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Abstract Corticotroph pituitary carcinomas are tumors,

defined by the presence of distant metastases that deter-

mine their poor prognosis. The diagnosis and therapy

of malignant corticotroph adenomas remains a clinical

challenge. The molecular mechanisms of malignant trans-

formation of pituitary adenomas are unclear, although

they are believed to arise in an adenoma-to-carcinoma

sequence. We describe two cases of malignant Cushing’s

disease with metastases in liver and bone, respectively. The

primary pituitary tumors were treated by a combination of

radiotherapy and transsphenoidal surgery, but recurred

several times in both patients. The time interval between

the diagnosis of Cushing’s disease and the discovery of

metastases was 32 and 17 years, respectively. In the first

case the patient died within 6 months after diagnosis of

metastasis, whereas the second patient is alive at a follow-

up of 2 years after the discovery of the metastasis. Fur-

thermore, we reviewed all available cases of corticotroph

pituitary carcinomas reported in the literature and analyzed

their clinical features and therapeutical management. In

conclusion, frequent relapses of Cushing’s disease,

aggressive growth of macroadenoma, Nelson’s syndrome

after adrenalectomy or persistently high ACTH levels

should prompt the clinician to consider the possibility of

pituitary corticotroph carcinomas.
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Introduction

Pituitary carcinomas are defined by the presence of distant

metastases of a pituitary tumor to the extracranial region or

the cerebrospinal space [1]. Pituitary tumors in general are

relatively common and are detected in about 5–10% of the

normal population as incidentalomas [2]. Malignancies of

the pituitary, however, are extremely rare with a prevalence

of only 0.1–0.2% of all pituitary tumors [3, 4]. The true

frequency of pituitary carcinomas may be slightly under-

estimated, because metastatic lesions have often been

diagnosed at post-mortem examination and meanwhile

more sensitive imaging techniques have become available

[5, 6].

Most pituitary carcinomas are endocrinologically active

[3, 7]. In addition, the number of reported non-functioning

cases might be overestimated, especially when reported

before the routine use of immunohistochemistry [8] and

ultrasensitive hormone assays. Although ACTH-producing

pituitary tumors present only a minority of all pituitary

adenomas [9], they account for 40% of all pituitary carci-

nomas [3, 7, 10].

Reliable predictive markers for malignant transforma-

tion of a pituitary tumor have not been identified so far [1].

Therefore, the initial diagnosis of malignant pituitary

Cushing’s disease remains a clinical challenge. Indicators

of potential malignancy of ACTH producing adenomas are

major increases in pituitary tumor volume along with
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persistently high plasma ACTH and cortisol levels. It is

possible that bilateral adrenalectomy in Cushing’s disease

might trigger the development of pituitary carcinoma, just

like the stimulation of growth of the pituitary in Nelson’s

syndrome.

In previous reviews, non-uniform definitions of pituitary

carcinoma caused confusion by designating invasive pitu-

itary adenomas as malignant or including pituitary

carcinomas without evidence of metastasis [6, 11]. Fur-

thermore, metastases to the pituitary gland were sometimes

not discriminated from primary pituitary carcinoma [12].

At our outpatient clinic two patients presented with ACTH-

producing pituitary carcinoma resulting in malignant

Cushing’s disease (CD). The difficult management of this

entity prompted us to provide a detailed analysis of our two

cases and a systematic review of the literature, which is the

largest review so far. Therefore, we searched for previous

case reports on malignant corticotroph adenomas in the

Pubmed library using the keywords ‘‘ACTH, corticotroph;

pituitary, hypophysis; adenoma, carcinoma, adenocarci-

noma; malignant, metastasis’’. In addition, we analyzed

previous reviews reporting on pituitary carcinomas in

general without detailed analysis of the corticotroph sub-

entity. The literature search was completed on September

30, 2006.

