tumor size after 10
months of cabergoline therapy when the PRL level was 98
png/liter.

Although substantial lowering of PRL levels was achiev-
able with this therapy, gonadal and sexual function did not
recover. At 16 months of dopamine agonist therapy, the
patient began testosterone replacement with 200 mg enan-
thate im every 2 wk. Simultaneously, the cabergoline dose
was raised to 14 mg/wk. After two injections, PRL re-
bounded to 113 ug/liter. Testosterone replacement was dis-
continued, and the cabergoline dose was raised to 21 mg/wk.
Over the next 3 months, PRL levels fell to 71 ug/liter.

At 22 months of dopamine agonist treatment, when the
PRL level was 79 pg/liter, testosterone replacement was
reinitiated. PRL levels again rebounded to 148 ug/liter after
2 months of testosterone replacement, followed by a gradual
rise to 295 pg/liter over the following 12 months. During this
interval, the cabergoline dose was varied between 14 and 21
mg/wk, but no clear dose response effect was observed. To
test whether the administration of testosterone was associ-
ated with this rise, the testosterone injections were discon-

into both cavernous sinuses and encases both internal carotid arteries. The mass is in contact with but does not compress the optic chiasm.
Repeated imaging after the introduction of dopamine agonist therapy on a yearly basis has revealed mild (~10%) reduction in tumor size.
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Fic. 2. Graph illustrating PRL levels over time in response to various therapeutic interventions. Cabergoline doses (in milligrams per week)
are indicated by the numbers adjacent to symbols. The stepwise reduction in PRL levels associated with escalating doses of cabergoline is
demonstrated over the first 22 months of dopamine agonist therapy. Filled symbols indicate concomitant use of aromatase inhibitor therapy.
[J, Cabergoline therapy alone; A, testosterone plus cabergoline therapy; A, testosterone, cabergoline, plus aromatase inhibitor therapy; B,

cabergoline plus aromatase inhibitor therapy.

tinued for 6 wk. PRL levels declined after the hiatus in tes-
tosterone treatment (months 35-37) and then rebounded to
180 pg/liter after treatment was reinitiated.

At 39 months, testosterone therapy was supplemented
with a selective aromatase inhibitor, anastrozole (Arimidex,
AstraZeneca, London, UK), at 1 mg daily. PRL dropped to 86
pg/liter after 2 wk of anastrazole administration and fell to
36 pg/liter over the next 3 months. The patient did not suffer
any adverse effects from taking either anastrazole or high
doses of cabergoline.

Beginning at 43 months of dopamine agonist therapy, 4
months after starting therapy with anastrozole, cabergoline
doses were gradually reduced from 21 mg/wk to 5.5 mg/wk
over a 6-month time interval without any associated rise in
PRL. At 54 months, the patient attempted to discontinue
anastrozole as a test to determine whether the aromatase
inhibitor continued to provide additional PRL-lowering ben-
efits. The PRL level immediately spiked to 82 ug/liter, lead-
ing to reinstitution of anastrozole and a subsequent decline
in PRL back to 37 ug/liter. At 57 months (after 18 months of
anastrozole), testosterone injections were halted. Testoster-
one levels initially declined, but rose back into the normal
range by 59 months. Currently, the patient is taking 5.5 mg

cabergoline per week and 1 mg anastrozole per day. His PRL
level has remained below 30 ug/liter since halting testos-
terone injections. His total testosterone is 11.1 nmol/liter,
and sexual function is now normal.

Discussion

Most prolactinomas respond to dopamine agonist therapy
with rapid reductions of hyperprolactinemia and tumor size
within the first several months of therapy. As illustrated by
this case, a minority of tumors (often giant prolactinomas)
require larger than the conventional doses of dopamine ago-
nists and continue to respond to increasing doses at an ap-
preciable rate even after years of medical therapy (4, 5).

Although cabergoline has been shown to be effective in
normalizing PRL levels in some macroprolactinomas resis-
tant to other agents, approximately 25% of these resistant
tumors still do not achieve PRL normalization when stan-
dard maximal doses are used (7). In one series, 16 patients
with resistant prolactinomas were treated with doses of
cabergoline as high as 7 mg/wk; however, additional PRL-
lowering benefits were not observed beyond total weekly
doses of 3.5 mg (6). The effectiveness of even higher doses in
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treating resistant prolactinomas has not been systematically
investigated.

In this patient, a clear dose response effect between caber-
goline dose and PRL level was observed up to a total weekly
dose of 9 mg cabergoline in the absence of testosterone and
aromatase inhibitor therapy. Doses up to 21 mg/wk may
have provided additional PRL-lowering benefits; however,
due to simultaneous manipulations in cabergoline dosing
and administration of testosterone, the evidence for this is
not conclusive. The use of such very large doses of caber-
goline has not been previously reported in the treatment of
prolactinomas; however, we were reassured with the safety
of this approach because doses of cabergoline as high as 5
mg/d have been used for the treatment of Parkinson’s dis-
ease without major adverse effects (12, 13). The favorable
response in our patient indicates that these large cabergoline
doses may be safe, tolerable, and effective in the treatment of
macroprolactinomas that have relative resistance to dopa-
mine agonists.

