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Abstract Prolactinoma is a rare pituitary adenoma secreting
prolactin. Studies on diagnostics, treatment, and prognosis in
pediatric prolactinoma patients are rare. We analyzed clinical
presentation, response to treatment, and prognosis of 27 pedi-
atric prolactinoma patients (10 m/17 f. based on patients’ re-
cords. Tumors included 6 microadenomas (tumor volume:
median 0.2 cm’, range 0.01-0.4 cm’; serum prolactin at diag-
nosis: median 101 ng/ml, range 33-177 ng/ml), 15
macroadenomas (volume: median 3.3 cm3, range 0.4—
25.8 cm® ; prolactin: median 890 ng/ml, range 87-8624), and
3 giant adenomas (volume: median 44.5 cm?, range 38.6—
93.5 ¢cm’; prolactin: median 4720 ng/ml, range 317—-10,400);
data for 3 patients were not available. Dopamine agonist treat-
ment (n =22) was safe and effective, leading to reductions in
tumor size (p < 0.01) and prolactin levels (p <0.01). Threat to
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vision was the indication for decompressing surgery in three
of seven operated patients. No patient was irradiated. Long-
term functional capacity was not impaired when compared
with other sellar masses (n =235).

Conclusion: In pediatric prolactinoma, diagnosis is based
on hyperprolactinemia and imaging. Dopamine agonist treat-
ment is effective and safe. Overall survival and functional
capacity as a measure of quality of survival were not impaired,
indicating an optimistic prognosis. Surgery should be consid-
ered only in emergency situations of threatened visual func-
tion, not presenting a fast response to dopamine agonist treat-
ment. Severe side effects of medication and lack of efficacy
should be considered as contraindications.

What is Known:

* In pediatric prolactinoma—a very rare pediatric
neuroendocrinological disease—gender-related differences in terms of
clinical presentation at initial diagnosis are known.

* Due to the rareness of the disease, reports on long-term outcome and
prognosis after childhood-onset prolactinoma based on prospective
follow-up are not published.

What is New:

» Dopamine agonist treatment is efficient and safe for tumor volume
reduction in pediatric prolactinoma and surgical interventions are
recommended only for decompression of the optic chiasm in case of
threat to vision. In case of inefficient response to medication, side
effects or parental refuse, alternative therapeutic options should be
considered.

* Quality of life in terms of survival and functional capacity was not
impaired in pediatric prolactinoma patients when compared with 235
long-term survivors of different sellar masses.

Keywords Prolactinoma - Surgery - Dopamine agonists -
Obesity - History - Quality of life
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Abbreviations

MRI  Magnetic resonance imaging

CT Computed tomography

FMH Fertigkeitenskala-Miinster-Heidelberg
(0N Overall survival

Introduction

Pediatric prolactinoma (PP), a benign pituitary adenoma se-
creting prolactin, typically occurs at the age when puberty
begins [1, 4, 7, 11, 12, 18, 19, 22, 28, 33]. Although there
are rare functional effects, the most common complaint at
diagnosis is headache, and a large tumor mass can cause visual
impairment. Furthermore, galactorrhea and delayed pubertal
development are observed. With an incidence of <0.1/
1.000.000 population, they are rare yet represent 50% of all
pediatric pituitary adenomas and 2% of all pediatric intracra-
nial tumors [4, 7, 11, 19, 22, 28, 33]. Girls are affected more
frequently than boys, but prolactinoma in boys tends to be
larger and more aggressive—occurring at an earlier age,
achieving a larger mass, and having higher prolactin serum
levels [1, 11]. Hence, microadenomas (tumors < 10 mm in
diameter) are typical in females and macroadenomas (10—
40 mm in diameter) are typical in males [12].

Reports on PP are rare. Only general algorithms for diag-
nosis and treatment exist, which recommend measuring for
elevated prolactin levels, performing magnetic resonance im-
aging (MRI), and treatment with dopamine agonists. Dose and
duration of drug therapy remain inconsistently defined, with
the most successful therapies varying according to prolactin
levels and tumor growth rate [12]. Overall survival rates and
functional capacity as a measure of quality of survival have
not been reported for PP so far.

In this study, clinical symptoms, laboratory parameters,
treatment, and outcome of 27 PP patients were retrospectively
analyzed. The aim of this study was to gain more insight and
knowledge of this disease and its prognosis in the specific
group of pediatric patients as a basis for age- and gender-
adapted treatment recommendations.