Case report

Case 1 (Fig. 1)

A 19-year-old man was in good health until he suffered a

contusion during military training in November 1960. In

1961 an X-ray of the sella was made for persisting headaches

which showed sellar enlargement. In the summer of 1963

symptoms of hypercortisolism evolved with fatigue, easy

bruisability, striae and weight gain of 15 kg. In 1964, he was

diagnosed with Cushing’s disease due to a pituitary macro-

adenoma. Cushing’s disease was diagnosed by increased

cortisol production rate (109 mg/24 h, normal value \ 12

mg/24 h) and elevated excretion of 17-ketogenic steroids

(29.8–67.4 mg/24 h, normal values \ 20 mg/24 h). In

addition, serum cortisol was insufficiently suppressed by

1 mg dexamethasone. Therapy consisted of conventional

external pituitary radiotherapy with 30 Gy in October 1964.

Within 3 months clinical signs and symptoms of Cushing’s

disease resolved, with normal anterior thyreotrophic func-

tion but hypogonadotrophic hypogonadism. Subsequent

biochemical evaluation revealed normal values for urinary

secretion of 17-ketosteroids and 17-ketogenic steroids, and

cortisol production rate was within the reference range in

1965. During the following years the patient remained in

remission. In 1982, CT-imaging of the pituitary region

revealed an empty sella. In 1987, however, the patient

reported weight gain of 10 kg in 2 years and easy bruising.

On physical examination a buffalo hump, central adiposity,

moon-face, bruises, atrophic skin, and striae were noticed.

Biochemical evaluation revealed insufficient suppression on

dexamethasone 1 mg overnight (300 nmol/l, normal sup-

pression \100 nmol/l). Twenty-four hour urinary cortisol

excretion was 700 nmol/24 h (upper normal value

220 nmol/24 h). CT-imaging of the pituitary revealed tumor

growth with extension into the right cavernous sinus and in

the sphenoid sinus (Hardy–Wilson classification III-E).

Ketoconazole was started with increasing dosages prior to

transsphenoidal surgery in November 1987 followed by
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brachytherapy with I-125 (four implants with a total activity

of 0.55 mCi). The postoperative course was complicated by

a liquor leak and subsequent meningitis due to Staphylo-

coccus aureus. Histological examination of the tumor

revealed positive immunostaining for ACTH with occa-

sional mitotic figures and polymorphic nuclei. Clinical signs

and symptoms of Cushing’s disease regressed and 24 h uri-

nary cortisol excretion normalized (110 nmol/24 h). In

1990, however, our patient presented with diplopia due to a

right-sided abducens nerve paresis and clinical signs and

symptoms of recurrent Cushing’s disease, which developed

within a few months. Neurological examination also

revealed discrete paresis of the right-sided trigeminal nerve.

The diplopia was caused by tumor extension into the right

cavernous sinus on MRI. Biochemical evaluation revealed

24 h urinary cortisol excretions between 500 and 800 nmol/

24 h. Fractionated conventional radiotherapy was adminis-

tered by a linear accelerator in a total dose of 40 Gy. Diplopia

regressed after radiotherapy and ACTH concentrations

gradually decreased from 108 ng/l during radiotherapy to

49 ng/l in January 1992. Urinary 24 h cortisol secretion

decreased to 79 nmol/24 h. In 1992, MRI revealed a sig-

nificant decrease in pituitary tumor volume. In 1993, the

patient developed recurrent Cushing’s disease, nonetheless.

Biochemical evaluation revealed increased 24 h urinary

cortisol excretion (1860 nmol/24 h) and insufficient sup-

pression to dexamethasone (serum cortisol 100 nmol/l after

0.5 mg dexamethasone four times daily during 2 days

(normal values \ 60 nmol/l), and ACTH 28 ng/l). In

October 1993, diplopia recurred, now due to right-sided

trochlear nerve paresis. MRI revealed tumor progression

with extension into the right cavernous sinus, in the right

prepontine cisterna and in the course of the trochlear nerve.

