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ABSTRACT

In recent years, Hodgkin’s and Non-Hodgkin’s lymphoma incidence is increasing all over the world. In the United States,
lymphomas are the fourth most common malignancies among all. Lymphoid malignancies have a broad spectrum from
mild indolent types, such as chronic lymphocytic leukemia/small lymphocytic lymphoma (CLL), follicular lymphoma (FL),
marginal zone lymphoma, and cutaneous T-cell lymphoma to aggressive types such as diffuse large B cell lymphoma (DLBCL),
mantle cell lymphoma, Burkitt’s lymphoma, peripheral T-cell lymphoma. With better response rates to chemotherapy, longer
disease-free survival and overall survival rates, lymphomas have satisfactory treatment results rather than solid organ tumors
for oncologists. Throughout history, conventional chemotherapy agents, radiotherapy and their combinations have been used
for the treatment of lymphoma. Especially, in the early stages of Hodgkin’s lymphoma, a rate of 85-90% complete remission
and high rate long-term remission can be achieved. However, despite this high response rate, 15-30% of patients are resistant
to treatment. With current therapies response rate and persistent long-term remission rate in Non-Hodgkin’s lymphomas are
around 50%. Therefore, new therapeutic approaches such as immunotherapy and the using of cytotoxic properties of T cells

against tumor has been developed and used in recent years for the treatment of refractory lymphoma.
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INTRODUCTION

Success of imatinib mesylate treatment abolished the need
of allogeneic stem cell transplantation in chronic myeloid
leukemia (CML) and also has guided the treatment of other
hematologic malignancies. Especially the usage of Bruton’s
kinase inhibitors in CLL and indolent non-Hodgkin’s
lymphoma treatment has increased the response rates."

T/B lymphocyte, macrophage, natural Kkiller cell and
cytokine mediated tumor immunology is a complex system
that forms the basis of response against cancer. Primarily,
perception of tumor cells as a foreigner and then proliferation
of regulatory T lymphocytes to create a destroying
microenvironment for tumor cells are necessary to create an
initial response against cancer cells.?

Transfer of The Adaptive Immune Response and
Chimeric Antigen Receptor (CAR) T Cell

One of the most effective treatment approaches is usage
of CDI19 specific, potential cytotoxic T cells which are
programmed and created by genetic engineering, especially
for the treatment of B-cell NHL and CLL. Mononuclear cells
derived from peripheral blood accompanied by leukapheresis
are collected and CD 19-specific T cells are isolated.’ Several
studies related to CAR T cell treatment has been conducted
for the treatment of DLBCL and FL. In refractory FL patients,
partial response achieved up to 32 weeks, by National Cancer

Institute (NCI) researchers. In another study, 4 complete
responses, 2 partial responses, and 1 stable disease symptoms
achieved in 7 patients with DLBCL.**

CAR T cell treatment related side effects has been
examined and there was no correlation between the rate of
the infused T cells and the side-effect profile. Nevertheless,
most important problems encountered was encephalopathy
and B-cell aplasia. B cell recovery can occur in 6 months after
infusion of T cells. Intravenous immunoglobulin support
might be protective against infection, especially for the
patients with B-cell aplasia.

Immunotherapy Aimed for Eliminating Immune
Tolerance

For a long time, oncologists have dreaming to use the
power of immune system to fight malignancies. Initial usage
of immunotherapy for lymphomas began with thesis of graft
versus tumor effect of T cells which were collected from the
donor during allogeneic stem cell transplantation. After the
discovery of rituximab treatment’s efficacy, which acts against
CD20 positive B cells, the idea of using immune agents in
lymphoma treatment beside conventional chemotherapy has
emerged, especially in non-Hodgkin’s lymphomas.

Immunotherapy agents shows a wide variability from
monoclonal antibody-based agents to transfer of adaptive
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immune response in cytotoxic T lymphocytes or inhibition of
PD-1 (programmed cell death) receptors that prevents T cell
activation.'

