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Case report: Complete
restoration of the HPA axis
function in Cushing’'s disease
with drug treatment

Joanne Thanh-Tam Nguyen™,
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This report describes a rare case of a 20-year-old man with an ACTH- and
prolactin-secreting invasive pituitary macroadenoma causing hyperprolactinemia
and Cushing's disease. He was later found to have an AIP mutation. Treatment with
cabergoline (1.5 mg weekly) normalized prolactin concentrations and induced a
major shrinkage of the adenoma. Not only was urinary free cortisol normalized for
more than 14 years, but also the treatment induced normal hypothalamo-pituitary-
adrenal (HPA) axis function as illustrated by the reappearance of a normal cortisol/
ACTH circadian rhythm, cortisol suppression to dexamethasone, and
disappearance of the excessive and aberrant responses to CRH and
desmopressin, respectively. This case is the first description of complete
restoration of the physiological characteristics of the HPA axis by a medication
during the treatment of Cushing's disease. Although exceptional, it illustrates that
drugs targeting the pituitary adenoma can bring true complete remission of
Cushing'’s disease.
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1 Introduction

Cushing’s disease (CD) remains a challenging pathology to treat. The ideal treatment
aims to eliminate the pituitary adenoma, suppress cortisol hypersecretion and resolve its
morbid complications, and reinstate physiological hypothalamo-pituitary-adrenal (HPA)
axis function (1, 2). Thus far, only surgery can achieve these criteria and is therefore the
first-line treatment. Commonly used drugs in CD like steroidogenic inhibitors only have a
suppressive effect on cortisol production by the adrenal glands. Even drugs targeting the
pituitary adenoma like pasireotide or cabergoline can normalize urinary free cortisol (UFC)
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but do not restore a normal HPA axis function as evidenced by
persistently disrupted cortisol circadian rhythm (illustrated by
increased late-night salivary cortisol (LNSC) concentrations) and
abnormal cortisol suppression by dexamethasone (3-5).

Here, we present a patient with a rare ACTH and prolactin
(PRL)-secreting pituitary macroadenoma responsible for CD,
associated with an AIP (aryl hydrocarbon receptor-interacting
protein) mutation. Cabergoline treatment in this unique case
led to tumor control, resolution of clinical symptoms, and,
most importantly, sustained and complete normalization of
HPA function.

2 Case description

A 20-year-old man was admitted to the endocrinology department
in December 2008 for evaluation of a macroprolactinoma (PRL
concentration = 1,475 ng/ml, normal [N] <19 ng/ml) associated with
hypogonadism (testosterone concentration = 1.9 nmol/L, N>7.2 nmol/
L), gynecomastia, and left temporal hemianopsia. MRI revealed a large
invasive pituitary tumor measuring 56 mm X 25 mm x 48 mm. This
lesion extended past the sellar floor into the sphenoid sinus, invaded
both cavernous sinuses, and was in contact with both optic nerves,
anterior to the optic chiasma (Figure 1).

Physical exam revealed florid Cushing’s syndrome. Initial
laboratory investigations showed hypokalemia (potassium = 2.5
mmol/L) and de novo diabetes (fasting blood glucose = 2 g/L).
Further investigations unveiled an ACTH-dependent
hypercortisolism with a UFC = 3,247 ug/24 h (N = 20-60 pg/24
h), 8-a.m. plasma ACTH = 30.2 pmol/L, an abolished cortisol/
ACTH circadian rhythm, and an explosive cortisol and ACTH
response to the CRH test (Figures 2, 3). The rest of his pituitary
workup showed a normal somatotropic axis (GH, 0.9 mU/L; IGF1,
379 ng/ml), with normal serial GH measurements, and thyrotropic
insufficiency (TSH, 0.52 pUI/mL; free T4, 5 pmol/L; N, 9-19 pmol/
L). A chest CT scan was performed and was normal.

