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Glucocorticoid Effect in Gancer Patients

Marta Maria Blanco-Nistal and Jesus Antonio Fernandez-Fernandez

Abstract

The use of glucocorticoids is very varied in the context of cancer patients and includes the treatment of
symptoms related to cancer, but also the management of the most common side effects of antitumor
treatments or adverse events related to the immune system. There is a quantity of experimental evidence
demonstrating that cancer cells are immunogenic. However, the effective activation of anticancer T cell
responses closely depends on an efficient antigen presentation carried out by professional antigen-
presenting cells such as dendritic cells (DCs). The classic strategies to improve the medical management
of inflammation are aimed at exacerbating the host’s immune response. Although successful in treating a
number of diseases, these drugs have limited efficacy and variable responses can lead to unpredictable
results. The ideal therapy should reduce inflammation without inducing immunosuppression and remains a
challenge for healthcare personnel.
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1 Introduction

Thanks to their anti-inflammatory, anti-edema, and anti-allergy
properties, glucocorticoids (GC) are among the most widely pre-
scribed drugs in patients with cancer. The indications for GC use
are very wide and varied in the context of cancer and include the
symptomatic management of cancer-related symptoms (compres-
sion, pain, edema, altered general state) but also prevention or
treatment of common side effects of anticancer therapies (nausea,
allergies, etc.) or immune-related adverse events (irAE).

The classic strategies to improve the medical management of
inflammation are aimed at exacerbating the host’s immune
response with aminosalicylates, antibiotics, corticosteroids, thio-
purines, methotrexate, and biological antitumor necrosis factor
(TNF) agents. Although successful in treating a number of diseases,
these drugs have limited efficacy and variable responses can lead to
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unpredictable results. The ideal therapy should reduce inflamma-
tion without inducing immunosuppression and remains a challenge
for healthcare personnel [1].

However, severe even life-threatening side effects can arise
from prolonged exposure to synthetic GC, as well as from elevated
production of endogenous glucocorticoids, as seen in the rare
endocrine cancers known as Cushing’s disease. Common side
effects include osteoporosis, hypertension, mood disorders, muscle
and skin atrophy, and increased susceptibility to infection.
Although these side effects are often said to limit the clinical utility
of GCs, prolonged treatment with GCs is far from uncommon,
particularly among the elderly. Since the discovery of GCs by Philip
Hench and others in the 1940s, the uncoupling of their desirable
anti-inflammatory or immuno-suppressive effects from their harm-
ful side effects has been pursued with little success [2].

The involvement of GC in protumoral processes, particularly
tumor proliferation, cell adhesion, or epithelial-mesenchymal tran-
sition, remains controversial. It has been suggested that the use of
GC may render tumors resistant or less susceptible to apoptosis
after anticancer therapy.

Some cancer types, such as hematologic malignancies, can be
effectively treated with GC, whereas responses of epithelial cancers
to GC treatment vary, even within cancer subtypes. GCs may have
ancillary antitumor effects due to their cytotoxic actions on cancer
cells; however, GC can also promote cancer progression, coloniza-
tion of distant metastatic sites, and metastasis [3].

Indeed, GC treatment was found to downregulate basal and
chemotherapy-induced expression of apoptotic effects in human
cervical and lung carcinoma cells [4]. Variations in effects have
also been observed within tumors, with variable effects shown in
breast cancer depending on histologic subtype or tumor microen-
vironment. For example, some results indicate that the activation of
the GC receptor increases heterogeneity and metastasis, which
suggests that caution is needed when using GC to treat patients
with breast cancer who have developed cancer-related
complications [5].

