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Abstract

Context: In patients treated with antipsychotics, the rare occurrence of a macroprolactinoma represents a therapeutic
challenge.

Objective: Our aim was to evaluate the efficacy and psychiatric safety of dopamine agonists (DAs) prescribed for large
macroprolactinomas in patients with psychosis treated with antipsychotics.

Design: This was a multicenter (France and Belgium) retrospective study.

Patients: Eighteen patients treated with antipsychotics were included.

Results: Under DA, median PRL levels decreased from 1247 (117-81 132) to 42 (4-573) ng/mL (P = 0.008), from 3850
(449-38 000) to 141 (60-6000) ng/mL (P =0.037) and from 1664 (94-9400) to 1215 (48-5640) ng/mL (P = 0.56) when
given alone (n = 8), before surgery (n=7), or after surgery (n=6), respectively. The prolactinoma median largest
diameter decreased by 28% (0-57) in patients under DAs alone (P =0.02) but did not change when given after surgery.
Optic chiasm decompression was achieved in 82% of patients. Five patients (28%) were admitted for psychotic relapse
while receiving DAs (but three of them had stopped antipsychotic treatment at that time). A more severe underlying
psychosis, rather than the DA treatment itself, may explain such psychiatric admissions.

Conclusion: Even if the DA efficacy on PRL levels and tumor volume in patients with macroprolactinoma under
antipsychotic drugs is less impressive than that typically observed, it may be considered satisfactory for half of our
patients, particularly in cases of optic chiasm compression. Psychotic exacerbation was unusual in these

patients, occurring mostly in those with the most severe psychotic forms. DAs may therefore
be used as antitumor treatment for macroprolactinoma in patients with visual involvement,
severe headaches or invasion into the skull base who receive antipsychotics.
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Introduction

While microprolactinomas are quite prevalent in the
general population, macroprolactinomas
rarer (1). Due to their size, these macroadenomas
may be responsible for mass effects, particularly optic
chiasm Fortunately, in these cases,
dopamine agonists (DAs) are able not only to decrease
prolactin (PRL) levels but also to allow tumor shrinkage,
alleviating compression symptoms. DAs act by binding
to the dopamine type 2 (D2) receptor at the level of the
lactotroph cell.

Psychotic disorders are also rare since their incidence
is 26.6 per 100 000 person-years (2) and their prevalence
is approximately 4 per 1000 (3). Their treatment is based
on antipsychotic drugs that act by blocking or mitigating
the activity of dopamine at the level of the dopamine type
2 receptor (D2R) in the mesolimbic pathway as well as
the nigrostriatum and tubuloinfundibular system (4, 5).
Treatment with antipsychotics, particularly older typical
or first-generation drugs, has a propensity to induce
hyperprolactinemia caused by the blockade of D2R at
the level of pituitary lactotroph cells (tubuloinfundibular
pathway) (6). The second-generation or atypical
antipsychotics, which dissociate more quickly from the
D2R (7), induce less hyperprolactinemia (8, 9).

In patients who require both antipsychotics for
mental disorders and DAs for hyperprolactinemia, one
can legitimately question whether, due to their opposite
effects on the D2R, DAs could make antipsychotics
ineffective and lead to psychotic exacerbation, while
antipsychotics could make DAs less effective on PRL levels
but also on prolactinoma mass. Therefore, in patients with
severe psychotic conditions treated with antipsychotics,
the rare occurrence of a macroprolactinoma, particularly
when it compresses the optic chiasm, represents a
therapeutic challenge.

Few case reports have suggested a risk of emergence
or worsening of psychosis when patients under
antipsychotics are treated with DAs (10, 11, 12, 13).
However, there are no prospective or retrospective studies
evaluating the efficacy of DAs on macroprolactinomas.

This led us to evaluate in a retrospective study how
these patients were managed in French and Belgian
university hospitals to evaluate the efficacy of DAs on
the PRL concentration, adenoma volume and visual
impairment and to assess the psychiatric risk linked to DA
prescription in these patients treated by antipsychotics for
their mental disorders.
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Methods

We contacted various endocrinology centers in university
hospitals in France and Belgium (thanks to the Club
Francais de 'Hypophyse, a national working group of the
French Endocrine Society) and collected data about the
medical background, endocrine pathology, treatments,
psychiatric disease course, including worsening episodes
and admission, from the charts of each individual patient
with psychiatric disease and a macroprolactinoma known
to have received treatment with antipsychotics and DAs.
We focused on the period between 1987 (availability of
MRI in France) and 2017.

