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Abstract

Multicentric Castleman disease (MCD) causes an extensive range of systematic symptoms and can be life-threatening if not treated
promptly and appropriately. The pathophysiology of the disease remains unclear; however, interleukin 6 (IL-6) pathway and human herpesvirus 8 infection appear to play an important role. As a result, the treatment of MCD remains complex and often insufficient, although
a plethora of therapeutic approaches have been used. Between these, biological agents in the form of monoclonal antibodies against
specific pathogenic processes of the disease have improved survival rates significantly. In the present study, we review the clinical results
of rituximab, which targets B lymphocytes, siltuximab and tocilizumab, which target the IL-6 pathway, bortezomib, which is a selective
proteasome inhibitor, and anakinra, which is an interleukin 1 receptor antagonist. The introduction of these biological agents in the treatment of MCD appears to be promising in the first studies performed. However, more clinical trials are required to assess the efficacy and
safety of each agent and to form therapeutic strategies that will be widely accepted.
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INTRODUCTION
Castleman disease, alternatively known as angiofollicular lymph node hyperplasia, consists of a heterogeneous group of
reactive lymphoproliferative disorders, which share some basic histopathological features but vary greatly in clinical manifestations, severity, treatment, and prognosis [1]. The first case of the disease was reported in 1954 by Benjamin Castleman
[2] who identified a new histopathologic entity in a surgically resected mediastinal mass. Castleman et al. reported a series
of similar cases over the next 2 years, confirming the diagnosis of the new disease.
Nowadays, the disease is clinically divided into two distinct subtypes: unicentric Castleman disease (UCD) and multicentric Castleman disease (MCD). The former, which is usually asymptomatic, is effectively treated by surgical excision of the
enlarged lymph node. The latter can cause a wide range of systematic symptoms, such as fever, night sweats, weight loss,
peripheral edema, ascites, pleural effusion, lymphadenopathy, and organomegaly [1,3,4]. Laboratory hallmarks include
anemia, leukocytosis, thrombocytosis or thrombocytopenia, increased C-reactive protein (CRP) and fibrinogen, elevated
erythrocyte sedimentation rate, hypergammaglobulinemia, and hypoalbuminemia [3]. Moreover, it has been associated
with polyneuropathy, organomegaly, endocrinopathy, monoclonal protein, skin changes (POEMS) syndrome, paraneoplastic pemphigus, and an increased risk of hematologic malignancies, especially B-cell lymphomas [5]. MCD can be lifethreatening if not treated promptly and appropriately, or it can be refractory to treatment. It requires combined systematic
treatment, and despite recent advances in therapies that target the pathophysiology of the disease, its prognosis remains
relatively poor [6,7].
Castleman disease is divided into at least four histopathological subtypes. All of these are characterized by excessive intrafollicular vascular proliferation. Most of the UCD cases belong to the hyaline vascular subtype, whereas most of the MCD
cases belong to the plasma cell subtype. However, each histopathological subtype, as well as mixed variants, can be found
in both UCD and MCD. The recently described plasmablastic subtype has been associated with aggressive forms of MCD,
usually in the setting of human immunodeficiency virus (HIV) infection [1,3]. Castleman disease is usually a diagnosis of
exclusion, as many benign and malignant diseases present with similar reactive lymph node histopathology [8].
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Etiology and Pathophysiology
The etiology of MCD still remains unclear. However, there
is good evidence to support the critical role of interleukin
6 (IL-6) pathway and human herpesvirus 8 (HHV-8) infection in the pathogenesis of at least a number of cases [9-11].
MCD is more frequent among patients infected by HIV, and
its incidence is constantly increasing, especially after the introduction of highly active antiretroviral therapy [12]. Almost
all HIV-positive MCD cases present with an HHV-8 coinfection, whereas the frequency of HHV-8 in patients with HIVnegative MCD varies in association with the prevalence of
the infection in each population [9,10]. The World Health
Organization proposed a classification of MCD depending
on the HHV-8 infection status, characterizing MCD as either
HHV-8-associated or idiopathic MCD.
