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Background/Purpose: A prolactinoma is the most common pituitary adenoma, but

it is relatively rare in childhood and adolescence. There is only limited research about

the clinical spectrum, treatment, and outcomes of prolactinomas in childhood and

adolescence. In this single-center cohort study, we assessed the clinical, hormonal, and

neuroradiological characteristics and therapeutic outcomes of children and adolescents

with prolactinomas.

Methods: This retrospective cohort study included 25 patients with prolactinomas

diagnosed before 19 years of age, who presented at Samsung Medical Center during a

15-year period (March 2005 to August 2019).

Results: Themedian age at diagnosis was 16.9 (range 10.1–18.5) years, and 80% of the

patients were female. The common clinical manifestations at diagnosis were galactorrhea

(10/20, 50%) and amenorrhea (9/20, 45%) among females and visual field defects

(3/5, 60%) and headaches (2/5, 40%) among males. In our cohort, macroadenomas

accounted for 56% of cases, and the rate of overall responsiveness to dopamine agonists

(DAs) was 56% (10/18). Male gender, the prolactin (PRL) level at diagnosis, and the

presence of panhypopituitarism were positively correlated with maximum tumor diameter

(r = 0.443, P = 0.026; r = 0.710, P < 0.001; and r = 0.623, P = 0.001, respectively).

After the trans-sphenoidal approach (TSA), 53% (8/15) of patients showed normalization

of the PRL level. Three patients, who underwent gamma knife surgery (GKS) owing to

either resistance or intolerance to DAs or recurrence after the TSA, achieved a normal

PRL level accompanied with marked tumor reduction and symptom remission.

Conclusions: A macroprolactinoma is more prevalent than a microprolactinoma in

children and adolescents than in adults. Male gender, increased PRL levels, and the

presence of panhypopituitarism at diagnosis are closely related to macroprolactinomas

in children and adolescents.

Keywords: prolactinoma, pituitary adenoma, combined pituitary hormone deficiency, dopamine agonists,

transphenoidal approach
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INTRODUCTION

A prolactinoma is the most common pituitary adenoma, which
is characterized by lactotroph cells secreting prolactin (PRL)
and monoclonal expansion of single cells in the pituitary (1). It
usually occurs sporadically; however, it is dominantly inherited
with germline mutations in the AIP or MEN1 gene in ∼5% of
cases (2, 3). It constitutes around 50% of all pituitary adenomas
in adults and occurs most frequently in women aged 20–50
years (4–6). However, a pediatric prolactinoma is rare, with an
incidence of 0.1 per 1,000,000 population, and it accounts for
<2% of all intracranial tumors (7, 8). Clinical characteristics
of prolactinoma in children and adolescents may differ from
those in adults, and children and adolescents are more likely
to have macroprolactinomas (diameter >10mm) compared to
adults (9–11).

Clinical manifestations of a prolactinoma can result
from the overproduction of prolactin and mass effects.
Hyperprolactinemia inhibits the pulsatile secretion of
gonadotropin-releasing hormone (GnRH) from the
hypothalamus, which is required for follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) secretion from
the pituitary gland. Lack of FSH and LH results in amenorrhea,
and elevated PRL can lead to galactorrhea in pubertal girls.
Macroprolactinoma, more often diagnosed in boys, may
be associated with headaches, visual field defects, or other
neurologic deficits that are mainly caused by mass effect (1, 12).

Dopamine agonists (DAs) are first-line treatment for
children, adolescents, and adults with prolactinomas due to
favorable responses. Trans-sphenoidal surgical approach (TSA)
is recommended for patients who do not respond to DA, have
intolerable adverse effects of DA, experience neurosurgical
emergencies such as cerebrospinal fluid (CSF) leak, or experience
rapid visual impairment due to pituitary apoplexy (13, 14).
This approach is also considered by multiple factors, such as
DA-resistant cystic prolactinoma (15), and patient preference.
Recently, gamma knife surgery (GKS) emerged as a safe and
effective second-line therapy for residual or recurrent pituitary
adenoma. However, its clinical effects in children and adolescents
remain unclear (16, 17).

Owing to disease rarity and obstacles in diagnosis and
treatment, there have been only a few studies in children and
adolescents with prolactinomas and accumulated data on the
treatment guidelines and long-term prognosis are lacking (8, 18–
20). The aims of this study were to gain more insight into and
knowledge of this disease and to assess the clinical, hormonal,
and neuroradiological characteristics and therapeutic outcomes
for both children and adolescents with prolactinomas.

Abbreviations: PRL, prolactin; GnRH, gonadotropin-releasing hormone; FSH,

follicle-stimulating hormone; LH, luteinizing hormone; DAs, dopamine agonists;

TSA, transsphenoidal approach; GKS, gamma knife surgery; MRI, magnetic

resonance imaging; BMI, body mass index; SDS, standard deviation score; T3,

triiodothyronine; free T4, free thyroxine; TSH, thyroid-stimulating hormone; IGF-

1, insulin-like growth factor-1; ACTH, adrenocorticotropic hormone; GH, growth

hormone; BRC, bromocriptine; CAB, cabergoline; SD, standard deviation; IQR,

interquartile range; GI, gastrointestinal.

METHODS

Patients
This study included patients with prolactinomas diagnosed
before 19 years of age at Samsung Medical Center over a 15-
year period (March 2005–August 2019). The diagnosis of a
prolactinoma was based on typical clinical signs and symptoms,
brain magnetic resonance imaging (MRI) findings, a PRL level
above the normal range in at least two evaluations, and lactotroph
adenoma confirmed by immunohistochemistry in patients who
received TSA.Mixed adenomas were excluded in this study based
on the hormonal assay (elevated serum insulin-like growth factor
1 (IGF-1) levels above the normal upper limit for gender and age)
and the results of immunohistochemistry. A total of 25 patients
who underwent overall pituitary hormone evaluation at the time
of diagnosis, including a combined pituitary stimulation test,
were included in this study.

All patients were divided into macroadenoma (>10mm) and
microadenoma (≤10mm) groups according to the maximum
diameter of the lesion on brain MRI. Clinical data, such as sex,
age, height, weight, body mass index (BMI), menstrual history
(primary or secondary amenorrhea), presence of galactorrhea (or
gynecomastia in males), age at puberty, pubertal delay (Tanner
stage), and presence of mass effects with headaches and/or visual
disturbances, were collected retrospectively. The height standard
deviation score (SDS) and BMI SDS were calculated using the
2017 growth standard for Korean children and adolescents. As
this was a retrospective study, systematic genetic test could not
performed. However, information on the familial history or other
features related to multiple endocrine neoplasia type 1 (MEN1)
was obtained from medical charts and all patients in our study
were sporadic cases. This study was approved by the Institutional
Review Board of Samsung Medical Center (2018-06-050).

