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Abstract: Although aggressive pituitary adenomas (PAs) have been proposed and widely discussed for more
than a decade, there is no general agreement regarding their definition, diagnosis or management. As one of
the largest pituitary centers in China, we have diagnosed and treated more than fifty cases of aggressive PA
and 3 pituitary carcinomas in the past 5 years and proposed a new term, i.e., refractory PAs, to define these
adenomas. The definitions of aggressive and refractory PAs overlap with each other, though there are some
differences between them. We interpret the definition for refractory PA in this review, emphasizing that
more attention and early identification of these adenomas are needed. Although temozolomide (TMZ) has
been used to treat pituitary carcinomas and refractory PA since 2006, which has significantly improved the
prognosis of these patients, treatment of refractory PA is a tremendous challenge for endocrinologists and
neurosurgeons. Overall, refractory PA is defined as PA with a Ki-67 labeling index >3%, a faster growth rate
than that of normal PA, infiltration of surrounding tissues, recurrence or regrowth in the early postoperative
period, and continued growth and/or secretion of excessive hormones despite attempts to control it. These
criteria for refractory PA are stricter than for aggressive PA. The diagnosis and treatment of refractory PA

requires the collaboration of a multidisciplinary team to achieve the best results.
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Introduction or secrete hormones over many years. Although most PAs
can be cured or controlled surgically, pharmacologically
and/or radiologically, a small set of PAs with a high Ki-67,

rapid growth, infiltration of surrounding tissues, and early

Pituitary adenomas (PAs) arising from adenohypophyseal
cells account for approximately 15% of intracranial
tumors (1). In the largest meta-analysis of autopsy studies

comprising 18,902 examined pituitaries from 32 series (2),
the mean prevalence of pituitary incidentaloma was 10.7%
(range 1.5-31%). However, the prevalence of clinically
significant PA in the general population has recently been
found to be 1/1,000 (3), indicating that most PAs maintain
the characteristics of benign tumors and do not grow in size
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and multiple recurrences are refractory to conventional
treatments such as surgery, drugs and radiotherapy. These
PAs are notoriously difficult to manage and are referred
to as aggressive PAs (4,5). According to the European
Society for Endocrinology (ESE) guidelines, the diagnosis

of aggressive PA should be considered in patients with a
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radiologically invasive tumor and an unusually rapid tumor
growth rate or clinically relevant tumor growth despite
optimal standard therapies, including surgery, radiotherapy
and conventional medical treatments (6). Aggressive PA
can seriously affect the quality of life of the patient, and the
prognosis of these patients is very poor. Consequently, early
identification and acute diagnosis along with personalized
treatment strategies for aggressive PA are crucial for
appropriate management.

Although aggressive PAs have been proposed and
widely discussed for more than a decade, there is no
general agreement regarding their definition, diagnosis
or management. As one of the largest pituitary centers
in China, we have diagnosed and treated more than fifty
cases of aggressive PA and 3 pituitary carcinomas in the
past 5 years, and we proposed the new term “refractory
PA” to define these adenomas (7,8). Although the
definitions of aggressive and refractory PAs overlap, the
definition of refractory PA includes radiological findings
and histopathological and clinical features, in particular,
emphasizing the importance of the Ki-67 index and growth
velocity, which are stricter criteria than for aggressive PA,
with a worse prognosis. We present the following article in
accordance with the Narrative Review reporting checklist
(available at http://dx.doi.org/10.21037/gs-20-873).

Definition of refractory PA

Although only a very minority of PA patients develop
aggressive adenomas, many efforts in the past two decades
have been made to improve the definition and diagnostic
process of these Pas that show aggressive behavior and
poor prognosis. The World Health Organization (WHO)
classification of PAs in 2004 categorized these tumors
as typical, atypical, or carcinoma, and atypical adenoma
was characterized as follows: a Ki-67 labeling index 23%,
increased mitotic count, or elevated p53 and immune
response activities (9). Atypical PAs comprise 2.7-15%
of the total number of all PAs (10). However, in many
subsequent studies, the diagnosis of atypical PA did not
indicate the biological behavior of the tumor or the poor
prognosis of the disease (11,12). Therefore, the definition
of atypical PA was removed, and the concept of aggressive
PA was formally put forward in the 4th WHO classification
of PA in 2017, in which the assessment of proliferative
activity and invasion was recommended for diagnosing
aggressive PA (13). High-risk PAs, including sparsely
granulated somatotroph adenoma, lactortroph adenoma in
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males, silent Crooke cell corticotroph adenoma, and Pit-1-
positive plurihormonal adenoma, previously termed silent
subtype 3, have the common characteristics of rapid growth,
radiological invasion, and a high Ki-67 proliferation index;
they also tend to be recurrent and resistant to conventional
therapy (13).