Immune checkpoint system leads to protection from
self-tolerance and autoimmunity. Chronic antigenic
stimulation of T cells via signaling through the PD-1
pathway is substantial. Once PD-1 stimulated by its ligands,
T-cell proliferation, cytotoxicity, and cytokine production
is decreased and apoptosis is increased. So, this interaction
leads to generation and maintenance of peripheral
tolerance.

In normal conditions, interaction of T cell receptors
with antigen-presenting cells is necessary for immune
system activation. In cancer patients, synthesis of proteins
from cancer and non-cancer cells in microenvironment
that suppresses T cell functions are increased, such as
cytotoxic T Lymphocyte associated protein 4 (CTLA 4) and
programmed cell death protein-1 (PD-1). The effect of PD-1
for the inhibition of T-cell activity seems to be stronger than
by CTLA-4.°

Immune Checkpoint Inhibitors; Hodgkin’s Lymphoma
and Non-Hodgkin’s Lymphomas

Although both CTLA 4 and PD-1 has an inhibitory effect
on tumor immunity, they act with different mechanisms.
CTLA 4is particularly expressed in T cells in the lymph nodes.
Mobilization of CTLA 4 is increased by CD28 stimulation via
T-cell receptor signalization. Once CTLA 4 binds to CD80
and CD86 ligands, it blocks the communication between
CD28 and T cell, thus inhibiting the T cell activation.®

PD-1 is particularly activated in extra nodal/
peripheral T cells and also their ligands on tumor cells.
After PD-1 is activated and bounded to PD-L1 and PD-L2
receptors, phosphatidylinositol 3-kinase (PI3K) pathway
is antagonized and T cell activation is blocked. The idea
of increasing T cell activation by inhibiting PD-1 activity
and decreasing the self-tolerance at lymphoid malignancies
leads us to think that expression levels of PD-L1 and PD-L2
receptors may be effective in terms of response to treatment.
PD-L1 expression occurs in hematopoietic cells such as
T cells, B cells, macrophages, dendritic cells and natural
killer cells and non-hematopoietic cells. PD-L1 expression
is increased especially in Hodgkin Reed-Sternberg (HRS)
cells through EBV related mechanisms, gene amplification,
and chromosomal translocation in Hodgkin lymphoma.
PD-L1 expression is also detected in Non-Hodgkin’s
lymphoma subtypes such as DLBCL, primary mediastinal
B-cell lymphoma and anaplastic large cell lymphoma. 9p23-
24 chromosomal amplifications are common in Hodgkin
lymphoma patients and associated with good response to
PD-1 inhibitor treatment.”

Pidilizumab is the first PD-1 inhibitor and particularly
has been used for phase 1 and phase 2 studies in DLBCL
patients. Although promising in refractory cases when
combined with rituximab, desired success could not be
achieved because of the low specificity of pidilizumab
to PD-1 receptors. In phase 1 studies conducted with
nivolumab and pembrolizumab, objective response rate was
36% and 40% in DLBCL and follicular lymphoma patients,
respectively.'” Most common side effects of PD-1 inhibitors
are immune system associated pneumonia, colitis,
hypophysitis, thyroiditis and hepatitis. The most serious side
effects (grade 3 and 4) associated with immune checkpoint
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inhibitors, are most frequent with the ipilimumab treatment
(20%). Immune-modulatory agents such as corticosteroids
and infliximab could be used for the side effects of these
agents.®

Today, frequency of PD-1 inhibitors usage is increasing,
especially in relapsed Hodgkin lymphoma cases. Nivolumab
has been used more often than pembrolizumab because of
it’s grade 1 and 2 treatment-related side effects. If the disease
persists after autologous stem cell transplantation in relapsed/
refractory Hodgkin lymphoma patients, PD-1 inhibitor
treatment seems to be preferred instead of allogeneic stem cell
transplantation because of the difficulty of finding suitable
donor and long-term strict control requirements.