Genetic testing uncovered a heterozygous missense mutation on
exon 2 of the AIP gene, p.Lys58Asn (c.174 G>C), while sequencing
of the MEN1 gene was normal. This mutation has been described as
pathogenic in the literature (6). This mutation was also present in
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his mother and maternal grandfather who both had normal
endocrine investigations.

Treatment with cabergoline was started at 0.5 mg three times
per week. Testosterone and thyroid supplementation was
implemented as well. Six days later, cerebral spinal fluid leaking
occurred due to a large osteo-meningeal breach at the base of the
skull, preventing surgery of the pituitary adenoma.

PRL levels decreased from 1,475 ng/ml to 721 ng/ml, 11 days
post-cabergoline initiation, and to 40 ng/ml within 4 months. They
gradually normalized thereafter with simultaneous resolution of the
hypogonadism and visual defects. UFC normalized at 4 months of
treatment. Cushing features improved including resolution of his
hypertension and diabetes. Remarkably, repeated investigations
performed within 22 months of cabergoline therapy showed not
only consistently normal UFCs but also restoration of all the
cardinal features of the HPA axis function: restoration of a
cortisol circadian rhythm, adequate cortisol suppression following
the 1-mg dexamethasone suppression test (DST), disappearance of
the explosive cortisol/ACTH response to CRH stimulation, and
absence of aberrant cortisol/ ACTH response to desmopressin
stimulation (10 pg IV infusion) (Figure 3).

After 5.9 years of cabergoline therapy, the pituitary tumor had
decreased dramatically to 14 mm in size. A drug holiday was
attempted at this time. Six months later, a recurrence of
gynecomastia and hypogonadism symptoms, associated with
elevated PRL levels (391.3 ng/ml, N <19 ng/ml), was noted. UFC
was normal (25.9 and 23.6 mcg/24 h), but more accurate
investigations of the HPA axis revealed the recurrence of a
disrupted cortisol/ACTH circadian rhythm and of abnormal
responses to dynamic tests such as impaired response to the 1-mg
DST, excessive cortisol/ ACTH response to CRH stimulation, and
aberrant cortisol/ACTH response to desmopressin stimulation.
Cabergoline treatment was reinstated at 0.5 mg three times a
week. A month later, his prolactin and all biochemical
investigations of the HPA axis normalized (Figure 3).

The patient has since continued cabergoline treatment at 1.5 mg
weekly, totaling 14.4 years of treatment at his last follow-up. He has
maintained hormonal control, as shown by normal PRL, serum
cortisol, and UFC levels, with periodic workup including normal
LNSCs and desmopressin stimulation tests. He has never developed

FIGURE 1

Coronal T1-weighted MRI images with contrast enhancement of the pituitary tumor at presentation in 2008 (A) and at last follow-up in 2022 (B).
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FIGURE 2

Urinary free cortisol (UFC) concentrations expressed as the number
of times the upper limit of normal (ULN), following long-term
cabergoline treatment

corticotropic insufficiency as shown by normal short synacthen
stimulation tests. He remains on thyroid hormone therapy. His
pituitary tumor continued to shrink; after 14 years of treatment, only
an intrasellar mucocele remained, with no visible tumor (Figure 1).

3 Discussion

This clinical case is remarkable, since it is the first ever described
ACTH-prolactin-producing pituitary macroadenoma in the setting

Cabergoline Treatment
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of an AIP mutation and in which cabergoline monotherapy restored
normoprolactinemia and physiological function of the HPA axis.

AIP mutations are found in up to 3.6% of sporadic pituitary
adenomas (7). It is usually associated with somatotropinomas,
somatolactotropinomas, prolactinomas, and, less frequently, non-
functional adenomas. Most AIP tumors are voluminous and found
in young (< 30 years old) men (6), like in our patient.

In our literature review, we found only five other patients with
CD associated with an AIP mutation (7-9). Two of these were male
(7, 8), and two had macroadenomas at presentation (7, 9). None
showed a second simultaneous hormonal secretion.