IL-6 Signaling Pathway
Several studies suggest that the lymph node enlargement,
the specific histopathological alterations, and the systematic
symptoms reported in MCD are all secondary to proinflammatory hypercytokinemia. Among many cytokines that have
been proposed to play a role in MCD, overproduction of IL-6
appears to be the critical point in the pathogenesis of the
disease [10,11,13]. IL-6 is produced by a wide range of immunocompetent cells, including lymphocytes, monocytes/
macrophages, endothelial cells, and fibroblasts, and performs
multiple immunoregulating activities. The most important of
these include: (1) induction of B lymphocyte proliferation and
differentiation, leading to diffuse lymph node enlargement,
(2) synthesis and release of hepatic acute phase factors responsible for the systematic symptoms of MCD, (3) induction
of hepcidin production in the liver, which mediates anemia
of chronic disease, and (4) stimulation of vascular endothelial
growth factor (VEGF) expression, which causes the characteristic excessive intrafollicular angiogenesis [14]. Both experimental models and clinical studies provide strong evidence
for the important role of the IL-6 pathway in MCD. Yoshizaki
et al. [11] reported that IL-6 is mainly produced by the germinal centers of hyperplastic lymph nodes, whereas lymph
node hyperplasia, plasma levels of acute phase proteins, and
clinical symptoms were correlated to serum IL-6 concentration. Moreover, van Gameren et al. [13] conducted a phase I
and II study to examine the safety of recombinant human IL-6
when administered to patients with cancer. The main side effects reported were identical to an MCD-like syndrome, and
most of the clinical and laboratory abnormalities were dose
dependent. Similar results were obtained by Brandt et al. [10]
who used a genetically modified mouse model that overproduced IL-6. Shortly after the genetic modification, mice presented with symptoms and histopathological changes typical
of MCD. The exact etiology of IL-6 pathway dysregulation
remains indistinct. In patients positive with HHV-8, viral infection appears to play the most significant role. In patients
with idiopathic MCD, multiple factors have been suggested
to contribute, including viral infections other than HHV-8,
genetic aberrations in the IL-6 pathway, autoimmune phenomena, and ectopic IL-6 production by malignant cells [9].
HHV-8 Infection
HHV-8, alternatively known as Kaposi sarcoma-associated
herpes virus, was first isolated from an HIV-associated Kaposi

sarcoma biopsy sample in 1994 [10]. Since then, its involvement in the pathogenesis of various diseases, including Kaposi sarcoma, primary effusion lymphoma, and a proportion
of MCD cases, has been well documented [9,12,15]. HHV-8
primarily infects CD20+/IgM+ B lymphocytes in the mantle
zone of the affected lymph node. Soulier et al. [9] were the
first to investigate HHV-8 prevalence in excised lymph nodes
from patients with MCD, using polymerase chain reaction and
Southern blot analysis. All patients positive with HIV were
HHV-8-positive as well, whereas HHV-8 frequency among
patients negative with HIV was estimated at 41%. Subsequent
studies confirmed the strong association between HIV and
HHV-8 in MCD. However, the HIV-negative group was more
heterogeneous when examined for HHV-8 infection [16,17].
Furthermore, Stebbing et al. [14] reported that there is a correlation between HHV-8 plasma levels and disease activity in
patients positive with HIV. Therefore, they proposed HHV-8
plasma levels as a potential biomarker for disease exacerbations. Consistent with the previous study, Casper et al. [18]
reported three patients who improved clinically after having
antiviral treatment with ganciclovir. HHV-8 encodes a viral
form of IL-6 (vIL-6), mostly during the lytic phase of the viral proliferation. It remains controversial whether vIL-6 alone
can cause MCD. However, vIL-6 also induces human IL-6
expression, which is potent enough to cause MCD, alone
or synergistically with vIL-6 [19]. Finally, vIL-6 upregulates
VEGF expression as well, contributing to the intranodular
capillary proliferation reported in the disease [20].
Targeted Therapies
Surgical resection of the enlarged mass provides radical treatment to the majority of patients with UCD. Radiotherapy is
an important alternative when surgical resection is contraindicated or technically challenging [21]. The treatment of MCD
still remains complex and often insufficient as the diagnosis of
the disease can sometimes be delayed, and the pathogenetic
onset of each case is usually different among patients [4,8].
Moreover, MCD is a rare clinical entity, and therefore, there
is a lack of randomized controlled trials (RCTs) to support
clinical practice. Only one RCT has been published to date,
evaluating siltuximab (anti-IL-6 monoclonal antibody) safety
and efficacy in patients with idiopathic MCD [6]. The rest of
the knowledge that constitutes the basis of our clinical practice
lies mostly upon case series, case reports, and expert opinions.