Patients and methods
Patients

German patients with pediatric neuro oncological diseases are
registered since 1990 with a high degree of completeness in
the German Childhood Cancer Registry (DKKR). All patients
with sellar masses registered in the DKKR were recruited and
prospectively analyzed in the German international trials HIT-
Endo and KRANIOPHARYNGEOM 2000/2007 (Clinical tri-
al no. KRANIOPHARYNGEOM 2000—NCT00258453;
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KRANIOPHARYNGEOM 2007—NCT01272622). Twenty-
seven German PP patients recruited since 1990 were retro-
spectively analyzed for history before diagnosis, treatment,
and initial presenting manifestations as well as the influence
of these factors on prognosis [25]. Diagnoses of prolactinoma
were confirmed either by hyperprolactinemia plus typical ra-
diographic findings or by reference-confirmed histological di-
agnosis in rare cases. Tumor sizes were calculated using max-
imal tumor diameters (A, B, C) in three dimensions (A x B x
C / 2) based on results of computed tomography (n=4) or
MRI (n=27). Microadenomas are defined by a maximal di-
ameter < 10 mm, macroadenomas measure 10-40 mm, while
giant pituitary adenomas measure >40 mm in maximum di-
ameter [14, 21].

Functional capacity assessment

The German daily life ability scale, Fertigkeitenskala-
Miinster-Heidelberg (FMH), was used for self-assessment of
functional capacity [34]. The FMH measures the capability for
routine actions. The average time required was 4.5 min in
first-time users [26]. Fourteen of 27 PP patients (52%) an-
swered the FMH questionnaire. FMH-scores in PP patients
were compared with FMH-scores of patients with different
sellar masses recruited in the German Craniopharyngioma
Registry (174 craniopharyngioma, 27 hypothalamic glioma,
14 optic/chiasm glioma, 11 germinoma, 9 cyst of Rathke
pouch).

Statistical analyses

Statistical analyses were performed using SPSS19.0 (SPSS,
INC., Chicago, IL). The Mann—Whitney U test was used for
comparison of two independent groups for a continuous var-
iable. The chi-square test was used for comparison of different
groups for categorical variables. Correlation between two var-
iables was analyzed using the Spearman correlation coeffi-
cient. Overall survival (OS) rates were estimated by the
Kaplan—Meier method. Groups were compared using the
log-rank test. p values of <0.05 were chosen as being statisti-
cally significant. Inferential statistics are intended to be ex-
ploratory, not confirmatory, and were interpreted accordingly.

Results

Twenty-seven PP patients (17 female), recruited between
1990 and 2015 in HIT-Endo and KRANIOPHARYNGEOM
2000/2007, were analyzed. Median age at diagnosis was
15.6 years, ranging from 11.4 to 17.7 years. Median follow-
up time was 27 months (range 0.5-117 months). In terms of
age at diagnosis, we observed a younger age (p =0.012) of
boys (median age 14.0 years) compared to girls (median age
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16.5 years). Duration of history before initial diagnosis was
recorded in 19 patients. The median duration of history was
12 months (range 2—48 months). The median prolactin serum
concentration at the time of diagnosis was 494.9 ng/ml (range
87.6-10,400.0 ng/ml). In 24 patients, measurement of tumor
volume was performed at the time of diagnosis, showing a
median volume of 2345.1 mm’ (range 9.4-93,549.2 mm?).
Tumor size was categorized by maximum diameter (@) in
microadenoma with @< 10 mm (n=6; 168 mm’ (range 9—
449 mm3)), macroadenoma with @ =10-40 mm (n=15;
3.312 mm’ (range 385-25.800 mm?)), and giant adenoma
with @>40 mm (n=3; 44.548 mm® (range 38.640—
93.549 mm’)) (Table 1).

The diagnosis of prolactinoma was confirmed by
hyperprolactinemia in combination with clinical information
and imaging in 25 PP patients. In four PP patients (15%),
additional histological verification was performed. Prolactin
serum levels and tumor size at the time of diagnosis were
positively correlated (r 0.825; p=0.01). As reported in other
studies, PP occurred in our 27 PP patients more often in fe-
males (17 patients; 63%) than in males (10 patients; 37%).
Male patients presented with higher serum prolactin concen-
trations and larger tumor size at the time of primary diagnosis
when compared with female patients (p =0.024; p =0.046)
(Table 1). Fifteen patients (55%) presented with headache,
which was the most frequent symptom at diagnosis.

