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Major advances in the treatment of B-cell lymphoma resulting from the 
introduction of a monoclonal antibody to the CD20 antigen 15  years 
ago have left Hodgkin lymphoma (HL) aside. This has changed with the 
success of the anti-CD30 antibody conjugated with an antitubulin agent, 
brentuximab vedotin, recently approved for the treatment of adult 
patients with relapsed or refractory CD30+ HL following autologous stem 
cell transplantation (ASCT) or following at least two prior therapies when 
ASCT or for which multi-agent chemotherapy is not a treatment option. 
The magnitude of clinical activity of the new antibody has also prompted 
research on biologic functions of the CD30 molecule, as well as exploring 
other potential targets present on multinucleated Reed–Sternberg cells 
and the surrounding inflammatory area for a range of antibodies. This 
article will review the accumulating clinical data on the use of monoclonal 
antibodies in the treatment of classical HL with focus on CD20 and CD30 
targets. We describe possible mechanisms of action, efficacy and toxicity 
related to administration of rituximab, brentuximab vedotin, daclizumab 
and other antibodies investigated in Phase I and II trials for classical HL.
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The treatment of B-cell lymphoid malignancies was revolutionized 15 years ago by 
the advent of the monoclonal antibody to the CD20 antigen. The unprecedented 
success of this therapy was the result of a combination of a number of lucky choices 
and circumstances in the development of rituximab; the target antigen consistently 
present on the majority of lymphoma cells in the majority of B-cell lymphoma entities, 
the human-type Fc portion of the antibody being capable of effective engagement of 
the host cytotoxic cells and complement, the lack of immunogenicity of the product 
avoiding induction of neutralizing antibodies, the substantial anti-B-cell activity of 
the antibody when used either alone or in combination with chemotherapy, and the 
synergistic activity with chemotherapy without clinically significant additive toxicity. 
As shown by numerous randomized clinical trials and registry-based reports, ritux-
imab significantly improved all aspects of disease control: response rate, remission 
duration, overall survival and quality of life in nearly all clinical conditions related to 
B-cell malignancy [1–3]. Hodgkin lymphoma (HL) was not included in this success 
story because when rituximab was developed, the CD20 antigen was not considered 
a reasonable target for this condition. This has changed recently with the growing 
evidence of a pathogenetic role of the tumor microenvironment in HL, including 
B-cell accumulation and a tumor-promoting function.

The category of HL involves two distinct disease variants: classical HL (cHL), which 
represents 95% of HL cases, and nodular lymphocyte-predominant HL (NLPHL). 
NLPHL is a very rare entity that has a different histopathology, immunophenotype 
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and clinical outcome from cHL. This review specifically 
addressed the cHL variant. cHL is a monoclonal B-cell 
neoplasm composed of malignant mononuclear Hodgkin 
and multinucleated Reed–Sternberg cells (HRS) residing 
in a heterogenous mixture of non-neoplastic inflamma-
tory and accessory cells. In cHL, malignant HRS cells 
represent less than 10% of the tumor cell infiltrate.

The latest advances in immunology showed the impor-
tance of the HRS microenvironment for disease out-
come. The inflammatory tissue surrounding HRS cells 
is composed of lymphocytes, neutrophils, histiocytes, 
eosinophils, plasma cells, fibroblasts and collagen fibres. 
This complex microenvironment plays an essential role 
for HRS survival, and HRS cells stimulate the stroma 
formation by attracting cells with cyto/chemokines. HRS 
are derived from mature B cells of the germinal center 
that have lost the normal B-cell gene expression program. 
In rare cases, neoplastic cells are derived from peripheral, 
post-thymic T cells. The immunophenotype of HRS cells 
is characteristic of the expression of CD30 in nearly all 
cases and CD15 in a majority of cases. CD30 and CD15 
are both expressed on the membrane and the Golgi area 
of the cytoplasm. CD20 may be expressed at variable 
intensity in 30–40% of cHL cases and only present on 
a minority of the neoplastic cells. The B-cell antigen 
CD79a is rarely present and the B-cell-specific activa-
tor protein PAX5/BSAP is expressed in 95% of cases. 
Although weaker than on reactive B cells, PAX5 expres-
sion reflects the B-cell nature of the HRS cells. CD45, 
CD75 and the macrophage specific PG-M1 epitope of 
the CD68, are consistently absent [4].

