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José Miguel Hinojosa-Amaya,

Autonomous University of Nuevo
León, Mexico

*Correspondence:
Jun Kang

junkang2015@163.com

†These authors have contributed
equally to this work

Specialty section:
This article was submitted to

Pituitary Endocrinology,
a section of the journal

Frontiers in Endocrinology

Received: 20 September 2020
Accepted: 10 November 2020
Published: 11 December 2020

Citation:
Dai C, Liang S, Sun B and Kang J

(2020) The Progress of
Immunotherapy in Refractory Pituitary
Adenomas and Pituitary Carcinomas.

Front. Endocrinol. 11:608422.
doi: 10.3389/fendo.2020.608422

REVIEW
published: 11 December 2020

doi: 10.3389/fendo.2020.608422
The Progress of Immunotherapy
in Refractory Pituitary Adenomas
and Pituitary Carcinomas
Congxin Dai1†, Siyu Liang2†, Bowen Sun1 and Jun Kang1*

1 Department of Neurosurgery, Beijing Tongren Hospital, Capital Medical University, Beijing, China, 2 Eight-Year Program of
Clinical Medicine, Peking Union Medical College Hospital (PUMCH), Chinese Academe of Medical Sciences & Peking Union
Medical College (CAMS & PUMC), Beijing, China

Most pituitary adenomas (PAs) are considered benign tumors, but approximately 0.2%
can present metastasis and are classified as pituitary carcinomas (PCs). Refractory PAs lie
between benign adenomas and true malignant PC and are defined as aggressive-invasive
PAs characterized by a high Ki-67 index, rapid growth, frequent recurrence, and
resistance to conventional treatments, including temozolomide. It is notoriously difficult
to manage refractory PAs and PC because of the limited therapeutic options. As a
promising therapeutic approach, cancer immunotherapy has been experimentally used
for the treatment of many tumors, including pituitary tumors. The purpose of this review is
to report the progress of immunotherapy in pituitary tumors, including refractory PAs and
PCs. The tumor immune microenvironment has been recognized as a key contributor to
tumorigenesis, progression, and prognosis. One study indicated that the number of CD68
+ macrophages was positively correlated with tumor size and Knosp classification grade
for tumor invasiveness. The infiltration of CD4+ and CD8+ T cells was relatively scant in
these adenomas, but pituitary growth hormone (GH) adenomas exhibited significantly
more CD4+ and CD8+ T cells than non-GH adenomas. These results suggest an
association of CD68+ macrophage infiltration with an increase in pituitary tumor size
and invasiveness. Another study suggested that a lower number of CD8+ lymphocytes is
associated with cavernous sinus invasion and resistance to treatment with first-generation
somatostatin analogs in acromegaly patients, highlighting a potential role of the tumor
immune microenvironment in determining the prognosis of somatotroph pituitary tumors.
Preclinical studies have indicated that widely varying degrees of programmed death-
ligand 1 (PD-L1) expression and tumor-infiltrating lymphocytes (TILs) are found among
different subtypes. Functional PAs and aggressive PAs express significantly higher levels
of PD-L1 and TILs than other subtypes, indicating that PD-1 blockade might be a
promising alternative therapy for patients with aggressive PAs. PD-L1 transcript and
protein levels were found to be significantly increased in functioning (GH and prolactin-
expressing) pituitary tumors compared to nonfunctioning (null cell and silent gonadotroph)
adenomas. Moreover, primary pituitary tumors harbored higher levels of PD-L1 mRNA
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than recurrent tumors. These findings suggest the possibility of considering checkpoint
blockade immunotherapy for functioning pituitary tumors refractory to conventional
management. Animal models of Cushing’s disease also demonstrated PD-L1 and TIL
expression in cultured tumors and murine models, as well as the effectiveness of
checkpoint blockade therapy in reducing the tumor mass, decreasing hormone
secretion, and increasing the survival rate. Clinical studies show that immunotherapy
may be an effective treatment in patients with pituitary tumors. One corticotroph
carcinoma patient showed a significant reduction in hormone levels and shrinkage of
the tumor size of primary and metastatic lesions immediately after investigational
treatment with ipilimumab and nivolumab. However, another patient with corticotroph
adenoma progressed rapidly after four cycles of anti-PD-1 (pembrolizumab) treatment. To
date, there are two registered clinical trials of immunotherapy for pituitary tumors. One of
them is the phase II clinical trial of nivolumab combined with ipilimumab for patients with
aggressive pituitary tumors (NCT04042753). The other one is also a phase II clinical trial of
the combination of nivolumab and ipilimumab for rare tumors, including pituitary tumors
(NCT02834013). Both clinical trials are in the stage of recruiting patients and have not
been completed. In summary, the results from preclinical research and clinical studies
indicated that immunotherapy might be a promising alternative therapy for PCs and
refractory PAs resistant to conventional treatments. The combination of immunotherapy
and radiotherapy or temozolomide may have synergistic effects compared to a single
treatment. More preclinical and clinical studies are needed to further indicate the exact
efficacy of immunotherapy in pituitary tumors.
Keywords: pituitary carcinomas, refractory pituitary adenomas, immunotherapy, programmed death-ligand 1,
tumor-infiltrating lymphocytes
INTRODUCTION