Endocrine Studies
All patients underwent a comprehensive endocrine evaluation
at prolactinoma diagnosis. Endocrine studies included basal
serum levels of prolactin, tri-iodothyronine (T3), free thyroxine
(free T4), thyroid-stimulating hormone (TSH), growth hormone
(GH), IGF-1, adrenocorticotropic hormone (ACTH), cortisol,
LH, FSH, estradiol (females), and testosterone (males). A
combined pituitary stimulation test was performed to evaluate
pituitary function (cocktail test: 0.1 unit/kg regular insulin,
500mg protirelin tartrate, and 0.1mg gonadorelin were injected
intravenously after baseline hormone sampling, with samples
obtained at 30, 60, 90, and 120min). GH deficiency was defined
by a peak GH level of <3µg/mL in an insulin stimulation
test. ACTH deficiency was defined as a peak cortisol level
of <180 ng/mL by the insulin tolerance test. TSH deficiency
was indicated by a low basal serum free T4 level with an
inappropriately normal or low TSH level (not increased by >5
mU/L) in a thyrotropin-releasing hormone stimulation test.

GnRH deficiency is difficult to differentiate from
constitutional pubertal delay in childhood. We considered
GnRH deficiency for patients past the mean age of puberty
(females ≥13 years; males ≥14 years) if basal values for sex
hormones were not in the reference range, and there was no
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increase of ≥2-fold at 60min for LH and FSH [based on the
response to the GnRH stimulation test and with the delay or
absence of puberty (i.e., testicular volume <4mL in males and
no breast development in females)] (21). Panhypopituitarism
was defined by insufficiency of more than three anterior pituitary
hormones (GH, FSH, LH, ACTH, or TSH) based on the cocktail
test (22). PRL levels were measured at diagnosis and then
regularly at least every 3 months using an immunoradiometric
assay (RIAKEY R© Prolactin IRMA Tube, USA) with the DREAM
GAMMA-10 analyzer (Shin Jin Medics Inc., Gyeonggi-do,
Republic of Korea), with reference ranges of 1.1–13.0 and
3.5–17.9 ng/mL for males and females, respectively.

Treatment Method for Children and
Adolescents With Prolactinomas
Bromocriptine (BRC) was started at 1.25–2.5 mg/day, with doses
of up to 15 mg/day per week, whereas cabergoline (CAB) was
administered at an initial dose of 0.5 mg/week, followed by
gradual increases of up to 3 mg/week at 2–4-week intervals until
an optimal therapeutic response was achieved. After BRC and
CAB were tapered to 1.25 mg/day and 0.5 mg/week, respectively,
drug withdrawal was considered when the PRL level remained
normal for ≥3 months and MRI showed no tumor. Endocrine
remission was defined as a normal PRL level while not taking
DAs for a minimum of 6 weeks. Tumor volume shrinkage was
defined by a difference in tumor volume from baseline after ≥6
months of DA therapy, and it was calculated using the maximum
tumor diameters (A, B, and C) in three dimensions (A × B ×

C/2), according to the MRI results (n = 22). Responsiveness to
DAs was defined by a normalized PRL level and the resolution of
signs and symptoms with a reduction in tumor volume of ≥50%
within 6 months according to sella MRI (23, 24). Recurrence was
defined as symptom relapse or tumor reappearance (confirmed
by sella MRI) after remission. Resistance to DA was defined as
failure to normalize serum PRL level or failure to achieve a 50%
reduction in tumor size after a weekly CAB dose of at least 2mg
or 15 mg/d BRC taken for at least 6 months.

Immunohistochemical Analysis
The standard immunohistochemical battery using antibodies
to PRL, GH, ACTH, TSH, FSH, and LH, and Ki-67 assay
were performed for 16 patients who underwent the TSA. Ki-
67 is a protein responsible for cell proliferation throughout
the cell cycle (25). The detection of Ki-67 was performed
using monoclonal antibodies specific to Ki-67 (MIB-1 clone;
Immunotech, Westbrook, ME, USA). To detect Ki-67, paraffin
sections were heated in 10-mM citric acid (pH 6.0) for three 5-
min cycles at 750W in a microwave oven, followed by blocking
in 0.5% H2O2-methanol for 10min. The labeling index of Ki-
67 was defined as the percentage of Ki-67 immunopositive cells,
according to a count of 1,000 tumor cell nuclei.

Statistical Analysis
Continuous variables are presented as mean ± standard
deviation (SD) or median with interquartile range (IQR), and
comparisons were performed using Student’s t-test and the
Mann-Whitney test. Spearman correlation analysis was used to

assess the associations between continuous variables. A P < 0.05
was considered significant. Analyses were performed using SPSS
Statistics software, version 23 (IBM Corp., Armonk, NY, USA).

RESULTS

Characteristics of Children and
Adolescents With Prolactinomas
A total of 25 patients (20 female and 5 male patients) were
included in this study (Table 1). The median age at diagnosis
of all patients was 16.9 (range 10.9–18.4) years. The median
age at diagnosis was 12.8 years for male patients and 16.7 years
for female patients. The common symptoms at diagnosis were
galactorrhea (10/20, 50%) and amenorrhea (9/20, 45%) for female
patients and visual field defects (3/5, 60%) and headaches (2/5,
40%) for male patients.

Among the 25 patients, 14 (56%) had macroadenomas and
11 (44%) had microadenomas. Nine female patients showed
macroprolactinomas (9/20, 45%), and all male patients had
macroprolactinomas (5/5, 100%). The median PRL level at
diagnosis was 207 (IQR 116.6–1,056.5; range 72–10,000) ng/mL.
It was significantly higher in the macroprolactinoma group than
in the microprolactinoma group (516 vs. 114.2 ng/mL; P <

0.001). The maximum tumor diameter ranged from 4 to 74mm.
It was larger in male patients (21 ± 7mm; range 7–48mm) than
in female patients (12 ± 3mm; range 4–74mm) (P = 0.548).
Clinical information andMRI findings of patient 12, who had the
largest giant prolactinoma (7.4 × 4.6 × 5.6 cm), are presented in
the Supplementary Table 1, Supplementary Figure 1.

Clinical Factors Associated With
Macroprolactinoma
The presence of a macroprolactinoma was correlated with male
gender (r = 0.443, P = 0.026), high PRL level at diagnosis (r =
0.710, P < 0.001), and the presence of panhypopituitarism (r =
0.623, P = 0.001), but not with age at diagnosis, BMI SDS, height
SDS, and the Ki-67 index (Table 2). The median duration of DA
therapy was longer in the macroprolactinoma group than in the
microprolactinoma group, but the difference was not statistically
significant (BRC 0.9 vs. 2.1 years, P= 0.333; CAB 0.3 vs. 1.8 years,
P = 0.081).

Responsiveness to Dopamine Agonists
The median follow-up period after diagnosis was 3.0 (range 2.0–
4.1) years. Eighteen patients received medical treatment with
DAs, 10 of whom were responsive to DAs (56%). Responsiveness
to DAs was better in the microprolactinoma group than in
the macroprolactinoma group; however, the difference was not
statistically significant (71 vs. 45%, P = 0.436). Of the eight
patients who were resistant or intolerant to DAs, six had
macroprolactinomas; of these, three eventually underwent GKS.
All patient characteristics and detailed descriptions have been
summarized in Supplementary Table 1.