We specifically collected the initial characteristics of
the prolactinoma: size on MRI, PRL level, and results of
visual assessment. Then, we examined the sequence of the
treatment of prolactinoma: first-line treatment, surgery or
DAs; second-line treatment, DAs or surgery, and eventually
radiotherapy. At each step, we analyzed the efficacy of
DAs on serum PRL levels, prolactinoma size and visual
impairment. The same criteria were applied for the efficacy
of surgery and radiotherapy. We also considered the effect
of treatments on chiasm compression and cavernous
sinus invasion when specified. Finally, we examined the
doses of DAs at the time of best control of PRL levels and
prolactinoma size to compare them with those used in the
population of ‘usual’ macroprolactinomas treated with
DAs but not with antipsychotics.

As for the psychiatric tolerance of DAs, we collected
all intercurrent events that could be associated with a
worsening of the mental disorder: hospital admissions,
accepted by the patient or compulsory, self-harming,
aggressiveness, and urgent antipsychotic change. Then,
we tried to evaluate the link between DA use and
psychotic exacerbation by investigating previous hospital
admissions, psychosis severity, the number of treatments
before the introduction of DAs and whether DAs were
truly taken by the patient at the precise moment of
psychiatric impairment.

Finally, we sought to determine whether endocrine
treatment decisions were influenced by psychiatric risk or
only by the evolution of macroprolactinoma.

Statistical analysis

Data are expressed as medians (ranges). Differences
between two subgroups were analyzed using the
Wilcoxon test or Mann-Whitney U-test (in the case of
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a nonparametric distribution). Nominal variables were
analyzed using Fisher’s exact test.

The study was not approved by a medical ethical or
institutional review board, as it was not deemed necessary
by French law for observational non-interventional studies
on humans, which indicates that clinical and biological
data obtained during usual medical care can be used for
future research. When obtaining these data, each patient
is warned that he has the opportunity to refuse the use of
his/her data for future research. For University hospitals
involved in this study, the ‘Commission Nationale
Informatique et Liberté’ gave the agreement for the use
of medical data in this particular context of retrospective
studies and non-opposition of patients.

Results

Characteristics of the patients

We collected the endocrine clinical charts of 18 (12
M, 6F) patients with a mean (+ s.p.) age of 45 + 14
years from several hospitals in France and Belgium (Le
Kremlin-Bicétre, Paris, Marseille, Lyon, Bordeaux,
Toulouse, Reims, Lille, Brussels). Macroprolactinomas
were diagnosed between 1987 and 2017, and the mean
follow-up was 9 + 10 years (Table 1). Fifteen patients were
still actively followed, one was deceased in 2009, and
two were lost to follow-up in 2013 and 2015. Psychiatric
disorders included schizophrenia in five cases, chronic
psychosis in three, bipolar disorder in two, and autism
in one case, while the diagnosis was imprecise (behavior
disorder, delusional and depressive syndrome, anxiety
disorder) in five others. Sixteen patients with a known
high risk of hyperprolactinemia induction were taking
antipsychotics and six had taken, alone or in association,
antipsychotics that are not known to be associated with
hyperprolactinemia. Symptoms leading to discover the
prolactinoma were headaches in four patients, visual
problems in four patients, amenorrhea in four patients,
galactorrhea in three patients, sexual problems in two
patients, seizures in one patient and cognitive impairment
in one patient. The discovery was fortuitous in three
patients. All the patients except one had hypogonadism.

Efficacy of DAs in patients with macroprolactinoma
also treated with antipsychotics.

Efficacy on the PRL levels

Every patient received DAs, either alone or before or
after surgery or radiotherapy. The therapeutic sequences

DAs and antipsychotics in 183:2 223
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are described in Fig. 1. We divided the patients into two
groups: those who were only treated with DAs (n=8) and
those who were also treated with surgery or radiotherapy
(n=10). In this latter group, the effect of DAs was studied,
when given, both before surgery and after surgery.