In January 1994, ketoconazole was started at a dose of

200 mg three times a day, but total 24 h urinary cortisol

excretion remained increased. MRI in 1995 revealed pro-

gression of the pituitary tumor. Clinically, the patient gained

weight again and developed diabetes mellitus for which

insulin was started. Bilateral adrenalectomy was performed

in February 1995. Pathological examination revealed bilat-

eral adrenal hyperplasia (right adrenal gland 35 g, left

adrenal gland 20 g). Glucocorticoid and mineralocorticoid

substitution therapy were started and insulin treatment could

be stopped. After bilateral adrenalectomy the pituitary tumor

showed progressive growth during 1995 with increasing

ACTH concentrations (586 ng/l directly after bilateral

adrenalectomy to 396,000 ng/l in August 1995) and a strong

pigmentation of the skin developed, compatible with Nel-

son’s syndrome. High-dose dexamethasone treatment was

started (1.5 mg daily). ACTH levels decreased subsequently

eightfold. However, progressive neurological deficits due to

local pituitary tumor growth developed with paresis of n. II,

III, V and VI on the right side and n. VI on the left side.

Somatostatin analog therapy (octreotide) was started at a

dose of 500 mg three times daily. There were also multiple

echo-dense lesions in the liver. Pathological examination of

one of these lesions revealed a neuro-endocrine tumor

positive for ACTH. Extended MRI of the cerebrum and the

spinal cord revealed no metastases. No metastases were

found in the lungs. In August 1995 chemotherapy was started

with doxorubicin 45 mg/m2 i.v. on day 1, in combination

with cyclophosphamide 1,000 mg/m2 i.v. on day 1 and eto-

poside 100 mg/m2 i.v. on day 1, 3 and 5. After the second

course of chemotherapy the patient developed ulcers on arms

and in the perianal region. Surgery was necessary to clean the

ulcers and remove the debris. The condition of the patient

worsened subsequently. In January 1996 the patient and the

treating physicians decided to stop active treatment and to

continue with palliative care. The patient died the same

month.

Autopsy revealed an ACTH-positive pituitary tumor of

2 cm on the right side of the sella and partial empty sella at

the left side, extensive diffuse liver metastases (liver

weight 3,750 g, normal weight 1,500 g), metastases in the

thoracic and lumbar vertebra, and trivascular coronary

atherosclerosis with stenosis of RCA and LCA to 75%.

DNA-analysis of the pituitary tumor and metastases in the

liver showed DNA-aneuploid lines with a DNA-index of

0.67 and 0.68 which is a strong indicator for genetic rela-

tionship of the two specimens.

Case 2 (Fig. 2)

In 1989, a 35-year old man was diagnosed with Cushing’s

disease due to a pituitary macroadenoma (Hardy–Wilson

classification II-B-D-E) with bitemporal hemianopsia. The

diagnosis was based on typical signs and symptoms of

Cushing’s disease as well as biochemical abnormalities

(17-ketogenic steroids excretion 149 mg/24 h, normal

values \ 20 mg/24 h). He underwent transsphenoidal sur-

gery which was complicated by a worsening of the visual

field defects due to a hematoma of the optic chiasm. He

therefore underwent an additional transcranial exploration.

Pathological examination revealed an ACTH-producing

adenoma with sporadic mitotic figures and polymorphic

nuclei. Because of residual tumor with extension into the

suprasellar area and the cavernous sinus as well as per-

sistent biochemical abnormalities (17-ketogenic steroids

42 mg/24 h), additional pituitary irradiation (45 Gy) was

given. Subsequently, visual fields improved together with

tumor regression on MRI. Biochemical regression, how-

ever, was insufficient indicated by serum cortisol level of

0.19 lg/l after 1 mg dexamethasone overnight. In 1991,

hypogonadism was diagnosed (Testosteron 4.1 nmol/l,

normal values [ 8 nmol/l) for which the patient received
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testosterone replacement. In 1992, secondary hypothy-