Brentuximab Vedotin

Despite all the advances in the treatment, long-term
remission can not be achieved at approximately 30% of
classical Hodgkin lymphoma patients with conventional
chemotherapy and radiotherapy.” In the present, standard
treatment approach of these patients is high dose
chemotherapy and autologous stem cell transplantation.'
However, this treatment provides long-term remission for
only 50% of patients and expected median survival time is 27
months for the rest. An antibody drug conjugate brentuximab
vedotin is the only drug approved by the FDA in the last 30
years for this group of patients.

It selectively binds to CD30 (+) malignant HRS cells
through chimeric monoclonal antibody in it’s structure and
shows tumoricidal effect by a microtubule inhibitor called as
monomethyl auristatin E (MMAE)."

When compared with a phase 2 study consisting of 102
patients that conducted by Jones et al., this study also shows
similar objective response rates (80% vs. 75%), at least in the
early stages of disease."” However, PET/CT scan assessment
after 6 cycles of treatment with brentuximab vedotin
showed that, the objective response rate decreased up to
10% and progression of disease had observed in 7 patients
with at least partial response in the early stages. This result
demonstrated that brentuximab vedotin is insufficient to
obtain long-term remission. In fact, decreasing of high
objective response rates in further cycles that reached after
the first 3 cycles of brentuximab vedotin treatment, revealed
problem of permanent response rate with brentuximab
treatment.'>"?

Blinatumomab

Blinatumomab is a 55 kDa tyrosine protein derivative
which is specific for CD3 and CD19 cells. So, it has immune
effects on both T and B cells. Half-life of blinatumomab
is 2 hours, therefore administration of 3 times a week is
recommended in non-Hodgkin’s lymphoma and CLL.
Blinatumomab administration dose is 0.75-15 microgram/m?
intravenously within 2-4 hours. In one study, blinatumomab
was administered in doses of 15 microgram/m? in 76 patients
with relapsed/refractory Non-Hodgkin’s lymphoma (37%
follicular lymphoma, 32% mantle cell lymphoma, 18%
DLBCL and 12% others) and objective response rate and
complete response rate was 69% and 37%, respectively.'
While best response rate has detected in follicular lymphoma
patients with a response rate of 80%, response rate in patients
with DLBCL was 55%.'* Blinatumomab was approved by FDA
in December 2014 for refractory Non-Hodgkin’s lymphoma
treatment.
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Small Molecule Inhibitors; Bruton’s Tyrosine Kinase
Inhibitors (BTKI)

B cell receptor signaling is essential for proliferation of
normal and malignant B cells. B cell receptor expression is
increased in DLBCL, FL, mantle cell lymphoma and CLL.
Bruton kinase is a member of Tec kinase family and has a role
in B cell receptor signal cascade with Syk and PI3K.

Ibrutinib

In a phase 3 open label randomized study that consisting
of 391 patients with relapsed / refractory CLL or small
lymphocytic lymphoma (SLL), 195 patients were randomly
assigned to receive oral ibrutinib (420 mg once daily) and
196 patients randomly assigned to receive intravenous
ofatumumab.’”” Median age was 67 (30-86) and all patients
in both groups previously had a median of three-line
treatment. Median follow-up time was 9.4 months and the
overall survival rates at 12th month was 90% and 81% in
ibrutinib and ofatumumab groups, respectively (p<0.001).
Objective response rate was 42.6% in ibrutinib group
and 4.1% in ofatumumab group (p<0.001). Most frequent
treatment-related side effects in ibrutinib group was diarrhea,
fatigue, pyrexia, and nausea. On the other side, side effects
in ofatumumab group was fatigue and cough. Interestingly,
development of cataract was seen 3% in ibrutinib group and
1% in ofatumumab group.