As expected, the best response to DAs in terms of
PRL levels (Fig. 2) was found in the patients who were
only treated with DAs: PRL levels normalized (normal
PRL levels are less than 25 ng/mL) in two patients (25%),
decreased by >50% in seven patients (87.5%), and by
<50% in one patient (12.5%). All these patients were
treated with antipsychotics at the time of DA treatment.
The average decrease in PRL concentration was 94%. The
initial median PRL level was 1247 ng/mL (range, 117-81
132), whereas the minimal median PRL level after DA
treatment was 42 ng/mL (4-573) (P=0.008). The average
cabergoline dose needed to achieve the best biochemical
control was 0.75 mg per week.

In the group treated with DAs before surgery or
radiotherapy (n=7), PRL levels also decreased by >50%
in five patients and by <50% in one patient (Fig. 2). Data
are missing for one patient (Patient #11). The average PRL
level decrease was 85%. The initial median PRL level was
3850 ng/mL (449-38 000), whereas the minimal median
PRL level under DA treatment was 141 ng/mL (60-6000)
(P=0.03). The average cabergoline dose needed to obtain
the best biochemical control was 1.375 mg per week.

In the group treated with DAs after surgery or
radiotherapy (n=6), PRL levels decreased by <50% in four
patients and increased in two patients (Fig. 2). The initial
median PRL level was 1664 ng/mL (94-9400), whereas
the minimal median PRL level after DA treatment was
1215 ng/mL (48-5640). The average cabergoline dose
needed to obtain the best biochemical control was 1.65
mg per week.

The initial and minimal PRL levels achieved in
each individual, according to his/her subgroup, and
the corresponding DA dose for achieving this result
are illustrated in Fig. 2. The patients who had the best
biochemical response to DAs were those who did not
require surgery or radiotherapy. When one of these
interventions was necessary, the response was better
before than after the procedure.

Secondary analysis restricted to the 16 patients
treated with neuroleptics known to increase PRL levels
gave similar results (see Supplemental data, see section on
supplementary materials given at the end of this article).

A change for antipsychotics causing less effects on D2R
was attempted in six patients (replacement of olanzapine
by clozapine and thereafter by aripiprazole in Patient #1,
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Total
(n=18)
. / \ o
(n=3) (n=15)
DAs Surgery No surgery
(n=3) (n=6) (n=9)
DAs No DAs Radiotherapy DAs
(n=3) (n=3) (n=1) (n=8)
|
Radiotherapy

(n=1)

Figure 1

Sequences of treatment in the 18 patients with psychotic
disorders treated with antipsychotics and a
macroprolactinoma necessitating DA

the relation to adenoma compression remained uncertain.
Visual acuity globally improved in patients only treated
with DA.

Missing data impaired the precise interpretation of
the visual parameters in patients treated with DAs before
or after surgery or radiotherapy. Visual fields and acuity
did not seem to improve significantly.

Efficacy of surgery in patients with
macroprolactinoma also treated
with antipsychotics

Surgery was performed as first-line treatment in three
patients for fear of decompensating the underlying
psychotic disorder by using DAs: these are generally oldest
records. Surgery was performed as second-line treatment
after a trial of DA in six cases because the effect of DA was
considered as not optimal or due to loss of compliance.

The median PRL level was 1137 ng/mL before surgery
and decreased to 115 ng/mL (lowest PRL levels) in the short
term after surgery (median at 1.8 months postoperatively).
Nevertheless, over time, PRL levels increased again in
almost every patient, reaching a median level of 583 ng/
mL at a median duration of 6 years after surgery. Surgical
treatment reduced tumor size substantially in the seven
patients with available data: the median reduction in
maximal diameter was 50%.

Among the nine surgical patients, six (66%) needed
complementary treatment with DAs after surgery.

Time frame of PRL levels and tumor reduction as well
as DA doses and type of antipsychotic drugs are given in
detail for each patient on an individual figure provided in
Supplemental data.
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Figure 2

Individual course of PRL levels under dopamine agonists (DASs)
in three groups of patients: those who were treated by DAs
only, those treated with DAs before surgery or radiotherapy
and those treated by DAs after surgery or radiotherapy. The
initial PRL level is indicated by a closed square, and the lowest
PRL level achieved under DA is indicated by a closed circle. For
each individual, the dose of cabergoline (CBG) necessary to
achieve the best result in terms of tumor size is given in the
lower pannel. Three patients received bromocriptine at a daily
dose of 7.5 mg (#) or 15 mg (# # #) or quinagolide at a daily
dose of 225 pg (# #). Note that the scale of PRL levels is
logarithmic. ULN, upper limit of normal of PRL levels (25 ng/mL).