cHL accounts for up to 20% of all lymphomas and 
is highly curable with current chemotherapy and radio
therapy. Long-term survival for all patients is close to 
80% and for those with initial limited disease stage, 
survival is even higher [5]. Relapses occur in approxi-
mately a quarter of cases. The most effective therapeutic 
option for eligible patients with chemosensitive relapse is 
a second-line therapy consolidated with autologous stem 
cell transplantation (ASCT), providing a 10‑year sur-
vival of around 50% [6]. For non-ASCT eligible patients 
and those who relapse after ASCT, only chemotherapy 
of a palliative nature is available. Median survival is less 
than 3 years for these patients. Therefore, there is an 
unmet need for more efficacious and tolerable treatment 
methods for this group of patients (Table 1).

Rituximab (RituxanTM, MabTheraTM) 
Rituximab is a genetically engineered chimeric murine/
human monoclonal IgG1 kappa antibody directed against 
the surface CD20 antigen. In cHL, it may directly elimi-
nate a small percentage of malignant HRS cells express-
ing the CD20 antigen. As mentioned before, HRS cells 
express other specific receptors. TNF, CD30, CD40 and 

RANK support survival of malignant cells by activating 
NFkB nuclear factors, ERK kinases or Akt pathways and 
producing survival chemo/cytokines. Rituximab elimi-
nates surrounding polyclonal cells carrying the CD20 
antigen and ligands for these receptors are what leads to 
deprivation of HRS cells of survival signals. It is not clear 
whether the elimination of polyclonal B cells from the 
tumor mass is entirely suitable. B cells may also synthe-
size IL-10, which suppresses tumor growth and, there-
fore, using rituximab may decrease antitumor mecha-
nisms of the immune system. This observation is based 
on in vitro and animal models and has to be validated in 
clinical trials. Recent studies also indicate that putative 
cHL stem cells carry memory B-cell phenotypes with 
the expression of surface Ig light chain, CD27, CD20 
and aldehyde dehydrogenase (ALDH). These clonotypic 
CD27+/ALDH+ cells may be detected in the majority of 
cases only in peripheral blood of cHL patients but not 
in healthy donors. The elimination of CD27+/ALDH+ 
cells could prevent HRS cells from being sustained after 
chemotherapy and support rituximab therapy in cHL 
[7–9]. Further investigation is required in this area to 
confirm this hypothesis.

The pilot study exploring the utility of rituximab 
in cHL was performed by Younes in 2003 [10]. Eligible 
patients had recurrent or refractory cHL and had received 
a minimum of two prior treatment regimens including 
ASCT. Rituximab was administered weekly for six con-
secutive weeks, irrespective of CD20 expression on HRS 
cells. Objective responses were evaluated 3 weeks after the 
last dose of rituximab and every 3 months thereafter. A 
total of 22 patients were enrolled in the trial. The median 
number of prior treatments were four (range 2–12) and 
82% of patients underwent ASCT. The response rate 
was 22%. One patient achieved a complete remission 
(CR). Median duration of response was 7.8  months 
(3.3–14.9 months). Remissions were observed in patients 
with lymph node and splenic but not extranodal disease, 
and were not related to CD20 expression on HRS cells. 
Moreover, B symptoms resolved in six out of the seven 
patients after completion of therapy. In two cases with a 
partial remission (PR), decline of the elevated serum IL-6 
levels was found. The results of this trial suggested for the 
first time that eliminating non-neoplastic B-cells in cHL 
patients may lead to clinical responses including resolving 
of systemic B symptoms independently of CD20 expres-
sion on HRS cells [10]. In an attempt to enhance the thera-
peutic effect of rituximab, Yasuhiro performed a Phase II 
trial combining rituximab with gemcitabine [11]. A total of 
33 patients with recurrent or refractory cHL were enrolled 
in the study. The median age (range) of patients was 32 
(19–81) years, 55% of the patients had ASCT in the 
past. Rituximab was administered at the standard dose 
every week for six consecutive weeks in combination with 
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gemcitabine on days 1 and 8 of a 21‑day cycle at a dose of 
1250 mg/m2. Objective response rate (ORR) was assessed 
after two cycles of treatment. The maximum number of 
cycles was four. A total of 82% of patients had no CD20 
expression on HRS cells. ORR was 48% including CR 
in 15% of the cases. Unexpectedly, the median failure-
free survival was generally short – 2.7 months (range: 
0.9–18.3 months) [11]. Currently, a pilot Phase II study 
of rituximab, gemcitabine and vinorelbine combination 
for relapsed and refractory cHL is ongoing to evaluate 
activity and safety of this regimen in a similar group of 
patients. In addition, the study will determine the rate of 
adequate stem cell collection in patients eligible for stem 
cell transplantation [101].

