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Abstract

Currently, immunomodulators are used in different cancer entities, including gynecologic malignancies. Toxicity is
variable but of narrow extent. Among immunomodulators, checkpoint inhibitors are used to enhance the immune
system and significantly improve therapeutic results of advanced disease, mounting tumor progression.

Keywords: Immunomodulators; Immune system; Gynecologic
malignancies

Introduction
The effect of immunotherapy in cancer therapeutics has been

identified beforehand via the induction of infection on tumour
regression. Coley showed that streptococcus inoculation resulted in the
shrinkage of soft-tissue tumors, such as sarcomas. However, results
were not verified towards research progress [1].

Paul Ehrlich presented of increased significance that the augmented
immune response attacks tumor cells, while tumor cells deceive the
immune system promoting tumor growth [2]. For example, interferon-
α and interleukin-2, have been administrated in advanced melanoma
and renal cell carcinoma [3]. Evidence of durable responses in a small
proportion of treated patients there exists, suggesting the potential for
long-term use with view to survival [4,5]; however, these therapeutic
modalities appear to be unspecific followed by 'immune related adverse
events', making their use of limited scope [6,7].

Immunomodulators – The Example of Ipilimumab
Ipilimumab has been already used since 2011 for the treatment of

melanoma [8,9]. It has also been approved for the treatment of non-
small cell lung carcinoma [10], bladder cancer [11] and metastatic
prostate cancer [12].

It has recently been recognized that established tumors evade the
immune response by producing inhibitory cytokines, drafting immune
cells, and resetting of coinhibitory receptors known as immune
checkpoints; immune checkpoint inhibitors, present with completely
different mechanism from the conventional anti-neoplastic agents used
extensively such as cytotoxic anticancer agents. Therefore, although
oncologists expected the therapeutic results to level off, long-term
survival or durable response to treatment and toxicity tees towards
autoimmune response are currently being of research available.

Immune checkpoints are regulators of the immune system, playing a
key role in maintaining self-tolerance, preventing autoimmunity and
protecting tissues from immune collateral damage. These immune
checkpoints are often 'seized' by tumors to restrain the ability of the

immune system to mount an effective anti-tumor response. Blocking
immune checkpoints is thus a promising therapeutic approach for
'turning on' the anti-tumor immune response. Many of these pathways
are initiated by ligand-receptor interactions on the surface of immune
cells, forming targets for monoclonal antibodies. Cytotoxic T-
lymphocyte-associated protein-4 (CTLA-4) and programmed cell
death protein-1 (PD-1) were the first, and remain the most appropriate
immune-checkpoint receptors to be clinically targeted [13]. Although
PD-1 and CTLA-4 belong to the same CD28 family of T-cell receptors,
they present very different roles in the down regulation of an
inflammatory response. While CTLA-4 predominantly regulates T cell
activation within secondary lymphoid organs, PD-1 predominantly
regulates T cell effector function within peripheral tissues.

CTLA-4 is expressed on the surface of naive effector T cells and
regulatory T cells (Tregs) [14]. When naive T cells are stimulated,
CTLA-4 is upregulated and competes with CD28 for B7 and, finally,
determines the suppression of T cell activity [15]. It was found that the
antitumor effect of CTLA-4 blockade might be obtained also by
depletion of Treg [16], as revealed in a model of mouse melanoma.

On the contrary, PD-1 is expressed on for a long term period-
stimulated T cells, as well as Tregs, activated B cells, and NK cells [17].
Differently from CTLA-4, which regulates T-lymphocytes at the level
of initial activation, PD-1 is a key immune-checkpoint receptor
expressed by activated T cells, and it mediates immunosuppression.
PD-1 functions primarily in peripheral tissues, where T cells may
encounter the immunosuppressive PD-1 ligands PD-L1 and PD-L2,
which are expressed by tumor cells, stromal cells, or both. Inhibition of
the interaction between PD-1 and PD-L1 can enhance antitumor
activity [18].