Psychiatric tolerance of DAs

Throughout the history of the 18 patients, nine presented
psychosis relapses requiring admission in psychiatric units
(Table 1). Four of these nine patients did not take DAs at
the time of psychiatric relapse, which was concomitant
of a surgical operation (Patients #9, #13 and #16) or
occurred 10 years after cabergoline interruption (Patient
#10). Among the five remaining patients taking DAs at
the time of psychiatric relapse (Patients #1, #3, #8, #11,
and #14) (28% of all patients), three did not take any
antipsychotic at the time of psychiatric crisis (Patients #8,
#11, and #14). When these two groups (the nine patients
admitted to the psychiatric unit and the nine patients not
admitted) were compared, we noticed that the patients
who needed admission had a more severe psychiatric
disease. Indeed, among them, eight (89%) had a previous
psychiatric admission vs only one (11%) in the group
of nine patients not admitted (P=0.0034). The overall
number of drugs used for psychiatric treatments was also
higher in the group of patients requiring admission to a
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Figure 3

Individual course of the size of the macroprolactinoma (given
as the largest diameter) in three groups of patients: those who
were treated by dopamine agonists (DAs) only, those treated
with DAs before surgery or radiotherapy and those treated by
DAs after surgery or radiotherapy. The initial maximal
diameter is indicated by a closed diamond, and the lowest
maximal diameter achieved under DA is indicated by an open
circle. For each individual, the dose of cabergoline (CBG)
necessary to achieve the best result in terms of tumor size is
given in the lower pannel. Three patients received
bromocriptine at a daily dose of 7.5 mg (#) or 15 mg (# # #) or
quinagolide at a daily dose of 225 pg (# #).

mental treatment center (data not shown). Finally, the
median dose of cabergoline was 3.5 mg in patients with
psychiatric relapses and 1.375 mg in patients who did not
relapse but the difference was not significant (P=0.1).

Other endpoints of psychiatric worsening such as
antipsychotic changes were observed in eight patients
who were generally the same patients as those who were
admitted for psychiatric relapses (Table 1).

Therefore, the causal relationship between the use of
DAs and the worsening of psychosis (the patients being
treated or not with antipsychotics) remains uncertain.

Details about time course of DA introduction
and psychiatric history are given for each patient in
Supplemental data.

The fact that a patient had an underlying mental
disorder modified the therapeutic decision regarding
the adenoma in only one patient (Patient #11). As his
behavior disorders have been presumably induced by
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bromocriptine, which was prescribed while the patient
was not taking any antipsychotic drug, radiotherapy
was preferred to reintroduction of dopamine agonists.
Bromocriptine however, highly effective in
decreasing PRL levels and adenoma volume. Of the other
four patients who were admitted to the hospital for acute
decompensation of their mental disorder under DAs, the
dose of DAs was decreased and the type of antipsychotic
changed in three patients (Patients #1, #3, and #14). In
the last patient (Patient #8), the acute psychotic episode
led to the diagnosis of a masked psychotic disorder that
was previously unknown; antipsychotic drug was thus
initiated without changing the DA treatment.

None of our patients developed impulse control
disorders under dopamine agonists.

was,

Discussion

In this retrospective study of 18 patients who suffered
from both a macroprolactinoma and a severe psychiatric
disease justifying treatment with antipsychotics, DAs were
generally effective on PRL levels and, to a lesser extent,
on tumor volume and visual defects, despite a large
disparity in clinical situations and therapeutic strategies.

Number of
patients
7
6
5
4
3
2
1
0
Baseline After DA | Baseline After DA | Baseline After DA
DAs only Before surgery After surgery
. Hemianopia . Blind spot exclusion Other
M Quadranopia M Normal Unknown
Figure 4

Evolution of the visual field under DA.
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Few psychiatric relapses were observed and none can be
definitively imputed to the prescription of DAs.