Pituitary tumors represent approximately 10%–15% of intracranial
tumors and are the second most common primary brain tumor in
humans (1, 2). Most pituitary tumors are noninvasive benign
tumors that grow slowly and remain within the sella and/or
displace the surrounding tissues. However, up to 35% of them are
invasive adenomas and infiltrate adjacent tissues, including the
cavernous sinuses, bone, sphenoid sinuses, and nerve sheaths (3).
Approximately 10% of pituitary adenomas (PAs) show aggressive
clinical behavior and are refractory to conventional therapy (4–6).
According to the currentWHO classification (2017), aggressive PAs
were defined in patients with a radiologically invasive tumor and
unusually rapid tumor growth rate, or clinically relevant tumor
growth despite optimal standard therapies (surgery, radiotherapy,
and medical treatments) (5). Pituitary carcinomas (PCs) are defined
as tumors of adenohypophyseal origin that show metastatic spread
by either craniospinal dissemination or systemic metastases; PCs are
very rare and represent only 0.1%–0.2% of all pituitary tumors (7–
9). Although the understanding of the molecular pathogenesis of
PCs has progressed rapidly, the early identification of PC is difficult
until the presence of metastatic lesions. Refractory PAs lie between
benign adenomas and true malignant PC and are defined as
aggressive-invasive PAs characterized by a high Ki-67 index, rapid
growth, frequent recurrence, and resistance to conventional
n.org 2
treatments, including temozolomide (TMZ) (10, 11). Therefore,
both refractory PAs and PCs are very difficult to manage due to the
lack of effective treatment, and they are associated with increased
morbidity and mortality (12).

Recently, TMZ has shown promising efficacy for pituitary
tumors and has been recommended as a first-line medication for
refractory PAs and PCs by the European Society of
Endocrinology (5). However, previous studies showed that
only approximately 60% of pituitary tumors are responsive to
TMZ treatment, and some of them are resistant to TMZ (13, 14).
Emerging targeted therapies, including those targeting vascular
endothelial growth factor, epidermal growth factor, fibroblast
growth factor, the Raf/Mek/ErK pathway, the PI3K/Akt/mTOR
pathway, the notch signaling pathway, the hedgehog signaling
pathway, and CDK 4/6, have been studied preclinically and/or
have been experimentally used for refractory PAs and PCs, but
their efficacy is limited (15–17). Therefore, more effective and
novel treatment approaches are needed. As a promising
therapeutic approach, cancer immunotherapy has been
experimentally used for the treatment of many tumors,
including pituitary tumors, and has been proposed as a
potential treatment option for refractory PAs and PCs. The
purpose of this review is to summarize the recent advances of
immunotherapy in pituitary tumors, including refractory PAs
and PCs.
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MECHANISMS OF IMMUNOTHERAPY

The human immune system is responsible for discriminating self
from non-self, thereby protecting the body from tumors
recognized as non-self or altered self. The immune system
implements surveillance against cancer by generating innate and
adaptive immune responses against tumor antigens. Early efforts
to strengthen the immune response provide a critical foundation
for tumor immunotherapy, despite the products of this era, such as
tumor necrosis factor and interleukin-2, being no longer used
routinely for tumors due to unacceptable systemic side effects (18).
Immune responses are capable of suppressing tumor growth and
achieving tumor regression; nevertheless, tumors can evolve to
evade immune system elimination for further proliferation,
infiltration, and metastasis. The upregulation of T cell
coinhibitory ligands plays a key role in tumor immune escape
and provides a solid basis for the clinical evaluation of therapeutic
strategies that target immune checkpoints (19, 20).

