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A small subset of lactotroph adenomas is resistant to dopamine agonists (DA) and can also demonstrate aggressive or even
malignant behavior. The implicated mechanisms are not clearly defined. Management can be challenging and requires a mul-
tidisciplinary approach. In DA resistant prolactinomas, switching to another DA could be the first option to consider. Further
strategies include surgery and radiotherapy used alone or in combination. In cases of aggressive or malignant prolactinomas,
temozolomide could be offered. Immune checkpoint inhibitors have been also recently proposed as an alternative approach.
The place of other treatments (e.g., metformin, selective estrogen modulators, somatostatin analogues, tyrosine kinase
inhibitors, inhibitors of mammalian target of rapamycin and peptide radio-receptor therapy) remains to be carefully assessed.
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Introduction

Dopamine agonists (DA) are recommended as first-line ther-
apy in prolactin-secreting adenomas [1] leading to prolactin
normalization and tumor shrinkage in the majority of the
cases [2]. However, a small subset of tumors show resist-
ance to these agents. The criteria defining resistance to DAs
are variable in the literature making comparisons between
different DAs and identification of predictors of response
challenging [3]. Based on the Endocrine Society guidelines,
DA resistance is defined as failure to restore normoprol-
actinemia on maximally tolerated doses of DA and failure
to achieve 50% tumor shrinkage [1]. It should be argued as
to whether both these criteria need to be fulfilled and if the
presence of only one of them is indeed indicative of resist-
ance to DA treatment. A further point deserving attention is
whether the definition of resistance should include the use
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of the maximally tolerated dose of DA or a specific cut-off
dose; the approach of clinicians on this varies and consistent
criteria are lacking. Overall, resistance to bromocriptine has
been reported in 20-30% of the cases and to cabergoline in
10% of them [1, 3].

Mechanisms of resistance and aggressive
behavior

The mechanisms responsible for DA resistance are not com-
pletely understood. Reduction of D2-receptors (D2R) has
been postulated [1, 4], however, the binding affinity of the
D2R has found to be unaltered. Additional proposed mecha-
nisms include alterations downstream the D2R contributing
to insensitivity to the inhibitory dopaminergic effect (e.g.,
decrease of the inhibitory G protein alpha subunit mRNA
levels, changes in the cytoskeleton protein filamin A, dis-
ruption in the autocrine growth factor signaling mediated
either by tyrosine kinase receptor ErbB3 or by nerve growth
factor receptor, which modulates D2R expression) [4]. The
transforming growth factor beta-1 (TGFf1) has also been
implicated with DA resistance offering a potential target for
novel treatments [4]. Clinical factors associated with DA
resistance include male gender, larger tumor size and inva-
siveness, and younger age at diagnosis [1, 3].

A smaller subgroup of prolactinomas can demon-
strate truly aggressive behavior. The European Society of
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Endocrinology (ESE) guidelines define aggressive pituitary
tumors as, radiologically invasive tumors which show an
unusual rapid rate of growth or clinically relevant growth,
despite optimal standard therapies (surgery, radiotherapy
and conventional medical treatments) [5]. The prevalence
of aggressive prolactinomas is unknown [5]. Pituitary car-
cinomas, defined by the presence of metastatic deposits, are
rare (prevalence 0.2% of all pituitary tumors) and have poor
prognosis [5]. Lactotroph carcinomas are the second most
frequent pituitary carcinomas comprising 37.5% of pitui-
tary carcinomas in an ESE survey [6]. Attention should be
paid in patients with aggressive pituitary tumors and either
site-specific symptoms (e.g., neck/back pain or neurologi-
cal complaints) or discordant biochemical and radiological
findings, or developing secondary DA resistance, as rarely
malignant transformation can occur [2, 5, 7]. In these cases,
screening for metastatic disease is recommended [5].

The combination of proliferation markers (Ki-67 and
mitotic count) with tumor invasiveness have been sug-
gested as prognostic markers of aggressive tumor behav-
ior [8]. In addition, low expression of estrogen receptor o
(ERa) and overexpression of vascular endothelial growth
factor (VEGF) have been associated with lactotroph tumor
aggressiveness. Further factors that have been proposed to
be correlated with aggressiveness include expression of
genes regulating invasion and proliferation [e.g., ADAM
Metallopeptidase With Thrombospondin Type 1 Motif
6 (ADAMTS6), Collapsin Response Mediator Protein 1
(CRMP1I), Pituitary Tumor Transforming Gene (PTTG)],
expression of matrix metalloproteinase 9 and presence of
chromosome abnormalities (e.g., loss of heterozygosity in
chromosome 11) [8].