roidism developed (free T4 9.1 pmol/l, normal ) for which

thyroxine replacement was started. In 1998, recurrent

Cushing’s disease was diagnosed by clinical signs and

excessive 24-h urinary cortisol excretion (3,800 nmol/

24 h) and ACTH levels of 693 ng/l. MRI revealed a dor-

solateral sellar tumor mass with extension into the clivus

and the sphenoid sinus. The patient underwent transsphe-

noidal reexploration during which residual adenoma tissue

was removed. Nonetheless, hypercortisolism persisted and

a bilateral adrenalectomy was performed. After this pro-

cedure the patient was treated with hydrocortisone (25 mg/

day) and fludrocortisone (0.1 mg/day). In 2002, ACTH

levels were further increased (1017 ng/l) and MRI showed

growth of the sellar tumor remnant. Therefore, the patient

was treated with additional fractionated stereotactic irra-

diation (total dose 45 Gy). In 2004, MRI revealed a clear

regression of the tumor mass. ACTH levels, however,

continued to progress with a level of 1377 ng/l in 2004.

Therefore, dexamethasone 1.25 mg/day was given. In

2006, despite absence of tumor progression on sellar MRI

serum, ACTH levels increased to 4384 ng/l and the patient

developed hyperpigmentation of the skin. Meanwhile, the

patient had developed pain in the right upper leg. X-ray and

subsequent MRI of the right femoral neck revealed a mass

(diameter 10 cm) with extension into the soft-tissue.

Biopsy revealed tumor tissue, strongly positive for ACTH.

CT scans of chest and abdomen did not reveal any other

tumor localizations. Scintigraphy with In-111 octreotide

revealed increased uptake in the right femoral neck.

Although other therapies including external irradiation

were considered, the patient underwent a surgical removal

of the right femoral neck. Pathological examination

revealed a complete removal of the tumor. Postoperatively,

ACTH levels dropped to 150 ng/l. Up to now, our patient is

in stable condition and regularly visiting the outpatient

clinic for follow-up visits (Fig. 2).

Discussion

These two case reports highlight several phenomena of

malignant Cushing’s disease. The patients can present with

Cushing’s disease without any signs of metastases at initial

presentation. There can be a long delay between initial pre-

sentation and suspicion of malignant disease (23 and 9 years,

respectively). Finally, survival is long after initial diagnosis

of Cushing’s disease (32 and 18 years, respectively).

In addition to our 2 cases, only 56 previous cases of

malignant corticotroph adenomas have been reported,

summarized in Table 1. The first case was reported in 1936

[16]. Sixty-six percent of the cases were female (Table 2),

whereas in Cushing’s disease in general approximately

80% is female [49]. Mean age at presentation was 39 years

(range 13–71 years). Cushing’s syndrome was present in

64% at presentation, whereas 26% of patients presented

with visual complaints due to a silent corticotroph ade-

noma. It should be noted that in 10% of cases initial signs

and symptoms at presentation were not documented. Initial

therapy consisted of transsphenoidal or transcranial surgery

(74%), (postoperative) radiotherapy (50%), unilateral (4%)

and bilateral adrenalectomy (28%), and drug therapy (56%,
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ketoconazole, octreotide, OP’DDD, and steroid synthesis

inhibitors).

In our first case, Cushing’s disease recurred three times

after initial cure for which he was treated with transsphe-

noidal surgery and brachytherapy, radiotherapy and

bilateral adrenalectomy, respectively. In our second case,

Cushing’s disease recurred two times for which the patient

was treated by transsphenoidal surgery, bilateral adrenal-

ectomy, and radiotherapy. Recurrences of Cushing’s

disease were reported frequently in the other case reports

of malignant Cushing’s disease; one recurrence was

reported in 15 patients [8, 11, 12, 17, 18, 20–22, 30, 34, 35,

40, 45, 47, 48], two recurrences in 7 patients [13, 14, 21,

24, 26, 44] and three or more recurrences in 10 patients

[15, 19, 21, 23, 28, 29, 32, 37, 39, 41]. Nelson’s syndrome,

defined as pituitary tumor progression after bilateral

adrenalectomy, developed in one of our patients. Bilateral

adrenalectomy was performed as initial treatment in 16

cases (28%) after which recurrent Cushing’s syndrome due

to growth of the pituitary was documented in 11 cases [11,

12, 14, 21, 22, 28–30, 34, 41]. Pituitary tumor recurrences

after bilateral adrenalactomy during the course of the dis-

ease, were reported in only 4 other patients [23, 32, 37, 39].

