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Adrenocorticotropic hormone (ACTH)-secreting pituitary carcinomas (PC) are rare. The natural history
and management of these carcinomas are poorly understood. We conducted a literature review using
The MEDLINE database, including the search terms; ‘ACTH’ and ‘pituitary carcinoma’. We also describe in
detail a case of ACTH-secreting PC. A total of 61 case reports were reviewed. Median age of diagnosis
was 45 years (IQR: 34–54). Metastases to multiple organs were common (61%). Adjuvant therapy
especially radiotherapy (78%), temozolomide (34%) and other medical therapy (29%) were frequently
employed. The mortality was 53% with a median time to death from diagnosis of 1 year (IQR: 1–3). In
conclusion, ACTH-secreting PC are associated with high mortality and a multidisciplinary team approach
is recommended for optimal care due to the emerging modalities with possible efficacy.

Lay abstract: Pituitary cancers that cause excess production of adrenocorticotropic hormone and lead
to cortisol excess are extremely rare. The natural history and management of these cancers are poorly
understood. We searched for all the cases in the literature that had similar cancer types and also reported
an additional recent case from our institution. In total, 61 cases were included. The average age at
diagnosis was 45 years. Fifty-three percent of the patients died within the year of being diagnosed with
this cancer. However, temozolomide and several new therapies – peptide receptor radionuclide therapy,
bevacizumab, ipilimumab/nivolumab and pembrolizumab have shown promise in treating patients with
this condition.
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Pituitary tumors account for 10% of clinically apparent intracranial neoplasms [1]. Incidental discovery of these
lesions has become increasingly common with the more frequent use of cerebral imaging including computed to-
mography (CT), MRI and positron emission tomography (PET) in recent years [2,3]. However, pituitary carcinomas
(PC), defined as primary adenohypophysial neoplasms with documented craniospinal and/or systemic metastases,
are rare with an estimated prevalence of 0.1–0.4% of all pituitary tumors [4–7]. The majority of PC are functional
(74–85%), producing adrenocorticotropic hormone (ACTH) (35–47%) most commonly, followed by prolactin
(25–30%), growth hormone (5–15%), gonadotrophins (FSH or LH) (5–10%) and thyroid-stimulating hormone
(TSH) (1–6%) [7–10].

Mortality is extremely high in PC patients, with case series reporting a mortality rate between 42 and 66%
at 12 months follow up [7–9,11]. Rarely, patients remain in remission after 20 years of follow up [12]. The latency
period, defined as the time between PC diagnosis and initial diagnosis of a pituitary tumor, has been reported to
be 1.5- to 2-fold longer in ACTH-secreting PC compared with prolactin-secreting PC [7,9]. Commonly reported
sites of metastasis include cranio-spinal, bone and liver [7,9,13].
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Figure 1. MRI pituitary before and 4 weeks after initial craniotomy. (A) Initial MRI (coronal view). Red arrow points
toward the pituitary tumor (50 × 46 × 42 mm), encasing the right carotid artery, compressing the optic chiasm and
right optic nerve. (B) Initial MRI (sagittal view). Red arrow points toward the pituitary tumor, showing suprasella
extension with compression of optic chiasm. MRI pituitary 4 weeks after initial surgery. (C) MRI 4 weeks after surgery
(coronal view) showing ongoing encasement of the right optic nerve, tumor extension into the orbit apex. Right
pre-chiasmatic optic nerve and optic chiasm are displaced superiorly. (D) MRI 4 weeks after surgery (sagittal view) of
residual tumor.

Treatment for PC often involves a combination of surgery, radiotherapy and chemotherapy, most commonly
temozolomide (TMZ). However, the response rate is limited. In this report, we describe the first case of ACTH-
secreting PC with recurrent metastases to the parotid and retro-orbital region. We present a review of the literature
of reported ACTH-secreting PC cases, focusing on the clinical and immunohistological characteristics of these
tumors as well as treatment outcomes.