PD-1 deficient mice present with enhanced immunity with immune
disorders, such as autoimmune cardiomyopathy and lupus
erythematosus [19]; both CTLA-4 and PD-1 function as negative
regulators which attenuate normal T-cell activation to prevent
pathologic over-activation (Figure 1).
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Figure 1: Schematic representation of check point inhibition.

Unfortunately, not all patients respond to these therapies, and
evaluation of biomarkers associated with clinical outcomes is further
needed [20]. Actually, the immune response plays an important role in
the progression of gynecologic malignancies, and preliminary results
exhibit the presence of activity of immune checkpoint inhibitors in
ovarian, endometrial, and cervical cancer. Now that progression-free
survival has come to be an increasingly important trial endpoint, the
criteria that define progression deserve critical evaluation to determine
whether alternate definitions of progression might facilitate tumor
monitoring [21].

Gynecologic Cancer
Cancer of the ovary is the most common of this group, with an

incidence rate of 20 per 100 000 women; it also has the poorest
prognosis. One third of women survive for five years, compared with
over two thirds of those diagnosed with endometrial or cervical cancer.
With an ageing population, the proportion of women over the age of 65
with cancer is expected to rise substantially over the next decade [22].
Ovarian and endometrial cancer is more common in older women,
whereas the incidence of cervical cancer varies little with age among
women over 30.

Ovarian cancer
On administering IL-2 intraperitoneally in patients with persistent

or recurrent epithelial ovarian cancer, an overall response rate of 25.7%
was shown, though the regimen was associated with significant
toxicity. The use of IL-12–expressing plasmids—has been explored. In
a recent study, 22 patients with recurrent epithelial ovarian cancer who
received intraperitoneal EGEN-001, an IL-12 plasmid formulated with
lipopolymer, demonstrated a 35% stable disease rate [23].

Hodi et al. firstly showed [24,25] antitumor effects in patients with
stage IV ovarian cancer by using checkpoint inhibitors. Initially, they
reported that a single infusion of ipilimumab (3 mg/kg) in two-stage
IV ovarian cancer patients previously vaccinated with granulocyte-
macrophage colony-stimulating factor modified irradiated autologous
tumor cells (GVAX), was well tolerated, and expedited a decrease or
stabilization of CA-125 levels of several months' duration.

The combination of CTLA-4 and PD-1 blockade has been associated
with synergistic activity in animal models. A recent phase III study
evaluating combined CTLA-4 and PD-1 blockade (with ipilimumab
and nivolumab, respectively) in patients with melanoma demonstrated
enhanced response rate and progression-free survival compared with

either agent alone, leading to recent approval of the combination for
the treatment of melanoma [26], although the regimen resulted in high
rates of grade 3 toxicity.

Regarding the ovarian cancer presenting with strong
immunogenicity, immune checkpoint inhibitors are being evaluated in
the parameter of overcoming the 'turn off' signals delivered by the
tumor. The latter one having had already been adopted a jester role
against the immune system [27]. Several antagonists of PD-1 and PD-
L1 have been tested in ovarian cancer. These drugs are generally well
tolerated, with some immune-related adverse events [28].

Tremelimumab is a fully human monoclonal IgG2 antibody against
CTLA-4. In a Phase III trial in patients with advanced melanoma,
tremelimumab did not show a statistically significant increase in
survival rate over standard chemotherapy [29]. Currently, there is an
ongoing Phase I study to evaluate the combination of tremelimumab
and a PD-1 inhibitor for patients with ovarian or cervical cancer [30].

A Phase II clinical trial of nivolumab in patients with platinum-
resistant recurrent ovarian cancer was carried. Unfortunately, there
were patients with disease progression taken off this trial [31].