Regardless of whether PAs are classified as typical or atypical
and aggressive or nonaggressive, such categorization seeks to
identify the malignant behavior of PA without cerebrospinal
and/or systemic metastasis, which ultimately results in a
poor prognosis. Although aggressive PAs are considered in
patients with a radiologically invasive tumor and an unusually
rapid growth rate or clinically relevant tumor growth despite
optimal standard therapies, as described above, the definition
of aggressiveness for pituitary tumors is rather confusing,
particularly because of the lack of specific histopathological
features (14). Furthermore, aggressiveness and invasiveness
are interpreted differently by individual clinicians, and these
terms are often used interchangeably (15). Nevertheless, most
nonfunctioning PAs extending into the cavernous sinus are
neither aggressive nor invasive, and cavernous sinus extension
of PAs may be caused by weakness of the medial wall of the
cavernous sinus (16). In our case series, total resection through
extended transsphenoidal surgery was achieved for a substantial
number of invasive Pas, with no recurrence after a long follow-
up time (Figure 1) (17). Overall, a more accurate definition and
objective diagnostic criteria are needed.

In 2016, we diagnosed and treated more than fifty cases
of aggressive PAs and proposed a new term, “refractory
PA”, to define these adenomas (7). By considering research
progress and increasing numbers of patients with refractory
Pas being treated, we summarized the diagnostic criteria for
refractory PA as follows: (I) the tumor infiltrates adjacent
structures according to radiological results or intraoperative
findings; (II) the Ki-67 index is greater than 3%, and the
tumor growth velocity in volume is 22% per month; (III)
conventional treatments fail to control tumor growth and/
or hormonal hypersecretion; (IV) tumor recurrence or
regrowth occurs within 6 months after surgery; (V) tumor
growth and/or hormone hypersecretion seriously affect the
patient's quality of life and can even be life-threatening;
and (VI) no intracranial or intraspinal metastasis or distant
metastasis occurs (7,8). Although the term refractory
is not yet accepted by most pituitary specialists, the
definition of refractory PA includes radiological findings
and histopathological and clinical features, in particular,
emphasizing the importance of the Ki-67 index and growth
velocity, which are stricter criteria than for aggressive PA,
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Figure 1 Total resection through extended transsphenoidal surgery was achieved for a 26-year patient with cavernous sinus invasive pituitary

adenoma. (A,B) (4 days after surgery), with showed no recurrence after 18 months (C).

with a worse prognosis.

Ki-67 is an immunohistochemical marker used for
prognostic prediction in PA (18). The Ki-67 index of
aggressive PAs is much higher than that of benign PAs (19),
indicating its importance compared with other histological
and clinical markers, such as widely positive p53 expression
and mitotic count 22/10 high-power fields. In another
retrospective study by Trouillas er /. (20), Ki-67 and other
proliferation parameters were added to define aggressive
tumors. PAs were classified into 5 grades (grade la:
noninvasive, 1b: noninvasive and proliferative, 2a: invasive,
2b: invasive and proliferative, and 3: metastatic) based on
tumor size, type, invasion, p53 and cell cycle markers (Ki-
67). After 8 years of follow-up, invasive and proliferative
tumors (grade 2b) had a relatively poor prognosis compared
to noninvasive tumors (20). Moreover, Petry et al. (21)
showed that the Ki-67 index was predictive of regrowth in
nonfunctioning adenomas, and in a recent study, patients
with the highest Ki67 index (30%) had a risk of developing
pituitary carcinoma, indicating that more attention should
be paid to a Ki67 index 23%. Nonetheless, it remains
unclear whether a specific Ki-67 index can be used as a
diagnostic marker for refractory PA, and more research
is needed. In our previous study, we proposed using not
only the cutoff value of 23% for Ki-67 but also the tumor
growth velocity 22% per month, as rapid growth rate is an
important sign of refractory PA (7). Additionally, tumor
recurrence or regrowth can occur within a short period
(6 months) after surgical resection, even when complete
resection is achieved (7). Therefore, rapid deterioration
of the clinical manifestations and a sudden increase in
hormone levels are also indications of the progression of
functional pituitary tumors.