As a result, multiple therapeutic approaches have been used,
including conventional cytotoxic chemotherapy (single-agent
or combined), antiviral treatment, glucocorticoids, thalidomide, interferon-alpha, and molecular targeted therapies. Determination of HHV-8 status is very important for the selection
of the appropriate therapeutic strategy [9]. Below, we summarize current clinical data regarding the use of biological agents
(monoclonal antibodies) in the treatment of MCD.
Targeting B Lymphocytes
Rituximab
Rituximab is a chimeric monoclonal antibody that was initially (approximately 20 years ago) approved for use in lowgrade non-Hodgkin’s follicular lymphoma. It targets CD20
antigens on the surface of B lymphocytes, leading to their
destruction mostly via complement activation and antibody-
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dependent cell mediated cytotoxicity [22]. It has now been
used for many B-cell mediated and autoimmune diseases,
such as non-Hodgkin lymphomas (NHLs), chronic lymphocytic leukemia, rheumatoid arthritis, and Wegener’s granulomatosis [23]. Moreover, it has been used off-label as first-line
treatment in HIV-positive/HHV-8-positive MCD, alone or in
combination with conventional chemotherapeutics (e.g., etoposide) and antiviral treatment (e.g., ganciclovir) [24]. In addition, it has been used as second-line treatment, along with
combined conventional chemotherapeutics (e.g., CHOP) in
HIV-negative/HHV-8-negative MCD, when the disease is refractory to anti-IL-6 treatment [25].
Most of the clinical evidence regarding rituximab use in
MCD comes from both prospective and retrospective studies
in patients positive with HIV/HHV-8. Bower et al. [24] conducted a single-group, phase II trial in which 21 patients with
HIV-positive/HHV-8-positive MCD participated. Each patient
received 4 doses of 375 mg/m2 of body surface area at weekly intervals, without having any other treatment prior to this.
Twenty patients showed clinical response to the treatment,
with resolution of symptoms. Fourteen patients had partial
radiological response (assessed by the Response Evaluation
Criteria in Solid Tumors), and most of the patients presented
with improvement in a number of hematological and viral
markers, including hemoglobin, platelet count, and HHV8 viral load. In addition, after 2 years, the overall survival
rate was 95%, and the relapse-free survival rate was 79%.
Similarly, Gerard et al. [7] published a prospective, phase II
trial in which 24 patients were treated with the same dose of
rituximab as in the study described above. Participants had
been effectively treated with conventional chemotherapy in
the past, but they became chemotherapy-dependent, with at
least one exacerbation of the disease when chemotherapy
was withdrawn. All patients received at least one dose of
rituximab. Twenty-two of them exhibited sustained remission
of the disease off chemotherapy at day 60 after the first dose
(primary endpoint), and 17 participants showed sustained remission of the disease off chemotherapy at day 365 after the
first dose (secondary endpoint). The estimated 1-year overall
survival, event-free survival, and disease-free survival rates
were 92%, 71%, and 77%, respectively. Moreover, rituximab
has been found to reduce significantly the incidence of NHL,
a potentially fatal complication occurring frequently in the
setting of HIV-positive/HHV-8-positive MCD [26].
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Two retrospective studies aimed to assess the effect of rituximab-based therapies on overall survival. Hoffmann et al.
[27] examined 52 patients with HIV-positive MCD, some of
whom received rituximab (alone or in combination with conventional chemotherapeutics), and some others did not. A
predominance in sustained complete remission rate (91% vs
41% after 1 year) and overall survival rate was reported in the
rituximab-treated group compared with the group of patients
who received conventional chemotherapy (with or without
antiviral agents). In a similar study of 61 HIV-positive MCD
cases by Bower et al. [28], the overall survival rates reached
94% at 2 years and 90% at 5 years in the rituximab-treated
group compared with 42% and 33%, respectively, in the
group of patients who did not receive rituximab. Moreover,
the investigators reported 24 patients with Kaposi sarcoma at

the time of MCD diagnosis. Nine of them suffered progression of Kaposi sarcoma after 3 months of rituximab therapy,
and all of them except for one required systemic liposomal
anthracycline chemotherapy. In conclusion, despite their limitations, both studies suggest that rituximab has dramatically
improved survival rates in HIV-positive MCD.