Evidence indicates too that GCs induce apoptosis in hemato-
logical cells, thus supporting their use as chemotherapeutic agents
tor leukemias, lymphomas, and myeloma. GCs are a therapeutic
component in their own right in chemotherapy protocols for
hemopathic malignancies and have been shown to be very effica-
cious in association with cytotoxic chemotherapy for the treatment
of acute lymphoblastic leukemia, chronic lymphocytic leukemia,
Hodgkin and non-Hodgkin lymphoma, as well as multiple mye-
loma [6]. The mechanisms by which GCs could induce tumor cell
apoptosis are still incompletely understood but appear to be multi-
ple and interrelated.
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Immune checkpoint inhibitors (ICIs) have revolutionized the
management of advanced non-small cell lung cancer. With the
intention of generating an antitumor immune response, ICIs can
also lead to inflammatory side effects involving a wide variety of
organs in the body, termed immune-related adverse events.
Although no prospective clinical trial exists to guide recommenda-
tions for optimal and more specific immunosuppressive treatments
rather than corticosteroids, further studies may lead to a more
mechanistic-based approach towards these toxicities in the future.
In relation to current practice, adherence to the recent published
guidelines is recommend, which emphasize the importance of early
recognition and administration of temporary immunosuppressive
therapy with corticosteroids in most cases, depending on the organ
system involved and the severity of toxicity. Recognition of these
toxicities is increasingly important as the use of these agents
expands within different indications for patients with lung cancers
and to other tumor types [7].

Immune-related adverse events (irAEs) are a unique spectrum of
side effects of ICIs that resemble autoimmune responses. irAEs
affect almost every organ of the body and are most commonly
observed in the skin, gastrointestinal tract, lung, and endocrine,
musculoskeletal, and other systems [8].

Biological antitumor necrosis factor agents. Tumor necrosis
factor (TNF) plays a central role in the pathogenesis of several
inflammatory conditions, including rheumatoid arthritis (RA).
TNF is made intracellularly, mainly by activated macrophages.
The precursor TNF is converted to soluble TNF after proteolysis
by the TNF-converting enzyme. This soluble TNF then oligo-
merizes and forms the biologically active homotrimer TNF. There
are two types of TNF, which are very closely related, TNF-alpha
and TNEF-beta. The activities of both TNFs are mediated through
binding to the TNF receptors I and II (TNFRI and TNEFRII),
which are present on almost all cell types (except erythrocytes)
[9-11].

Immune checkpoint inhibitors (ICIs) are novel therapeutic
agents increasingly used in cancer therapy. Tumor cells can evade
destruction by the immune system by triggering immune check-
point receptors, such as cytotoxic T-lymphocyte-associated protein
4 (CTLA-4), programmed cell death protein 1 (PD-1), or pro-
grammed death-ligand 1 (PD-L1), that are expressed on T cells and
whose engagement inhibits T-lymphocyte function [10]. Immune
checkpoint inhibitors are monoclonal antibodies that prevent this
immunosuppression by blocking the engagement of these check-
point molecules, thereby reinvigorating the antitumor immune
response [12].
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Dendritic cells (DCs) are antigen-presenting cells derived from
bone marrow precursors and form a widely distributed cellular
system throughout the body. DCs exert immune surveillance for
exogenous and endogenous antigens and the later activation of
naive T lymphocytes, giving rise to various immunological
responses. Different growth factors and cytokines can modulate
the differentiation and function of DCs, GM-CSF, M-CSF, Flt3,
and TGEF-f, resulting in a large variety of DCs with different
functional abilities. Functionally, the ¢cDCs may be divided into
two states: immature and mature. Immature DCs are specialist in
uptaking and processing antigens; in contrast, mature DCs are
professional in antigen presentation. It has been observed that
immature ¢DCs can induce immune tolerance, while mature
c¢DCs may induce Th2 or Thl immune responses. It is worth
noting that different subpopulations of DCs have the ability to
secrete different cytokine patterns, resulting in the induction of
different immunological responses. Furthermore, DCs are involved
in the pathophysiology of several diseases such as contact hypersen-
sitivity, autoimmune diseases, or cancer, but they can also be used as
therapeutic tools in these conditions [13].

2 Effect of Glucocorticoids (GC) on the Immune Response

Paul Ehrlich at the beginning of the twentieth century presented
his immune surveillance theory for cancer. According to Ehrlich,
tumor cells appeared spontaneously in the body and were elimi-
nated by the immune system, thus defending the idea of an immune
system with anticancer capabilities. In fact, it seems that the efficacy
of classical treatments also lies largely in the activation of immune
responses after the release of immunostimulatory molecules from
necrotic cells [14, 15].