Pembrolizumab is a humanized monoclonal antibody against PD-1
with similar anti-tumor properties as nivolumab for several solid
tumors, including melanoma and non-small cell lung cancer [32,33].
Results recently became available from a multi-cohort Phase Ib clinical
trial of pembrolizumab for PD-L1 solid tumors including 26 patients
with recurrent ovarian cancers [34]. Patch et al. recently showed that
germline BRCA1 mutation–associated ovarian cancer has a higher
mutational load and quantity of neoantigens compared with BRCA
wild-type ovarian cancer [35]. Patients with these types of ovarian
cancer are appropriate for therapy with PD-1/PD-L1 inhibition.

Adoptive cell therapies depend upon the infusion of large numbers
of autologous tumor-reactive T cells that have been isolated from
tumors and expanded in vitro. Early studies reported success for this
approach in epithelial ovarian cancer [36], although these studies were
given a bias to by selection of patients from whom a sufficient quantity
of tumor-infiltrating lymphocytes could be isolated.

Cervical Cancer
Live vector–based vaccines are particularly effective, as they deliver

antigen efficiently and can replicate within the cell. Live vector–based
vaccines can be subdivided into those that use bacterial vectors and
those that use viral vectors. The bacterial vector for HPV-associated
cancers that is most advanced in clinical development is Listeria
monocytogenes.

A prospective phase II study using Listeria vector with and without
cisplatin chemotherapy was conducted in patients with recurrent
cervical cancer previously treated with chemotherapy, radiotherapy, or
both. The results, presented at the American Society of Clinical
Oncology 2014 Annual Meeting, showed a 12-month survival rate of
36%; an 18-month survival rate of 28%; and an 11% response rate,
which was independent of the use of cisplatin [37]. Antibody
modulation of T-cell coinhibitory (e.g., CTLA-4) or costimulatory
(e.g., 4-1BB) receptors promotes clinical responses to a variety of
cancers. Therapeutic cancer vaccination, in contrast, has produced
limited clinical benefit and no curative therapies. Monadic potential of
4-1BB agonist antibody to promote durable regression of HPV+
tumors when combined with an E6/E7 peptide vaccine [38].
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The therapeutic effects of HPV vaccines may be further augmented
by combination with blocking the factors that inhibit T cell activation,
such as CTLA-4 and PD-1, prolonging antitumoral T cell responses
[39]. The combination of HPV therapeutic vaccines with agents that
influence the tumor microenvironment may also potentially be used to
generate enhanced therapeutic effects against HPV-associated
malignancies. It is now clear that several factors present in the tumor
microenvironment may potentially inhibit immunotherapy.

The available evidence display that both active and adoptive
immunotherapeutical strategies are quite effective against small tumor
burdens, but are usually insufficient to eradicate the disease in patients
with advanced stages of different kinds of cancer, despite strong
induction of tumor-specific immune responses. Although
chemotherapy and immunotherapy have not shown to be curative as
single modalities, cumulative evidence suggests that combination of
these treatments holds potential for improved clinical outcomes in
advanced stages of cancer. Therefore, the combination of
chemotherapy and immunotherapy is no longer considered
incompatible, because of the emerging insight that certain
chemotherapy-based cancer treatments may activate the immune
system against the tumor through several molecular and cellular
mechanisms [40].

A phase I trial of ipilimumab is currently undergoing in patients
with locally advanced cervical cancer. Also, a phase II trial is currently
testing the efficacy of nivolumab in treating patients with persistent,
recurrent, or metastatic cervical cancer (NCT02257528).

As already mentioned, other cells and molecules in the tumor
microenvironment [41] other than check point inhibitors that have
immune inhibiting functions include regulatory T cell, MDSC,
indoleamine 2, 3-dioxygenase, arginase, nitric oxide synthase, IL-4–
induced gene 1, IL-10, and TGF-β. The ability to overcome this
immune suppression may further enhance the potency of
immunotherapy against HPV-associated cancers.