Two-thirds of our patients were males, which was not
unexpected with regard to the male predominance for both
psychotic disorders (2, 3) and larger macroprolactinomas
(1). The age of our patients also corresponds to that
reported in epidemiological studies of psychotic
disorders (2, 3).

In a large retrospective study of 225 patients
with a macroprolactinoma from one of our centers,
normalization of PRL levels was achieved in 60.8% of
the patients at a median weekly cabergoline dose of 1
mg (14). In the present series of patients with underlying
mental disorders necessitating antipsychotics, normal
PRL levels were achieved in only 25% of the patients
who were treated with DAs alone and the median dose
of cabergoline at the best biochemical control was similar
(1 mg per week). This lower efficacy compared to the
nonpsychiatric population may have three explanations.
A first pathophysiological hypothesis could be a partial
resistance of prolactinoma lactotroph cells to DAs related
to concomitant D2R blockade by antipsychotics, which
act as D2R antagonists (6). A second explanation could
be the reluctance of endocrinologists to increase the
dose of DAs as they would have done in typical patients
with prolactinoma for fear of decompensating the
underlying psychotic disorder. This could have led the
endocrinologists not to increase the dose and to accept
persistently increased PRL levels if the objective of tumor
shrinkage was achieved. However, against this hypothesis,
one may underline that the median dose of cabergoline
used in the three groups of our patients is close to that used
in patients without psychotic disorders. Finally, one may
question the compliance regarding DAs in these patients
with psychotic disorders — indeed, drug compliance to
treatment is a major issue in these patients (4).

The most important result of our retrospective study
is the efficacy of DAs on macroprolactinoma volume.
Indeed, despite the potential resistance to DAs induced
by concomitant treatment with antipsychotics, and even
if the effect on tumor volume seems less impressive than
that observed in ‘usual’ patients with macroprolactinoma,
DAs were able to shrink macroprolactinomas in a high
proportion of our patients (57% in the whole cohort and
87.5% in those only treated with DAs), quite similarly to
the high rate of responders seen in ‘usual’ patients with
macroprolactinoma (1, 15). However, the importance of
shrinkage might be inferior. Indeed, out of 127 patients
treated for more than 1 year by cabergoline alone (16, 17,
18), 86 (68%) experienced a greater than 50% tumor size
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reduction (vs 17% in our series), 28 (22%) showed a 25%
to 50% reduction (vs 11% in our series), and 13 (10%)
showed a less than 25% reduction in tumor size (vs 39% in
our series). Such an ability to shrink macroprolactinomas
in these patients is particularly interesting in cases of
visual defects related to optic pathway compression.
Optic chiasm decompression under DA was indeed
observed in 44% of our patients who initially had chiasm
compression, and 50% of the patients who had visual
defects normalized their visual fields and acuity. Thus, the
main objective of DA treatment, which was to relieve the
mass effects of macroprolactinoma, was achieved, even if
PRL levels were not normalized in some of them.

This therapeuticissue,that is, the efficacy and tolerance
of DA treatment in patients with macroprolactinoma
under antipsychotic drug treatment for underlying
psychosis, has rarely been addressed. In the literature
published since 1985, we found only eight case reports
of patients in whom a diagnosis of macroprolactinoma
was made while they were taking antipsychotics, and
they were all published in psychiatry journals (10, 11,
12, 13, 19, 20). Half of the patients underwent surgery
as a first-line treatment. Among the six patients who
underwent surgery, four needed adjuvant therapy with
DAs. Two patients only received DAs. A similar response
to DAs on PRL levels, especially in those only treated with
DAs, but a minor efficacy on tumor volume was reported.
Unfortunately, endocrinological information is often
limited.

Another important issue, in addition to their clinical
efficacy, is knowing whether or not adding DAs to
antipsychotics may decompensate psychiatric status.
Less than 30% of our patients underwent a noteworthy
relapse while taking DAs, and these relapses occurred
in the patients who already had a history of psychiatric
admission (89% vs 11%) and who suffered from the most
severe psychiatric diseases. One can thus reasonably
question the role of DAs in relapses. Psychiatric relapses
led to decrease in the dose of DA in four of our patients.
Unfortunately, as the DA dose reduction was concomitant
of antipsychotic change, it is difficult to interpret its effect
on psychiatric relapse.