Immune checkpoints, the negative regulators of immune
activation, are essential for controlling the strength of the
immune response, maintaining self-tolerance, and reducing
tissue damage. Tumors exploit immune checkpoints negatively
regulate the activation of T cells. The blockade of the coinhibitory
cytotoxic T-lymphocyte–associated protein 4 (CTLA-4) and
programmed cell death 1 (PD-1) allows the activation of T cell
stimulatory signaling, thereby enhancing antitumor T cell
cytotoxicity, proinflammatory cytokine production, and
proliferation and promoting tumor destruction (21–24).

To date, several monoclonal antibodies that block immune
checkpoints have been developed and have achieved medium to
high response rate. However, checkpoint inhibitors have not
been approved for the treatment of PAs and PCs by the Food and
Drug Administration (FDA). Interestingly, patients treated with
checkpoint inhibitors can develop severe hypophysitis (25–27).
This immune-related adverse event (irAE) provides compelling
evidence that checkpoint blockade stimulates an immune
response readily within the pituitary gland. However,
checkpoint inhibitors are not effective for all; therefore, a
variety of directions have emerged in current immunotherapy.
The combination of CTLA-4 and PD-1/PD-L1 has achieved
higher clinical remission due to the nonredundant coinhibitory
roles of these two pathways, yet with a higher frequency of
immune-related toxicities (28). Although usually well tolerated,
combination therapy increases the risk of high-grade irAEs.
The establishment of clinical biomarkers helps to identify
patients who will benefit from checkpoint inhibitors and guide
individualized treatment with optimal doses. It has demonstrated
that immune checkpoint inhibitor efficacy is affected by
a combination of factors involving tumor genomics, host
germline genetics, PD1 ligand 1 (PDL1) levels, and other
features of the tumor microenvironment, as well as the gut
microbiome (29). Several possible candidates, including tumor-
infiltrating T lymphocyte quantification, immunostaining-based
PD-L1, and sequencing-based mutational burden and
neoantigen burden biomarkers, have been proposed for further
evaluation (29, 30).
Frontiers in Endocrinology | www.frontiersin.org 3
TUMOR IMMUNE MICROENVIRONMENT
OF PITUITARY TUMORS
The tumor immunemicroenvironment (TIM) plays a critical role in
tumorigenesis and progression. It has demonstrated that certain
features of the degree of tumor infiltration by cytotoxic T cells can
predict clinical outcome of patients (31). Tumor-infiltrating
lymphocytes (TILs) and other mononuclear cells, such as tumor-
associated macrophages, are central components of the TIM,
participate, and regulate the tumor immune response and have
been used as prognostic factors in numerous solid tumors, such as
melanomas and ovarian, breast, colorectal, and urothelial
carcinomas (31–38). It has been possible to identify different
subclasses of immune environment that have an influence on
tumor initiation and response and therapy (37). Although PAs are
a heterogeneous group of lesions with different clinical behaviors,
TILs were found to be present in all subtypes of PAs, albeit at low
levels (Figure 1) (39–43). The penetration of more than 5% CD8+
cells was observed in 66 of 191 PA patients (44). A retrospective
study defined lymphocyte infiltration as the presence of 15 to 20
lymphocytes in the 400 times magnified field. They reported a TIL
prevalence of 2.9% in all 1,400 PAs, including both functional and
nonfunctional types (41). A case-control study scored CD45
expression on a scale ranging from 0 to 5 to obtain a
semiquantitative measure of lymphocyte infiltration. The
infiltration of CD45+ cells was mild, with a score of 1 or 0.5 in the
majority of PAs, TILs are more abundant in adenoma patients than
in healthy controls (40). TILs were first quantitated in 35 cases by
counting the numbers of macrophages and lymphocytes in 10 to
30 consecutive high-power fields (HPFs) at 400× magnification.
CD68+macrophageswere sparse,withanaveragenumberof4–8per
HPF, andCD4+ andCD8+ cells were relatively rare, with an average
number of lower than 4 perHPF in different secretory subtypes (42).

It is unclear whether the features of PAs are associated with
immune cell infiltration. CD45+ infiltration was similar among
different subtypes of PAs (40, 41). However, CD4+ and CD8+
staining was closely correlated with higher growth hormone
(GH) levels (42–44). CD68 expression was higher in sparsely
granulated GH adenomas and null cell adenomas than in densely
granulated GH-secreting adenomas and adrenocorticotropic
hormone (ACTH)-secreting adenomas (42).