In another phase 2 multi-center study, efficacy of
ibrutinib treatment (560 mg) was investigated in 111 relapsed
or refractory mantle cell lymphoma patients.'® Patients were
enrolled into two groups: those who had previously received
at least 2 cycles of bortezomib treatment and those who had
previously received less than 2 complete cycles of bortezomib
or had received no prior bortezomib treatment. The median
age was 68 and patients had undergone a median of three
(1-5) previous therapies. Objective response rate was 68%
with a complete response rate of 21% and a partial response
rate of 47%. Prior treatment with bortezomib had no effect
on the response rate, and the median response duration
was 17.5 months. Median progression-free survival was 13.9
months and overall survival rate was 58% at 18 months.
Grade 3 or 4 side effects were infrequent, neutropenia and
thrombocytopenia was detected in 16% and 10% of patients,
respectively. As a conclusion ibrutinib shows eflicacy in
relapsed or refractory mantle cell lymphoma patients who
received multiple prior therapies.

PI3K Inhibitors; Idelalisib

With activation of PI3K pathway, B cell receptor signaling
becomes stronger especially in CLL patients. Idelalisib is a
first-class selective inhibitor of PI3K pathway. Preclinical
studies showed that idelalisib inhibiting PI3K-AKT pathway
and inducing apoptosis.'” Reliable side effect profile and anti-
tumor activity of idelalisib shown with phase I and phase II
studies in relapsed and refractory indolent NHL and CLL /
SLL patients.

In a randomized, double blinded, placebo-controlled,
phase 3 study consisting of 220 poor prognosed relapsed/
refractory CLL patients, one group received idelalisib in
combination with rituximab and other group received
rituximab plus placebo. Objective response rate was 81% in
idelalisib group and 13% in placebo group (p<0.001). Overall
survival at 12 months was 92% in idelalisib group and 80%
in placebo group (p<0.02). Median progression-free survival
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was 5.5 months in the placebo group and was not reached in
the idelalisib group yet (p< 0.001)."

Idelalisib received FDA approval in July 2014 for treatment
of relapsed CLL and SLL patients who received at least 2 prior
therapies.

Immunomodulators; Lenalidomide

Mantle cell lymphoma is 6% of all NHLs and has a
heterogeneous clinical presentation. Wait and see policy
may be preferred in indolent forms, but in aggressive forms
immediate high-dose chemotherapy following induction
treatment and allogeneic stem cell transplantation seems to
be the ideal approach. New therapeutic agents in resistant and
aggressive mantle cell lymphoma patients remain promising.
Lenalidomide is an immunomodulator agent and successful
response rates was obtained in multiple myeloma (MM) and
myelodysplastic syndrome patients. Efficacy of lenalidomide
in lymphomas was shown in preclinical studies conducted in
guidance of this knowledge. Better response rates (53% vs.
35%) and long term response rates (16.3 vs. 13.7 months) were
provided in mantle cell lymphoma patients rather than other
subgroups in a phase II study with NHL patients."

In MCL-001 (EMERGE) study,” eflicacy of lenalidomide
(administered 5 mg per oral on days 1 through 21 in every
28 days) examined in 134 mantle cell lymphoma patients
who were refractory to prior immunochemotherapy and
bortezomib. Median age was 67 (43-83), median of prior
therapies was 4 (2-10), objective response rate was 28% (8%
partial response, 20% partial response), median duration of
response was 16.6 months, median progression free survival
was 4 months and median overall survival was 19 months.
The most common adverse effects was neutropenia (43%),
thrombocytopenia (28%), anemia (11%) and pneumonia (8%).

Lenalidomide received FDA approval in June 2013 for
treatment of relapsed mantle cell lymphoma patients after 2
prior therapies.

Proteasome Pathway Inhibitors; Bortezomib,
Carfilzomib

MM is 1% of all cancers and 10% of all hematologic
malignancies. Not only genetic mutations in plasma cells but
also bone marrow microenvironment and most importantly,
the loss of strength of the immune system to fight against
tumor is responsible for progression in MM patients.
Although B cell disorders is seen in MM primarily, T cell
functional defects also has been observed. Especially, loss of
tumor-specific CD4 and CD8 T cells and natural killer cells
in monoclonal gammopathy of undetermined significance
(MGUS) patients is seems to be responsible for progression
of disease to MM. In the light of these findings use of new
immunologic agents for treatment of MM brings the success
of treatment with itself.