ACTH and prolactin secretion from a single adenoma is rare
because corticotrophs and lactotrophs arise from different cell
lineages (10). We cannot determine whether our patient had a
single adenoma with dual secretion or two separate adenomas
secreting each prolactin and ACTH, since there has never been
tissue removal for histological and molecular studies. However, the
biochemical evolution of the patient’s hyperprolactinemia and
Cushing’s disease were synchronous pre- and post-treatment,
favoring the presence of a single tumoral clone.

Our patient displayed a rapid decrease in his hyperprolactinemia
and tumor size with cabergoline, uncovering an osteo-meningeal
breach and causing a CSF leak. This positive response is less common
in the context of an AIP mutation than in sporadic prolactinomas,
AIP-mutated adenomas being often associated with resistance to
medical therapy. In an international series of patients with AIP-
muted adenomas, 6 out of 13 patients with prolactinomas were
uncontrolled with dopamine agonists (DAs) and required surgical
excision (11).

Drug Holiday Cabergoline Reinstatement
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Results of tests evaluating the HPA axis at presentation, during cabergoline treatment, during the transient drug holiday and after cabergoline
reinstatement. The tests are, from top to bottom: serum cortisol and plasma ACTH day curve, serum cortisol post dexamethasone suppression test
(4-mg test at presentation and 1-mg overnight test at the other evaluations, the shaded area represents the normal suppressed cortisol range),
serum cortisol and plasma ACTH during the CRH test, and serum cortisol and plasma ACTH during the desmopressin test. Cortisol concentrations
are represented by circles and solid lines, and ACTH concentrations are represented by squares and dashed lines. DST, dexamethasone suppression

test; CRH, corticotropin-releasing hormone; NA, not available.
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Cabergoline induced concomitant control of UFC levels.
Cabergoline and pasireotide are the only drugs used in CD that
target the pituitary tumor. They are less effective at decreasing
cortisol concentrations than steroidogenic inhibitors, since their
efficacy depends on the presence of cognate receptors in the
adenoma cells (1, 2). With short-acting pasireotide, control of
UFC was achieved in only 20% of patients at 6 months in its
phase 3 trial (12). With long-acting pasireotide, 41% of patients
achieved UFC control at 7 months (13). For those with isolated CD,
cabergoline normalized UFC levels in 13%-40% within the first
year, and treatment escape occurred in some afterwards (14, 15). In
eight published patients with a sporadic pituitary adenoma
secreting both ACTH and prolactin, only three had normalized
prolactin and UFC levels with DAs (16-23). Of the aforementioned
patients with AIP-induced CD, two were operated (8, 9); the
evolution of the other patients was not described.

Astonishingly, not only did cabergoline control UFC levels, but
it also single-handedly re-established normal physiology of the
HPA axis, the ultimate challenge in CD management. Although,
in theory, cabergoline and pasireotide could restore the HPA axis
due to their pituitary-directed activity, we have not seen a
comparable case of a functional “shutdown” of a corticotropic
adenoma. We know a single publication describing sustained
normalization of UFC and disappearance of the aberrant response
to desmopressin stimulation in a CD patient treated with
pasireotide (24). However, no data are available about the other
cardinal biological characteristics of the HPA axis function such as
cortisol response to dexamethasone suppression and cortisol/
ACTH circadian rhythm, as in our case.

Indeed, our patient remitted from his CD with cabergoline as if
his tumor had been surgically removed. However, even in
experienced hands, recurrence of CD following successful
pituitary surgery occurs in 5%-35% within 5-10 years (2).
Interestingly, after cabergoline cessation, hypercortisolism
gradually reappeared in a similar fashion to recurrence following
transient successful pituitary surgery with abnormal LNSC
concentrations and response to desmopressin stimulation while
maintaining normal UFC values (1, 2, 25). This recurrence
following transient cabergoline withdrawal proves that the
previous control of the hypercortisolism was not linked to a
pituitary apoplexy. Indeed, we hypothesize that the patient has
residual adenomatous corticotrophs whose functioning are
permanently inhibited by cabergoline, allowing the healthy
corticotrophs to function normally. This also indicates the
possible need for lifelong therapy.