To our knowledge, such an acute psychiatric crisis has
been reported in 13 patients who had either a micro- or
a macroprolactinoma treated with DAs. In four cases, the
underlying psychosis was already diagnosed and treated
and relapsed at the time of DA treatment (10, 11, 12, 13);
in seven cases, psychosis was revealed at this time (21, 22,
23, 24, 25, 26). However, as all the cases were published
in psychiatry literature, there might be a publication bias
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overestimating the proportion of psychosis and relapses.
Indeed, in a large series of 455 nonpsychiatric patients, no
psychosis was diagnosed under cabergoline (27).

Another clinical situation that may help to increase
knowledge about the concomitant prescription of
antipsychotics and DAs is the population of psychiatric
patients with antipsychotic-induced hyperprolactinemia
in whom DA was initiated to treat hyperprolactinemia.
No psychosis relapse was observed, either in a study
involving 80 patients with schizophrenia treated with
cabergoline (28) or in several series of patients with
psychosis treated with various DAs (29, 30, 31, 32).
Reports of psychiatric symptoms worsening in patients
with psychosis treated with DAs for antipsychotic-
induced hyperprolactinemia are very few (23, 33, 34): of
a total of 129 patients with psychosis with antipsychotic-
induced hyperprolactinemia, only four (3%) presented
exacerbation of their psychiatric symptoms under DA
treatment, confirming the good psychiatric tolerance of
DAs in this setting.

In clinical situations where continuation of DAs
is necessary despite psychiatric relapse induction, a
solution could be to treat psychosis with aripiprazole, an
antipsychotic with a lower affinity for D2R and a partial
agonistic effect on D2R (10, 22, 35). Other antipsychotics
such as clozapine may also be interesting to use in this
context as, at a clinically effective dose, it occupies only
40-50% of D2R and binds more closely to them (fast
dissociation).

Finally, none of our patient developed impulse control
disorders when given DAs (36, 37)

Our study has many limitations. First, itis retrospective
with all the bias associated with retrospective studies.
However, given the scarcity of the association of these two
disorders and the time needed to determine the effect and
tolerance of DAs in patients with psychosis, a prospective
study is impossible to perform, and we need to limit our
information to retrospective data. Given the heterogeneity
of endocrinological and psychiatric situations, another
limitation of our study was the absence of standardization
of the data, preventing their objective interpretation. The
third limitation is the very large period covered by the
study (from the 1980s to 2017), explaining the variety
of therapeutic strategies and the high proportion of
surgery. DAs have also evolved, and cabergoline, which
is currently considered the first choice drug, is better
tolerated and allows better compliance to treatment than
bromocriptine (1, 38). Finally, antipsychotics have also
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improved and new classes of drugs have been developed,
with less hyperprolactinemic effects (4, 5, 9).

Despite these limitations, we provide the largest
study of these rare patients with psychosis (necessitating
antipsychotics) and macroprolactinoma (necessitating
DAs) in whom interaction of these drugs (both necessary
for the patient) was considered pragmatically and from
an endocrine point of view. The multicenter aspect of our
study provides a representative idea of how these patients
are treated in France and Belgium and allows some
extrapolation of the results.

Conclusion

In conclusion, according to the results of our
retrospective study, the benefit-risk ratio of initiating
DAs seems favorable in patients suffering from a
macroprolactinoma with mass effects while they are
treated with antipsychotics for a stable psychiatric
involvement,
headaches or invasion into the skull base, a wait-and-see
strategy may be proposed, provided sexual steroids are
given. Otherwise, a treatment is necessary. Cabergoline,
which is currently the first-line DA, proved to be
effective even if its combination with antipsychotics
seems to induce a partial resistance to DA related to D2R
blockade by antipsychotics. At the dose used (sometimes
insufficient to achieve normal PRL levels), the effect on
macroprolactinoma volume is comparable to what is
observed in nonpsychiatric patients. This is very helpful
in these difficult patients who often refuse surgery. Very
importantly, DA treatment in this context does not
seem to induce relapse of underlying stable psychiatric
disorders. Thus, surgery should be avoided when a good
response to DAs is achieved on PRL levels and tumor
volume. If psychosis is more unstable, multidisciplinary
discussion between the endocrinologist, the psychiatrist
and the neurosurgeon is indicated for deciding the
therapeutic strategy.

disease. In absence of visual severe
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