Ubiquitin-Proteasome pathway is responsible for
degradation and elimination of damaged proteins in healthy
cells to ensure the healthy cell cycle. Protein synthesis
cycle is required for cell life and energy is provided by
proteasomes. It has been shown that the usege of proteasome
inhibitors in MM, mantle cell lymphoma and some types of
leukemia, induce apoptosis and inhibits uncontrolled cellular
proliferation.” Dexamethasone and bortezomib combination
is more effective and well tolerated in MM patients than
vincristine, adriamycin, dexamethasone (VAD) combination
and seems to be better choice as a first line treatment.”
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Carfilzomib is a second-generation proteasome inhibitor
with selective and irreversible inhibition of pathway and
approved by FDA for the usege in treatment of in refractory
MM patients.

A summary of Immunotherapeutic agents is given in
Figure 1.

Transfer Of The
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(CAR) T Cell
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Figure 1. Immunotherapeutic agents

CONCLUSION

Immunotherapy has lead the oncology science into a new
era, and hematologic malignancies seems to be the leading
group that benefits. Immunotherapeutic approaches had
stunning effects at the treatment of some solid tumors, as well
as some types of hematologic cancers. There are numerous
possible combinations of new drugs to test their efficacy
in many tumors and settings. Therefore, the spectrum of
immunotherapy is vast and enticing. However, to maximize
the therapeutic potential of these strategies, much studies
remains to be done in a coordinated fashion.

ETHICAL DECLARATIONS

Referee Evaluation Process: Externally peer-reviewed.

Conflict of Interest Statement: The authors have no
conflicts of interest to declare.

Financial Disclosure: The authors declared that this
study has received no financial support.

Author Contributions: All of the authors declare that
they have all participated in the design, execution, and
analysis of the paper, and that they have approved the final
version.

REFERENCES
1. Batlevi CL, Matsuki E, Brentjens R], Younes A. Novel immunotherapies
in lymphoid malignancies. Nat Rev Clin Oncol. 2016;13(1):25-40.
2. Siegel R, Ma J, Zou Z, Jemal A. Cancer statistics, 2014 [published
correction appears in CA Cancer J Clin. 2014;64(5):364]. CA Cancer J
Clin. 2014;64(1):9-29. doi:10.3322/caac.21208

23

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Kochenderfer JN, Wilson WH, Janik JE, et al. Eradication of

B-lineage cells and regression of lymphoma in a patient treated with
autologous T cells genetically engineered to recognize CD19. Blood.
2010;116(20):4099-4102. doi:10.1182/blood-2010-04-281931

. Kochenderfer JN, Dudley ME, Feldman SA, et al. B-cell depletion and

remissions of malignancy along with cytokine-associated toxicity in
a clinical trial of anti-CD19 chimeric-antigen-receptor-transduced T
cells. Blood. 2012;119(12):2709-2720. doi:10.1182/blood-2011-10-384388

. Parry RV, Chemnitz JM, Frauwirth KA, et al. CTLA-4 and PD-1

receptors inhibit T-cell activation by distinct mechanisms. Mol Cell
Biol. 2005;25(21):9543-9553. doi:10.1128/MCB.25.21.9543-9553.2005

. Pardoll DM. The blockade of immune checkpoints in cancer

immunotherapy. Nat Rev Cancer. 2012;12(4):252-264.d0i:10.1038/
nrc3239

Dong H, Strome SE, Salomao DR, et al. Tumor-associated B7-H1
promotes T-cell apoptosis: a potential mechanism of immune evasion
[published correction appears in Nat Med 2002;8(9):1039]. Nat Med.
2002;8(8):793-800. d0i:10.1038/nm730