Case description
A 49-year-old man presented in 2013 with a sudden onset of right-sided headache and diplopia. A large pituitary
mass measuring 50 × 46 × 42 mm that infiltrated into the right cavernous sinus and compressed the optic chiasm
and right optic nerve (Figure 1A) was identified on MRI. He was noted to have classical features of Cushing’s
syndrome including violaceous abdominal striae, easy bruising, a buffalo hump and central adiposity. Over the
preceding 18 months, he had developed hypertension, impaired glucose tolerance, sleep apnoea, major depression
as well as spontaneous rib and vertebral compression fractures. Biochemical testing confirmed the diagnosis of
Cushing’s disease: both ACTH (137 pg/ml; normal: <46 pg/ml) and 8 am serum cortisol level (1022 nmol/l;
normal: 120–650 nmol/l) were elevated. Apart from secondary hypogonadism (testosterone level 6.7 nmol/l
(normal: 7–28 nmol/l), LH 5.5 IU/l (normal: 1.5–9.3 IU/l), FSH 7.5 IU (normal: 1.4–18.8 IU/l), the remainder
of his pituitary hormone tests were within the normal limits. Tumor resection was performed via a right craniotomy.
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Figure 2. Immunochemistry staining pattern of the right parotid pituitary carcinoma. (A) Pituitary carcinoma (right
parotid) showing positive immune-staining for ACTH. (B) Pituitary carcinoma (right parotid) show positive T-Pit
antibody staining.

His cortisol and ACTH levels remained elevated after surgery however, and significant residual tumor was identified
on repeat MRI imaging (Figure 1B). He was therefore commenced on medical therapy including ketoconazole
and cabergoline which transiently normalized his cortisol and ACTH levels. Unfortunately, ketoconazole had to
be ceased 6 months later due to severe liver function derangement. Subsequently his ACTH and cortisol levels rose
but repeat imaging did not demonstrate further resectable disease and he thus received fractionated radiotherapy
(60 gray in 30 fractions) to his pituitary in 2014 (∼10 months post initial surgery). Pasireotide was considered but
could not be used due to the patient having a prolonged QT interval.

Approximately 2 years after his initial presentation, his disease relapsed, evident both clinically and biochemically.
Repeat MRI imaging of his pituitary, however, showed stable residual disease, unchanged compared with the previous
scan taken just prior to radiotherapy. Neither 68Ga-DOTATATE-PET nor FDG-PET scans identified avid distant
metastases. Subsequently, he developed a right parotid gland swelling and a core biopsy of the lesion confirmed
the presence of PC with heavy ACTH staining (Figure 2). Imaging, including MRI parotid and CT neck, were
then performed and metastases in the region were identified (Figure 3). He underwent total right parotid resection
and cervical level II–IV lymph node clearance. Histology confirmed a 3-cm pituitary metastasis in the parotid
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Figure 3. Imaging of the right parotid metastases. (A) MRI of the right
parotid metastasis measuring 35 × 23 mm. (B) Computed tomography
image showing multiple right parotid metastases, largest measuring
35 mm in diameter, with prominent enlargement of surrounding lymph
nodes in level 2.
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Figure 4. Adrenocorticotropic hormone level throughout treatment from diagnosis to most recent follow up.

gland with metastases to 11 out of 21 cervical lymph nodes. The Ki-67 cell proliferation index was 10% in the
metastasis compared with 2% in his initial pituitary tumor sample. Immunohistochemistry staining was negative
for all anterior pituitary hormones, except ACTH. In addition, the O6-methylguanin-DNA methyltransferase
(MGMT) staining was negative in keeping with methylation and P53 staining was weak, making TP53 mutation
unlikely. Postoperatively, his cortisol and ACTH levels were undetectable and he required steroid replacement
(Figure 4). The use of TMZ was discussed with the patient but rejected by him due to concerns about the side
effects. Adjuvant fractionated radiotherapy (54 Gray over 28 fractions) was thus administered to his right parotid
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bed and neck region shortly after surgery. After a further 18 months, new metastases were identified in his right
retro-orbital and right parotid regions. Surgical resection of those lesions was performed and a further 60 Gray of
fractionated radiotherapy was administered to the parotid region. The patient remains in clinical and biochemical
remission at the time of publication of this manuscript which is more than 2 years from the last surgical resection
of the metastases. The patient remains unkeen for the use of systemic chemotherapy.

