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Abstract

Objective: Both antitumor and antisecretory ef�cacies of dopamine agonists (DA) make them the �rst-line treatment 

of macroprolactinomas. However, there is no guideline for MRI follow-up once prolactin is controlled. The aim of our 

study was to determine whether a regular MRI follow-up was necessary in patients with long-term normal prolactin 

levels under DA.

Patients and methods: We conducted a retrospective multicenter study (Marseille, Paris La Pitie Salpetriere and Nancy, 

France; Liege, Belgium) including patients with macroprolactinomas (largest diameter: >10 mm and baseline prolactin 

level: >100 ng/mL) treated by dopamine agonists, and regularly followed (pituitary MRI and prolactin levels) during at 

least 48 months once normal prolactin level was obtained.

Results: In total, 115 patients were included (63 men and 52 women; mean age at diagnosis: 36.3 years). Mean 

baseline prolactin level was 2224 ± 6839 ng/mL. No signi�cant increase of tumor volume was observed during the 

follow-up. Of the 21 patients (18%) who presented asymptomatic hemorrhagic changes of the macroprolactinoma 

on MRI, 2 had a tumor increase (2 and 7 mm in the largest size). Both were treated by cabergoline (1 mg/week) with 

normal prolactin levels obtained for 6 and 24 months. For both patients, no further growth was observed on MRI 

during follow-up at the same dose of cabergoline.

Conclusion: No signi�cant increase of tumor size was observed in our patients with controlled prolactin levels on DA. 

MRI follow-up thus appears unnecessary in patients with biologically controlled macroprolactinomas.

Introduction

Prolactinomas represent the most frequent type of pituitary 

adenomas with a prevalence of about 60–100 cases per 

million. In women, prolactinomas are usually diagnosed 

earlier and have a smaller size at diagnosis (microadenomas) 

(1). The management of microprolactinomas is 

consensual, based on dopamine agonists (DAs) as a  

first-line treatment. Several studies suggested the possibi-

lity of DA withdrawal in patients with microprolactinoma 

when both prolactin level and pituitary MRI were normal 

for at least 2  years (2, 3, 4). Macroprolactinomas are 

diagnosed at a later stage, especially in men (5, 6). Delayed 

diagnosis exposes the patient to severe comorbidities such 
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as osteoporosis, infertility and altered sexual function. 

The differential diagnosis with a non-functioning 

pituitary adenoma associated with hyperprolactinemia 

(due to a pituitary stalk compression) is rarely an issue as 

the level of prolactin is highly discriminant, as shown by 

Karavitaki et al. (7). Medical treatment is still considered 

the first-line treatment (2, 8, 9), as DA results in both a 

rapid antisecretory (at least 50% decrease in prolactin) 

and antitumor efficacy (80% of patients present at least 

25% decrease in tumor volume) (2, 10, 11, 12, 13). 

Transphenoidal surgery can be discussed either as a first- 

or second-line treatment to cure the patient and/or to 

decrease prolactin levels to enhance the efficacy of the 

DA. However, results on the possibility of DA withdrawal, 

as proposed in the case of microprolactinoma, are still 

controversial (6, 14). According to the Endocrine Society 

guidelines on prolactinomas (2, 13) there is still a lack 

of strong recommendation to propose DA withdrawal 

in case of macroprolactinoma. The long-term follow-up 

remains unclear particularly in treated patients who have 

normal prolactin level: as per Guidelines, ‘pituitary MRI 

should be performed after 3 months’, and further imaging 

follow-up should be discussed in a case-by-case approach. 

As a consequence, some endocrinologists do not perform 

anymore pituitary MRI in controlled macroprolactinoma, 

whereas others prefer to check for the absence of pituitary 

tumor growth or relapse every 1–3 years.

As prolactin levels have been shown to strongly 

correlate with adenoma size, in particular when the 

secretion is controlled by cabergoline (15, 16), we decided 

to determine whether systematic MRI follow-up was really 

helpful in patients with long-term normal prolactin levels 

on DA.