To date, there are no specific molecular biomarkers to
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indicate refractory PA. Indeed, attempts to establish predictive
and/or prognostic biomarkers of clinical aggressiveness for
refractory PA remain largely unsuccessful due to a lack of
understanding of their pathogenesis and a lack of case series.
However, the histopathological structure of refractory PA
cells is not significantly different from that of benign PA
cells or pituitary carcinoma cells (22). Morphologic features
associated with refractoriness, including nuclear and cellular
pleomorphism or increased mitotic activity, are commonly
present but are not necessarily diagnostic for refractory PA;
a high Ki-67 labeling index 23% and dural and/or bony
invasion are necessary but not adequate for the diagnosis of
refractory PA, as discussed above.

Both aggressive and refractory tumors involve clinically
relevant tumor growth, despite optimal standard therapies.
Nevertheless, the definitions and diagnostic criteria for
aggressive disease do not provide an objective criterion for
rapid growth, which easily leads to different judgments
among clinicians. The definition of refractory includes a
tumor growth velocity 22% per month, which is used to
determine rapid growth. Although tumor growth velocity
22% per month still it does provide an objective criterion
for rapid growth. The differences and similarities among
atypical, aggressive, high-risk and refractory PA are shown
in Table 1.

Although characteristics of refractory RA overlap
those of aggressive and resistant adenomas, there are
some differences. As an intermediate stage in phenotype
between benign PA and pituitary carcinoma, the definition
of refractory PA is based not only on the clinical and
pathological features of the adenoma, the response to
conventional therapy and the perspective of the patient's
clinical outcome but also on the importance of rapid
growth patterns, even under intensive treatment. In
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Table 1 The different characteristics of atypical, aggressive, high-risk and refractory PA

Atypical PAs High-risk PAs Aggressive PAs Refractory PAs
Invasion Not required Not required Radiological Radiological or intraoperative
Ki-67 index >3% Not required Not required >3%

Tumor growth velocity Not required

Tumor recurrence Not required

Tumor growth or hormone Not required

Not required
Not required

Not required

Not required >2% per month

Not required Within 6 months after surgery

Rapid tumor growth Worsen with time

hypersecretion
Conventional treatment Not required Not required Failed Failed
Metastasis No No No No

contrast, aggressive PAs only exhibit clinical features and
poor prognosis. By reviewing 102 patients with aggressive
Ceccato er al. (23) also proposed a new and comprehensive
definition of aggressiveness based upon radiological, clinical
and pathological features, similar to our proposal.

Therefore, compared with “aggressive” PA, refractory PA
might more accurately represent the clinical features of the
malignant behavior of PA without cerebrospinal metastasis,
including radiological findings, pathological features and
dynamic clinical behavior. Regardless, stricter and more
accurate clinical characteristics of refractory PA are needed
for diagnosis.

Molecular tumorigenesis of the aggressive
behavior of refractory PA

Genetic or epigenetic abnormalities, disorders in paracrine
growth factor signaling, and changes in the pituitary
microenvironment can result in the activation of pituitary-
specific oncogenes or inactivation of tumor suppressor
genes, leading to sustained cell proliferation (24). Although
mutations in GNAS [the gene encoding the stimulatory
alpha subunit of the guanine nucleotide-binding protein
(G-protein) that stimulates adenylate cyclase] and USPS$
(ubiquitin carboxyl terminal hydrolase 8) occur in subgroups
of nonfamilial growth hormone-secreting tumors and
corticotropin-secreting tumors, respectively (25), the
underlying cause at the molecular level of other PAs remains
unclear, and the genetic evaluation of PAs is rarely helpful
for management. Moreover, the process of malignant
transformation and progression from benign PA to refractory
PA remains unclear, and the progression from aggressive/
malignant characteristics to pituitary carcinoma is poorly
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understood (26). Although the incidence of malignant
progression of PA is very rare, once it occurs, the tumor
becomes aggressive, namely, refractory PA or pituitary
carcinoma with either craniospinal dissemination or systemic
metastases.