Treatment of HIV-positive MCD with rituximab-based therapies has significantly improved survival; however, the potential benefit of maintenance therapy is low. In a prospective cohort study, 84 patients with HIV-positive MCD were
treated with risk-stratified rituximab-based therapy [28]. Four
patients died of refractory HIV-positive MCD, while the rest
achieved clinical remission. The median follow-up for these
patients was 6.9 years. The 5-year overall survival for the 80
patients was 92%. Eighteen patients relapsed, including five
with concomitant HHV8-associated lymphoma at relapse,
with a median time to first relapse of 30 months (maximum
10 years). Moreover, all patients were successfully retreated
with rituximab-based therapy. Therefore, the high risk of developing HHV8-associated lymphoma, the relatively low relapse rate and the high salvage rates at relapse, reduce the
potential benefit of maintenance therapy.
Targeting IL-6 Pathway
IL-6 plays a critical role in the pathogenesis of both idiopathic and HHV-8-associated MCD, as described above.
Therefore, the investigators tried to target the IL-6 signaling
pathway, IL-6 or IL-6 receptor (IL-6R), in order to provide an
etiologic therapy for MCD. Beck et al. [29] were the first to
administer a murine anti-IL-6 antibody (BE-8) in a case of
MCD. Symptoms improved within 24 h after administration
and improvement of laboratory markers followed after a few
weeks. However, symptoms and laboratory abnormalities recurred within a few days after therapy cessation. Since then,
two more monoclonal antibodies targeting IL-6 pathway have
been used in the treatment of MCD, siltuximab (anti-IL-6) and
tocilizumab (anti-IL-6R), which are discussed in more detail
below.
Siltuximab
Siltuximab is a chimeric monoclonal antibody that binds to
IL-6 with high affinity and, therefore, prevents IL-6 binding
to its receptor (IL-6R). It has been the only drug approved
for the treatment of idiopathic MCD in the United States and
Europe so far. The first clinical data regarding siltuximab use
in MCD were published in 2010 by van Rhee et al. [30] who
examined 23 patients negative with HIV/HHV-8 with symptomatic MCD or unresectable UCD. The interim results of this
phase I clinical trial showed that 18 (78%) patients exhibited
clinical benefit response (CBR, a combination of certain clinical and laboratory indicators, as defined by the investigators
of the study) after siltuximab administration. The CBR rate
was 100% (11 patients) in the group who received a higher
dose of siltuximab (12 mg/kg). Moreover, 11 (52%) patients
experienced radiologic tumor response (complete or partial),
as defined by the modified Cheson criteria, whereas hemoglobin increase (0.2-4.7 g/dL) was reported in 19 patients.
Finally, neither dose-limiting toxicities nor treatment-related
deaths were reported, whereas only three patients experienced grade 3 or higher adverse events.
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The final results of this study, mainly focusing on the evaluation of siltuximab safety, were published by Kurzrock et al. [31]
in 2013. Sixty-seven patients with NHL, multiple myeloma, or
symptomatic Castleman disease were enrolled in this cohort
study and received siltuximab at a dose of 3, 6, 9, or 12 mg/
kg weekly, every 2 or 3 weeks for a median of 8.5 (maximum
60.5) months. No dose-related toxicities associated with siltuximab administration were reported, whereas the most frequent all-grade adverse events possibly linked to siltuximab
administration were thrombocytopenia (25%), neutropenia
(19%), hypertriglyceridemia (19%), leukopenia (18%), hypercholesterolemia (15%), and anemia (10%). Grade 3 or greater
adverse events reasonably related to siltuximab included neutropenia (11 patients), thrombocytopenia (3 patients), sepsis (1
patient), and hyperlipidemia (1 patient). An extension of the
initial phase I trial, including 19 patients, was published by
van Rhee et al. [32] in 2015. The median duration of treatment
for all patients was 5.1 (range 3.4-7.2) years. Neither evidence
of cumulative toxicities nor treatment discontinuations were
reported. In addition, all patients were alive at the time of the
publication. Grade 3 or greater adverse events reasonably attributed to siltuximab were leukopenia, lymphopenia, and a
serious case of polycythemia (1 patient in each event).