Surgery vs. Non-surgery Group
Among the 16 patients who underwent TSA, 13 showed
macroprolactinomas (13/16, 81%) and the other three showed
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TABLE 1 | Patient characteristics at the time of diagnosis and treatment.

Total subjects (n = 25) Microadenoma

(n = 11) (44%)

Macroadenoma

(n = 14) (56%)

P-value*

Follow-up period (yr) 3.0 (2.0, 4.1)

Gender (female) 20/25 (80%) 11 (55%) 9 (45%) 0.134

Age at diagnosis (median, IQR) (yr) 16.9 (16.3, 18.0) (range: 10.9–18.4) 17.1 (16.7, 17.7) 16.8 (14.3, 18.1) 0.727

Height (SDS) 0.3 (−1.2, 0.7) 0.3 (−0.6, 1.7) −1.6 (0.1, 0.7) 0.501

BMI (SDS) 0.4 (−0.2, 0.8) 0.3 (0.1, 0.4) 0.5 (−0.2, 1.3) 0.434

PRL at diagnosis (ng/mL) 207.0 (116.6, 1056.5)† 114.2 (85.6, 189.5) 516.0 (202.8, 3567.5) <0.001

Maximum tumor diameter (mm) 12.0 (9.0, 21.5) (range: 4–74) 9 (7, 10) 21 (14.3, 26.3) <0.001

Panhypopituitarism 11/25 (44%) 1/11 (9%) 10/14 (71%) 0.008

Operation (TSA) 15/25 (60%) 3/11 (27%) 12/14 (86%) 0.003

Immediate postoperative PRL levels 25.0 (2.9, 83.0) 2.7 (1.3, 2.9) 31.7 (1.2, 1,102) 0.031

Nadir PRL level (ng/mL) 9.4 (2.6, 34.5) 7.5 (0.6, 33.0) 9.7 (4.9, 43.3) 0.373

Ki-67 index 3.1 (2.0, 5.0) 3 (0.1, 5) 3.4 (1.2, 16.0) 0.536

Responsiveness to DAs 10/18 (56%) 5/7 (71%) 5/11 (45%) 0.436

At age of first use with CAB (yr) 17.5 (16.3, 19.6) 18.4 (17.2, 19.6) 16.6 (13.5, 19.5) 0.228

CAB peak (mg/wk) 1.5 (1.0, 2.0) 1.0 (1.0, 1.9) 2.0 (1.1, 2.4) 0.130

CAB duration (yr) 1.1 (0.1, 2.2) 0.3 (0.1, 1.1) 1.8 (0.4, 2.7) 0.081

BRC peak (mg/day) 30 (3.4, 105.0) 7.5 52.5 (3.1, 140) 1.000

BRC duration (yr) 1.9 (1.1, 7.6) 0.9 2.1 (1.4, 8.2) 0.333

Data are expressed as median (IQR) or mean ± sd.

BMI, body mass index; IQR, interquartile range; SD, standard deviation; PRL, prolactin; TSA, transphenoidal approach; DAs, dopamine agonists; CAB, cabergoline; BRC, bromocriptine.

*Significant association was classified as P < 0.05.
†
Reference range of serum prolactin: 72–10,000 ng/mL.

TABLE 2 | Correlation analysis of clinical parameters for macroprolactinoma.

r P*

Gender (male) 0.443 0.026

Age at diagnosis −0.073 0.730

Height (SDS) −0.145 0.488

BMI (SDS) 0.168 0.423

Ki-67 index 0.174 0.536

Nadir PRL level 0.184 0.378

PRL at diagnosis 0.710 <0.001

Panhypopituitarism 0.623 0.001

r, Spearman rank order correlation coefficient; P, P-value. *Significant association was

classified as P < 0.05.

BMI, body mass index; SDS, standard deviation score; PRL, prolactin.

borderline-sized prolactinomas with a maximum diameter of
10mm. The reasons for surgery varied, and 24% of patients (n
= 6, patients 3, 4, 8, 17, 21, and 22) underwent first-line surgery
because they presented to a neurosurgeon first and preferred a
surgical approach. Other reasons for surgery were resistance to
DA (n = 3, patients 12, 15, and 25), cystic prolactinoma (n =

2, patients 6 and 7), non-adherence to DA (n = 1, patient 5),
intolerance to DA (n = 1, patient 13), premature withdrawal of
DA (n = 1, patient 16), rapid visual impairment as a result of
pituitary apoplexy (n= 1, patient 18), and personal preference (n
= 1, patient 24). Detailed patient descriptions are provided in the
Supplementary Data.

The median age at diagnosis was the same (16.9 years)
in the surgery and non-surgery groups. The maximum tumor
diameter was significantly greater in the surgery group than
in the non-surgery group (23.4 vs. 7.9mm, P = 0.002). The
PRL level at diagnosis was higher in the surgery group than
in the non-surgery group (382 vs. 119 ng/mL, P = 0.013). The
surgery group showed lower responses to DAs [4/10 patients
(25%) vs. 7/8 patients (88%)] and received higher doses with
longer periods of DA treatment as compared with the non-
surgery group, but no significant differences were noted. The
macroprolactinoma group with a higher PRL level at diagnosis (P
= 0.039) showed a remarkable decrease in the serum PRL level
after the TSA (P = 0.014) as compared with the findings in the
microprolactinoma group.

Gamma Knife Surgery
Table 3 describes the characteristics of three patients who
underwent GKS.

Patient 7, who presented with galactorrhea, was diagnosed
with a cystic macroprolactinoma involving the sellar and
suprasellar regions. She underwent TSA due to resistance to high-
doses of BRC. She then received GKS due to tumor recurrence
during long-term CAB treatment and intolerance to DA (nausea,
dizziness), and was finally able to discontinue CAB treatment.

Patient 13 presented with galactorrhea and was diagnosed
with a 10mmborderline-sized prolactinoma; she underwent TSA
for severe DA intolerance (serious gastrointestinal symptoms,
dizziness) even at low-doses of DA that precluded increasing
the dosage. While she was doing well without DA after surgery,
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a residual mass recurred after 2 years, and she eventually
received GKS.

Patient 15 was diagnosed with a macroprolactinoma having
a maximum diameter of 25mm owing to severe headache, and
he showed a high serum PRL level (3,950 ng/mL) at diagnosis.
Despite treatment with the TSA and high-dose CAB, there was
no improvement in headache and the PRL level did not decrease
below 500 ng/mL. To detect the presence of macroprolactin for
the possibility of false hyperprolactinemia, precipitation with
25% polyethylene glycol (diluted at 1:1) was conducted, and true
hyperprolactinemia was verified as there was little difference in
the PRL level between pre- and post-PEG precipitation (26).
He underwent GKS at age 15 years owing to the gradual
growth of a remnant tumor encasing the right cavernous
internal carotid artery, resulting in optic nerve deformity and
sustained hyperprolactinemia. At diagnosis, he had four anterior
pituitary hormone deficiencies (ACTH, GH, TSH, and LH/FSH).
Interestingly, he showed reversal of ACTH and TSH deficiency
after self-discontinuation of hydrocortisone (5.9mg/body surface
area/day), testosterone, and levothyroxine (100 µg once daily)
2 months after GKS. Currently, he shows normoprolactinemia
while taking only CAB 1.5mg every 2 weeks.