Endometrial cancer
Vanderstraeten et al. described PD-L1 expression levels of 67-100%

in primary, recurrent and metastatic endometrial cancer specimens
[42]. At the 2015 annual meeting of the Society of Gynecologic
Oncology, Herzog et al. reported PD-1 expression levels of 75%, and
PD-L1 expression levels ranging from 25-47%, once again surpassing
all examined cervical and ovarian cancer specimens [43]. Given the
above, the research of immune checkpoint inhibitors in patients with
metastatic and recurrent endometrial cancer may represent a
promising alternative to conventional cytotoxic agents.

The best argument for the use of checkpoint inhibitors in select
endometrial cancer cases was recently put forth by a phase 2 trial of
pembrolizumab, a humanized monoclonal antibody to the PD-1
receptor [44]. Recent knowledge about the microenvironment in
endometrial cancer and what has been learned from preliminary
immunotherapy trials that enrolled endometrial cancer patients,
applauses further attempts at immunomodulation in the treatment of
aggressive forms of this disease [45].

Howitt et al. specifically examined the hypothesis that microsatellite
unstable endometrial cancers would exhibit more tumor specific
neoantigens, resulting in increased tumor infiltrating lymphocytes and
a compensatory up-regulation of immune checkpoints [46,47].
Microsatellite unstable tumors exhibited higher numbers of tumor

infiltrating lymphocytes. Furthermore, PD-1 was overexpressed in
tumor infiltrating lymphocytes, and peri-tumoral lymphocytes of
microsatellite unstable tumors.

Endocrine disorders with checkpoint inhibitor
immunotherapy for gynecologic cancer

Endocrinopathies is the aftereffect of immune infiltration into either
the thyroid or pituitary glands, resulting in thyroiditis or hypophysitis,
which might occur as hypothyroidism or hypopituitarism, including
adrenal insufficiency and hypogonadism. Patients who present with
new episodes of severe headache need to be urgently assessed with
MRI of the pituitary gland. The diagnosis of hypophysitis is put
forward by the illustrated enlargement of the pituitary gland and stalk
on the MRI. Thyroid function should be assessed before each dose of
ipilimumab, with additional endocrine assessments of the anterior lobe
of the pituitary as clinically indicated,as well as of the posterior one
[47].

Clinically significant endocrinopathy typically is thought to occur in
less than 10 percent of patients treated with CTLA-4 blockade [48]. On
reviewing the data of immune checkpoint-induced hypophysitis for
CTLA-4 drugs, the incidence of hypophysitis for ipilimumab was 0–
17%, (48, 49) while that for tremelimumab (phase 1 and randomized
clinical trial data) was 0.4–5% [49,50]. The incidence was relatively less
for other immune checkpoint inhibitors such as nivolumab [51].

Overall, the endocrine effects of these drugs include hypophysitis
and thyroid dysfunction, with rare reports of adrenal hypofunction.
Primary thyroid dysfunction occurs in up to 15% of patients, with
adrenalitis reported in approximately only 1%. The mean onset of
endocrine side effects is 9 weeks after initiation (range 5-36 weeks)
(49). Hypothyroidism was reported in approximately 2% of patients
treated with ipilimumab and up to 8.3% of patients with treated with
PD-1 inhibitors; the time to onset ranged from 0.7 weeks to 19 months
in PD-1 inhibitor trials [52,53].

Thyroid Disorders
Destructive thyroiditis or Graves disease are the main causes of

thyroid hypo– or hyper– function respectively [54,55]. According to
Common Terminology Criteria for Adverse Events (CTCAE) the
toxicities of hypothyroidism and hyperthyroidism encountered ranges
from grade 1 to grade 2 toxicities [56]. Up till now, clinical data for
both CTLA-4 and PD-1 blockade suggest that the incidence of primary
hyperthyroidism is being lower than primary hypothyroidism.