Van Rhee et al. [6] also conducted a randomized, double-blind,
placebo-controlled trial in which siltuximab efficacy was compared with best supportive care in patients with HIV-negative/
HHV-8-negative MCD. Siltuximab was administered intravenously at a dose of 11 mg/kg every 3 weeks. Eighteen (34%) out
of 53 patients who received siltuximab had durable radiologic
tumor response (according to the Cheson criteria) and symptomatic response (as defined by the authors in the study), with a median response duration of 383 (range 232-676) days. One patient
experienced complete response, whereas the other 17 patients
had only partial response. None of the 26 patients in the placebo group showed radiologic tumor response or symptomatic
response. Furthermore, similar incidence of grade 3 or greater
adverse events was reported in each group, but specific adverse
events, such as pruritus, maculopapular rash, weight gain, upper
respiratory tract infection, and localized edema, were reported
more frequently in the siltuximab group. Three (6%) patients
experienced adverse events reasonably attributed to siltuximab
administration (lower respiratory tract infection, anaphylactic reaction, and sepsis). In conclusion, siltuximab has been proven to
be a potent and considerably safe drug, which improved significantly life expectancy in patients with idiopathic MCD.
In a study conducted by Yu et al. [33], siltuximab was shown
to have a greater proportion of complete responses and longer progression-free survival for HIV-negative/HHV-8-negative
MCD compared to rituximab. Twenty-one patients received
siltuximab intravenously at a dose of 11 mg/kg every three or
six weeks. A dose of 375 mg/m2 of rituximab was administered
intravenously to 25 patients once a week for four weeks. Siltuximab was associated with a significantly higher rate of complete
response than rituximab or rituximab-based therapies (p=0.034).
Moreover, it controlled and improved the clinical manifestations
and progression-free survival in cases where rituximab failed.
However, patients treated with siltuximab might need lifelong
administration of the medication, as relapse has been reported
on cessation of IL-6 receptor therapy with tocilizumab.

Tocilizumab
Tocilizumab is a humanized IL-6R antagonist, which blocks the
IL-6 signaling pathway very effectively. It has been approved
for the treatment of idiopathic MCD in Japan and moderately
to severely active rheumatoid arthritis in adults worldwide. The
first data regarding tocilizumab use in MCD were published by
Nishimoto et al. [33] in 2000. The investigators administered
tocilizumab in seven patients with HIV-negative/HHV-8-negative MCD at a dose of 50-100 mg either once or twice weekly.
Fever and fatigue resolved immediately after tocilizumab administration, whereas laboratory markers, such as hemoglobin,
CRP, and albumin, started to improve within a few days. After
3 months of treatment, hypergammaglobulinemia, lymphadenopathy, and renal dysfunction in the setting of secondary
amyloidosis improved significantly. However, recurrence of
the disease was reported 2 weeks after therapy cessation. No
severe adverse events were reported, except for self-limited,
transient neutropenia in two patients.
Thereafter, Nishimoto et al. [34] published an open-label
phase II trial to evaluate the safety and efficacy of tocilizumab
in 28 patients with MCD (26 with idiopathic MCD and 2 with
HIV-negative/HHV-8-positive MCD). The investigators administered eight tocilizumab infusions at a dose of 8 mg/kg every
2 weeks, and afterwards, dose and treatment intervals were
adjusted to each patient individually for the next 16 weeks.
Within the initial phase of administration (16 weeks), lymphadenopathy was markedly improved, recorded as a reduction
of the mean short-axis from 10 mm to 9.1 mm. After 1 year
of treatment, this was further reduced to 8.6 mm. In addition
to lymphadenopathy alleviation, inflammatory markers, hemoglobin level, and nutritional status (total and high-density
lipoprotein cholesterol levels and body mass index) were also
improved significantly after treatment with tocilizumab. Regarding the safety of the drug, no severe adverse events were
reported. The most common adverse events possibly attributed to tocilizumab treatment were flu-like symptoms, such as
cough, rhinorrhea, and pharyngitis. Moreover, no patients developed malignancies, and only one patient who suffered from
chronic myelomonocytic leukemia experienced exacerbation
of secondary disease. In 2007, Nishimoto et al. [35] published
an extension of the prospective trial, in which they examined
the efficacy and safety of tocilizumab in a long-term, >5 years,
follow-up. Tocilizumab was initially administered to 35 patients, from whom 30 (86%) continued to have tocilizumab
for >5 years at doses and intervals as stated above. The effect
of tocilizumab on lymphadenopathy, constitutional symptoms,
and laboratory markers was sustained. In addition, pulmonary
diffuse lymphoid hyperplasia, identified in 31 patients initially,
improved dramatically over the 5-year period, as examined
by two independent radiologists in high-resolution computed
tomography scans. Finally, the most frequent adverse events
were similar to those reported in the initial phase of the study,
with the majority of them classified as not severe. Several case
reports and case series published thereafter described similar
effects of tocilizumab on symptoms and laboratory markers. In
addition to this, some studies supported the efficacy of tocilizumab when used as treatment for complications attributed
to MCD, such as renal failure, myelofibrosis, pulmonary hypertension, glomerulonephritis, cardiomyopathy, and autoimmune hemolytic anemia [36-42].