Actually, there is a quantity of experimental evidence demon-
strating that cancer cells are immunogenic. However, the eftective
activation of anticancer T cell responses closely depends on an
efficient antigen presentation carried out by professional antigen-
presenting cells such as dendritic cells (DCs) [16].

A mathematical model based on a system of ordinary differen-
tial equations was developed for the characterization of the regula-
tion of antitumor immune activity.

These mathematical simulations indicated that GC treatment
can suppress the antitumor immune response in a dose-dependent
manner. The model simulations were in line with previous experi-
mental observations of the inhibitory effects of GCs on T, natural
killer (NK) cells, and DCs. Thus, the results of this study could be
useful in predicting clinical outcomes in patients receiving GC
therapy [17].
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NK cells play a crucial role in antitumor immunity because of
their innate ability to differentiate between malignant versus nor-
mal cells. But these NK cells are severely affected during the period
immediately following cancer surgeries. Therefore, an opportunity
arises in the aftermath of cancer surgery for residual cancer cells,
including distant metastases, to gain a foothold in the absence of
NK cell surveillance. In the sense of GC therapy predicting clinical
outcomes, it is interesting to know that the release of sympathetic
stress-related factors (e.g., cortisol, prostaglandins, catechola-
mines), anti-inflammatory cytokines (e.g., IL-6, TGE-f), and mye-
loid derived suppressor cells mediates NK cell dystunction. Thus,
peri-operative therapies to mitigate NK cell suppression in the post-
operative period could improve curative outcomes following cancer
surgery [18].

Another study investigated the effects of tolerogenic
GC-treated DCs on NK and T cell antitumor responses in CD8+
T cells. The effects caused by GC-treated DCs were compared to
the responses to immunogenic, CpG-activated DCs. The immuni-
zation with CpG and peptide-treated DCs protected against tumor
growth by activation of NK cell response. Also, immunogenic DCs
induced the expansion of cytotoxic CD8+OT-1 cells. In contrast,
the peptide and GC-treated DCs increased the numbers of imma-
ture Mac-1+CD27- NK cells as well as Foxp3+ and IL-10 secreting
CD8+OT-1 cells with suppressive properties. In conclusion, the
generation of tolerogenic DCs is one of many immunosuppressive
mechanisms that can be induced by GC [19].

3 The Role of MicroRNA in Glucocorticoid Action

MicroRNAs (miRNAs) are short RNA species, generally 19-22
nucleotides in length, which mediate post-transcriptional down-
regulation of protein expression [20].

Although individual miRNAs exert relatively little effect on
cortisol biosynthesis, coordinated changes of miRNA abundance
may have a more striking impact, for example, in the context of
hypoxia or adenocarcinoma [21, 22]. Local GC availability can also
be regulated via effects of miRNAs [23].

GCs regulate many aspects of neuronal development and func-
tion, having particularly important roles in adaptation to stress.
Since pathophysiological point of view, prolonged exposure to
stress or elevated GC levels can cause long-lasting reprogramming
of neuronal GC responses, which can result in neuropsychiatric
disorders such as depression in later life. Such reprogramming at
critical developmental stages in utero may contribute to the trans-
generational effects of antenatal GC exposure [24, 25]. It has been
suggested that miRNA-mediated fine-tuning may contribute to
preventing consequences such as GC-induced atrophy of the adre-
nal glands [26].
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Various miRNAs have been implicated in the positive or nega-
tive regulation of inflammatory and immune responses, and these
mechanisms may be subject to GC modulation. The best character-
ized example is miR-155, which is generated from the B-cell inte-
grating pool of the precursor transcript [27]. Elevated levels of
miR-155 have been described in many types of cancer, leading to
its identification as one of the first oncogenic miRNAs (oncomirs).

In experiments with mice, those lacking miR-155 were resis-
tant to synovial inflammation and bone erosion [28]. Dexametha-
sone GC inhibited lipopolysaccharide (LPS)-induced expression of
miR-155 in primary macrophages and macrophage cell lines [29]
spleen and liver cells from LPS-injected mice [29, 30] and T
lymphocytes from sepsis patients [31].