Management of resistant/aggressive
prolactinomas

Changes in DAs

The first approach will be changing the DA brand if not tak-
ing cabergoline. In patients not responding to bromocriptine,
change to cabergoline is advised [1] based on studies report-
ing normalization of prolactin in 100% of microadenomas
and 79% of macroadenomas resistant to bromocriptine [9]. It
has also been shown that cabergoline leads to notable reduc-
tion in tumor size even in patients with partial tumor shrink-
age whilst on quinagolide [10], suggesting that switch from
quinagolide to cabergoline may also be considered.

Second approach would be to maximize the dose of
cabergoline to the maximal tolerated one for at least 3—6
months [5]. The maximum tolerated doses vary amongst
patients and can be up to 12 mg/week [4, 9].

@ Springer

Notably, based on very limited available literature,
switching to bromocriptine in cases of resistant to cabergo-
line prolactinomas may be an alternative choice leading to
normoprolactinemia [10]. Nonetheless, this option would be
anticipated to have very low chance of success.

Pituitary surgery

Pituitary surgery is a further approach [11, 12]. The litera-
ture looking at the outcomes of surgical management in DA
resistant prolactinomas is confounded by the inclusion of
cases in which surgery was offered also due to DA intoler-
ance or patient preference or presence of acute complica-
tions. Within these limitations, review of studies published
between 2000 and 2015 has shown that transsphenoidal sur-
gery leads to normoprolactinemia in 71-100% of microprol-
actinomas (with prolactin checked shortly after or within the
first weeks following surgery) [11]. Nonetheless, recurrence
of hyperprolactinemia has been reported between 0% and
50% of the cases, with this wide range attributed to the vari-
able definitions of cure/recurrence, as well as to the different
observation periods and dropout rates) [11]. Post-operative
complications are low and new pituitary hormone deficits
have been described between 0% and 6% of the patients [11].
Surgery in macroprolactinomas offers less optimal results
with remission rates ranging between 32% and 60% in non-
invasive tumors and reported 5 years relapse rates of 70%
[13, 14]. In invasive macroprolactinomas, achievement of
remission is not possible, whereas diagnostic prolactin val-
ues and presence of residuum post-operatively have been
identified as factors associated with remission [13]. It has
also been shown that partial resection of a DA resistant pro-
lactinoma can allow prolactin normalization with a lower
dose of DA offered post-operatively [13].

It should be also noted that surgical expertise is of major
importance for the outcomes necessitating the performance
of these operations by experienced pituitary surgeons [5,
15].

Radiotherapy

Radiotherapy in DA resistant prolactinomas is mainly used
as a part of a multimodal treatment approach, usually after
surgery.

Review of data from 610 patients with prolactinoma
offered stereotactic radiosurgery for various reasons includ-
ing DA resistance, showed tumor control rates between 83%
and 100% during monitoring periods 16-96 months; bio-
chemical remission was achieved at a lower rate, reported
between 16% and 83% in the different series (marginal dose
15-34 Gy) [16]. Based on published data of a very limited
number of cases offered fractionated stereotactic radiother-
apy, normal prolactin has been achieved between 0% and
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40% of the cases during follow-up periods of 19 and 29
months, respectively [17, 18].

Temozolomide and other management options

Temozolomide, an alkylating agent with lipophilic proper-
ties that crosses the blood-brain barrier, is considered as
first-line chemotherapy for aggressive pituitary tumors and
carcinomas [5]. In the ESE survey 2016, amongst 40 cases
of lactotroph adenomas (25 aggressive adenomas and 15
carcinomas) were treated with this agent, 45% achieved
partial response (tumor shrinkage >30%), 5% had com-
plete response with no tumor visible, 26% had stable dis-
ease (<30% regression, but no more than 10% tumor size
increase) and 24% showed progressive disease (> 10% tumor
enlargement or new metastasis) [6]. In cases of temozolo-
mide failure, evidence-based treatment is not available. A
French cohort study on real-life efficacy of immune check-
point inhibitor therapy on pituitary tumors showed some
success for lactotroph carcinomas and to a lesser extent
for aggressive lactotroph tumors [19]. Although the study
relied on a very small number of cases, immune checkpoint
inhibitors may be considered in patients failing to respond
to temozolomide [19].