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Targeting Other Signaling Pathways
Bortezomib
Bortezomib is a selective proteasome inhibitor, which is believed to reduce IL-6 production possibly via inhibition of
nuclear factor-κΒ. It has been approved for treatment of relapsing multiple myeloma and mantle cell lymphoma in the
USA and Europe. A limited number of case reports regarding
bortezomib use in MCD have been published so far. Hess et
al. [43] reported a case of a 48-year-old female patient with
recurrent, treatment-refractory HIV-negative/HHV-8-negative
MCD. After bortezomib administration, the patient exhibited
significant alleviation of symptoms, improvement of general
performance status (as defined by the Eastern Cooperative
Oncology Group), improvement of inflammatory markers,
and loss of transfusion dependency for >1 year. Furthermore,
no severe adverse events were reported during the treatment
period. In addition, Wang et al. [44] and Sobas et al. [45]
treated two cases of Castleman disease associated to POEMS
syndrome using bortezomib in combination with thalidomide
and dexamethasone, respectively. Both patients experienced
disease remission, which lasted for 2 and >4, respectively,
without any severe adverse events during this period. Finally,
Yuan et al. [46] and Khan et al. [47] published two cases of
MCD in the setting of multiple myeloma, which were treated
with bortezomib and dexamethasone (followed by maintenance treatment with thalidomide in the second case). Both
patients remained in partial disease remission when examined after 18 and 24 months, respectively.
Anakinra
Anakinra is an interleukin 1 (IL-1) receptor antagonist. IL-1
is an IL-6 up-regulator via activation of the nuclear factor-κΒ
pathway. Therefore, it has been used in the treatment of several IL-6-mediated diseases. Officially, it has been approved
for the treatment of rheumatoid arthritis and cryopyrin-associated periodic syndromes in the USA and Europe. Similar to
bortezomib, only a small number of case reports regarding
anakinra use in MCD have been published thus far. Galeotti
et al. [48] reported a case of a 13-year-old boy who suffered
from treatment-refractory MCD. Initially, the patient received
a combination of conventional chemotherapy (cyclophosphamide and vinblastine) with rituximab, which proved to be
inefficient. Thereafter, he received anakinra and responded
immediately, experiencing a rapid resolution of symptoms
and improvement of laboratory markers. Similarly, El-Osta et
al. [49] reported a case of a 61-year-old woman with MCD
refractory to previous therapies (cladribine, rituximab, steroids, etanercept, and anti-IL-6 monoclonal antibody) who
experienced both clinical and laboratory remission of the disease after anakinra administration for 1 week.
CONCLUSION
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Multicentric Castleman disease is a rare systematic disorder,
which was characterized by aggressive development and
poor prognosis during the past decades. The introduction of
biological agents targeting the pathophysiology of the disease
improved survival rates significantly. Rituximab, mainly used
in HHV-8-positive MCD cases, and IL-6/IL-6R antagonists,
mainly used in idiopathic MCD cases, have geared the dis-

ease course toward a relapsing-remitting pattern. However,
further studies, especially RCTs, are required to assess the efficacy and safety of each agent and implement a therapeutic
strategy that will be widely accepted. Moreover, targeting
new mechanisms in the pathophysiology of the disease may
benefit patients with MCD refractory to current therapies.
For example, abnormally high levels of IL-10 and VEGF have
been reported in many MCD cases, rendering these two molecules rather appealing therapeutic candidates in the future
[50]. Finally, combinational approaches may minimize the
proportion of non-responding patients and, therefore, improve therapeutic outcomes.
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