The regulatory impact of a new miRNA on cancer growth and
migration is currently being discussed. The new emerging miRNA-
338-3p can regulate the response of cancer cells to chemotherapy
and radiotherapy. It appears that miRNA-338-3p has a dual role in
cancer chemotherapy, acting as a tumor-promoting or tumor-
suppressing factor. The experiments reveal the antitumor activity
of miRNA-338-3p in cancer. Therefore, increasing the expression
of miRNA-338-3p is important in effective cancer therapy. Long
noncoding RNAs, circular RNAs, and hypoxia are possible
upstream mediators of miRNA-338-3p in cancer. Antitumor agents
including baicalin and arbutin can promote miRNA-338-3p
expression to suppress cancer progression [32].

However, successful therapeutic manipulation of miRNA
expression is likely to be highly tumor-type specific and mimic
viral infection, such as Toll-like receptor 9 (TLR9) ligands. Such
agonists render plasmacytoid dendritic cells resistant to
GC-induced apoptosis [33].

In summary, as miRNAs exert such pervasive effects on
biological processes, it is not surprising that they touch on GC
action at several points. Their touch is often light, in the sense
that individual miRNAs alter expression of their targets only mod-
estly. Nevertheless, one miRNA can hit several targets, and one
target may be hit by several different miRNAs. Therefore, coherent
and coordinated changes of miRNA abundance can affect complex
biological processes quite profoundly [34].

4 Glucocorticoids and Apoptosis

Clinically, GCs are used for allergies, autoimmunity, and chronic
inflammation, because they have strong anti-inflammatory eftects
and induce the apoptosis of lymphocytes. Past studies have
reported the positive and negative effects of GC on the immune
system. These opposing properties of GC may regulate the immune
balance between the responsiveness to antigens and excessive
inflammation in steady-state and stress conditions.
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Glucocorticoid receptor (GR) acts as a transcription factor and
represses the expression of inflammatory cytokines, chemokines,
and prostaglandins by binding to its motif, to GC response ele-
ment, or to other transcription factors. In mice, GR suppresses the
antigen-stimulated inflammation mediated by macrophages, den-
dritic cells, and epithelial cells and impairs cytotoxic immune
responses by downregulating interferon-y production and inhibit-
ing the development of type-1 helper T cells, CD8+ T cells, and
NK. These immune inhibitory effects prevent lethality by excessive
inflammation but at the same time increase the susceptibility to
infection and cancer. Consistently, stress-induced GCs strongly
suppress cell-mediated immunity and cause viral infection and
tumor development. They may also enhance the development of
pathogenic helper T cells and cause tissue damage through neural
and intestinal inflammation [35].

New findings show that GR antagonism enhances tumor cell
apoptosis due to cytotoxic agents under physiological GC concen-
trations in mice. Thus, GR antagonism will help guide the clinical
development of relacorilant in combination with cytotoxic agents
for the treatment of solid tumors. Anti-proliferative agents, includ-
ing, but not limited to, paclitaxel, consistently cause tumor cell
apoptosis in vitro. Resistance to such therapies is, unfortunately,
the norm in clinical practice in patients with solid tumors. The data
presented in some studies expand our understanding of the
pro-apoptotic effects of GR antagonists described in ovarian and
breast cancer cells [36, 37]. Relacorilant improved the activity of
diverse cytotoxic agents, and the most pronounced benefits were
seen in combination with microtubule-targeted agents [38].

Thus, the optimal clinical application for a GR antagonist
would necessarily avoid the use of corticosteroids. For example,
paclitaxel formulated with albumin and without cremophor does
not require co-administration of corticosteroids and is thus a ratio-
nal first choice for combination with relacorilant. Additionally, the
benefit of relacorilant combined with a diverse set of cytotoxic
agents identified further expands the number of potential
corticosteroid-sparing regimens with relacorilant [38].