All three patients showed a reduced tumor size (more than
90%) and symptom remission after GKS. During the regular
endocrine follow-up in these patients, there was no new onset
of hypopituitarism.

Evaluation of Anterior Pituitary Function
A combined pituitary hormone stimulation test was performed
at diagnosis in all patients (Table 1). Overall, 11 patients showed
normal findings, 12 patients showed multiple anterior pituitary
hormone deficiencies (11 with ≥3 anterior pituitary hormone
deficiencies and 1with 2 anterior pituitary hormone deficiencies),
and 2 patients showed only ACTH deficiency. The prevalence
of anterior pituitary hormone deficiency was as follows: ACTH,
14/25 (56%); GH, 12/25 (48%); TSH, 9/25 (36%); and LH/FSH,
4/23 (17%; 4 patients with hypogonadotropic hypogonadism).

In the macroprolactinoma group, 10 of 14 patients had
panhypopituitarism (71%, P = 0.008) at diagnosis. The average
height of 12 patients with GH deficiency at diagnosis was
−0.54 SDS, and the growth rate was improved while undergoing
treatment for the prolactinoma [median height at the end of
follow-up:−0.1 (IQR−1.9 to+0.7) SDS].

DISCUSSION

In this study, macroprolactinoma (56% of patients) was
more common than microprolactinoma, in contrast to the
predominance of microprolactinoma in adults (6, 27), which is
consistent with previous literature (10, 11, 28–30). The median
age at diagnosis was 16.9 years, which is similar to that in prior
studies (10, 28, 30, 31). The median age at diagnosis was lower
in male patients than in female patients, and this might be
associated with the mass effects of male patients (7, 10, 11, 29,
30, 32, 33).

The degree of hyperprolactinemia is generally known to be
associated with the tumor size (34).Macroprolactinoma is usually
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related to serum PRL levels >250 ng/mL, and when serum
PRL levels are higher than 500 ng/mL, macroprolactinoma is
almost always diagnosed (35). In our study, which includes
only pure PRL-secreting adenoma, the average PRL level was
significantly higher in the macroprolactinoma group than in the
microprolactinoma group (516 vs. 114 ng/mL).

Hyperprolactinemia might also be related to weight
gain which promotes obesity (36, 37). In our study, one
patient was obese with BMI >2 SDS. Compared to the
23% weight gain at diagnosis as one reason for seeking
medical advice in Salenave et al. (30), obesity was not
a key clinical finding in diagnosis for prolactinoma
in this study. This difference may be associated with
the degree of hyperprolactinemia, gender, age, and
racial/ethnic differences.

The long-term prognosis for prolactinoma is not yet clearly
defined, but it is known that only 5–10% of microprolactinomas
slowly enlarge over a decade (27). Our study also found
that among all patients with microprolactinomas, the tumors
did not increase in size during the tracking period. On the
other hand, macroprolactinomas are known to be associated
with poor prognosis. The overall recurrence rate after CAB
treatment for a prolactinoma is ∼50%, which is known to be
associated with tumor size and PRL level at diagnosis (38).
The large proportion of macroprolactinomas and great growth
potential due to increased proliferative capacity in children
and adolescents when compared with the findings for adults
also make remission difficult (9). Although DA resistance is
more common in macroprolactinomas, the overall reported
frequency of resistance to DA is about 25% in pediatric
prolactinomas (10, 30, 39). This suggests that the use of a
sufficient period of time and maximal dose of DA can obtain
successful disease remission among children and adolescents
with prolactinomas.

DA withdrawal should also be considered very carefully,
however, tapering standards in children are poorly defined.
Hoffman et al. (8) reported only one case of successful
discontinuation of DA in a child. In our study, successful DA
withdrawal was observed in four patients (patients 2, 3, 10, and
11), of which the minimum duration of treatment was 1.2 years.
Patient 16 discontinued DA after 5 months of treatment but
showed an increase in serum PRL level and tumor size after 3
months, and received TSA due to premature withdrawal failure,
and personal preference. Despite the remaining controversy,
given that the guidelines suggesting withdrawal of DA after
2 years of treatment in adults (40), withdrawal should
also be attempted after long-term treatment in children
and adolescents.

Primary treatment for prolactinoma has recently changed
from BRC to CAB, which has fewer side effects (such as GI issues
and orthostatic hypotension) and greater therapeutic effect.
However, risk of cardiac valve disease should be considered
and regular echocardiography is required for patients who
are taking a weekly dose of more than 2mg CAB or high
cumulative dose (41, 42). Five of our patients (patients 7, 14, 15,
18, and 19) who recently performed echocardiography had no
valvular abnormalities.

In this study, the overall response rate to DAs was
61%. The response rates to DAs for microprolactinomas
and macroprolactinomas were 71 and 45%, respectively.
These values are similar to rates reported by Colao
et al. (43) (66.1% for microprolactinomas and 46.9% for
macroprolactinomas) and lower than rates reported by Salvenave
et al. (30) (74% for macroprolactinoma). This difference
could have resulted from differences in the definition of
responsiveness to DA and lower maximum doses of DA in
our patients compared to other pediatric studies (30, 44).
Meanwhile, a high Ki-67 index, which is often recognized
as a threshold for presumed invasive prolactinoma and
greater recurrence, was not significantly associated with
macroprolactinomas or the response to treatment in our cohort
(32, 45, 46).

Prolactinomas are known to have a higher rate of
post-surgical recurrence within 5 years as compared with
other pituitary adenomas (47). The recurrence rate of
prolactinomas after the TSA in this study was 31% (5/16),
and all of these patients had macroprolactinomas, except one
patient who had a prolactinoma with a diameter of 10mm
(Supplementary Table 1). This is higher than the recurrence
rate of 13–20% after surgery in adults with prolactinomas
(48, 49). This is in line with previous literature mentioning
that pediatric patients with secretary pituitary adenomas show
more difficulty in achieving remission and are more prone to
recurrence as compared with adults (49–52). In our cohort, four
patients showed complications associated with the TSA (53),
including CSF leakage, meningitis, and transient central diabetes
insipidus, which were well-controlled without progression to
serious conditions.