Patients and methods

This retrospective study involved 4 tertiary referral 

centers, in France (French reference center for rare 

pituitary diseases, La Conception hospital, Marseille; 

Department of Endocrinology, La Pitié hospital, 

Paris; Department of Endocrinology, Nancy) and in  

Belgium (Department of Endocrinology, Liege). All the 

data files of the patients followed for a macroadenoma 

with high prolactin levels (>100 ng/mL) in the 4 centers 

from 1988 to 2012 were evaluated. Patients were included 

firstly, if they had a diagnosis of macroprolactinoma 

between 1988 and 2012, i.e. if they presented an adenoma 

with a largest diameter greater than 10 mm, with a baseline 

prolactin level exceeding 100 ng/mL, without concomitant 

drug intake that might lead to increased prolactin levels; 

second, if they had a normal prolactin level on DA and 

had been constantly treated by DA for at least 48 months 

with a regular prolactin level follow-up (at least every 

year during the whole duration of the treatment); and 

third, if they had a regular pituitary MRI follow-up (at 

least 2 pituitary MRI during the 48 months of follow-up). 

Patients who received radiotherapy or radiosurgery at any 

time of the management of macroprolactinoma, patients 

who did not have a pure prolactinoma and patients who 

had a giant prolactinoma (17) were not included.

Data on medical history, DA intake, characteristics 

of the adenoma at initial diagnosis, prolactin level and 

pituitary hormone evaluations were retrieved in each 

patient’s data file. Longitudinal MRI follow-up was also 

noted: pituitary MRI (T1-weighted and T2-weighted 

coronal, axial and sagittal images before and after 

gadolinium injection) was performed in every center 

and compared with the previous ones by specialized 

neuroradiologists in all of the participating centers. 

Tumor shrinkage was defined by a decrease of at least 

10% of the largest diameter of the tumor as determined 

on axial, frontal and coronal sections. Tumor increase was 

considered when any of the diameters of the tumor was 

found to be greater than that of the same measurement at 

the previous examination. When increased tumor size was 

reported by the local neuroradiologist, a new comparison 

was performed in the principal investigator’s center.

For all prolactin determinations, an immunoassay 

was performed by the technique routinely used in each 

participating center: by radioimmunoassay, fluoro-

immunoassay, or enzyme immunoassay. Prolactin level 

was considered as normal based on the normal values of 

each kit used.

Statistical analysis was performed with XLStat, 

version 2013.1.01 (Addinsoft, France). Quantitative data 

are presented as mean ± S.D. Statistical comparison of 

quantitative data was performed by Student’s t test or 

by analysis of variance (ANOVA). Statistical comparison 

of qualitative data was performed by chi-square test or 

Fisher’s exact test when theoretical number of patients 

was inferior to 5. All statistical tests were two-tailed, and 

P < 0.05 was considered significant.

Results

A total of 115 patients with an average age at diagnosis 

of 36.3 ± 14.9  years were included (Table  1). There was 

a significant difference for the age at diagnosis between 
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females and males (31.1 ± 12.3 vs 41.2 ± 15.3  years 

respectively; P < 0.0001).

Of the 115 patients, 11 had previously been treated 

by transsphenoidal surgery; 73 patients (63.5%) were 

receiving cabergoline, 21 (18.3%) quinagolide, and 21 

(18.3%) bromocriptine at study inclusion. Initial visual 

field data were reported in 81% of cases: visual field was 

normal in 58% of them, and abnormal in the remaining 

42%. Mean duration of treatment was 9.7 ± 5.8  years. 

During this period of treatment, 102 patients (88.7%) 

presented tumor shrinkage, whereas 11 (9.5%) did not 

present any change in the tumor size. The duration in 

terms of imaging was as follows: the median time from 

achievement of normal prolactin was 8 years (min, 4; max, 

22 years); the median time from diagnosis of prolactinoma 

was 11 years (min 4; max, 27 years). At the last follow-up, 

29 patients (25.2%) had empty sella turcica. At the end 

of the study, visual field remained abnormal in 12% 

cases, including 1 patient without improvement despite 

reaching normal prolactin level on medical treatment. 

None of our patients had a macroadenoma in contact 

with the optic chiasm.

Of note, 21 patients (18.3%) presented 

non-symptomatic hemorrhagic changes of the 

macroprolactinoma on MRI while on treatment: in this 

subgroup of patients, a statistically significant difference 

in sex ratio was observed (12/52 (23%) females vs 9/63 

(14%) males, P < 0.0001). Two patients among them 

presented with an increase in tumor size on pituitary MRI.

The first patient was a 55-year-old man with a 30-fold 

increase of prolactin level above upper limit of normal 

(ULN), reaching 665 ng/mL, and a largest tumor size of 

28 mm with suprasellar and bilateral cavernous sinus 

extensions. Initial visual field shows a superior temporal 

scotoma of the right eye. Hyperprolactinemia was rapidly 

normalized on cabergoline, which also induced a 10% 

tumor volume shrinkage. Tumor growth (+7 mm in his 

largest diameter) and hemorrhagic changes were observed 

after 6 months of treatment (cabergoline 1 mg/week) on 

a systematic MRI and was confirmed by a 2nd reading. 