Other therapeutic options have been proposed for DA
resistant prolactinomas, such as metformin, selective estro-
gen modulators, somatostatin analogues, tyrosine kinase
inhibitors, inhibitors of mammalian target of rapamycin
(mTOR), immune checkpoint inhibitors and peptide radio-
receptor therapy [3, 19]. Data on their efficacy are very lim-
ited and a brief overview is provided in Table 1.

Conclusions and future perspectives

DA resistance can be managed with various options used
alone or in combination. In depth understanding of the
pathogenetic mechanisms implicated in this phenomenon
could open new therapeutic avenues. Aggressive or malig-
nant prolactinomas remain challenging scenarios requiring
multidisciplinary approach; in these cases, temozolomide is
the first chemotherapeutic agent of choice, whereas immune
checkpoint inhibitors may be a further potential option. The
place of other medical treatments remains to be carefully
assessed.

Author contributions SU: wrote the review. NK: supervised the writing
of the review and edited the manuscript.

Declarations

Conflict of interest SU was supported by a grant from the Swiss Na-
tional Foundation (P2BSP3_191745). SU has no competing interests

@ Springer

to declare that are relevant to the content of this article. NK has re-
ceived honoraria and research funding from Pfizer.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Melmed S et al (2011) Diagnosis and treatment of hyperprol-
actinemia: an endocrine Society clinical practice guideline. J Clin
Endocrinol Metab 96(2):273-288

2. Molitch ME (2014) Management of medically refractory prolac-
tinoma. J Neurooncol 117(3):421-428

3. Souteiro P, Karavitaki N (2020) Dopamine agonist resistant
prolactinomas: any alternative medical treatment? Pituitary
23(1):27-37

4. Maiter D (2019) Management of dopamine agonist-resistant Pro-
lactinoma. Neuroendocrinology 109(1):42-50

5. Raverot G et al (2018) European society of endocrinology clinical
practice guidelines for the management of aggressive pituitary
tumours and carcinomas. Eur J Endocrinol 178(1):G1-G24

6. McCormack A et al (2018) Treatment of aggressive pituitary
tumours and carcinomas: results of a european Society of Endo-
crinology (ESE) survey 2016. Eur J Endocrinol 178(3):265-276

7. Hurel SJ et al (1997) Metastatic prolactinoma: effect of octreo-
tide, cabergoline, carboplatin and etoposide; immunocytochemical
analysis of proto-oncogene expression. J Clin Endocrinol Metab
82(9):2962-2965

8. Trouillas J et al (2019) Clinical, pathological, and molecular fac-
tors of aggressiveness in Lactotroph Tumours. Neuroendocrinol-
ogy 109(1):70-76

9. Ono M et al (2008) Prospective study of high-dose cabergoline
treatment of prolactinomas in 150 patients. J Clin Endocrinol
Metab 93(12):4721-4727

10. Iyer P, Molitch ME (2011) Positive prolactin response to bro-
mocriptine in 2 patients with cabergoline-resistant prolactinomas.
Endocr Pract 17(3):e55-e58

11. Tampourlou M et al (2016) Therapy of endocrine disease: surgery
in microprolactinomas: effectiveness and risks based on contem-
porary literature. Eur J Endocrinol 175(3):R89-R96

12. Yagnik KJ et al (2021) Surgical outcomes of medically failed
prolactinomas: a systematic review and meta-analysis. Pituitary
24(6):978-988

13. Primeau V, Raftopoulos C, Maiter D (2012) Outcomes of trans-
sphenoidal surgery in prolactinomas: improvement of hormonal
control in dopamine agonist-resistant patients. Eur J Endocrinol
166(5):779-786

14. Donegan D et al (2017) Surgical outcomes of prolactinomas
in recent era: results of a heterogenous group. Endocr Pract
23(1):37-45