In this way, the aim of a recent study was to identify the effect of
ionizing radiation on the structure of prednisolone and cancer cells.
Prednisolone is a GC used for the treatment of liver disease and cancer.
A new derivative of prednisolone was created by irradiation (predniso-
lone TR) and its anticancer properties were investigated in liver cancer
cells. IR prednisolone promoted apoptosis and arrested the cell cycle at
the GO/G1 stage in Huh?7 cells. IR prednisolone also altered the
mitochondrial membrane potential and activated caspase-associated
proteins, thereby activating the intrinsic apoptotic signaling pathway.
In conclusion, IR prednisolone promoted anticancer effects in liver
cancer cells through activation of apoptosis. This study showed that IR
prednisolone may be a potential anticancer agent against liver cancer,
although specific molecules have not yet been identified [39].
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5

Impact of Glucocorticoid Use on Cancer-Related Symptoms

Cancer remains the leading cause of death worldwide and also
carries significant morbidity. Pain resulting, directly or indirectly,
from abnormal growth of malignant cells in normal tissue, is the
most common and feared symptom associated with cancer [40]. It
is estimated that one-third of cancer patients undergoing active
treatment, and two-thirds of those with advanced disease, experi-
ence pain that requires treatment with analgesic drugs [41].

In addition, the recommendations of the World Health Orga-
nization (WHO) and the European Association for Palliative Care
for the treatment of pain indicate and establish the adjuvant analge-
sics that should be used in each step of the WHO analgesic scale,
GC being one of the adjuvant analgesics, according to treatment
guidelines [42].

In oncology, GCs have long been used to help control cancer-
related symptoms, especially those related to inflammation and /or
edema caused by the tumor, with most patients receiving GCs
followed up in oncology, at some point in their cancer
treatment [43].

Due to their anti-inflammatory mechanism of action, corticos-
teroids are said to provide effective analgesia for pain associated
with inflammation and in the treatment of cancer-related complica-
tions such as brain metastases and spinal cord compression [41],
especially in bone metastases [44, 45], and are also widely used in
cancer patients in the palliative phase of the disease [46]. Dexameth-
asone is often the corticosteroid of choice for specialized palliative
care teams [47], as it has a more even tissue distribution and better
penetration of the blood—brain barrier [48], and its minimal min-
eralocorticoid means that dexamethasone causes less retention of
liquids, and its long biological half-life of 36-54 h allows once-daily
dosing [47].

However, some studies and meta-analyses have shown that the
efficacy is lower than expected and should be considered in per-
spective with the potential adverse effects of this treatment [49].

Recently, a meta-analysis on the use of GC for pain manage-
ment in adult cancer patients has been carried out, and the authors
concluded that more trials are needed, and with a larger number of
participants, to evaluate the safety and the effectiveness of corticos-
teroids for the treatment of cancer pain in adults and to establish an
ideal dose, duration of treatment, and route of administration.
More randomized controlled clinical trials are indicated, and with
adequate statistical power, having pain as the primary outcome and
being measured with a standardized and universally accepted tool,
using a single GC drug (e.g., dexamethasone, which is the GC most
used in this type of patients), at a dose and with a predetermined
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route of administration, for a short period of time. Likewise, it
would be recommended that long-term toxicity be documented
during a long follow-up period [50].

Another symptom related to cancer is dyspnea, which has a
multifactorial origin and appears in 70% of these patients when
they reach the final phase of life and whose treatment with GC
can be effective [43]. Currently, and depending on the origin of
dyspnea, GCs have several arguments in favor of their use, for
example, when dyspnea appears in patients who, due to tumor
progression, suffer from bronchospasm, pleural effusion, or supe-
rior vena cava syndrome [51], since GCs have an anti-inflammatory
component that includes immune infiltration of the wall of the
airways, increased proinflammatory cytokines in lung tumors
(such as IL-8, IL-6, and C-reactive protein), or increased peripheral
activation of neutrophils, which may explain its ability to attenuate
dyspnea in view of the high inflammatory response of these patients
[52,53].

However, as dyspnea is known to be multifactorial in cancer
patients, GCs may be more effective in some cases, such as lym-
phangitis carcinomatosa or airway obstruction by tumor, but less so
in other circumstances [49].

GCs are also an element used in the treatment of symptomatic
cerebral edema (nausea, vomiting, and headache) and are recom-
mended to reduce intracranial pressure related to the progression of
a primary brain tumor or intracerebral metastasis [ 54 ]. Dexametha-
sone is the treatment of choice to relieve the symptoms of brain
tumor progression with signs of intracranial hypertension and /or
neurological deficits [55]. The reason for choosing dexamethasone
is due to its limited mineralocorticoid effects and the lower risk of a
rebound effect after discontinuation.

