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ABSTRACT
Hodgkin lymphoma is a highly curable malignant hemopathy, using chemotherapy, radiotherapy, target
therapies and hematopoietic stem cell transplantation. Current research in this field focuses on identifying
prognostic factors associated with the pathogenic characteristics of the tumoral process, enabling the therapy
to be adjusted to each patient’s degree of risk.
The identification of biomarkers associated with the tumoral process is extremely important because these
molecules can be targets for new biological therapies.
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INTRODUCTION

odgkin lymphoma, formerly known
as Hodgkin disease, has gone from
an incurable disease to one with a
cure rate of almost 75% (1).
The disease is defined in terms
of its microscopic appearance (histology) and expression of cell surface markers (immunophenotype), but its biologic behavior and clinical characteristics are also important.
In classical Hodgkin lymphoma (cHL), the neoplastic cell is the Hodgkin-Reed-Sternberg cell
(HRS) (2, 3). Reed-Sternberg cells comprise only
1-2% of the total tumor cell mass (Figure 1). The
remainder, the tumoral microenvironment, is
composed of a variety of reactive, mixed inflam-

matory cells consisting of lymphocytes, neutrophils, eosinophils, mast cells and macrophages
(Figure 2). Most Reed-Sternberg cells are of B-cell
origin, derived from lymph node germinal center,
but no longer able to produce antibodies.
To diagnose Hodgkin lymphoma, a histologic
evaluation is always required, and an excisional
tissue biopsy is recommended for this purpose.
Treatment of Hodgkin lymphoma is tailored
to disease type, disease stage, and an assessment
of the risk of resistant disease. Hodgkin lymphoma is considered to be a curable malignancy, but
therapies for this disease can have significant
long-term toxicity. General treatment modalities
include radiation therapy, induction chemothe
rapy, salvage chemotherapy, and hematopoietic
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FIGURE 1. Microscopic appearance of a lymph node biopsy,
copyright

FIGURE 2. Links between cells in the tumoral microenvironment,
copyright

TABLE 1. First line chemotherapy in cHL, copyright
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stem cell transplantation. Treatment seeks to ba
lance the risk of treatment failure with the risk of
treatment side effects.
The primary goal of therapy is achievement
of a complete remission, but even in patients
who fail to do so, there are effective salvage re
gimens available that can result in long-term survival or cure (4).
When induction chemotherapy fails (Table 1),
or patients experience relapse, salvage che
motherapy is generally given. Salvage regimens
incorporate drugs that are complementary to
those that failed during induction therapy.
Commonly used salvage regimens include the
following:
• ICE (ifosfamide, carboplatin, etoposide)
• DHAP (cisplatin, cytarabine, prednisone)
• IGEV (ifosfamide, gemcitabine, vinorelbine)
• ESHAP (etoposide, methylprednisolone,
cytarabine, cisplatin).
Patients with refractory or relapsed Hodgkin
lymphoma should be promptly referred to centers capable of high-dose chemotherapy (HDC)
with hematopoietic stem cell support. In some
cases in which HDC fails, allogeneic stem cell
transplantation may be a viable option. Historically, allogeneic stem cell transplantation for
Hodgkin lymphoma has been considered too
high-risk for most patients due to high
transplant-related mortality.
Immunotherapy is emerging for use in hematologic malignancies, including Hodgkin lymphoma.
Brentuximab vedotin was approved by the
US Food and Drug Administration (FDA) in August 2011 for the treatment of patients with
Hodgkin lymphoma after failure of either autologous stem cell transplantation or at least two
prior multi-agent chemotherapy regimens in patients who were not candidates for a stem cell
transplant. This agent is a CD30-directed antibody-drug conjugate consisting of IgG1 antibody
cAC10, specific for human CD30, and a microtubule disrupting agent, monomethyl auristatin E
(MMAE, or vedotin) (5).
Brentuximab vedotin is indicated as consolidation therapy following autologous hematopoietic stem cell transplantation (HSCT) in patients
with classic Hodgkin lymphoma who are at high
risk of relapse or progression. Approval for this
indication was based on the AETHERA clinical
trial, in which median progression-free survival
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was 42.9 months in the brentuximab group versus 24.1 months in the placebo group, a statistically significant improvement of 18.8 months
(P=0.001) (6).
Current NCCN guidelines recommend brentuximab vedotin as maintenance therapy for
one year after high-dose therapy with autologous stem cell rescue (HDT/ASCR). In addition,
in selected patients, brentuximab vedotin can be
used as second-line therapy prior to HDT/ASCR
to minimize the use of more intensive chemotherapy.
Regarding the microenvironment, program
med cell death protein 1 (PD-1) and related target PD-ligand 1 (PD-L1) are expressed on the
surface of activated T cells under normal conditions. PD-L1/PD-1 interaction inhibits immune
activation and reduces T-cell cytotoxic activity
when bound (Figure 3). This negative feedback
loop is essential for maintaining normal immune
responses and limits T-cell activity to protect normal cells during chronic inflammation.
A monoclonal antibody which inhibits suppression of T-cells by blocking the interaction between programmed cell death-1 protein and its
ligands is Nivolumab. In May 2016, FDA approved the monoclonal antibody nivolumab for
the treatment of classical Hodgkin lymphoma
(cHL) that has relapsed or progressed after autologous hematopoietic stem cell transplantation
(HSCT) and posttransplantation brentuximab
vedotin. Approval was based on a combination
of the phase 2 CheckMate 205 and phase 1
CheckMate 039 trials with an efficacy analysis
conducted on data from 95 patients. Treatment
with nivolumab showed an objective response
rate (ORR) of 65% (95% CI: 55-75; 62/95), a
complete response rate (CRR) of 7% (95%
CI: 3-15; 7/95), and a partial response rate (PRR)
of 58% (95% CI: 47-68; 55/95). Among respon
ders, the median duration of response was
8.7 months (95% CI: 6.8-NE; range 0.0+,
23.1+) (7, 8).
In March 2017, pembrolizumab, another
monoclonal antibody to programmed cell
death-1 protein (PD-1) gained FDA’s accelerated
approval for cHL. It is indicated in adult and pediatric patients with refractory cHL or who have
relapsed after three or more prior lines of therapy. Approval was based on data from the
KEYNOTE-087 trial (n=210), which demonstra
ted an ORR with pembrolizumab averaging
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FIGURE 3. PD-L1/PD-1 interaction, copyright