Hyperthyroidism and hypothyroidism have also been described in
patients treated with pembrolizumab and nivolumab [57]. The most
frequently observed immune related adverse events related to thyroid
function are hypothyroidism, thyroiditis, hyperthyroidism, which
usually range from asymptomatic to moderate symptoms presentation
that is CTCAE grade 1 or 2 toxicity, respectively [32].

Management of primary hypothyroidism, regarding grade 2 toxicity
for CTCAE, involves replacement with thyroid hormone,
levothyroxine, and endocrinologic consultation. Hyperthyroidism may
represent acute thyroiditis secondary to immune activation for which a
short period of high-dose steroids (1 mg/kg prednisone or equivalent)
may need to be considered for symptomatic patients. Most patients
subsequently become hypothyroid and need long-term hormone
replacement [58]. Hypothyroidism is diagnosed if TSH level is
increased with a low free T4 level, whereas hypophysitis with central
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hypothyroidism, presents with a low TSH and low free T4. Immune
checkpoint inhibitor therapy may be continued without interruption
with appropriate levothyroxine replacement [59,60].

Pituitary Disorders
Pituitary enlargement indicates precisely hypophysitis in patients

being receiving ipilimumab. In fact, relative radiographic enlargement
of the pituitary preceded the diagnosis of hypophysitis. The next step is
overall evaluation that much of the anterior pituitary lobe as of the
posterior, in any patient being administered ipilimumab who exhibits
gross pituitary enlargement or even a relative one in imaging studies
that is MRI.

Although pituitary enlargement seems to be a sensitive indicator for
hypophysitis, is not recommended that clinicians obtain routine MRIs
in asymptomatic patients treated with ipilimumab because most
patients do not develop hypophysitis. On the other hand [59], thyroid
function tests are routinely measured before each ipilimumab
treatment cycle. Central hypothyroidism in all patients with
hypophysitis in recent observations denotes that CTLA-4 is expressed
preferentially by thyrotropin-secreting cells in the anterior pituitary
[61].

Actually, it can present insidiously and have life-threatening
complications related to hypocortisolism that is grade 4 toxicity as to
CTCAE, hence it should be clinically suspected. Improvement of
symptoms and resolution of radiological findings are possible with
early treatment with steroids and hormone replacement therapy of
deficiency seperately identified [62].

"An immediate implication for patients is that they can now be
tested for the presence of pituitary antibodies to diagnose the presence
or predict the development of hypophysitis," explained author Patrizio
Caturegli, MD, from Johns Hopkins University in Baltimore.

"A down-the-line application is for pharmaceutical companies to
make an antibody that does not bind complement — for example,
changing the isotype from IgG1 (like the isotype of ipilimumab) to
IgG4 (an isotype that does not have complement binding capacity), or
engineering the antibody molecule to remove the complement binding
motif," Dr. Caturegli described. However, predictive factors for onset of
autoimmune hypophysitis remain unclear and it is imperative that this
entity is differentially diagnosed from pituitary metastases.

Furthermore, most male patients had hypogonadotropic
hypogonadism that is only grade 1 toxicity for CTCAE. In a case series
study [63], 3 out of 5 patients had low serum IGF-I. Prolactin levels
may be elevated or low in approximately 25% of patients [64,65]. Only
one patient had been diagnosed with diabetes insipidus [66].
Treatment recommendation for hypophysitis is methylprednisolone
125 mg intravenously daily or dexamethasone 6 mg every 6 hours
intravenously for 3 days with a switch to oral prednisone 1-2 mg/kg
daily after improvement of symptoms. Immune checkpoint inhibitor
therapy should be permanently discontinued for severe or life-
threatening grade 3 or 4 toxicity [67].