The pediatric pituitary adenoma is especially susceptible to
hypopituitarism because of the high incidence of recurrence
(52), but detection of multiple pituitary hormone deficiencies in
prolactinomas has been described in only a few studies (30, 39).
In this study, the rate of deficiency was the highest for ACTH
(56%), followed by GH (48%), TSH (36%), and LH/FSH (17%)
at the time of diagnosis. Four patients showed pubertal delay
with hypogonadotropic hypogonadism at diagnosis. Of 12
patients who were diagnosed with GH deficiency, definite short
stature (<-2 SDS) was observed in only two patients (patients
6 and 12). In particular, most patients with panhypopituitarism
(10/11, 90.9%) had macroprolactinomas, reflecting the mass
impact on the pituitary gland (Tables 1, 2) (29, 54, 55). Previous
studies involving adult patients with macroprolactinomas
identified LH and FSH deficiency in 73–93% of patients,
TSH deficiency in 41% of patients, and ACTH deficiency in
12–23% of patients at diagnosis (54, 56), whereas a recent
study by Breil et al. (39) involving 12 pediatric patients with
prolactinomas identified GH deficiency in 41.7% of patients,
TSH deficiency in 33.3% of patients, LH and FSH deficiency in
25% of patients, and ACTH deficiency in 17% of patients. When
compared with the pediatric prolactinoma findings of Salvenave
et al. (30) (8/77, 10%) and Breil et al. (39) (2/12, 16.7%), the
prevalence of panhypopituitarism at diagnosis in this study
was higher (11/25, 44%), despite the similar age at diagnosis
and proportion of macroprolactinoma. These differences
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are constrained for interpretation owing to the different
characteristics of each study cohort and the scarcity of other
comparable data.

GKS is a sophisticated technique performed with a
single dose. It allows faster control of hypersecretion and
increased focus compared to conventional radiotherapy,
particularly when delivering maximal doses to the pituitary
and infundibulum (16, 17, 57–59). However, in 20–40% of
GKS cases, hypopituitarism is a major adverse effect (60).
GKS is mainly used as a secondary therapeutic option after
surgery for residual or recurrent pituitary tumors. Although
literature on the effect of radiotherapy including GKS for
pediatric prolactinoma is scarce (20, 30), the outcome reported
in the study by Salenave et al. (30), which showed PRL
normalization in three out of four pediatric prolactinoma
patients who received radiotherapy, are impressive. In this
study, three patients underwent GKS and had improved clinical
outcomes without serious complications or newly developed
pituitary deficiency. One patient (patient 15) who underwent
GKS showed reversal of anterior hormone deficiency, which
supports prior results of the influence of GKS on recovery
of hormonal function (61–64). Although outcomes of GKS
in our young patients were favorable, accurate evaluation
of the efficacy of GKS should be performed with long-term
accumulated data.

All young patients with prolactinoma in this study were
sporadic cases, and most prolactinomas develop sporadically
without any known association to a genetic condition (65).
However, lack of comprehensive genetic testing is the limitation
of this study, as up to 2.6% of patients with prolactinoma
without related MEN1 symptoms may experience mutations
in the MEN1 gene (66). This study has other limitations,
including a relatively small number of patients and limited
information about long-term clinical courses. However,
research on pediatric prolactinoma is limited due to its
rarity, and there is insufficient existing data. This is a single-
center study, so the definition of responsiveness to DA,
surgical approach, method for interpreting sella MRI findings,
and follow-up protocol are consistent, making the data
highly relevant.

CONCLUSION

A macroprolactinoma is more prevalent than a
microprolactinoma in the pediatric population, contrary to
the finding in the adult population. Male gender, increased PRL
levels, and the presence of panhypopituitarism at diagnosis
are closely related to macroprolactinomas in children and
adolescents. Further studies on long-term therapeutic outcomes
and a prognostic model are needed to assess prolactinomas in
children and adolescents.

DATA AVAILABILITY STATEMENT

All datasets presented in this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

Written informed consents were obtained from patients and their
parents of each patient, and the Institutional Review Board at
Samsung Medical Center approved the study (IRB file number:
358 2018-06-050).

AUTHOR CONTRIBUTIONS

AY designed and supervised the study, overseeing the data
collection, interpretation, management, statistical analysis, and
drafting of the article for this study. SC contributed to the
research design, data analysis and interpretation, the drafting and
critical review of the paper, and the approval of the submitted
paper. HP developed the structure and arguments for the paper
and was also responsible for the collection of clinical data of
pediatric prolactinoma patients in our center. MK analyzed and
interpreted the data. D-SK and H-JS contributed to the writing
of the manuscript as an expert surgeon who performed surgery
on our patients. D-KJ was the team leader, secured funding for
this project, and also contributed the approval of the submitted
paper. SC and D-KJ contributed equally to this work. All authors
read and approved the final manuscript.

FUNDING

This study was supported by a grant from Samsung Medical
Center (#GFO3200061).

ACKNOWLEDGMENTS

We thank all the individuals living with rare diseases and their
families and all the clinical and research laboratory staff.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fendo.
2020.00527/full#supplementary-material

Supplementary Figure 1 | Gadolinium-enhanced T1-weighted magnetic

resonance imaging (MRI) images of patient 12 with giant prolactinoma. (A) Sagittal

view, (B) coronal image, (C,D) axial images: MRI shows 7.4 × 4.6 × 5.6 cm

pituitary tumor invading optic chiasm, bilateral cavernous sinus, and

suprasellar area.

Supplementary Table 1 | Characteristics of 25 children and adolescents with

prolactinoma.

REFERENCES

1. Rogers A, Karavitaki N, Wass JA. Diagnosis and management of

prolactinomas and non-functioning pituitary adenomas. BMJ. (2014)

349:g5390. doi: 10.1136/bmj.g5390

2. Fideleff HL, Boquete HR, Suarez MG, Azaretzky M. Prolactinoma in

children and adolescents. Horm Res. (2009) 72:197–205. doi: 10.1159/0002

36081

3. Iacovazzo D, Hernandez-Ramirez LC, Korbonits M. Sporadic pituitary

adenomas: the role of germline mutations and recommendations

Frontiers in Endocrinology | www.frontiersin.org 7 August 2020 | Volume 11 | Article 527

https://www.frontiersin.org/articles/10.3389/fendo.2020.00527/full#supplementary-material
https://doi.org/10.1136/bmj.g5390
https://doi.org/10.1159/000236081
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Yang et al. Prolactinoma in Children and Adolescents

for genetic screening. Expert Rev Endocrinol Metab. (2017)

12:143–53. doi: 10.1080/17446651.2017.1306439

4. Herman V, Fagin J, Gonsky R, Kovacs K, Melmed S. Clonal

origin of pituitary adenomas. J Clin Endocrinol Metab. (1990)

71:1427–33. doi: 10.1210/jcem-71-6-1427

5. Daly AF, Rixhon M, Adam C, Dempegioti A, Tichomirowa MA, Beckers

A. High prevalence of pituitary adenomas: a cross-sectional study in the

province of Liege, Belgium. J Clin Endocrinol Metab. (2006) 91:4769–

75. doi: 10.1210/jc.2006-1668

6. Fernandez A, Karavitaki N, Wass JA. Prevalence of pituitary adenomas: a

community-based, cross-sectional study in Banbury (Oxfordshire, UK). Clin

Endocrinol. (2010) 72:377–82. doi: 10.1111/j.1365-2265.2009.03667.x

7. Ciccarelli A, Daly AF, Beckers A. The epidemiology of prolactinomas.

Pituitary. (2005) 8:3–6. doi: 10.1007/s11102-005-5079-0

8. Hoffmann A, Adelmann S, Lohle K, Claviez A, Muller HL. Pediatric

prolactinoma: initial presentation, treatment, and long-term prognosis. Eur

J Pediatr. (2018) 177:125–32. doi: 10.1007/s00431-017-3042-5

9. Iglesias P, Diez JJ. Macroprolactinoma: a diagnostic and therapeutic update.

QJM. (2013) 106:495–504. doi: 10.1093/qjmed/hcs240

10. Acharya SV, Gopal RA, Bandgar TR, Joshi SR, Menon PS, Shah NS.

Clinical profile and long term follow up of children and adolescents with

prolactinomas. Pituitary. (2009) 12:186–9. doi: 10.1007/s11102-008-0149-8

11. Colao A, Loche S, Cappa M, Di Sarno A, Landi ML, Sarnacchiaro F,

et al. Prolactinomas in children and adolescents. clinical presentation

and long-term follow-up. J Clin Endocrinol Metab. (1998) 83:2777–

80. doi: 10.1210/jcem.83.8.5001

12. Mancini T, Casanueva FF, Giustina A. Hyperprolactinemia

and prolactinomas. Endocrinol Metab Clin North Am. (2008)