In the context of ongoing development of pituitary-directed
treatment targeting proteins involved in the pathogenesis of CD
(26), our unique case provides hope that pharmacotherapy can
attain the effectiveness of a successful surgical intervention. Medical

Frontiers in Endocrinology

04

10.3389/fendo.2024.1337741

treatment that restores normal pituitary function and controls
tumor size with minimal adverse effects, as with DAs in
prolactinomas, would represent the pinnacle of CD management.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Comite
d’éthique du CHU de Bordeaux. The studies were conducted in
accordance with the local legislation and institutional requirements.
The participants provided their written informed consent to
participate in this study. Written informed consent was obtained
from the individual(s) for the publication of any potentially
identifiable images or data included in this article.

Author contributions

AT: Writing - review & editing, Data curation. J-TN: Writing -
original draft, Data curation, Formal Analysis, Writing — review &
editing. AF: Writing - original draft, Data curation, Formal
Analysis, Writing - review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

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.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://doi.org/10.3389/fendo.2024.1337741
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Nguyen et al.

References

1. Nieman LK, Biller BM, Findling JW, Murad MH, Newell-Price J, Savage MO, et al.
Treatment of cushing’s syndrome: an endocrine society clinical practice guideline. J
Clin Endocrinol Metab (2015) 100(8):2807-31. doi: 10.1210/jc.2015-1818

2. Fleseriu M, Auchus R, Bancos I, Ben-Shlomo A, Bertherat J, Biermasz NR, et al.
Consensus on diagnosis and management of Cushing’s disease: a guideline update.
Lancet Diabetes Endocrinol (2021) 9(12):847-75. doi: 10.1016/S2213-8587(21)00235-7

3. Mohammedi K, Bertherat ], Raverot G, Drui D, Reznik Y, Castinetti F, et al.
Evidence of persistent mild hypercortisolism in patients medically treated for Cushing’s
disease: the Haircush study. J Clin Endocrinol Metab (2023) 1-8. doi: 10.1210/clinem/
dgad251

4. Bertagna X. Are Cushing’s disease patients curable? Ann Endocrinol (Paris) (2018)
79(3):153-6. doi: 10.1016/j.and0.2018.03.012

5. Newell-Price ], Pivonello R, Tabarin A, Fleseriu M, Witek P, Gadelha MR, et al.
Use of late-night salivary cortisol to monitor response to medical treatment in
Cushing’s disease. Eur ] Endocrinol (2020) 182(2):207-17. doi: 10.1530/EJE-19-0695

6. Beckers A, Aaltonen LA, Daly AF, Karhu A. Familial isolated pituitary adenomas
(FIPA) and the pituitary adenoma predisposition due to mutations in the aryl
hydrocarbon receptor interacting protein (AIP) gene. Endocrine Rev (2013) 34
(2):239-77. doi: 10.1210/er.2012-1013

7. Cazabat L, Bouligand J, Salenave S, Bernier M, Gaillard S, Parker F, et al. Germline
AIP mutations in apparently sporadic pituitary adenomas: prevalence in a prospective
single-center cohort of 443 patients. J Clin Endocrinol Metab (2012) 97(4):E663-E70.
doi: 10.1210/jc.2011-2291

8. Stratakis CA, Tichomirowa MA, Boikos S, Azevedo MF, Lodish M, Martari M, et al.
The role of germline AIP, MENI, PRKARIA, CDKNI1B and CDKN2C mutations in
causing pituitary adenomas in a large cohort of children, adolescents, and patients with
genetic syndromes. Clin Genet (2010) 78(5):457-63. doi: 10.1111/j.1399-0004.2010.01406.x