Severe or life-threatening secondary adrenal insufficiency (grade 4
toxicity for CTCAE) is also included. It is characterized by
hypotension, dehydration, hyponatremia, and hyperkalemia imitating
septic syndrome. The incidence of severe or life-threatening
hypopituitarism is reported in <2% of patients being treated with
immune checkpoint inhibitors [67]. Adrenal insufficiency requires
transfer to the urgency department and management with fluids and

corticosteroids intravenously. Corticosteroids should be initiated at
60-80 mg prednisone daily or equivalent and tapered over 1 month.
Therefore, endocrine adverse events (e.g., hypothyroidism and adrenal
insufficiency) are managed with replacement therapy, and patients
reinitiate treatment, for instance with anti–PD-L1 antibody, at the
discretion of the treating physician [68] as to grade 2 toxicity for
CTCAE.

Rare side-effects included diabetes mellitus, lichen planus, and
pancreatic insufficiency due to pancreatitis [69]. Hepatitis, and one
case each of sarcoidosis, endophthalmitis and myasthenia gravis have
been observed, too [69].

Depression in cancer as a result of immunotherapy
Depression continues to be underdiagnosed in cancer patients,

more pronounced this phenomenon is in the case of
immunomodulators prescription.

Treatment-related risk factors is immunotherapy with interferon
and IL-2. There is an association between immune activation and early
depressive symptoms in cancer patients treated with IL-based therapy
[70]. In general, it could be that depression is associated with the
decreased cytotoxic T-cell and natural-killer-cell activities that affect
processes such as immune surveillance of tumours.

Depression emerges on the background of sickness when the
inflammatory response is too intense and long lasting or the resolution
process is deficient. The transition from sickness to depression is
mediated by activation of the kynurenine metabolic pathway that leads
to the formation of neurotoxic metabolites. The neuroimmune
processes and molecular factors that have been identified in the studies
of inflammation-associated depression introduce potential new targets
for the development of advanced therapies for the treatment of major
depressive disorders [71]. It is suggested that symptoms of depression
would fluctuate over time, depending on the degree of inflammation
and kynurenine metabolite levels in the cerebrospinal fluid [72].

As to cancer patients, gene expression studies, in the future, may
have the potential to detect changes due to differences in common or
rare genomic sequence variation, environmental factors or their
interaction. Although cause-effect relationships cannot be determined
from these data, the results support the hypothesis that altered
immune signaling has a role in the pathogenesis, manifestation, and/or
the persistence and progression of major depression. Type I interferon
signaling genes in recurrent major depression reveal increased
expression detected by whole-blood RNA sequencing [73].

Another mechanism for pro-inflammatory cytokines, particularly
for TNF-α, is the increase in the activity of an enzyme called
indoleamine-2,3-dioxygenase, which degrades tryptophan.
Tryptophan is the precursor to 5-hydroxytryptamine; therefore its
destruction results in reduced 5-hydroxytryptamine levels [74]. It is
well established that tryptophan levels are decreased relative to
monoamine levels in the brains of depressed patients [75].

On the other hand, therapeutic agents targeting specific cytokine
molecules, such as interleukin-6 or tumor necrosis factor-alpha, are
currently being evaluated for their potential to simultaneously treat
both depression and cachexia. The available data suggest a dual role for
cytokines in the development of cancer-related depression and
cachexia [76]. A better understanding of the bidirectional
communication between the neuroendocrine and the immune system
could contribute to new clinical and treatment strategies with reference
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to patients receiving immune-based therapy for tumors, including
those suffering from gynecologic cancer.

Conclusion
Anti-programmed cell death receptor-1 (PD-1) antibodies represent

an effective treatment option for gynecologic cancer as well as for other
cancer entities. This review focuses on the mechanism of action of
checkpoint inhibitors as to treatment thus much with anti-PD-1
antibodies (nivolumab or pembrolizumab) as with anti-cytotoxic T-
lymphocyte antigen-4 inhibition (ipilimumab) in patients with
advanced gynecologic malignancies. A better understanding of the
management of the adverse events, including endocrine ones, will help
ensure the safe and appropriate use of immune-based therapy in
gynecologic cancer and other tumor types.
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