The treatment of leptomeningeal metastases and their symp-
toms is generally more complex and may require therapy with
intrathecal administration of GC. In addition, treatment with GC
has been shown to be effective and is among the main therapeutic
options (along with surgery and radiotherapy) for the treatment of
symptoms related to spinal cord compression, especially during
spinal cord metastases. Spinal cord metastases occurs in numerous
cancers such as breast or lung; in these cases, prompt attention is
needed to restore neurological function, relieve pain, and prevent
permanent damage [56].

Likewise, GCs appear in clinical guidelines and are currently
used systemically in the management and treatment of digestive
occlusive symptoms of tumor origin or cause, with the main objec-
tive of restoring or improving said occlusive symptoms [57]. This
intestinal obstruction can be mechanical or functional, with extrin-
sic mechanics being representative of a higher percentage of cases.
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Said occlusive digestive symptoms may be the result of com-
pression of the digestive tract lumen, by a tumor or primary cancer-
ous mass, by a metastasis (mesenteric or epiploic), by radiation-
induced fibrosis secondary to radiotherapy, or by adhesions:
abdominal and /or pelvic [58]. Malignant intestinal obstruction is
estimated to occur in 10-28% of colorectal cancers and 5-42% of
ovarian cancers; in general, it is estimated that it occurs in 2% of all
patients in advanced phase of the disease [59].

There is a systematic review on the use of corticosteroids in the
management of cancer patients with symptoms of intestinal
obstruction, in which several randomized clinical trials with double
blind and placebo were analyzed and in which the authors con-
cluded that that there is a tendency towards evidence that GC in a
dose range of 6-16 mg of dexamethasone administered intrave-
nously can achieve resolution of intestinal obstruction, presenting
an extremely low incidence of side effects in all included
studies [60].

At the same time that GCs are used to manage the impact of the
symptoms of the disease on the quality of life of cancer patients,
they are also used to help control the secondary effects of antitumor
treatments, such as chemotherapy, immunotherapy, and radiother-
apy, with nausea and vomiting standing out among these
symptoms [61].

To control these symptoms, and together with GCs (which are
the drugs used for this function for the longest time), SHT3 or
NKI receptor antagonists are associated depending on the emetic
response of the chemotherapy protocol. Chemotherapy is known
to induce the production of inflammatory mediators, such as eico-
sanoids, which may explain the efficacy of GC treatment in prevent-
ing such nausea and vomiting [62].

In addition to nausea and vomiting, there are certain chemo-
therapy agents (bleomycin, gemcitabine) or targeted therapies,
EGFR (erlotinib, gefitinib), mTOR or MEK inhibitors, or even
HER2 monoclonal antibodies (especially trastuzumab and derux-
tecan, which are known to cause disease interstitial lung), which can
cause respiratory and pulmonary toxicity [63]. Parallel to the inter-
ruption of the drug implicated in said toxicity, the use of GC is
recommended in the clinical guidelines, since they can help resolve
dyspneic symptoms and even improve the pulmonary radiographic
presentation [64].

GCs, in addition to being used in the symptoms of cancer
patients described above, also have favorable side effects regarding
the general condition of cancer patients, due to their orexigenic or
appetite-stimulating effect [65] and to having a positive impact on
the characteristic asthenia of this type of fragile patients [53]. In
general, several studies carried out with cancer patients with
advanced and palliative cancer have shown an improvement in the
quality of patients receiving treatment with GC, compared to
patients receiving placebo [53, 66].
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However, and despite the evidence that indicates the benefit of
the use of GC in this type of patient, it must also be considered that,
like any drug, GC can cause certain clinical side effects in patients
(candidiasis oral administration, severe proximal myopathy, insom-
nia, etc.), which can cause patients to show certain reluctance and
difficulties in the use of GCs, even outweighing the possible poten-
tial benefits [49]. For all these reasons, even in patients with
advanced cancer and palliative patients, GCs should be used with
the minimum effective dose and with the shortest possible
duration [67].

6 Future Perspectives
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