9. Trofimiuk-Miildner M, Domagata B, Sokotowski G, Skalniak A, Hubalewska-
Dydejczyk A. AIP gene germline variants in adult Polish patients with apparently
sporadic pituitary macroadenomas. Front Endocrinol (2023) 14. doi: 10.3389/
fendo.2023.1098367

10. Asa SL, Mete O, Perry A, Osamura Robert Y. Overview of the 2022 WHO
classification of pituitary tumors. Endocrine Pathology. (2022) 33(1):6-26. doi: 10.1007/
§12022-022-09703-7

11. Daly AF, Tichomirowa MA, Petrossians P, Heliévaara E, Jaffrain-Rea M-L,
Barlier A, et al. Clinical characteristics and therapeutic responses in patients with germ-
line AIP mutations and pituitary adenomas: an international collaborative study. J Clin
Endocrinol Metab (2010) 95(11):373-83. doi: 10.1210/j¢c.2009-2556

12. Colao A, Abs R, Petersenn S, Newell-Price J, Findling JW, Gu F, et al. A 12-
month phase 3 study of pasireotide in Cushing’s disease. New Engl ] Med (2012) 366
(10):914-24. doi: 10.1056/NEJMoal105743

13. Lacroix A, Gu F, Gallardo W, Pivonello R, Yu Y, Witek P, et al. Efficacy and
safety of once-monthly pasireotide in Cushing’s disease: a 12 month clinical trial.
Lancet Diabetes Endocrinol (2018) 6(1):17-26. doi: 10.1016/S2213-8587(17)30326-1

Frontiers in Endocrinology

05

10.3389/fendo.2024.1337741

14. Ferriere A, Cortet C, Chanson P, Delemer B, Caron P, Chabre O, et al.
Cabergoline for Cushing’s disease: a large retrospective multicenter study. Eur J
endocrinology. (2017) 176(3):305-14. doi: 10.1530/EJE-16-0662

15. Pivonello R, De Martino MC, Cappabianca P, De Leo M, Faggiano A, Lombardi
G, et al. The medical treatment of Cushing’s disease: effectiveness of chronic treatment
with the dopamine agonist cabergoline in patients unsuccessfully treated by surgery. J
Clin Endocrinol Metab (2009) 94(1):223-30. doi: 10.1210/jc.2008-1533

16. Verde G, Loli P, Berselli ME, Tagliaferri M, Dallabonzana D, Oppizzi G, et al.
Cushing’s disease and marked hyperprolactinemia in a patient with a pituitary
macroadenoma: effectiveness of bromocriptine treatment. J endocrinological Invest
(1984) 7(1):51-4. doi: 10.1007/BF03348376

17. T’Sjoen G, Defeyter I, Van De Saffele J, Rubens R, Vandeweghe M.
Macroprolactinoma associated with Cushing’s disease, successfully treated with
cabergoline. ] endocrinological Invest (2002) 25(2):172-5. doi: 10.1007/BF03343983

18. Kunasegaran S, Croxson MS, Holdaway I, Murphy R. An unusual case of
Cushing’s syndrome due to bihormonal ACTH-prolactin secreting pituitary
macroadenoma with rapid response to cabergoline. BMJ Case Rep (2017) 2017.
doi: 10.1136/bcr-2017-219921

19. Shiraishi J, Koyama H, Shirakawa M, Ishikura R, Okazaki H, Kurajoh M, et al.
Concomitant cushing’s disease and marked hyperprolactinemia: response to a
dopamine receptor agonist. Internal Med (Tokyo Japan). (2016) 55(8):935-41. doi:
10.2169/internalmedicine.55.5301