Materials & methods
A comprehensive MEDLINE review was conducted for all ACTH-secreting PC. Terms used for the search included:
ACTH-secreting pituitary carcinoma, corticotroph pituitary carcinoma and malignant pituitary carcinoma. All cases
reported before 2021 were included and details of the clinical characteristics, treatment course and outcome were
recorded. Information on Ki-67 labeling index were collected and recorded when available. Statistical analysis of
the collected clinical data using SPSS program was undertaken. Univariate analysis (chi-square and Fisher exact
test) was applied to categorical data. A binary regression model was applied for predictors of mortality.

Results
A total of 48 publications, published between 1947 and 2020, were reviewed and 61 cases of ACTH-secreting
PC were identified including the case we report in this publication (Supplementary Table 1 [14]). The median
age at PC diagnosis was 45 years (IQR: 34–54). Twenty-eight cases (46%) were males. Tumor size was reported
in 43 cases and 38 cases (88%) were macroadenomas (greater than 10 mm in size). The median latency period
between diagnosis of PC and initial pituitary tumor diagnosis was 5 years (IQR: 2–11). The most common site of
metastasis was the liver (53%), followed by brain (43%), spinal cord (33%) and bone (16%) (Table 1). Metastases
involving multiple organs were found in 61% of patients. Specifically, cerebro–spinal metastases were present in
36 patients (59%) and systemic metastases in 38 patients (62%). Thirteen (22%) patients were found to have
both cerebro–spinal and systemic metastases. The Ki-67 cell proliferation index was reported in 18 pituitary tumor
(PT) samples and 17 PC samples. Eleven cases had Ki-67 labeling index available in both PT and PC samples.
The median Ki-67 labeling index was 5% (IQR: 4–12.5) in PT samples and 16.5% (IQR: 10–57) in PC samples
(p = 0.18).

Sixty-five percent of patients required multiple surgical resections due to recurrence of their pituitary tumors
prior to the diagnosis of PC. Craniotomy (44%), bilateral adrenalectomy (38%) and surgery for resection of
metastasis (31%) were also frequently performed. Radiotherapy was used in 49 (78%) patients, with 15 patients
(25%) receiving repeated therapy. Adjuvant medical therapy including ketoconazole, metyrapone, mifepristone,
pasireotide and somatostatin analogs were used in 17 (29%) of patients. In total, 21 patients (34%) received TMZ.
Nine patients (15%) received other systemic chemotherapy. Four patients were treated with bevacizumab. Two
were given bevacizumab after showing disease progression with TMZ and one received bevacizumab treatment
concurrently with TMZ. All of them were alive at 2, 5 and 8 years, respectively. The fourth patient’s exact treatment
course was unclear, and she died 7 years later. One patient was also treated with the combination of ipilimumab
and nivolumab and was reported to be alive at 6 months follow up. Finally, two patients showed a partial response
to pembrolizumab and were both alive after treatment at 1 and 3.5 years, respectively.

Overall, 32 patients (53%) died during follow up. The median time to death from diagnosis of PC was 1 year
(IQR: 1–3). The median follow-up period of the 23 patients who were reported to be still alive was 24 months
(IQR: 14–60). Using binary logistics regression model analysis, treatment with TMZ was inversely related with
mortality rate and this was statistical significance (odds ratio: 3.3; 95% CI: 1.1–10.1; p = 0.034).