37:67–99. doi: 10.1016/j.ecl.2007.10.013

13. Colao A, Loche S. Prolactinomas in children and adolescents. Endocr Dev.

(2010) 17:146–59. doi: 10.1159/000262536

14. Kreutzer J, Buslei R, Wallaschofski H, Hofmann B, Nimsky C, Fahlbusch

R, et al. Operative treatment of prolactinomas: indications and results in a

current consecutive series of 212 patients. Eur J Endocrinol. (2008) 158:11–

8. doi: 10.1530/EJE-07-0248

15. Ogiwara T, Horiuchi T, Nagm A, Goto T, Hongo K. Significance of

surgical management for cystic prolactinoma. Pituitary. (2017) 20:225–

30. doi: 10.1007/s11102-016-0766-6

16. Landolt AM, Lomax N. Gamma knife radiosurgery

for prolactinomas. J Neurosurg. (2000) 93(Suppl. 3):14–

8. doi: 10.3171/jns.2000.93.supplement_3.0014

17. Sheehan JP, Kondziolka D, Flickinger J, Lunsford LD. Radiosurgery for

residual or recurrent nonfunctioning pituitary adenoma. J Neurosurg. (2002)

97:408–14. doi: 10.3171/jns.2002.97.supplement_5.0408

18. Saranac L, Zivanovic S, Radovanovic Z, Kostic G, Markovic I, Miljkovic P.

Hyperprolactinemia: different clinical expression in childhood. Horm Res

Paediatr. (2010) 73:187–92. doi: 10.1159/000284360

19. Locatelli D, Veiceschi P, Castelnuovo P, Tanriover N, Evliyaoglu O, Canaz

H, et al. Transsphenoidal surgery for pituitary adenomas in pediatric

patients: a multicentric retrospective study. Childs Nerv Syst. (2019) 35:2119–

26. doi: 10.1007/s00381-019-04179-z

20. Zhao Y, Jin D, LianW, Xing B, FengM, Liu X, et al. Clinical characteristics and

surgical outcome of prolactinoma in patients under 14 years old. Medicine.

(2019) 98:e14380. doi: 10.1097/MD.0000000000014380

21. Boehm U, Bouloux PM, Dattani MT, de Roux N, Dode C, Dunkel L,

et al. Expert consensus document: European consensus statement on

congenital hypogonadotropic hypogonadism–pathogenesis, diagnosis and

treatment. Nat Rev Endocrinol. (2015) 11:547–64. doi: 10.1038/nrendo.

2015.112

22. O’Reilly MW, Reulen RC, Gupta S, Thompson CA, Dineen R, Goulden

EL, et al. ACTH and gonadotropin deficiencies predict mortality in patients

treated for nonfunctioning pituitary adenoma: long-term follow-up of 519

patients in two large European centres. Clin Endocrinol. (2016) 85:748–

56. doi: 10.1111/cen.13141

23. Vroonen L, Jaffrain-Rea ML, Petrossians P, Tamagno G, Chanson P,

Vilar L, et al. Prolactinomas resistant to standard doses of cabergoline:

a multicenter study of 92 patients. Eur J Endocrinol. (2012) 167:651–

62. doi: 10.1530/EJE-12-0236

24. Molitch ME. Pharmacologic resistance in prolactinoma patients. Pituitary.

(2005) 8:43–52. doi: 10.1007/s11102-005-5085-2

25. Scholzen T, Gerdes J. The Ki-67 protein: from the

known and the unknown. J Cell Physiol. (2000) 182:311–

22. doi: 10.1002/(SICI)1097-4652(200003)182:3<311::AID-JCP1>3.0.CO;2-9

26. Silva AM, da Costa PM, Pacheco A, Oliveira JC, Freitas C. Assessment

of macroprolactinemia by polyethylene glycol precipitation method. Revista

Portuguesa de Endocrinologia, Diabetes e Metabolismo. (2014) 9:25–

8. doi: 10.1016/j.rpedm.2014.03.005

27. Raappana A, Koivukangas J, Ebeling T, Pirila T. Incidence of pituitary

adenomas in Northern Finland in 1992-2007. J Clin Endocrinol Metab. (2010)

95:4268–75. doi: 10.1210/jc.2010-0537

28. Steele CA, MacFarlane IA, Blair J, Cuthbertson DJ, Didi M, Mallucci C,

et al. Pituitary adenomas in childhood, adolescence and young adulthood:

presentation, management, endocrine and metabolic outcomes. Eur J

Endocrinol. (2010) 163:515–22. doi: 10.1530/EJE-10-0519

29. Cannavo S, Venturino M, Curto L, De Menis E, D’Arrigo C, Tita P, et al.

Clinical presentation and outcome of pituitary adenomas in teenagers. Clin

Endocrinol. (2003) 58:519–27. doi: 10.1046/j.1365-2265.2003.01748.x

30. Salenave S, Ancelle D, Bahougne T, Raverot G, Kamenicky P, Bouligand J,

et al. Macroprolactinomas in children and adolescents: factors associated with

the response to treatment in 77 patients. J Clin Endocrinol Metab. (2015)

100:1177–86. doi: 10.1210/jc.2014-3670

31. Eren E, Yapici S, Cakir ED, Ceylan LA, Saglam H, Tarim O. Clinical course of

hyperprolactinemia in children and adolescents: a review of 21 cases. J Clin

Res Pediatr Endocrinol. (2011) 3:65–9. doi: 10.4274/jcrpe.v3i2.14

32. Song YJ, Chen MT, Lian W, Xing B, Yao Y, Feng M, et al. Surgical treatment

for male prolactinoma: A retrospective study of 184 cases. Medicine. (2017)

96:e5833. doi: 10.1097/MD.0000000000005833

33. Fideleff HL, Boquete HR, Sequera A, Suarez M, Sobrado P, Giaccio A.

Peripubertal prolactinomas: clinical presentation and long-term outcome

with different therapeutic approaches. J Pediatr Endocrinol Metab. (2000)