An Italian group evaluated rituximab added to the 
salvage chemotherapy GIFOX before ASCT in refrac-
tory cHL. After three cycles of R-GIFOX in the group 
of 21  patients, ORR was 86% and 76% of patients 
achieved CR. In those patients who underwent ASCT 
(eight patients), the failure-free survival rate was 57% at 
42 months of observation [12].

Rituximab was also evaluated in the first-line treat-
ment of cHL. In a Phase II study, 85 treatment-naive, 
advanced-stage cHL patients received six doses of weekly 
rituximab starting with the first dose of ABVD chemo-
therapy. A total of 78 patients were evaluated; median 
age (range) was 32 (18–72) years, 50 patients (64%) were 
at stage III/IV of the disease, CD20 positivity was 18% 
(14 out of 70 cases). At a median follow up of 68 months 
(range: 26–110 months), 5‑year event free survival (EFS) 
and overall survival (OS) for the whole group was 83 and 
96%, respectively, and in patients with clinical stage III/
IV, EFS was 82%. The 5‑year EFS in patients with CD20 
positivity was 93% compared with 77% in patients with-
out CD20 expression. These differences were not statisti-
cally significant (p = 0.23). Reported adverse events of 
grade 3/4 included neutropenia in 18 patients (23%), 
fatigue in seven cases (9%) and nausea in six cases (8%). 
One patient discontinued treatment after the fifth cycle 
due to prolonged cytopenia. One patient developed 
Pneumocystis jirovecii pneumonia after the third cycle [13].

The main goal of the Kasamon study was to explore 
the biologic effects of rituximab in correlative laboratory 
studies in new diagnosed cHL patients [14]. Secondary 
objectives included the evaluation of clinical outcomes. 
A total of 49 patients were enrolled to the study; 69% 
of them had stage IIB–IV of the disease and 8% had 
CD20+ HRS cells. Rituximab was administered on days: 
-7, 1, 8, 15 and 22 of cycle one and days 1 of cycles two, 
four and six of ABVD regiment. After six cycles, 39 
patients (81%) achieved CR, 7 patients (15%) PR and 
one patient had stable disease. There were two progres-
sive diseases. Radiation therapy was performed in only 
8% of cases. The 42 patients without progression were 

alive and in continued remission with a median follow 
up of 33 months (11–56 months). The 3‑year EFS and 
OS rates were 83 and 98%, respectively. The treatment 
was generally well tolerated with the possible exception of 
increased infection risk. Laboratory studies revealed that 
21 out of 24 (88%) patients had detectable clonotypic 
CD27+/ALDH+ cells at baseline After treatment comple-
tion they were detectable only in two cases. Although 
CD27+/ALDH+ cells re-emerged in the blood of three 
patients, at follow up, patients still remain in disease 
remission. In general, survival of clonotypic B-cells in 
the blood was associated with a greater relapse incidence. 
In the study, authors also investigated the incidence of 
Epstein–Barr Virus (EBV) in HRS cells, which is previ-
ously shown, can be negative prognostic factors for the 
disease outcome. In the study, incidence of EBV-DNA 
at baseline was correlated with higher disease activity, 
and expression of CD68+ macrophages. Also, EBV-DNA 
copy numbers decreased during treatment [14–16].

Data from these Phase II studies suggested that ritux-
imab in combination with standard first-line treatment 
may possibly improve ORR and OS rates in cHL; how-
ever, it has to be confirmed in randomized Phase III trials 
with sufficient follow up. Clinical trials exploring the 
usefulness of rituximab in combination with front line 
therapies are currently ongoing [102–104]. Table 2 sum-
marizes rituximab clinical trials that were conducted in 
cHL patients.