For young patients with a clear family history of
pituitary and endocrine tumors, germline genetic testing
is recommended to search for evidence of genetic changes.
PAs associated with multiple endocrine neoplastic syndrome
type 1 (MEN1) and aromatic receptor-interacting protein
(AIP) gene mutations tend to be more refractory (27,28).
Other genes associated with susceptibility to PAs include
GPR101 (x-linked acromegaly gigantism, XLAG), cyclin
kinase inhibitor p27Kip1 (multiple endocrine neoplasia type
4, multiple endocrine neoplasia type 4, MEN4), PRKARIA
(Carney complex), GNAS (McCune-Albright syndrome),
neurofibromatosis type 1, SDHx mutation and DICER1
syndrome (28,29).

Treatment

Importance of multidisciplinary collaboration for diagnosis
and treatment

The diagnosis and treatment of refractory PA requires
the collaboration of a multidisciplinary team (MDT) to
achieve the best results (30). Therefore, once a diagnosis of
refractory PA is suspected, the diagnosis and treatment must
rely on the cooperation of members in the MDT, which
should consist of doctors with expertise in neurosurgery,
endocrinology, radiotherapy, radiology, pathology,
oncology, neuroophthalmology and other specialties.
The tasks of the MDT include not only patient diagnosis
and comprehensive endocrine assessment but also the
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selection of optimal treatment modalities, determination
of appropriate combinations of different treatments and

lifelong follow-up.

Surgical treatment

As refractory PAs continue to grow even after multiple
and combined operations, conventional drug therapy
and radiotherapy, MDTs need to discuss the possibility
of surgical debulking (4). In fact, surgical debulking can
achieve subtotal resection, which alleviates the pressure of
the tumor on the optic nerve, optic chiasma, hypothalamus,
brain stem and other important structures and reduces
reverse hydrocephalus, and it may also enhance the effect of
adjuvant therapy, such as radiotherapy or TMZ.

When considering surgical debulking, the patient's
systemic status and the possibility of surgical complications
should be comprehensively evaluated, and the risks and
benefits of surgery should be weighed wisely. As studies
have suggested that surgeons with extensive experience
in pituitary surgery have a lower incidence of surgical
complications and mortality, it is recommended that
neurosurgeons with extensive surgical experience in PA
perform the operation (31). An extended endoscopic
approach in which wide exposure and direct visualization
can be achieved can facilitate the removal of tumors that
invade the cavernous sinus and other sites, but it should
be noted that such an approach might result in significant
arterial damage, cranial nerve damage and postoperative
cerebrospinal fluid leakage (32). Assistive techniques such
as intraoperative navigation, intraoperative MRI, vascular
Doppler ultrasound, neuroelectrophysiological monitoring
and cerebrospinal fluid leakage repair can improve the
resection rate and safety of transsphenoidal surgery (33).

Radiotherapy

All patients with refractory PA with a residual tumor should
consider the possibility of radiation therapy. However, as
most patients have previously received radiation therapy once
or even more than twice, the patient’s radiotherapy tolerance
should be comprehensively assessed before considering
radiotherapy. Once it has been determined that a patient
with refractory PA can tolerate radiation therapy, the therapy
alone or combined with TMZ should be utilized. Despite
very limited data regarding radiotherapy approaches for
refractory PA, both conventional external beam radiotherapy
and stereotactic radiosurgery are effective at controlling or
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pituitary carcinoma growth (34). Conventional external beam
radiotherapy has been used for several decades and has shown
good clinical efficacy at a total dose of 45-54 Gy, which is
divided into 25-30 exposures (35). However, stereotactic
radiosurgery is becoming more popular for patients with
irregular tumor shapes, especially those invading the visual
pathway, pituitary stalk, brain stem and other important
structures (36). Different modes of stereotactic irradiation
are available, including linear accelerators (such as LINAC
and CyberKnife), multisource cobalt-60 devices (such as
gamma knives), and proton beam accelerators (37,38). When
the tumor is adjacent to the visual pathway, stereotactic
radiosurgery can be divided into 3-5 sessions, which not
only protects the adjacent structures at risk of injury but also
increases the radiation dose delivered to the tumor to control
its growth (39). Stereotactic radiosurgery generally requires
the tumor edge to be at least 3-5 mm away from the visual
pathway, and the maximum diameter of the tumor should not
exceed 3 cm (40). Although there have been no randomized
controlled trials (RCTs) comparing these approaches, it has
been reported that stereotactic radiosurgery has a certain
effect on residual RPA with strong proliferative activity after
conventional radiotherapy (41).