The phenotype and functional consequences of TILs are
complex; however, the overall presence of TILs and other
mononuclear cells is associated with a high risk of recurrence
and poor prognosis in patients with PAs. After a mean follow-up
period of 34 ± 2 months, a poor clinical outcome was more
common in PA patients with CD45 immunostaining than in those
without CD45 immunostaining. The odds of a poor clinical
outcome were 3.3-fold greater than that without CD45+ cells
observed in adenomas (40). This may be due to the correlation
between positive CD45 staining and a higher proliferative index.
No correlations were found between CD8+ T cells and tumor size
(42, 44) or Knosp classification grade (42). One study showed that
the number of CD8+ lymphocytes tended to be higher in the
cavernous sinus invasion group than in the cavernous sinus non-
invasion group, but no significant difference was observed (45).
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The number of CD68+ cells was positively correlated with tumor
size and Knosp classification grade for tumor invasiveness (42).
An increased macrophage (CD68+ cells) infiltration was also
observed in aryl hydrocarbon receptor interacting protein (AIP)-
mutated PAs and was associated with the invasiveness of AIP-
mutated adenomas (46). Together, these TILs and other
mononuclear cells not only are related to the tumor
characteristics and progression of pituitary tumors, but also offer
for both prognosis and targeted therapeutics (47).

PD-1/PD-L1 Expression in Pituitary Tumors
PD-L1 expression is observed to varying degrees in different
subtypes (43–45, 48–50). PD-L1 is expressed on both the cell
membrane and cytoplasm of tumor cells and occasionally in
endothelial cells (45). PD-L1 staining is mild to moderate in
most cases (43). One study found that in 36.6% of 191 cases,
PD-L1 expression was observed in more than 5% of tumor cells
(44), but another study detected the same PD-L1 levels in only
7.9% of 139 cases (48). The concordance of PD-L1
immunostaining between assays may be poor.

The tumor features affected by PD-L1 expression remain
controversial. One study showed that PD-L1 expression
significantly increased with elevated levels of serum GH, PRL,
ACTH and cortisol (44). Consistent with their finding, others
further found significantly higher PD-L1 expression in adenomas
with clinical functioning and a high Ki-67 or MIB-1 proliferative
index (43, 44, 51). Another study revealed an increased tendency
of cavernous sinus invasion with higher PD-L1 expression (45).
In addition, PD-L1 expression is positively correlated with
increased TILs (43, 44). However, a retrospective series of 139
cases found that none of these features, including hormone
secretion, aggressiveness, and invasiveness, correlated with PD-
L1 expression (48). The findings of this study are inconsistent
with those of previous studies, indicating that PD-L1 expression
should be further studied among the diverse biological
characteristics or behaviors of pituitary tumors.
Frontiers in Endocrinology | www.frontiersin.org 4
The PD-L1 RNA transcript is significantly increased not only
in GH-secreting and PRL-secreting adenomas compared to null
cell and silent gonadotroph adenomas but also in primary
pituitary tumors compared to recurrent tumors (43). However,
the correlation between PD-L1 mRNA and protein levels was
poor at the individual sample level in this study. In
nonfunctioning PAs, PD-L1 mRNA transcription was
significantly higher in gonadotroph adenomas than in null cell
and silent corticotroph adenomas and was accompanied by a
more than 3% MIB-1 proliferative index (49). This finding
suggests that PD-L1 mRNA levels are associated with
aggressiveness in nonfunctioning PAs, but PD-L1 expression
was not examined in this study. Although data are limited, it is
possible that such tumor features influence PD-L1 expression
levels, potentially affecting checkpoint inhibitor effectiveness.