Discussion
Previous case series of pituitary carcinoma have included all subtypes of PC due to rarity of the condition. We
have deliberately focused on ACTH-secreting PC and compiled the most comprehensive review for this subgroup
of PC. We also described a case of ACTH-secreting PC with metastases to the parotid and periorbital region. To
our knowledge, this has never been reported. We found that for patients with ACTH-secreting PCs, the median
age of onset was 45 years. This is similar to previously published case series (between 45 and 56 years) [7,9,10,15].
The median latency period of PC onset was shorter (5 years) for ACTH-secreting PC than the previously reported
9 years [7,9]. No gender difference was seen in our analysis. Other case series have reported conflicting results,
ranging from no gender difference to male predominance or indeed female predominance in prolactin-secreting PC
only [7,10,13,16]. This variability may have been due to the heterogenous PC types included in these series. Common
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Table 1. Summary of clinical characteristics and outcome of patients with adrenocorticotropic hormone secreting PC.
n %

Median age of disease onset (years) 45 (IQR: 34–54)

Males 28 46

Macroadenoma (initial tumor) 39 88

Latency between initial pituitary tumor diagnosis to onset of PC (years) 5 (IQR: 2–11)

Ki67 index of the original pituitary tumor sample 5% (IQR: 4%–12.5%)

Ki67 index of PC 16.5% (IQR: 8%–31%)

More than 1 area of metastases 37 61

Sites of metastases
Liver
Cerebral
Spine
Bone
Lung
Lymph node
Adrenal
Retro orbital
Breast
Cardiac
Pancreas
Periparotid
Parotid

32
26
20
10
6
4
2
2
1
1
1
1
1

53
43
33
16
10
7
3
3
2
2
2
2
2

Requiring more than 1 transsphenoidal surgery for the original pituitary adenoma 40 66

Craniotomy 24 44

Bilateral adrenalectomy 23 38

Surgery for metastases 18 33

Radiotherapy 49 78

Temozolomide 21 34

Other adjuvant chemotherapy 9 15

Adjuvant medical therapy 16 26

Death 32 53

Median time death occurred post diagnosis of PC (years) 1 (IQR: 1–3)

Created using data from all previous published cases from 1947 to 2020 [14].
IQR: Interquartile range; PC: Pituitary carcinoma.

sites of metastases for PC include the liver and central nervous system (CNS). Around 22% of patients in this
case series review had metastases involving both cerebro–spinal system and other systemic organs. In previously
published cases series, around 8–13% of patients were reported to have widespread metastases [7–9]. The route of
metastases is thought to be through lymphovascular system. Overall, these results infer that ACTH-secreting PC
maybe more aggressive than other types of PC with patients presenting at a younger age with a shorter latency
period and high burden of metastases. Future studies dedicated to specific sub-groups of PC could help verify the
findings seen in this review.

Accurate and prompt detection of metastases is important for the management of PC. In many case reports
published in the last decade, pituitary metastases were frequently discovered at post-mortem [17–24]. Recently, 68GA-
DOTATATE-PET has been found in anecdotal cases to be superior in detecting distal metastases in patients with PC
than conventional imaging modalities including MRI, FDG-PET and Octreotide scan [25–27]. 68Ga-DOTATATE
PET uses a selective somatostatin receptor (SSTR) PET tracer, which binds mainly to SSTR type 2, known to be
overexpressed on ACTH-secreting pituitary tumors [25,28–30]. Given that most ACTH-secreting PC evolved from
pituitary tumors, the assumption is that SSTR type 2 would also be expressed on PC, making 68Ga-DOTATATE
PET tracer a potential ideal imaging modality for detecting PC and distal metastases. In our patient, however,
68Ga-DOTATATE did not identify the parotid metastasis during initial work-up. This is possibly related to poor
bio-distribution of 68Ga-DOTATATE in the parotid gland [31,32]. Other organs with poor bio-distribution of the
68GA-DOTATATE tracer include the lung, salivary glands and thyroid gland. In contrast, the pituitary gland,
spleen, liver, adrenal glands and urinary tracts display high bio-distribution [31–33]. This variation in normal bio-
distribution of the 68GA-DOTATATE tracer should be taken into consideration when ordering and interpreting the
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findings of these scans. In addition, more recent studies have identified higher expression of SSTR type 3 and 5 than
SSTR type 2 on ACTH-secreting pituitary tumors [29,34]. Thus 68GA-DOTANOC, which employs tracers with
higher affinity to both SSTR type 3 and 5, may be a superior imaging modality than 68GA-DOTATATE [30,33,35].
Future studies to determine the true expression of SSTR subtypes on PC will provide important insights into the
ideal imaging modalities for detection of metastases.