In general, the risks associated with radiotherapy,
including hypopituitarism, optic neuropathy and other
cranial neuropathies, should be considered. Nearly every
patient treated with radiation can develop one or more
pituitary hormone deficiencies given a long period of
follow-up (42). Hypopituitarism itself is a risk factor for
premature death. Thus, it is necessary to provide education
and guidance to patients regarding the need to undergo
regular and comprehensive endocrine examinations to
assess pituitary function and receive hormone replacement
therapy in a timely manner. Due to the lack of support from
prospective studies regarding the optimal radiotherapy
dose for refractory PA, the dose currently used may not
effectively achieve the goal of long-term tumor growth
control, and further studies are needed (43).

TMZ treatment

Temozolomide (TMZ) is an alkylating agent that can
readily cross the blood-brain barrier and inhibit the
growth of tumor cells in each stage of the cell cycle; it is
suitable for slow-growing PAs (44). Successful treatment
of PA with TMZ was first reported in 2006 (45,46). To
date, more than 300 cases of PA treated with TMZ have
been reported, including a cohort of 166 patients in the
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international survey performed by the ESE, in which the
response rate was approximately 60% (47,48). Thus, TMZ
is recommended as a first-line treatment for refractory
PA and pituitary carcinoma according to the European
Society of Endocrinology Clinical Practice Guidelines.
TMZ treatment should be considered once the diagnosis of
refractory PA is made.

TMZ acts via methylation of the O6 position of guanine
in DNA to form a potent cytotoxic DNA adduct, which
causes a disturbance in the DNA sequence, leading to DNA
double-strand breakage (49). The endogenous DNA repair
protein O(6)-methylguanine methyltransferase (MGMT)
removes the methyl group, potentially counteracting the
cytotoxic effects of TMZ (50). Low MGMT expression due
to methylation of the MGMT promoter is related to the
strong response of glioblastoma to TMZ treatment (51). In
the ESE survey with 166 PA cases, those with low MGMT
expression often achieved regression, whereas tumors with
high MGMT expression more often showed no response
(48). Therefore, immunohistochemical staining for MGM'T
should be carried out on tissue samples of refractory PA,
with high staining positivity indicating a poor prognosis. As
MMR is involved in the removal of DNA base mismatches
caused either by DNA replication errors or DNA damage,
cells deficient in MMR are significantly less sensitive to
TMZ than cells with intact MMR (52). Loss of MSH2 and
MSH 6 was observed in a single patient who had a rapid
development of resistance to TMZ (53), and more studies
are needed to examine the involvement of MMR proteins in
refractory PA treated with TMZ.

Other treatments

Other agents should be considered for refractory PA that
fails to respond to TMZ or acquired TMZ resistance after
an effective response. At present, the most commonly
used drug combinations for the treatment of RPA and
PC are lomustine (CCNU) and 5-fluorouracil (5-FU),
but this regimen is only effective at controlling tumor
growth for a short period of time (54). Targeted therapy
studies have found that the RAF/MEK/ERK, PI3K/Akt/
mTOR and EGFR pathways, which are associated with
tumor occurrence and progression, are upregulated in
PA (55,56). However, in one of these studies, control of
tumor progression failed in all eight cases of refractory PA
or pituitary carcinoma treated with everolimus (55). The
tyrosine kinase inhibitor lapatinib was found to control
tumor progression in two refractory pituitary prolactin
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adenomas (57); additionally, targeting vascular endothelial
growth factor (VEGF) using bevacizumab has been
attempted and shown to be successful in some patients (58).
Programmed death ligand 1 (PD-L1) is expressed in
refractory PA, and treatment with the immune checkpoint
inhibitors ipilimumab and nivolumab has been reported for
ACTH-secreting PAs with significant tumor shrinkage and
hormonal response (59). A clinical study of peptide receptor
radionuclide therapy (PPRT) for pituitary neuroendocrine
neoplasms has yet to be carried out.

Conclusions

Compared with aggressive PA, the definition and diagnostic
criteria for refractory PA are stricter. Once the diagnosis of
refractory PA is suspected, the patient should be referred
to regional pituitary centers with an experienced MDT
and undergo aggressive treatment and lifelong follow-up.
Additionally, investigations into the mechanisms underlying
the tumorigenesis and progression of PA are urgently
needed for additional treatments.
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