Despite the effectiveness of dopamine agonists in attenu-
ating hyperprolactinemia and inducing tumor shrinkage, hy-
pogonadism persists in up to 50% of cases of males with
macroprolactinomas, even in individuals in whom PRL lev-
els are normalized (5, 8, 9). Consequently, androgen replace-
ment is required in many of these patients. In general, tes-
tosterone replacement is straightforward; however,
testosterone replacement in this case was associated with
secondary elevations in PRL levels. Evidence for the causal
relationship between testosterone replacement and a rise in
PRL was suggested by the observation that PRL levels de-
clined when testosterone was temporarily discontinued and
rose again with its readministration. We postulate that the
rise in PRL was a result of the aromatization of testosterone
to estradiol, which in turn stimulated PRL synthesis and
release. An accumulating body of evidence suggests that
estrogen plays an integral role in the pathogenesis and pro-
gression of lactotroph tumors (14). Specifically, estrogen ex-
erts a stimulatory effect upon PRL secretion by disrupting the
inhibitory influence of dopamine; chronic exposure to es-
trogen functionally uncouples the anterior pituitary D2 re-
ceptor from its G protein-coupled receptor (15). Estradiol in
vitro stimulates PRL gene transcription and prevents the
ability of dopamine agonists to inhibit PRL synthesis and
secretion (16-20). In vivo, large doses of estrogens have in-
duced prolactinomas in rats and may induce them in humans
as well (21-23).

The frequency of testosterone-associated increases in PRL
levels is unknown, because it has not been formally ad-
dressed by any of the major trials evaluating dopamine ag-
onist therapy in the treatment of males with macroprolacti-
nomas who subsequently receive androgen replacement. In
the only other report in the literature that describes this
phenomenon, Prior et al. (24) reported a patient with a 6-cm
invasive macroprolactinoma (initial PRL, 13,969 ug/liter)
who responded to bromocriptine with a 63% reduction in
PRL levels and the disappearance of his visual field defect.
Testosterone replacement was followed by visual field de-
terioration, increased tumor size, and return of PRL levels to
baseline values. Indeed, this dramatic response is highly
unusual. Testosterone replacement in the patient reported
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here led to a more modest PRL rise. Nevertheless, the re-
sponse was clinically significant because it required the in-
troduction of a second agent (anastrazole) to ultimately at-
tenuate this effect. A study that specifically analyzes PRL
responses after testosterone replacement in hypogondal
males with prolactinomas would be necessary to determine
whether this response is a unique behavioral characteristic
of rare prolactinomas or is one that is observed more
commonly.

In the present case, the use of an aromatase inhibitor in
conjunction with cabergoline facilitated testosterone replace-
ment, because it prevented the secondary rise in PRL and,
ultimately, the potential for tumor enlargement. The aro-
matase inhibitor was specific for this effect, because discon-
tinuation of anastrozole again led to rises in PRL levels.
Interestingly, PRL levels reached their nadir during the pe-
riod of aromatase inhibitor therapy. These levels were lower
than at any other time point, including the period during
which the patient was taking his maximum dose of caber-
goline (21 mg/wk) without receiving testosterone. This sug-
gests that further lowering of even relatively low levels of
estradiol appears to have been beneficial. Consequently, the
coadministration of very high doses of cabergoline with
anastrozole may have permitted PRL levels to remain low for
a duration sufficient to restore the normal pulsatility of
GnRH. This in turn led to recovery of the endogenous go-
nadal axis.

An alternative explanation for the recovery of endogenous
testosterone production in this patient may relate to the
powerful effect of estradiol deficiency on stimulation of
GnRH neurons. Several recent studies have confirmed the
observation that lack of estradiol serves as a more potent
stimulator of gonadotropin secretion than testosterone de-
ficiency on a molar basis, at both the hypothalamic and
pituitary level (25-29).

Short-term administration of aromatase inhibitors has not
been associated with adverse effects upon protein or inter-
mediary metabolism or a negative impact on body compo-
sition, muscle strength, or measures of bone turnover in
healthy eugonadal men (30). However, the long-term effects
of aromatase inhibitors are uncertain. As observed in men
afflicted with mutations in cytochrome p450 aromatase en-
zyme or in the estrogen receptor o gene, chronic estrogen
deficiency may have important clinical implications (31). In
these individuals, estrogen deficiency has been associated
with abnormal carbohydrate/lipid metabolism, abnormal
skeletal development, disordered gonadotropin secretion,
and infertility. Whether these effects would similarly de-
velop in postpubertal males is not known.

In summary, this case illustrates several intriguing aspects
of the management of a giant prolactinoma demonstrating
relative dopamine agonist resistance, including 1) the step-
wise reduction in PRL levels afforded by stepwise increases
in cabergoline to very high doses; 2) the disproportionate
degree of pituitary tumor shrinkage despite a dramatic low-
ering of PRL levels; 3) the facilitation of testosterone replace-
ment by an aromatase inhibitor; and 4) eventual recovery of
endogenous gonadal function. Extraordinary pharmacolog-
ical maneuvers may permit successful medical treatment of
some patients with invasive macroprolactinomas.
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