The upregulated coinhibitory ligands, represented by PD-L1,
indicate that PAs can evade immune surveillance through the
suppression of the immune response (52–54). Functional PAs
and aggressive PAs may express higher levels of PD-L1 than
other subtypes, indicating that PD-1 blockade might be a
promising alternative therapy for patients with aggressive PAs.
These findings suggest the possibility of considering checkpoint
blockade immunotherapy for pituitary tumors that resist
conventional management.
PRECLINICAL MODELS OF PITUITARY
TUMORS

The establishment of preclinical models helps to improve our
understanding of the mechanism of immunotherapy in PA
patients. PD-L1 is prominently expressed in a murine pituitary
ACTH adenoma cell line in vitro, second only to a melanoma cell
line, and higher than that in breast adenocarcinoma, lung
carcinoma, and glioma cell lines (51). This pattern of PD-L1
expression is still maintained in vivo after 8 weeks of growth in
FIGURE 1 | Tumor immune microenvironment of pituitary tumors and of Working model of anti-PD1 and anti-anti-CTLA4. The CD4+, CD8+, and CD68+ cells were
identified in pituitary tumors, and anti-PD1 and anti-anti-CTLA4 rescue T cell anti-tumor effector functions.
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tumor implantation. Moreover, TILs are present in cultured
tumors and have been confirmed to have a high expression of
PD-1, TIM-3, and LAG-3, which marked the upregulation of
coinhibitory molecules and may further cause TIL exhaustion. It
has shown that the effect of anti PD-L1 on the preclinical model is
only partially dependent on the T cells function. On the contrary,
it seems that CD11b+ myeloid cells, which have high PD-L1
expression, may play a more important role in the response to
anti-PD-L1 treatment. Thus, this finding will suggest that
interaction between CD11b+ myeloid cells and cancer cells are
critical for the survival of cancer cells, further reenforce the notion
that myeloid cells are important therapeutic target (51). These
findings of preclinical results provided important information for
human tumors. However, there are some essential differences
between these preclinical models and human tumors, more
research related to human tumors are needed.

Given the presence of lymphocytes in PAs and the expression
of coinhibitory ligands in the tumor microenvironment, PAs may
be sensitive to checkpoint inhibitors. The efficacy of anti-PD-L1
antibodies has been examined in both subcutaneous and
intracranial murine models of Cushing disease (51). Following
subcutaneous tumor implantation, mice were treated
intraperitoneally with either anti-PD-L1 antibody or isotype
control antibody every 3 days for a total of 12 doses in 36 days.
After 8 weeks, anti-PD-L1 treatment significantly inhibited tumor
growth and suppressed serum ACTH secretion compared with
untreated tumor-bearing mice. Some mice achieved complete
tumor regression. To study the therapeutic capacity of anti-PD-
L1 on intracranial lesions, the tumor was placed in the right frontal
lobe, where the tumor uncontrollably grows, resulting in 100%
mortality after approximately 3 weeks. Following intracranial
tumor implantation, mice were given the same treatment as
above every 3 days for a total of 15 doses or until the endpoint.
The median overall survival was extended to 29.5 days in the anti-
PD-L1 treatment group compared with a median survival of 21.5
days in the control group. Additionally, anti-PD-L1 therapy can
improve long-term survival. In the treatment group, the 30-day
survival rate was estimated to be 50%, and the 60-day survival rate
was estimated to be 40%, while in the control group, the survival
rate was 0% at both time points.

Preclinical models of Cushing disease demonstrate PD-L1
expression in cell lines and cultured tumors as well as the
effectiveness of anti-PD-L1 immunotherapy in reducing tumor
mass, decreasing hormone secretion, and arresting tumor
proliferation. Although only a few data points are available,
murine and cell line studies indicate that PD-L1 is a potential
target in PAs.
CLINICAL STUDIES OF IMMUNOTHERAPY
IN PITUITARY TUMORS

Pituitary tumors are usually benign and slow growing, but a
subset has a more aggressive clinical behavior. PCs, defined by
the presence of cerebrospinal or distant metastasis of a pituitary
neuroendocrine tumor, are particularly rare and have mortality
Frontiers in Endocrinology | www.frontiersin.org
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rates of up to 66% at 1 year after diagnosis. For many patients
with refractory PAs and PCs, effective targeted therapy is still
lacking (17). PCs have a very limited response to previous
therapies, including somatostatin analogs, external beam
radiotherapy, chemotherapies including TMZ, capecitabine,
everolimus, sunitinib, and bevacizumab, and peptide receptor
radionuclide therapy (55). TMZ has been established as a first-
line chemotherapeutic treatment for aggressive PAs or PCs.
However, in a large cohort including 157 patients treated with
TMZ, complete response was observed in only a median of 6% of
patients after a median treatment period of 9 cycles. Thirty-one
percent achieved partial response, 33% achieved disease
stabilization, but 33% had disease progression (56). Of note, of
the patients who had complete response, partial response and
stable disease, 25%, 40%, and 48%, respectively, further
progressed after a median of 12 months of follow-up. The
limited long-term effect of TMZ highlights the need to identify
additional effective therapies.