Seven of the 27 analyzed PP patients (26%) received re-
section surgery. In four patients (15%), incomplete resection
was achieved; in three cases (11%), surgery resulted in com-
plete resection as confirmed by normalization of prolactin and
by postoperative MRI. The decision on surgical treatment ap-
pears to be related to tumor size, meaning surgery was per-
formed more frequently in patients with macroadenoma and
giant adenoma (Table 2). All seven patients, who were treated
by surgery, received immediate dopamine agonist medication
at the time of prolactinoma diagnosis. In three cases with
severe threat to vision, the immediate medication did not re-
sult in visual improvement and tumor response as measured
by tumor volume and prolactin serum concentration, so that
after short-term treatment with dopamine agonists (for 2-, 3-,
and 3-week duration) upfront surgery was performed. After
resection, visual function stabilized in all cases. In the other
four of seven patients, who underwent surgery, dopamine ag-
onist medication was performed for 3, 6, 9, and 10 months
without significant response in two patients after 3 and
6 months treatment. In two patients, the residual tumor was
surgically removed after 9 and 10 months of efficient dopa-
mine agonist medication. After resection, tumor progressions
or relapses were observed in four cases (57%). Two patients
needed subsequent surgery after tumor progression.

Irradiation was not performed in our cohort. Treatment
with a dopamine agonist was documented in 22 PP (81%)
and started at a median interval of 11 days after diagnosis

(range 142 days). In 18 of these cases (82%), cabergoline
was used, with a median initial dose of 0.5 mg (range 0.25—
3.0 mg) per week. Bromocriptine was applied in four (18%)
and quinagolide in two (11%) of all dopamine agonist treat-
ment cases. The dosage was adjusted throughout treatment
according to changes in individual patient’s tumor size and
prolactin serum levels.

Side effects were documented in 25% of all cases, which
included hypotension (14%) and headache (11%) as the most
frequently noted side effects. Obesity in one patient and psy-
chotic symptoms in another were detected in two patients
under bromocriptine medication. Thirty-seven percent of all
PP patients did not experience any side effects. A change of
medication was performed for four patients (14%) due to in-
efficacy of treatment, i.e., lack of tumor shrinkage and persis-
tent elevated prolactin serum concentrations (n =2) after
6 months median duration of dopamine agonist therapy (range
4-8 months) or side effects manifesting during early course of
medication (n = 2; hypotension, psychotic symptoms). In one
patient with a macroadenoma and two patients with giant ad-
enoma, medication was changed from cabergoline to
quinagolide, whereas the medication for one patient with giant
adenoma was changed from bromocriptine to cabergoline. In
the majority of patients (67%), the type of medication was not
changed during therapy.

During treatment with dopamine agonists, prolactin levels
decreased over time. Baseline levels of serum prolactin at the
time of diagnosis (n=22; median 494 ng/ml) rapidly de-
creased (p =0.002) to 175.9 ng/ml (n = 14) about 1 to 2 weeks
after initiation of treatment. During follow-up with an interval
of 1 to 2 months after diagnosis, the median serum prolactin
concentration was 80 ng/ml (n=17; p=0.000), decreasing
further on to a median concentration of 13.2 ng/ml (n=11;
p=0.003) after more than 1 year of treatment (Fig. 1a). The
median tumor size at the time of diagnosis was 2345.1 mm’
and, similar to prolactin levels, decreased over time in re-
sponse to dopamine agonist treatment. Two to six months after
diagnosis, median tumor size was 780 mm?> (n=15; p=
0.001), decreasing further to a median size of 282.3 mm?>
(n=14; p=0.001) after 1 year of treatment (Fig. 1b).

No deaths were recorded during follow-up. Overall survival
(OS) rates were not impaired in PP (3 years, OS 1.0).
Functional capacity as measured by FMH ability scale was
not impaired in 14 of 27 PP patients who answered the FMH
questionnaire, as compared with other sellar mass patients (174
craniopharyngioma, 27 hypothalamic glioma, 14 optic/chiasma
glioma, 11 germinoma, 9 cyst of Rathke pouch) (Fig. 2).