20. Sherry SH, Guay AT, Lee AK, Hedley Whyte ET, Federman M, Freidberg SR,
et al. Concurrent production of adrenocorticotropin and prolactin from two distinct
cell lines in a single pituitary adenoma: a detailed immunohistochemical analysis. J Clin
Endocrinol Metab (1982) 55(5):947-55. doi: 10.1210/jcem-55-5-947

21. Mahler C, Verhelst ], Klaes R, Trouillas J. Cushing’s disease and hyperprolactinemia
due to a mixed ACTH- and prolactin-secreting pituitary macroadenoma. Pathology Res
practice. (1991) 187(5):598-602. doi: 10.1016/S0344-0338(11)80153-6

22. Barausse M, Attanasio R, Dallabonzana D, Oppizzi G, Veronese S, Lasio G, et al.
From macroprolactinoma to concomitant ACTH-PRL hypersecretion with Cushing’s
disease. J endocrinological Invest (2000) 23(2):107-11. doi: 10.1007/BF03343688

23. Uraki S, Ariyasu H, Doi A, Furuta H, Nishi M, Usui T, et al. Hypersecretion of
ACTH and PRL from pituitary adenoma in MENI, adequately managed by medical
therapy. Endocrinology Diabetes Metab Case Rep (2017) 2017. doi: 10.1530/EDM-17-0027

24. Libé RG, Bertherat L, Jérome. Pasireotide in cushing’s disease. New Engl ] Med
(2012) 366(22):2134-5. doi: 10.1056/NEJMc1204078

25. Danet-Lamasou M, Asselineau J, Perez P, Vivot A, Nunes M-L, Loiseau H, et al.
Accuracy of repeated measurements of late-night salivary cortisol to screen for early-
stage recurrence of Cushing’s disease following pituitary surgery. Clin Endocrinology.
(2015) 82(2):260-6. doi: 10.1111/cen.12534

26. Fleseriu M, Varlamov EV, Hinojosa-Amaya JM, Langlois F, Melmed S. An
individualized approach to the management of Cushing disease. Nat Rev
Endocrinology. (2023) 19(10):581-99. doi: 10.1038/s41574-023-00868-7

frontiersin.org


https://doi.org/10.1210/jc.2015-1818
https://doi.org/10.1016/S2213-8587(21)00235-7
https://doi.org/10.1210/clinem/dgad251
https://doi.org/10.1210/clinem/dgad251
https://doi.org/10.1016/j.ando.2018.03.012
https://doi.org/10.1530/EJE-19-0695
https://doi.org/10.1210/er.2012-1013
https://doi.org/10.1210/jc.2011-2291
https://doi.org/10.1111/j.1399-0004.2010.01406.x
https://doi.org/10.3389/fendo.2023.1098367
https://doi.org/10.3389/fendo.2023.1098367
https://doi.org/10.1007/s12022-022-09703-7
https://doi.org/10.1007/s12022-022-09703-7
https://doi.org/10.1210/jc.2009-2556
https://doi.org/10.1056/NEJMoa1105743
https://doi.org/10.1016/S2213-8587(17)30326-1
https://doi.org/10.1530/EJE-16-0662
https://doi.org/10.1210/jc.2008-1533
https://doi.org/10.1007/BF03348376
https://doi.org/10.1007/BF03343983
https://doi.org/10.1136/bcr-2017-219921
https://doi.org/10.2169/internalmedicine.55.5301
https://doi.org/10.1210/jcem-55-5-947
https://doi.org/10.1016/S0344-0338(11)80153-6
https://doi.org/10.1007/BF03343688
https://doi.org/10.1530/EDM-17-0027
https://doi.org/10.1056/NEJMc1204078
https://doi.org/10.1111/cen.12534
https://doi.org/10.1038/s41574-023-00868-7
https://doi.org/10.3389/fendo.2024.1337741
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Case report: Complete restoration of the HPA axis function in Cushing’s disease with drug treatment
	1 Introduction
	2 Case description
	3 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