15. Ciric I et al (1997) Complications of transsphenoidal surgery:
results of a national survey, review of the literature, and personal
experience. Neurosurgery 40(2):225-36


http://creativecommons.org/licenses/by/4.0/

Pituitary (2023) 26:273-277

277

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Minniti G, Osti MF, Niyazi M (2016) Target delineation and
optimal radiosurgical dose for pituitary tumors. Radiat Oncol
11(1):135

Minniti G et al (2006) Fractionated stereotactic conformal radio-
therapy for secreting and nonsecreting pituitary adenomas. Clin
Endocrinol (Oxf) 64(5):542-548

Wilson PJ, Williams JR, Smee RI (2015) Single-centre experi-
ence of stereotactic radiosurgery and fractionated stereotactic
radiotherapy for prolactinomas with the linear accelerator. ] Med
Imaging Radiat Oncol 59(3):371-378

Ilie MD et al (2022) Real-life efficacy and predictors of response
to immunotherapy in pituitary tumors: a cohort study. Eur J Endo-
crinol 187(5):685-696

Liu X et al (2018) Combination treatment with bromocriptine and
metformin in patients with bromocriptine-resistant Prolactinomas:
pilot study. World Neurosurg 115:94-98

Volker W et al (1982) Impaired pituitary response to bromocrip-
tine suppression: reversal after bromocriptine plus tamoxifen.
Acta Endocrinol (Copenh) 101(4):491-500

Lamberts SW, Verleun T, Oosterom R (1982) Effect of tamoxifen
administration on prolactin release by invasive prolactin-secreting
pituitary adenomas. Neuroendocrinology 34(5):339-342
Lamberts SW, de Quijada M, Klijn JG (1980) The effect of tamox-
ifen on GH and PRL secretion by human pituitary tumors. J Endo-
crinol Invest 3(4):343-347

Choudhary C et al (2019) The Effect of Raloxifene on serum
prolactin level in patients with Prolactinoma. Endocr Pract
25(7):684-688

Sosa-Eroza E et al (2018) Treatment of multiresistant prolacti-
nomas with a combination of cabergoline and octreotide LAR.
Endocrine 61(2):343-348

Walker JD et al (1993) Malignant prolactinoma with extracra-
nial metastases: a report of three cases. Clin Endocrinol (Oxf)
38(4):411-419

27.

28.

29.

30.

31.

32.

33.

34.

Fusco A et al (2011) Efficacy of the combined cabergoline and
octreotide treatment in a case of a dopamine-agonist resistant
macroprolactinoma. Pituitary 14(4):351-357

Baldari S et al (2012) First demonstration of the effectiveness of
peptide receptor radionuclide therapy (PRRT) with 111In-DTPA-
octreotide in a giant PRL-secreting pituitary adenoma resistant to
conventional treatment. Pituitary 15(1):S57-S60

Giuffrida G et al (2019) Peptide receptor radionuclide therapy for
aggressive pituitary tumors: a monocentric experience. Endocr
Connect 8(5):528-535

Coopmans EC et al (2019) Excellent response to pasireotide ther-
apy in an aggressive and dopamine-resistant prolactinoma. Eur J
Endocrinol 181(2):K21-K27

Lasolle H et al (2019) Pasireotide: a potential therapeutic
alternative for resistant prolactinoma. Ann Endocrinol (Paris)
80(2):84-88

Cooper O et al (2021) EGFR/ErbB2-Targeting lapatinib ther-
apy for aggressive prolactinomas. J Clin Endocrinol Metab
106(2):¢917-925

Zhang D et al (2019) Effect of Everolimus in treatment of aggres-
sive prolactin-secreting pituitary adenomas. J Clin Endocrinol
Metab 104(6):1929-1936

Burman P et al (2022) Aggressive pituitary tumours and carci-
nomas, characteristics and management of 171 patients. Eur J
Endocrinol 187(4):593-605

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Refractory lactotroph adenomas
	Abstract
	Introduction
	Mechanisms of resistance and aggressive behavior
	Management of resistantaggressive prolactinomas
	Changes in DAs
	Pituitary surgery
	Radiotherapy
	Temozolomide and other management options

	Conclusions and future perspectives
	References