Discussion

We observed a higher rate of PP in girls (as in adults: ratio =
2:1), and earlier onset, larger tumor volume, and higher
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Table 1  Patients’ characteristics at time of initial prolactinoma diagnosis (median and ranges)

All patients Female Male p
Number of patients n 27 n 17 n 10
Age at diagnosis (year) 27 15.6 (11.4-17.7) 17 16.5 (14.1-17.7) 10 14.0 (11.4-17.3) 0.01
Follow-up interval (year) 27 2.6 (0.1-9.8) 17 1.5 (0.1-6.5) 10 3.6 (1.1-9.8) 0.04
Duration of history (month) 19 12 (2-48) 13 12 (2-48) 6 9 (4-30) NS
Prolactin serum concentration (ng/ml) 22 494 (33-10,400) 14 220 (33-4720) 8 1939 (259-10,400) 0.02
Tumor volume (cm®) 24 2.4 (0.1-93.5) 14 0.6 (0.01-93.5) 10 6.5 (0.01-44.5) 0.04
* Microadenoma 6 0.2 (0.01-0.4) 0.2 (0.01-0.4) 1 0.01
* Macroadenoma 15 3.3 (0.4-25.8) 1.7 (0.4-20.7) 5.5(1.4-25.8)
 Giant adenoma 3 44.5 (38.6-93.5) 1 93.5 41.6 (38.6-44.5)

NS non significant

prolactin serum levels in boys. Accordingly, our results sup-
port earlier studies showing these gender-related differences in
PP [1, 10, 12, 19]. We speculate that this could be a result of
different physiology in hormonal balance in boys and girls. At
the time of diagnosis, our PP patients were all in puberty,
supporting the speculation that pubertal modifications in hor-
monal homeostasis might promote tumor growth in PP. Rare
cases of younger children have been reported [7].

Median duration of history before diagnosis was 12 months
with a wide range from 2 to 48 months. The long period
between disease onset and PP patients seeking medical sup-
port corresponds with the benign character and low prolifera-
tion index in prolactinoma. In our pediatric cohort, no hydro-
cephalus was observed at the time of initial diagnosis, which
distinguishes PP from other sellar tumors, such as
craniopharyngioma [23, 24]. Visual impairment at the time

of diagnosis was an important predictor for the necessity of
tumor mass-reduction resection. If visual impairment was
present, surgery was performed in 50% of cases, compared
to 12% of cases with non-impaired vision at the time of diag-
nosis. In most cases, a combination of clinical symptoms,
hyperprolactinemia, and typical MRI findings confirmed the
diagnosis. This diagnostic approach is appropriate and clini-
cians should measure initial prolactin serum levels in all cases
of sellar masses, as this can prevent unnecessary invasive
interventions. In some PP, histological investigation was nec-
essary to confirm the diagnosis, and in rare cases surgery was
performed despite diagnostic confirmation in order to rapidly
release compression on the optic chiasm.

Since 20 of the 27 analyzed PP patients did not need any
surgical intervention, we emphasize the use of efficient dopa-
mine agonist medication for clinical improvement,

Table 2 Surgical interventions in childhood-onset prolactinoma

Total group Microadenoma Macroadenoma Giant adenoma Tumor size not specified
Patients, n 27 7 15 3 2
No surgery, n (%) 20 (74) 6 (86) 12 (80) 1 (33) 1 (50)
Surgery, n (%) 7 (26) 1(14) 3 (20) 2 (67) 1 (50)
» Complete 3(11) 1(14) 1(7) - 1 (50)
* Incomplete 4 (15) - 2 (13) 2 (67) -
Indication for resection, 7 (%)
* Diagnosis confirmation 1(14) - 1(33) - -
¢ Ineffective medication 3(43) - 2(67) 1(50) -
« Fast decompression 1(14) - - 1(50) -
*n.a. 2 (29) 1 (100) - - 1 (100)
Outcome after resection, n (%)
* No progression 1(14) - 1(33) - -
* Progression 3(43) - 1(33) 2 (100) -
* Relapse 1 (14) - 1(33) - -
°n.a. 2(29) 1 (100) - - 1 (100)

n.a. data not available
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Fig. 1 Monitoring of serum a
prolactin concentrations (a) and
tumor size (b) at the time of 100.000 A | p=0.008
diagnosis and during follow-up |
treatment with dopamine agonist p=0.001
or after surgery in patients with | - 0.002
pediatric prolactinoma recruited p=o
in the sellar mass trials HIT-Endo = 10-900 7
and KRANIOPHARYNGEOM E T
2000/2007. The horizontal line in g
the middle of the boxes depicts c
the median. The edges of the '% 1,000 T
boxes mark the 25th and 75th 5 ’
percentiles. Whiskers indicate the @
range of values that fall within 1.5 S
box-lengths 2
bS]
3 100 -
o
o
1S
2
Q
(%]
10 4
1 -
09 n= 22 14 17 11
T 1 1 T
atinitial 1-2 weeks after 1-2 months after > 1 year after
diagnosis diagnosis diagnosis diagnosis
100.000 A
10.000 A T
o
£
€  1.000 A
o
1S
=
o
>
g 100
=
10 1 - p = 0.009
L
| p = 0.009
1 e
O -
n= 24 15 14
T T T
at inital 2-6 months after > 1year after
diagnosis diagnosis diagnosis