The increased understanding of the TIM has significantly
improved the effort to enhance the immune response and has
brought about advances in cancer therapies over recent years.
Similarly, recent data have shown the expression of PD-L1 and the
presence of TILs in PA, as well as the possible association of the
immune microenvironment with the biological and clinical
phenotypes of PA, including hormone secretion, invasiveness,
and aggressiveness. These findings provide a rationale to
attempt the use of checkpoint inhibitors in some clinical
scenarios, although strong support for the use of checkpoint
inhibitors in PA is still lacking.

It has been proved that PD1/PDL1 blockade significantly rescue
T cell anti-tumor effector functions by interfering with T cell
activation and the acquisition of effector capacities (57). The
CTLA-4 is a surface molecule expressed by activated T cells,
inhibition of CTLA-4 may increase the regulation of the immune
response to cancer cells (58). Combination therapy with anti-
CTLA4 plus anti-PD1 monocolonal antibodies not only leads to
an increased frequency of ICOS+ CD4+ effector T cells, but also
leads to unexpected and unique changes including a decreased
frequency of exhausted CD8+ T cells and the expansion of activated
CD8+ effector T cells (24). Only one patient with ACTH-secreting
PC has been reported to be successfully treated with
immunotherapy until now (59). A 35-year-old woman with
aggressive ACTH-secreting PA received medical therapies,
including pasireotide, ketoconazole, and ketoconazole combined
with cabergoline, followed by several surgical resections and
radiation therapies due to tumor enlargement and incomplete
hormonal control. Afterwards, she was treated with TMZ and
capecitabine but discontinued after four cycles due to poor
tolerance, despite the decrease in tumor volume and ACTH level
observed during this period. Sixty-eight months after the initial
diagnosis, the patient presented with liver metastatic lesions. Disease
progressed intracranially and extracranially during two additional
cycles of TMZ combined with capecitabine. She then started
immunotherapy with an anti-CTLA-4 agent (ipilimumab)
combined with an anti-PD-1 antibody (nivolumab). Following
five cycles, the patient yielded a 92% regression in the dominant
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hepatic metastasis, a 59% decrease in the recurrent intracranial
lesions, and a normalization in plasma ACTH levels to 66 pg/ml
from the previous 45,550 pg/ml, with acceptable drug side effects. It
is worth noting that subsequent analysis of the hepatic metastasis
demonstrated an MSH6 mutation and 1% PD-L1 expression. This
case revealed that checkpoint inhibition should be a treatment
consideration for refractory PAs and PCs, especially for tumors that
have developed resistance to TMZ. It was supposed that TMZ-
induced hypermutated tumors may be more sensitive to checkpoint
inhibitors. TMZ can induce alterations in the mismatch repair
system and, consequently, generate a greater number of
neoantigens, which results in a greater efficacy of treatment with
checkpoint inhibitors (60).

However, the generalizability of checkpoint inhibitors needs
further study. Another case reported that pembrolizumab had poor
efficacy in the treatment of refractoryACTH-secretingPA(61).A47-
year-oldmanhadpartial response toTMZ for the initial 6weeks, and
then treatmentwaschanged topasireotidemonotherapyuntil disease
progression. Further immunohistochemical analysis revealed a
complete loss of MSH2 and MSH6. Notably, no PD-L1 expression
was found in PA immunostaining. The patient then received
immunotherapy with an anti-PD-1 antibody (pembrolizumab).
After four cycles, the patient showed radiological progression of
disease and an increase in serum ACTH and urinary cortisol levels.
The failuremay be explained by theweakened efficacy of anti-PD-L1
and the decreased immune response, which may result from the
consistently high levels of serum cortisol in tumors. Further
investigation is needed to find reliable biomarkers to predict the
response to immunotherapy. Although many studies have explored
measurements of PD-L1 expression as a predictor of response to
checkpoint inhibitors, it remains primarily a research tool. In current
clinical practice, PD-L1 expression is limited as a predictor of the
response to immunotherapy. PD-L1 staining may not be used to
accurately select patients for PD-1/PD-L1 pathway blockade due to
the low prediction accuracy and dynamic changes (62). In some
studies, the expression of PD-L1 appeared to strongly predict the
efficacyof anti-PD-L1,whereas inother studies, poorpredictive value
has been found. Although the immune checkpoint inhibitors have
shown good efficacy in some cases, anti-PD1 alone may not be
potent enough. A strategy to combine agent targeting the
immunosuppressive TME with immune checkpoint blockade may
overcome the limitation.