Knowledge of the presence of SSTR subtypes on the surface of PCs also has important potential therapeutic
implications. Many different choices of somatostatin analogs are now readily available, and they each target different
SSTR subtypes: pasireotide on SSTR 3 and 5 compared with lanreotide on SSTR 2 [36]. Furthermore, new therapy
options such as peptide receptor radionuclide therapy (PRRT) also targets SSTR. PRRT is a molecular therapy
that delivers radionuclides, including 177Lu and 90Y to tumor cells expressing SSTR. This treatment delivers
radiation to tumor cells that are often inoperable. So far, there have been two case reports of successful treatment
of non-hormone secreting PC with 177Lu-DOTATATE. In both cases, patients tolerated the treatment well and
have shown no disease progression at 2.5 and 4 years, respectively [26,37]. PRRT therapy has also been trialed in
aggressive pituitary adenomas (APTs), defined as pituitary tumors with local invasion and rapid tumor growth
without distant metastasis, that have failed to respond to conventional therapy, however treatment responses are
quite variable among reported cases [37–40]. Future studies are needed to evaluate the effectiveness of PRRT as a
potential treatment option for PC.

The Ki-67 labeling index has been widely used as a marker of tumor proliferation and has frequently been
described to be elevated in pituitary carcinomas compared with pituitary adenomas [7,13,41]. The WHO 2017
guidelines recommend evaluation of tumor proliferation using Ki-67, however, no specific Ki-67 cut-off value was
provided in the guideline to delineate adenoma from carcinoma. This is because while the median level of Ki-67
is generally higher in PC, the specific Ki-67 value varies widely between tumors. Using our current series as an
example, the Ki-67 values for pituitary tumors at initial diagnosis ranged from 1 to 40% and from 4 to 80% for
PC. This wide overlap of Ki-67 levels makes it a poor discriminator of pituitary adenoma from PC [10,41]. However,
altered levels appear to coincide with tumor transformation and metastases. Therefore, a high Ki-67 value should
prompt clinical suspicion and thorough investigation with close follow up. Testing of another tumor proliferation
marker, P53, is no longer recommended by WHO due to low sensitivity [5,42].

Treatment of PC is challenging despite multimodal therapy. The majority of PC are functional and exhibit
local invasion. As seen in our case review, many patients required multiple surgical resections and radiotherapy
during their treatment course. While ACTH-secreting pituitary adenomas are known to express dopamine and
somatostatin receptors, conventional medical therapy such as dopamine agonist and SSTR analog often fail to
result in biochemical control in PC and disease progression is frequent despite treatment. The use of drugs
that inhibit adrenal steroidogenesis such as ketoconazole and metyrapone are limited by the side effects such as
liver derangement from ketoconazole. Overall, a high proportion of patients with PC proceed to have bilateral
adrenalectomy to resolve cortisol hypersecretion.