The time interval between primary diagnosis of Cush-

ing’s disease and diagnosis of metastases was 32 and

17 years, respectively, which is relatively long compared

to the mean interval of 8.8 years with a range of 0.25–

34 years in the previously reported cases. Presenting

symptoms of metastases were mainly dependent on the

localization of metastases. A few metastases were

asymptomatic and only found during routine follow-up

screening for (recurrent) Cushing’s disease [12, 13, 23,

46]. Most of the metastases, however, caused problems

such as pain or local compression due to local growth in

liver [12, 21, 25, 27, 32, 39, 45], bones [8, 11, 14, 18, 26,

35], and the central nervous system [15, 17, 21, 22, 24, 29–

31]. In nine cases metastases were found only by post-

mortem analysis in the liver, intracranial, meninges, and

spinal cord [16, 19, 20, 28, 34, 36, 38, 43, 47]. Within the

central nervous system, metastatic sites were intracranial in

43%, and extracranial in 24%. Extramedullary metastases

(62% of the cases) were mostly reported in the liver [3, 11,

12, 14, 16, 20, 21, 25, 27, 32, 35, 36, 39, 41–45], lymph

nodes [3, 12, 31, 40, 48], and bone [3, 11, 14, 18, 21, 22,

25–27, 39, 40, 42].

In 8 cases including one of our cases, metastases were

found solely in bone, of which 4 patients were still alive at

time of report in the literature [21, 26, 42]. Those patients

had been treated with surgery (our case, [15]), with

radiotherapy [21, 26], and with combined chemotherapy

and radiotherapy [26]. Time interval to death in the other

four cases ranged from 0.4 to 2.7 years [3, 15, 22, 40].
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In 10 cases, metastases were found only in the liver [16,

20, 21, 32, 36, 38, 42–45]. Of those patients, two were still

alive at publication. One patient, a 56-year-old woman at

diagnosis, was treated by resection of liver metastases and

8-cycle chemotherapy (cyclophosphamide, vincristine,

dacarbazine) and still alive after almost 2 years after

diagnosis of liver metastases [21]. The other patient, 18-

year-old woman at diagnosis, was treated by hepatic

chemo-embolization (cisplatin, lipiodol and spongel

power) and was still alive after almost 2.5 years after

diagnosis of liver metastases [32].

Of our patients, one patient was still alive at publication,

but the other patient died 6 months after the diagnosis of

metastases. Of all reported cases, 18 patients (31%) were

still alive at publication of the data with a follow-up after

initial presentation of 0–7 years after the diagnosis of

metastases; four with solitary liver metastases [21, 32, 42,

45], two with multiple sites of metastases [27, 39], five

with solitary bone metastases (our case, [15, 21, 26, 42]) as

discussed above. The other patients had solitary lymph

node metastases (n = 2) which were extirpated [12, 48] or

metastases in the central nervous system (n = 5) for which

surgery [8, 24, 29, 30], or combined surgery and radio-

therapy was applied [21]. However, the mean interval

between diagnosis of metastases and death was 1.7 years

with a range of 0–3.9 years. Survival after the initial pre-

sentation is approximately 10 years, which is comparable

to the survival in patients with a malignant prolactinoma

[50]. However only 33% of all reported cases with

malignant CD survived more than 1 year after the devel-

opment of metastases.