13:261–7. doi: 10.1515/JPEM.2000.13.3.261

34. Klibanski A, Zervas NT. Diagnosis and management of hormone-

secreting pituitary adenomas. N Engl J Med. (1991) 324:822–

31. doi: 10.1056/NEJM199103213241207

35. Vilar L, Freitas MC, Naves LA, Casulari LA, Azevedo M, Montenegro R,

et al. Diagnosis and management of hyperprolactinemia: results of a Brazilian

multicenter study with 1234 patients. J Endocrinol Invest. (2008) 31:436–

44. doi: 10.1007/BF03346388

36. dos Santos Silva CM, Barbosa FR, Lima GA, Warszawski L, Fontes R,

Domingues RC, et al. BMI andmetabolic profile in patients with prolactinoma

before and after treatment with dopamine agonists. Obesity. (2011) 19:800–

5. doi: 10.1038/oby.2010.150

37. Greenman Y, Tordjman K, Stern N. Increased body weight

associated with prolactin secreting pituitary adenomas: weight loss

with normalization of prolactin levels. Clin Endocrinol. (1998)

48:547–53. doi: 10.1046/j.1365-2265.1998.00403.x

38. Sala E, Bellaviti Buttoni P, Malchiodi E, Verrua E, Carosi G, Profka E,

et al. Recurrence of hyperprolactinemia following dopamine agonist

withdrawal and possible predictive factors of recurrence in prolactinomas.

J Endocrinol Invest. (2016) 39:1377–82. doi: 10.1007/s40618-016-

0483-z

39. Breil T, Lorz C, Choukair D, Mittnacht J, Inta I, Klose D, et al. Clinical features

and response to treatment of prolactinomas in children and adolescents: a

retrospective single-centre analysis and review of the literature. Horm Res

Paediatr. (2018) 89:157–65. doi: 10.1159/000486280

40. Halperin Rabinovich I, Camara Gomez R, Garcia Mouriz M,

Ollero Garcia-Agullo D, Grupo de Trabajo de Neuroendocrinologia

de la S. [Clinical guidelines for diagnosis and treatment of

prolactinoma and hyperprolactinemia]. Endocrinol Nutr. (2013)

60:308–19. doi: 10.1016/j.endonu.2012.11.005

41. Melmed S, Casanueva FF, HoffmanAR, Kleinberg DL,Montori VM, Schlechte

JA, et al. Diagnosis and treatment of hyperprolactinemia: an endocrine

society clinical practice guideline. J Clin Endocrinol Metab. (2011) 96:273–

88. doi: 10.1210/jc.2010-1692

42. Gamble D, Fairley R, Harvey R, Farman C, Cantley N, Leslie SJ. Screening

for valve disease in patients with hyperprolactinaemia disorders prescribed

Frontiers in Endocrinology | www.frontiersin.org 8 August 2020 | Volume 11 | Article 527

https://doi.org/10.1080/17446651.2017.1306439
https://doi.org/10.1210/jcem-71-6-1427
https://doi.org/10.1210/jc.2006-1668
https://doi.org/10.1111/j.1365-2265.2009.03667.x
https://doi.org/10.1007/s11102-005-5079-0
https://doi.org/10.1007/s00431-017-3042-5
https://doi.org/10.1093/qjmed/hcs240
https://doi.org/10.1007/s11102-008-0149-8
https://doi.org/10.1210/jcem.83.8.5001
https://doi.org/10.1016/j.ecl.2007.10.013
https://doi.org/10.1159/000262536
https://doi.org/10.1530/EJE-07-0248
https://doi.org/10.1007/s11102-016-0766-6
https://doi.org/10.3171/jns.2000.93.supplement_3.0014
https://doi.org/10.3171/jns.2002.97.supplement_5.0408
https://doi.org/10.1159/000284360
https://doi.org/10.1007/s00381-019-04179-z
https://doi.org/10.1097/MD.0000000000014380
https://doi.org/10.1038/nrendo.2015.112
https://doi.org/10.1111/cen.13141
https://doi.org/10.1530/EJE-12-0236
https://doi.org/10.1007/s11102-005-5085-2
https://doi.org/10.1002/(SICI)1097-4652(200003)182:3<311::AID-JCP1>3.0.CO;2-9
https://doi.org/10.1016/j.rpedm.2014.03.005
https://doi.org/10.1210/jc.2010-0537
https://doi.org/10.1530/EJE-10-0519
https://doi.org/10.1046/j.1365-2265.2003.01748.x
https://doi.org/10.1210/jc.2014-3670
https://doi.org/10.4274/jcrpe.v3i2.14
https://doi.org/10.1097/MD.0000000000005833
https://doi.org/10.1515/JPEM.2000.13.3.261
https://doi.org/10.1056/NEJM199103213241207
https://doi.org/10.1007/BF03346388
https://doi.org/10.1038/oby.2010.150
https://doi.org/10.1046/j.1365-2265.1998.00403.x
https://doi.org/10.1007/s40618-016-0483-z
https://doi.org/10.1159/000486280
https://doi.org/10.1016/j.endonu.2012.11.005
https://doi.org/10.1210/jc.2010-1692
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles


Yang et al. Prolactinoma in Children and Adolescents

cabergoline: a service evaluation and literature review. Ther Adv Drug Saf.

(2017) 8:215–29. doi: 10.1177/2042098617703647

43. Colao A, Di Sarno A, Guerra E, Pivonello R, Cappabianca P, Caranci

F, et al. Predictors of remission of hyperprolactinaemia after long-

term withdrawal of cabergoline therapy. Clin Endocrinol. (2007) 67:426–

33. doi: 10.1111/j.1365-2265.2007.02905.x

44. Spinks JJ, Ryan FJ. Cabergoline resistance in pediatric prolactinomas. J Pediatr

Hematol Oncol. (2009) 31:377–9. doi: 10.1097/MPH.0b013e31819b71eb

45. Jaffrain-Rea ML, Di Stefano D, Minniti G, Esposito V, Bultrini A, Ferretti E,

et al. A critical reappraisal of MIB-1 labelling index significance in a large

series of pituitary tumours: secreting versus non-secreting adenomas. Endocr

Relat Cancer. (2002) 9:103–13. doi: 10.1677/erc.0.0090103

46. Delgrange E, Sassolas G, Perrin G, Jan M, Trouillas J. Clinical and histological

correlations in prolactinomas, with special reference to bromocriptine

resistance.Acta Neurochir. (2005) 147:751–7. doi: 10.1007/s00701-005-0498-2

47. Roelfsema F, Biermasz NR, Pereira AM. Clinical factors involved

in the recurrence of pituitary adenomas after surgical remission:

a structured review and meta-analysis. Pituitary. (2012) 15:71–

83. doi: 10.1007/s11102-011-0347-7

48. Molitch ME. Diagnosis and treatment of pituitary adenomas: a review. JAMA.

(2017) 317:516–24. doi: 10.1001/jama.2016.19699

49. Jane JJ, Thapar K, Laws ER. Pituitary tumors: functioning and

nonfunctioning. In: Winn H, editor. Youmans Neurological

Surgery. 6th ed. Philadelphia, PA: Elsevier Sauders (2011). p.