Immunotherapy appears to have some clinical benefit in
patients with PAs and may be an option for medical therapy
in refractory PAs and PCs. Nevertheless, the limitations of
immunotherapy should be acknowledged, as the clinical
response is variable and predictive efficacy is challenging.
Further studies are still needed to identify the optimal use of
this treatment in different clinical scenarios.
FUTURE PERSPECTIVES

The Need for Further Improvement
of Potential Biomarkers
Although no immunotherapy for PAs has been approved yet,
various studies have been carried out to explore immune-related
Frontiers in Endocrinology | www.frontiersin.org 6
biomarkers or therapeutic targets. In addition to PD-L1 and
TILs, which have been detailed above, other important aspects
have also been investigated. A range of transcriptomics analyses
have been conducted to identify genes expressed differentially
between PA and normal samples (63–66). However, high
inconsistency was found among different analyses because of
the limited number of both the patients and controls in each
analysis. Using a novel strategy of data integration, one
bioinformatics study integrated available PA microarray
datasets to identify more robust differentially expressed genes
and to annotate immune-related genes (67). Based on the
analysis of the human protein-protein interaction network,
some promising target candidates, including GAL, LMO4,
STAT3, PD-L1, TGFB, and TGFBR3, were proposed for PA
immunotherapy. This study provides useful guidance for the
development of novel biomarkers for PA immunotherapy.
To better understand the composition of the TIM of
pituitary tumors, more novel technologies like single cell
RNA-seq and imaging mass cytometry are needed for new
immunotherapy development.

The Need for the Standardization
of Assessment Methods and Verification
in Animal Models
Previous studies used different antibody clones and cut-off values
(48). The lack of consensus in assessment criteria partly limited
studies on PD-L1 and other ligands as markers of response to
checkpoint inhibitors in patients with refractory or TMZ
unresponsive PAs and PCs. Therefore, the standardization
of methodologies to verify the prognostic value in a large
cohort is a prerequisite for the future routine application of
immunotherapy (68).

Over 40 animal models for PAs have been generated. Many of
these models can represent human syndromes (69). Some
models can even simulate drug resistance (70). Establishment
and use of patient-derived xenograft models has been widely
used for drug testing in many cancers (71), which may offer a
perfect mouse model for immunotherapy of pituitary tumors.
Evaluation in these models will increase our understanding of
the immune microenvironment in PAs and of the roles
of immunotherapy.

The Need for Prospective Clinical Studies
on Immunotherapy
Case reports revealed that checkpoint inhibitors represent a
possible therapy for PAs and adenocarcinoma. Further
prospective clinical studies are warranted. To date, there are
two registered clinical trials of immunotherapy for pituitary
tumors (72, 73). One of them is the phase II clinical trial
entitled Nivolumab and Ipilimumab in People with Aggressive
Pituitary Tumors (Memorial Sloan Kettering Cancer Center,
United States, NCT04042753). The other one is also a phase II
clinical trial called Nivolumab and Ipilimumab in Treating
Patients with Rare Tumors (National Cancer Institute, United
States, NCT02834013), which includes pituitary tumors. Both
clinical trials are in the stage of recruiting patients and have not
been completed.
December 2020 | Volume 11 | Article 608422
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CONCLUSION

In summary, it is notoriously difficult to manage refractory PAs and
PCs due to the limited effective therapeutic options. As a promising
therapeutic approach, cancer immunotherapy in pituitary tumors
has recently attracted increasing attention. The TIM has been
recognized as a key contributor to the tumorigenesis, progression,
invasion, and prognosis of pituitary tumors. The expression of
macrophages, lymphocytes and PD-L1 varied greatly in different
pituitary tumors, and these immune factors are associated with the
clinicopathological characteristics of pituitary tumors. Clinical case
studies show that immunotherapy appears to have some clinical
benefit in patients with refractory PAs or PCs. However, although
these data suggest that cancer immunotherapy may be an effective
therapeutic target for patients with refractory PAs and PCs, further
basic research and clinical trials are needed to verify these findings.
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