The patient was not symptomatic, prolactin remained 

normal (17 ng/mL) and cabergoline dose was maintained: 

at 3 months, MRI showed a modest decrease (−4 mm), and 

subsequent MRI examinations did not show any further 

regrowth. Visual field was normal at the end of the study.

The other patient (patient 2) was a 16-year-old woman 

diagnosed with a macroadenoma (largest size, 17 mm) and 

a 10-fold increase of prolactin above ULN (initial prolactin, 

275 ng/mL) in 2012. Initial visual field was normal. Again, 

prolactin became rapidly normal under treatment, and 

cabergoline (1 mg/week) allowed an effective antitumor 

effect (8 mm largest size in 2013). Hemorrhagic changes 

and 2 mm growth of the largest diameter were reported on 

a systematic MRI (and was confirmed by a 2nd reading) 

after 24  months of treatment, whereas the patient was 

still controlled by the drug (prolactin level, 20 ng/mL) 

(Fig. 1). The patient was not symptomatic; the investigator 

decided to maintain the dose of cabergoline and no 

further regrowth was observed. Visual field was normal at 

the end of the study.

All of the remaining nineteen patients had stable 

pituitary tumor size and were asymptomatic when 

hemorrhagic changes were reported on MRI.

Discussion

Our results show for the first time that repeat MRI 

follow-up does not prove to be necessary when prolactin 

concentrations reach the normal range on DA (i.e. 

sometimes after up to 3 years after their onset as shown 

in our patients) in patients with macroprolactinomas. 

Although it was well admitted that dopamine agonists, 

and particularly cabergoline, were highly effective in 

decreasing prolactinoma volume, it was not yet known 

whether any close MRI follow-up was necessary in 

patients for whom prolactin level was normal on DA, i.e. 

if there was a risk of further increase in patients controlled 

by DA. The most recent Endocrine Society Guidelines 

(2011) (2) emphasized the need for a 3-month MRI after 

the initiation of the treatment, and the possibility of DA 

withdrawal in patients with at least 2  years of normal 

prolactin level and negative MRI. Although these criteria 

are applicable for most of the microprolactinoma cases, 

they are not systematically fulfilled for patients treated for 

macroprolactinoma. In our study, only 29 (25%) patients 

finally presented an empty sella turcica in the whole group 

of 101 patients who had tumor shrinkage. This  means 

Table 1 Characteristics of the whole cohort.

Sex ratio 63 M/52 F

Mean age at diagnostic (years ± S.D.) 36.3 ± 14.9

Mean initial prolactin (ng/mL) 2224 ± 6839

Mean largest diameter at diagnostic (mm ± S.D.) 21 ± 10.6

Mean age at last follow-up (years ± S.D.) 48.8 ± 16.1

Mean length of follow up (years ± S.D.) 9.7 ± 5.8

Hemorrhagic changes during dopamine agonists 
treatment

21 (18.2%)

Empty sella turcica at �nal evaluation 29 (25.2%)

Sex ratio: M, male; F, female. Empty sella turcica denotes partial or 

complete empty sella at MRI with arachnoid herniation into the sella.
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that 86 patients still had a visualized prolactinoma at 

the end of the study, while they had normal prolactin 

levels. Interestingly, due to the retrospective multicentric 

nature of our study, investigators determined what 

they considered to be the optimal MRI follow-up. The 

management was actually quite similar, as most of the 

patients had MRI follow-up every 1–3 years. Our results, 

with no symptomatic increase in tumor size, clearly show 

that this MRI follow-up was useless.

Interestingly, a large proportion of our patients 

(18.3%) presented asymptomatic hemorrhagic changes 

on MRI while on dopamine agonists. Two of them had 

a modest increase in tumor size in this context: the 

patients were not symptomatic, and the changes were 

observed because MRI was systematically performed. 