1476–510. doi: 10.1016/B978-1-4160-5316-3.00137-4

50. Kane LA, Leinung MC, Scheithauer BW, Bergstralh EJ, Laws ER Jr, et al.

Pituitary adenomas in childhood and adolescence. J Clin Endocrinol Metab.

(1994) 79:1135–40. doi: 10.1210/jcem.79.4.7525627

51. Jane JA Jr, Laws ER Jr. The surgical management of pituitary

adenomas in a series of 3,093 patients. J Am Coll Surg. (2001)

193:651–9. doi: 10.1016/s1072-7515(01)01101-2

52. Perry A, Graffeo CS, Marcellino C, Pollock BE, Wetjen NM, Meyer FB.

Pediatric pituitary adenoma: case series, review of the literature, and a

skull base treatment paradigm. J Neurol Surg B Skull Base. (2018) 79:91–

114. doi: 10.1055/s-0038-1625984

53. Chowdhury T, Prabhakar H, Bithal PK, Schaller B, Dash

HH. Immediate postoperative complications in transsphenoidal

pituitary surgery: a prospective study. Saudi J Anaesth. (2014)

8:335–41. doi: 10.4103/1658-354X.136424

54. Colao A, Vitale G, Cappabianca P, Briganti F, Ciccarelli A, De Rosa M, et al.

Outcome of cabergoline treatment in men with prolactinoma: effects of a

24-month treatment on prolactin levels, tumor mass, recovery of pituitary

function, and semen analysis. J Clin Endocrinol Metab. (2004) 89:1704–

11. doi: 10.1210/jc.2003-030979

55. Arafah BM, Nasrallah MP. Pituitary tumors: pathophysiology, clinical

manifestations and management. Endocr Relat Cancer. (2001) 8:287–

305. doi: 10.1677/erc.0.0080287

56. Sibal L, Ugwu P, Kendall-Taylor P, Ball SG, James RA, Pearce SH, et al. Medical

therapy of macroprolactinomas in males: I. prevalence of hypopituitarism at

diagnosis. ii. proportion of cases exhibiting recovery of pituitary function.

Pituitary. (2002) 5:243–6. doi: 10.1023/A:1025377816769

57. Mak HK, Lai SW, Qian W, Xu S, Tong E, Vance ML, et al. Effective time

window in reducing pituitary adenoma size by gamma knife radiosurgery.

Pituitary. (2015) 18:509–17. doi: 10.1007/s11102-014-0603-8

58. Gopalan R, Schlesinger D, Vance ML, Laws E, Sheehan J. Long-

term outcomes after Gamma Knife radiosurgery for patients

with a nonfunctioning pituitary adenoma. Neurosurgery. (2011)

69:284–93. doi: 10.1227/NEU.0b013e31821bc44e

59. Jezkova J, Marek J. Gamma knife radiosurgery for pituitary adenomas.

Minerva Endocrinol. (2016) 41:366–76.

60. Castinetti F, Regis J, Dufour H, Brue T. Role of stereotactic radiosurgery in

the management of pituitary adenomas. Nat Rev Endocrinol. (2010) 6:214–

23. doi: 10.1038/nrendo.2010.4

61. Sheehan JP, Niranjan A, Sheehan JM, Jane JA Jr, Laws ER, et al. Stereotactic

radiosurgery for pituitary adenomas: an intermediate review of its safety,

efficacy, and role in the neurosurgical treatment armamentarium. J Neurosurg.

(2005) 102:678–91. doi: 10.3171/jns.2005.102.4.0678

62. Sheehan JP, Pouratian N, Steiner L, Laws ER, Vance ML. Gamma

Knife surgery for pituitary adenomas: factors related to radiological and

endocrine outcomes. J Neurosurg. (2011) 114:303–9. doi: 10.3171/2010.5.JNS

091635

63. Petrovich Z, Jozsef G, Yu C, Apuzzo ML. Radiotherapy and stereotactic

radiosurgery for pituitary tumors. Neurosurg Clin N Am. (2003) 14:147–

66. doi: 10.1016/S1042-3680(02)00031-1

64. Castro DG, Cecilio SA, Canteras MM. Radiosurgery for pituitary

adenomas: evaluation of its efficacy and safety. Radiat Oncol. (2010)

5:109. doi: 10.1186/1748-717X-5-109

65. Trouillas J, Labat-Moleur F, Sturm N, Kujas M, Heymann MF, Figarella-

Branger D, et al. Pituitary tumors and hyperplasia in multiple endocrine

neoplasia type 1 syndrome (MEN1): a case-control study in a series of 77

patients versus 2509 non-MEN1 patients. Am J Surg Pathol. (2008) 32:534–

43. doi: 10.1097/PAS.0b013e31815ade45

66. Lecoq AL, Kamenicky P, Guiochon-Mantel A, Chanson P.

Genetic mutations in sporadic pituitary adenomas–what to screen

for? Nat Rev Endocrinol. (2015) 11:43–54. doi: 10.1038/nrendo.

2014.181

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Yang, Cho, Park, Kim, Kong, Shin and Jin. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Endocrinology | www.frontiersin.org 9 August 2020 | Volume 11 | Article 527

https://doi.org/10.1177/2042098617703647
https://doi.org/10.1111/j.1365-2265.2007.02905.x
https://doi.org/10.1097/MPH.0b013e31819b71eb
https://doi.org/10.1677/erc.0.0090103
https://doi.org/10.1007/s00701-005-0498-2
https://doi.org/10.1007/s11102-011-0347-7
https://doi.org/10.1001/jama.2016.19699
https://doi.org/10.1016/B978-1-4160-5316-3.00137-4
https://doi.org/10.1210/jcem.79.4.7525627
https://doi.org/10.1016/s1072-7515(01)01101-2
https://doi.org/10.1055/s-0038-1625984
https://doi.org/10.4103/1658-354X.136424
https://doi.org/10.1210/jc.2003-030979
https://doi.org/10.1677/erc.0.0080287
https://doi.org/10.1023/A:1025377816769
https://doi.org/10.1007/s11102-014-0603-8
https://doi.org/10.1227/NEU.0b013e31821bc44e
https://doi.org/10.1038/nrendo.2010.4
https://doi.org/10.3171/jns.2005.102.4.0678
https://doi.org/10.3171/2010.5.JNS091635
https://doi.org/10.1016/S1042-3680(02)00031-1
https://doi.org/10.1186/1748-717X-5-109
https://doi.org/10.1097/PAS.0b013e31815ade45
https://doi.org/10.1038/nrendo.2014.181
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
https://www.frontiersin.org/journals/endocrinology#articles

	Clinical, Hormonal, and Neuroradiological Characteristics and Therapeutic Outcomes of Prolactinomas in Children and Adolescents at a Single Center
	Introduction
	Methods
	Patients
	Endocrine Studies
	Treatment Method for Children and Adolescents With Prolactinomas
	Immunohistochemical Analysis
	Statistical Analysis

	Results
	Characteristics of Children and Adolescents With Prolactinomas
	Clinical Factors Associated With Macroprolactinoma
	Responsiveness to Dopamine Agonists
	Surgery vs. Non-surgery Group
	Gamma Knife Surgery
	Evaluation of Anterior Pituitary Function

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