. Curiel T], Wei S, Dong H, et al. Blockade of B7-HI improves myeloid

dendritic cell-mediated antitumor immunity. Nat Med. 2003;9(5):562-
567. d0i:10.1038/nm863

. Wang ML, Rule S, Martin P, et al. Targeting BTK with ibrutinib

in relapsed or refractory mantle-cell lymphoma. N Engl ] Med.
2013;369(6):507-516. doi:10.1056/NEJMoal306220

Younes A, Yasothan U, Kirkpatrick P. Brentuximab vedotin. Nat Rev
Drug Discov. 2012;11(1):19-20. doi:10.1038/nrd3629

Younes A, Gopal AK, Smith SE, et al. Results of a pivotal phase II
study of brentuximab vedotin for patients with relapsed or refractory
Hodgkin's lymphoma. J Clin Oncol. 2012;30(18):2183-2189. doi:10.1200/
JCO.2011.38.0410

Gibb A, Jones C, Bloor A, et al. Brentuximab vedotin in refractory
CD30+ lymphomas: a bridge to allogeneic transplantation in
approximately one quarter of patients treated on a Named Patient
Programme at a single UK center. Haematologica. 2013;98(4):611-614.
doi:10.3324/haematol.2012.069393

Sasse S, Rothe A, Goergen H, et al. Brentuximab vedotin (SGN-35) in
patients with transplant-naive relapsed/refractory Hodgkin lymphoma.
Leuk Lymphoma. 2013;54(10):2144-2148. doi:10.3109/10428194.2013.77
5434

Nagorsen D, Kufer P, Baeuerle PA, Bargou R. Blinatumomab:
a historical perspective. Pharmacol Ther. 2012;136(3):334-342.
doi:10.1016/j.pharmthera.2012.07.013

Byrd JC, Brown JR, O'Brien S, et al. Ibrutinib versus ofatumumab
in previously treated chronic lymphoid leukemia. N Engl ] Med.
2014;371(3):213-223. doi:10.1056/NEJMo0a1400376

Castelli R, Gualtierotti R, Orofino N, Losurdo A, Gandolfi S, Cugno
M. Current and emerging treatment options for patients with relapsed
myeloma. Clin Med Insights Oncol. 2013;7:209-219. doi:10.4137/CMO.
S$8014

Flinn IW, Kahl BS, Leonard JP, et al. Idelalisib, a selective inhibitor
of phosphatidylinositol 3-kinase-8§, as therapy for previously treated
indolent non-Hodgkin lymphoma. Blood. 2014;123(22):3406-3413.
doi:10.1182/blood-2013-11-538546

Furman RR, Sharman JP, Coutre SE, et al. Idelalisib and rituximab in
relapsed chronic lymphocytic leukemia. N Engl ] Med. 2014; 370: 997-
1007. doi: 10.1056/NEJMoal315226

Zhou Y, Wang H, Fang W, et al. Incidence trends of mantle cell
lymphoma in the United States between 1992 and 2004. Cancer.
2008;113(4):791-798. d0i:10.1002/cncr.23608

Goy A, Sinha R, Williams ME, et al. Single-agent lenalidomide in
patients with mantle-cell lymphoma who relapsed or progressed after
or were refractory to bortezomib: phase II MCL-001 (EMERGE) study.
J Clin Oncol. 2013;31(29):3688-3695. d0i:10.1200/JC0O.2013.49.2835
Castelli R, Gualtierotti R, Orofino N, Losurdo A, Gandolfi S, Cugno
M. Current and emerging treatment options for patients with relapsed
myeloma. Clin Med Insights Oncol. 2013;7:209-219. doi:10.4137/CMO.
S$8014

Zhang Y, Zhang Z. The history and advances in cancer immunotherapy:
understanding the characteristics of tumor-infiltrating immune cells
and their therapeutic implications. Cell Mol Immunol. 2020;17(8):807-
821. doi:10.1038/s41423-020-0488-6