Hemorrhagic changes with no clinical symptomatology 

cannot be considered as a pituitary apoplexy, which, by 

definition, requires clinical symptoms. This explains why 

our rate of hemorrhagic changes on MRI was actually 

superior to the rate of clinical apoplexy reported in the 

literature (18, 19, 20). In our study, these hemorrhagic 

changes were likely due to the mechanism of action of 

DA, even if spontaneous hemorrhagic changes have also 

been reported in untreated macroprolactinomas. More 

interestingly, these hemorrhagic changes were reported 

because a systematic MRI follow-up was performed. As 

the patients were not symptomatic, and further growth 

was not observed despite unchanged dose of cabergoline, 

we conclude that the risk of asymptomatic hemorrhagic 

changes should not be considered as an evidence for a 

regular MRI follow-up.

Our results cannot be extrapolated to other types 

of secreting pituitary tumors. In the recent Endocrine 

Society Guidelines for Acromegaly (21), there is no 

specific mention of MRI follow-up in patients controlled 

by somatostatin analogs. The antitumor efficacy of these 

drugs is less important (33% according to a review by 

Mazziotti et al. (22); 37–51%, according to a meta-analysis 

by Giustina et al. (23)) than that for dopamine agonists 

in macroprolactinomas (88% in our study): moreover, 

Figure 1

Pituitary MRI, coronal section, T2 weighted 

(Upper left: 2013; Upper right: 2014) and 

T1 weighted (Lower left: 2013; Lower 

right: 2014) of the patient #2.
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as the first-line treatment of acromegaly is surgery, tumor 

size is rarely an issue after surgery, in contrast with 

macroprolactinoma (as the first-line treatment is based 

on drugs, and an antitumor effect is expected to avoid 

surgery). Finally, Mazziotti et al. showed that some patients 

with acromegaly presented dissociated antisecretory and 

antitumor efficacy (22). Cushing’s disease can be treated 

by pituitary-targeted drugs (Pasireotide or Cabergoline): 

in this context, however, adenoma size is usually not an 

issue, and recurrence after surgery is frequently associated 

with a negative MRI. MRI follow-up is thus not mandatory 

except to look for a delayed appearance of a residue as 

reported during the long-term use of ketoconazole or 

mitotane (24, 25). These drugs are however adrenal 

targeted, and an increased size is considered to be due to 

the loss of negative feedback by cortisol or to the natural 

history of the adenoma.

Our study has inherent limitations due to its 

retrospective nature. To decrease the risk of bias due 

to an insufficient follow-up, we only recruited patients 

who had at least 4-year follow-up on DA, and none 

of them was lost to follow-up during this period. The 

fact that pituitary MRI was not all read by the same 

radiologist could also be questioned; however, all 

the MR images were read by a specialized radiologist 

in each center, and a second reading was performed 

when an increased size was reported. In the latter 

situation, the second reading was consistent with the 

local neuroradiologist’s interpretation. Due to the lack 

of surgery in most patients, we had no pathological 

confirmation that the hyperprolactinemia was due to a 

prolactinoma rather than a stalk compression; we used 

the criteria previously described by Karavitaki et al. (7). 

In this study based on histologically confirmed cases of 

prolactinoma, a prolactin level <2000 U/L (94 ng/mL) 

was found in 99.5% of patients with non-functioning 

pituitary adenoma. Our 2 patients with increased 

tumor size on treatment and hemorrhagic changes had 

prolactin levels largely above this threshold, which 

suggests that they were carrying a macroprolactinoma. 

We decided to exclude giant prolactinomas as we 

considered that it was a somehow different entity than 

classical macroprolactinomas, and this specific type of 

adenomas should lead to another specific study. Finally, 

we included patients treated by 3 different dopamine 

agonists. Even if our results suggest that an increase in 

the size of the prolactinoma is highly unlikely in patients 

for whom prolactin is controlled by DA, whatever the 

drug, a larger study on bromocriptine and quinagolide 

could be useful to ascertain this point.

To conclude, our study is the first to show that MRI 

follow-up does not seem necessary in patients with 

macroprolactinomas as long as prolactin levels remain 

normal on DA. This is of major importance as it might 

change the practice of endocrinologists dealing with 

macroprolactinomas. Asymptomatic hemorrhagic 

changes of the macroprolactinoma can happen during 

treatment, and this event can be observed when a regular 

MRI follow-up is performed. As these changes are usually 

asymptomatic and have only a modest effect on tumor 

size, they should not lead to a more aggressive follow-up. 

MRI should thus be reserved to patients presenting with 

clinical signs in favor of a symptomatic apoplexy or for 

whom prolactin levels increase despite a stable dose of 

previously effective dopamine agonist (6). Further studies 

should help determine whether repeat MRI follow-up 

would be necessary in patients responding to medical 

treatment with stable prolactin levels, though not 

reaching normal values.
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