Due to the rarity of the condition, no randomized controlled trials have been conducted to assess the efficacy
of systemic chemotherapy on PC. Currently, the most widely utilized systemic chemotherapy for PC treatment is
TMZ. Using binary regression analysis, we have found a markedly reduced odds of dying from ACTH-secreting PC
in patients treated with TMZ (OR: 3.3, 95% CI: 1.1–10.1) and this was statistically significant. TMZ is an alkylating
agent with 100% oral bioavailability which readily crosses the blood–brain barrier. It induces DNA damage through
base pair mismatch of O6-methylguanine with thymidine. In the absence of MGMT, which normally removes
the methyl group at O6-guanine, the mismatch pair triggers the mismatch repair pathway (MMR). This leads
to incorrect reinsertion of thymine opposite to the O6-methylguanine leading to cell apoptosis [43,44]. In 2006,
multiple groups reported successful use of TMZ in treatment of PC patients [45–47]. Lim et al. reported the first
case of prolactin-secreting PC that showed marked reduction of multiple cerebro–spinal metastases on MRI and
normalization of prolactin after 18 months TMZ treatment [46]. More recent case series, following these case
reports, have always included patients with PC as well as those with APTs [10,1548–55]. The median treatment
period is usually between 6 and 12 months with median treatment response rates of approximately 40–45%. The
majority of patients showed partial response to treatment, with complete response seen in less than 20% of patients.
Low MGMT expression, assessed by immunohistochemistry (IHC), has traditionally been thought to be a good
predictor of response rate to TMZ in cancer patients [43,56,57]. However, study results are more heterogeneous when
focused specifically on APT and PC, with some reporting correlation and others do not [10,15,48,51,52]. Therefore,
high MGMT expression should not preclude a trial use of TMZ in patients with PC who have progressive disease
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despite maximum conventional therapy [55]. Recurrence of PC post TMZ cessation is common, and no guideline
is currently available with regards to the optimum treatment period of TMZ. The response rates to repeated TMZ
therapy in patients who have relapsed after an initial TMZ course have been poor [10,55].

Apart from TMZ, there have been few reports of successful ACTH-secreting PC treatment using the newer
chemotherapy agent bevacizumab. Bevacizumab is known to reduce tumor growth by inhibiting VEGF-A [58]. It
has been widely used in many solid organ cancer treatments [59–62]. More recently, it has demonstrated efficacy
in patients with metastatic poorly differentiated NETs in a retrospective study [63]. A prospective clinical trial
is currently underway to investigate this further. (Clinicaltrials.gov, identifier: NCT00227617). So far, three
patients with ACTH-secreting PC have shown positive response to bevacizumab and were alive at 2, 5 and
8 years respectively after treatment [64–66] In comparison, Alshaikh et al. reported a case that did not respond to
bevacizumab [6]. However, it appears the indication for the use of bevacizumab was for Nelson’s syndrome after
bilateral adrenalectomy and the patient did not progress to PC until years later. McCormack et al. also reported a
large case series of treatment outcomes of 125 aggressive pituitary tumors and 40 PC through clinical survey [10].
In the study, seven cases were treated with bevacizumab and the overall response was variable ranging from no
response to stable disease. However, the study did not clearly define the tumor types of these patients. Therefore,
it is difficult to draw definitive conclusions regarding bevacizumab’s efficacy in treating ACTH-secreting PC.

In 2018, Lin et al. reported the first and only case of PC treated with ipilimumab/nivolumab to date. The patient
had marked shrinkage of liver metastases as well as improvement of the hypercortisolemic state at 6 months follow
up [67]. The immune checkpoint inhibitors, ipilimumab and nivolumab, inhibit the CTLA-4 protein receptor and
PD-1/PDL1 receptors, respectively. This induces a T-cell-driven immune response that recognizes and destroys
cancer cells. Given the anecdotal successful use of ipilimumab/nivolumab, Majd et al. used another PD-1 inhibitor,
pembrolizumab, to treat four patients with PC [68]. This was part of a Phase II study that included all patients
with rare cancers that showed disease progression within the last 6 months [69]. Pembrolizumab is a humanized
monoclonal antibody that has been widely used in treatment of metastatic solid organ cancers, in particular
metastatic melanoma and non-small-cell lung cancer [70–72]. The four PC cases reported by Majd et al. included
two cases of ACTH-secreting PC, one with prolactin-secreting PC and one with nonfunctioning PC. Both patients
with ACTH-secreting PC showed partial radiological response to treatment (60 and 32% reduction in tumor size).
One patient also developed an undetectable ACTH while the other had marked reduction of the ACTH level.
Pembrolizumab was well tolerated and both patients were alive at 42 and 12 months, respectively. In comparison,
a patient with a nonfunctioning PC showed the best response to Pembrolizumb (although not clearly quantified)
while the patient with prolactin-secreting PC had no response and subsequently died.