Malignant pituitary tumors are thought to arise from

initially benign, large macroadenomas [51]. The mecha-

nisms underlying malignant transformation are

incompletely understood [51] and prediction of future

malignant behavior of ACTH-producing pituitary adeno-

mas is not possible until now. Frequent recurrences of

pituitary adenomas might be indicative of a non-benign

course. In the reported cases CD recurred at least one time

in 55% of cases. However, recurrence of benign Cushing’s

disease after initial surgical cure also occurs in 5–36% of

the patients during long-term follow-up [52–57]. Further-

more, growth of the pituitary tumor occurred in 67% of the

reported cases that were treated with bilateral adrenalec-

tomy as primary treatment. The prevalence of Nelson’s

syndrome without evidence of distant metastases of the

pituitary tumor ranges from approximately 30–50% [58,

59] in adrenalectomized patients and thus seems rather

high in the reported cases with malignant pituitary CD.

Therefore adrenalectomy might trigger transformation of a

pituitary tumor in an adenoma-to-carcinoma sequence.

Nevertheless, prophylactic irradiation of the pituitary to

prevent Nelson’s syndrome has not been proven to be

effective and remains controversial [60, 61].

In addition, in one third of the reported cases the initial

presentation consisted of mass effects of a silent adenoma

and Cushing’s syndrome evolved only in the course of the

disease. This is in contrast with findings of Scheithauer

et al. [62] who report 23 cases with a benign silent corti-

cotrophic adenoma at pathology reports, but in these cases

no symptoms of hypercortisolim occurred during the

course of the disease. Although data are scarce, the

evolvement of Cushing’s syndrome after initial presenta-

tion of a silent corticotrophic adenoma might thus be

considered as indicative of possible future malignant

behaviour of the pituitary tumor.

Persistently high ACTH levels despite various treatments

targeted at the pituitary should prompt the clinician to

Table 2 Summary of clinical

features of the reported cases of

malignant Cushing’s disease

a Steroid synthesis inhibitors,

octreotide, OP’DDD,

chemotherapy (in 1 case)

Characteristics (n = 58)

Gender, male (n (%)) 19 (33)

Age (years) 39 (13–71)

Presentation (n (%)) Cushing’s syndrome 37 (64)

Visual complaints, silent adenoma 15 (26)

Not documented 6 (10)

Initial therapy (n (%)) Transsphenoidal or transcranial surgery 43 (74)

Radiotherapy 29 (50)

Uni-/bilateral adrenalectomy 2 (3)/16 (28)

Medicamentous therapya 9 (16)

Metastatic sites (n (%)) Intracranial central nervous system 25 (43)

Extracranial central nervous system 14 (24)

Extramedullary 36 (62)

Mean time interval diagnosis-

metastases (years)

8.8 (0.25–34)

Mean interval metastases-death (years) 1.7 (0–21)

Alive at publication (n (%)) 18 (31)
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consider possible malignant pituitary CD. Most of the

metastases, however, caused local signs or symptoms such as

pain located in the bones or abdomen (as in our two cases)

and radiological investigations to detect metastatic disease

should be preferably targeted on the basis of clinical findings.

Occasionally, intracranial metastatic disease was found on

routine radiological scanning of the pituitary tumor.

There is case-to-case variability of the effect of che-

motherapy on prognosis. Although these data involve only

a limited number of patients, we conclude that chemo-

therapy does not improve prognosis of malignant

corticotroph adenoma. In addition, octreotide therapy [17,

18, 21, 22], cyproheptadine [30], and OP’DDD [31, 35]

were tried. Survival in these patients was not different from

other patients. Thus, it seems that surgical removal of

metastases might provide the best chance of survival.

Molecular mechanisms underlying malignant transforma-

tion of pituitary adenomas are incompletely understood

until now, but could present targets for development of new

drugs to control malignant pituitary CD.

In conclusion, malignant pituitary CD is very rare.

Frequently recurring CD, invasive macroadenoma, Nel-

son’s syndrome or persistently high ACTH levels should

prompt the clinician to consider the possibility of malig-

nant disease. Diagnosis of malignancy at an early point in

time might allow aggressive local and systemic therapy to

improve prognosis significantly.
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