normalization of prolactin levels, and tumor shrinkage [6, 8, that medical treatment should be the first-line treatment option
27,30]. This is also suggested by Catli et al. [3], who pointout  in both microadenoma and macroadenoma. We support this
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approach, as we observed in our cohort that tumor mass in
most PP patients could be reduced by dopamine agonist treat-
ment within months. Furthermore, prolactin levels decreased
rapidly in a matter of weeks. In addition, with dopamine ago-
nist medication, a preservation of the pituitary and visual func-
tion is made possible in many cases [1, 7, 22].

Dopamine agonist medication was well tolerated and drug-
induced side effects occurred only in rare cases. As medica-
tion is frequently needed for a long time period [9, 16, 17] side
effects should be taken seriously. PP patients under prolonged
high-dose cabergoline medication should be monitored by
echocardiography for assessment of potential cardiac side ef-
fects (valvular abnormalities) [13, 15, 20, 29, 31]. In our co-
hort, we report only one case in which medication could be
successfully discontinued without reoccurrence of symptoms.
In our PP patients, throughout therapy the dosage of medica-
tion was adjusted according to reductions in prolactin levels
and tumor sizes.

Earlier studies showed that cabergoline is more efficient
than bromocriptine, while causing less and milder side effects
[32]. This difference was not detectable in our study.
However, the low number of patients in our study reduces a
predictive value in this context [2, 32]. A novel finding in our
cohort was that, during therapy with bromocriptine, psychotic
symptoms were observed in a child. This side effect is seldom
seen in puerperal use and the connection to the child’s bromo-
criptine therapy cannot be verified.

@ Springer

Hypothalamic glioma Germinoma

Optic/chiasm. glioma Cyst Rathke pouch

Our results support earlier suggestions that surgery should
be performed only if an urgent decompression of the optic
chiasm is required for conservation of threatened visual func-
tion [3]. After surgery, progression or relapse of the tumor
occurs in most cases [16]. Radiotherapy was not used in our
PP patients. In adult prolactinoma patients, irradiation is used
for treatment of medically and surgically refractory tumors.
However, side effects of irradiation such as neurological se-
quelae, hypopituitarism, and increased risk for second malig-
nancies make radiotherapy less appropriate for treatment of
children [5]. Overall survival rates and functional capacity as a
measure of quality of survival were not impaired in PP pa-
tients, indicating that patients with this rare disease have an
optimistic prognosis.

Severe deterioration of visual function was not observed
after surgery and during dopamine agonist medication.
However, comparison of visual outcome after surgery vs. do-
pamine agonist therapy is difficult due to the fact that resection
was mainly performed because of imminent threat to vision,
which was absent or at least less severe in most patients treated
by dopamine agonist medication alone.

Retrospective analysis and the variability of documentation
in the medical records of our patients are limitations of our
study. We analyzed a small cohort of patients. However, as
prolactinomas occur very rarely in childhood, PP studies are
lacking and the number of patients is limited due to rareness of
disease. Therefore, a clinical study such as this that includes
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outcome data can bring a unique, updated perspective espe-
cially with regard to prognosis of PP.

We conclude that PP should be considered as a disease with
specific requirements for treatment. Dopamine agonist medi-
cation as a first choice of treatment is efficient in PP. In con-
trast to adult prolactinoma, irradiation is not recommended in
PP due to risks of long-term sequelae such as second malig-
nancies. We would favor to initiate pharmaceutical treatment
immediately at the time of initial prolactinoma diagnosis es-
pecially in case of severe visual impairment. If there is no
short-term response in terms of visual improvement and
prolactinoma serum concentrations, early surgical treatment
should be considered in case of further visual deterioration
and/or lab/imaging signs of progression. Risk-adapted guide-
lines for treatment of PP patients with these requirements in
mind need to be developed. Overall survival rates and func-
tional capacity as a measure of quality of survival indicate that
PP has an optimistic prognosis.
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