Interestingly, hypophysitis leading to permanent anterior hormone deficiency, including ACTH deficiency has
been reported in a significant proportion of patients (up to 22%) treated with these agents [70,73–76. Paradoxically,
this reported side effect targeting the pituitary gland suggest these agents may have benefit in treating patients with
PC. While there is only limited experience using these agents in PC, future studies are needed to further elucidate
their efficacy on PC. Interactions between these agents and different PC subtypes should also be included as a focus
point. One possible explanation for the variability of response to pembrolizumab seen between different sub-types
of PC may be related to the expression of biomarkers such as PD-L1 on tumor cells [77]. Like SSTR, PD-L1 can
be found in various solid organ tumor cells and over-expression has been associated with poor prognosis [78–80].
In some tumor types, such as non-small-cell lung cancer, the presence of PD-L1 has been associated with better
treatment response to pembrolizumab [81]. In 2016, pembrolizumab was approved as first-line therapy for advanced
non-small-cell lung cancer among those with >50% tumor cells expressing PD-L1. Similarly, the presence of
tumor infiltrating lymphocytes is also associated with an improved response rate to immunotherapy in different
solid organ cancers [82–84]. Future studies are needed to explore the presence of these biomarkers on PC and whether
they indeed influence the response rate to immunotherapy agents.

Limitation of the review
This review is a retrospective analysis of all the published case reports of ACTH-secreting PC identified using the
search terms described in Materials & methods. Studies that did not give a clear description of the tumor types
were excluded from the analysis. In addition, there may be additional cases that were not identified due to the
different terminology used to describe PC. Thus it is possible that the prevalence of ACTH-secreting PC may be
higher than we report.
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Conclusion
Pituitary carcinomas, although very rare, cause significant morbidity and mortality. We have presented a com-
prehensive review of the published case reports of ACTH-secreting pituitary carcinomas. As the period between
initial diagnosis of pituitary tumor to diagnosis of pituitary carcinoma can be very long, careful long-term follow
up is warranted, especially in those tumors with a high Ki-67 labelling index level at initial diagnosis. While new
image modalities such as 68GA-DOTATATE PET could aid in earlier and more effective detection of pituitary
metastases, treatment options for pituitary carcinoma remain restricted. TMZ should be considered in patients
with progressive pituitary carcinoma despite maximum multimodal conventional therapy. Our review results have
found TMZ treatment to be associated with reduce odds of dying from ACTH-secreting PC (OR: 3.3; p = 0.034).
MGMT expression should guide, but not preclude the use of TMZ use in these patients. The optimal treatment
period for TMZ remains to be elucidated. New therapy options such as bevacizumab, ipilimumab/nivolumab and
pembrolizumab have shown promising results in treating small case series of ACTH-secreting PC, however larger
case series are needed to assess the effectiveness of these agents on this rare condition.

Summary points

• In this review, 53% of patients with adrenocorticotropic hormone (ACTH)-secreting pituitary carcinoma (PC) died
within 1-year post diagnosis. The use of temozolomide (TMZ) greatly reduced the risk of dying from the
condition (OR: 3.33, 95% CI: 1.1–10.1, p = 0.034).

• A high Ki-67 level should raise concern for PC transformation but itself alone is not a good discriminator of PC
from pituitary adenoma.

• Metastases to multiple organs were common and 68GA-DOTATATE-PET and similar imaging using tracers that
target selective somatostatin receptor may be superior in detecting distal metastases than conventional imaging.

• MGMT expression should guide, but not preclude the use of TMZ use in these patients.
• In addition to TMZ, new agents namely peptide receptor radionuclide therapy, bevacizumab,

ipilimumab/nivolumab and pembrolizumab have reported success in treating patients with ACTH-secreting PC.
Future studies are needed to assess the effectiveness of these agents on all the subtypes of PC.
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