~67% (95% CI: 62, 75), a CRR of 22%, and a
PRR of 47%. The median follow-up time was
9.4 months. In the 145 patients who responded
to treatment, the median duration of response
was 11.1 months (9).
Single-agent salvage therapy is given as fo
llows:
• Brentuximab vedotin, 1.8 mg/kg once
every three weeks for up to 16 cycles
• Nivolumab, 3 mg/kg once every two
weeks, until disease progression or unacceptable toxicity
• Pembrolizumab, 200 mg every three
weeks, until disease progression or excessive adverse effects, for a maximum period of 24 months.
Nivolumab and pembrolizumab are used as
salvage therapy in Hodgkin lymphoma and can
have numerous autoimmune side effects as a result of immune checkpoint inhibition. These can
include pneumonitis, colitis, nephritis, hypothyroidism, hypopituitarism, and adrenalitis. Highdose corticosteroids may be required to treat
these side effects. Hypothyroidism requires thyroid hormone replacement and adrenal insufficiency requires physiologic replacement of corticosteroids and mineralocorticoids.
As discussed earlier, single-agent brentu
ximab vedotin, nivolumab and pembrolizumab
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may be used in the relapsed/refractory setting
either post-transplant or in transplant-ineligible
patients. Data comparing these regimens are not
yet available, but phase 3 trials are ongoing, including a trial comparing brentuximab vedotin
versus pembrolizumab and another phase 3 trial
comparing brentuximab vedotin plus nivolumab
versus nivolumab. Brentuximab vedotin plus
nivolumab is also being studied in the frontline
setting in a phase 2 trial for older patients
(NCT02758717).
Efforts are also under way to incorporate
these novel agents into earlier lines of therapy in
the hope of improving outcomes and minimizing
toxicities. Early phase studies are ongoing to determine how to use them prior to transplant in
the second-line setting. These studies currently
include various combinations of brentuximab
vedotin and chemotherapy (10-13) or brentu
xi
mab vedotin plus immunotherapy (nivolumab) (14),
with preliminary data showing high res
ponse
rates. To date, there are no randomized trials to
establish a standard pre-transplant regimen.

In the frontline setting, the combination of
nivolumab followed by nivolumab plus AVD
(A – doxorubicin (Adriamycin), V – vinblastine,
D – dacarbazine) is being studied in patients
with advanced-stage disease (15), with promi
sing early results.
Finally, an emerging area of research is the
use of chimeric antigen receptor (CAR) T-cells to
treat Hodgkin lymphoma. This will be an on
going area of investigation (16). q
CONCLUSIONS

T

he current treatment of Hodgkin lymphoma
seeks to maximize the risk-benefit ratio of
treatment. Thus, treatment focuses on tailoring
therapy to each patient according to age, risk of
short-term and long-term toxicity, and risk of relapse. q
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