Brentuximab vedotin (SGN-35, AdcetrisTM)
The CD30 molecule is a member of the TNF receptor 
family [17]. It is present in a variety of cells including acti-
vated T, B and NK cells or a number of malignant cells 
including embryonal or nasopharyngeal cancers [18–22]. 
CD30 is expressed in the majority of cases of systemic 
mastocytosis, and in approximately 20–30% of diffuse 
large B-cell lymphomas (not otherwise specified) [23,24]. 
More than 90% of HRS cells express CD30 in cHL. 
CD30 can be bound to the surface of the cell, be present 
in the Golgi area of the cytoplasm or released to the serum 

Table 1. Monoclonal antibodies in the treatment of classical 
Hodgkin lymphoma.

Antibody Target  Target Phase ORR/CR (%) Ref.

Brentuximab vedotin CD30 HRS cells II 75/34 [36]

Daclizumab CD25 HRS cells I/II 63/40 [44]

Lucatumumab CD40 HRS cells I/II NA [107]

Bevacizumab Anti-VEGF HRS cells II NA [110]

Rituximab CD20 B cells II 22/4 [10]

Alemtuzumab CD52 T cells II NA [109]

CR: Complete response rate; HRS: Hodgkin and multinucleated Reed–Sternberg; 
ORR: Objective response rate.
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(soluble form). Elevated levels of soluble CD30 at the 
diagnosis in cHL patients are correlated with tumor bur-
den and poor outcome [25]. In cHL, CD30 promotes HRS 
survival and growth. The CD30 ligand enhances IL-6, 
TNF-a and ICAM-1 production. It promotes NF-kB 
transcription factor, which regulates synthesis of various 
cytokines (IL2, IL6, IL8, IL12, G-CSF and GM-CSF) 
and induces expression of multiple anti-apoptotic genes 
that promote HRS survival. Additionally, CD30 activa-
tion on T and B cells enhances production of IL-5, INF-g 
and immunoglobulins in surrounding reactive cells that 
support the durability of HRS [19]. Under certain cir-
cumstances, NF-kB activation can induce various degrees 
of proliferation in HRS and accompanying cells based 
on in vitro observations [26]. After allotransplatation, the 
inhibition of the CD30 intracellular signaling pathway 
diminishes the donor alloreactive CD4+ T-cell migration 
to the GI tract and can prevent CD4+ T-cell-mediated 
graft-versus-host disease (GVHD) in internal organs [27].

The CD30 antigen has been thought to be a promis-
ing therapeutic target since the 1990s when Falini et al. 
investigated the ability of the Ber-H2 (CD30) monoclo-
nal antibody to target in vivo HRS cells [28]. Six patients 
were recruited to the study and injected with Ber-H2 
mixed with 131I-labelled Ber-H2. The activity of Ber-H2 
was evaluated by immunohistological staining of tumor 
biopsies and immunoscintigraphy [28]. The first and sec-
ond generations of naked anti-CD30 antibodies (cAC10, 
MDX-060, MDX-1401 and XmAb2513) presented high 
activity in vitro. However, they had poor antigen-binding 
ability and lost their activity mediated by the immune 
effector cells in vivo [29–32]. To increase their therapeutic 
effect, the Cancer and Leukemia Group B conducted a 
randomized, double-blind Phase II trial of the first-gen-
eration SGN30 antibody combined with gemcitabine, 
vinorelbine and liposomal doxorubicin in relapsed cHL 
patients. After recruiting 30 patients, the trial was closed 
due to substantial pulmonary adverse events, including 

fatal pneumonia. There was also no improvement in 
ORR and EFS [33]. The other attempt to enhance antitu-
mor activity was the conjugation of the antibody to active 
particles: RNases and radioisotopes. Phase I trials did not 
show any clinical activities with such combinations [34]. 

Until now, therapeutic activity was only proven with 
the anti-CD30 antibody–toxin combination. An exam-
ple of a successful combination is the antibody–drug 
conjugate brentuximab vedotin (SGN35, Adcetris™). It 
is composed of first-generation human chimeric immu-
noglobulin G1 anti-CD30 antibody (cAD10) conju-
gated by the peptide linker to monomethyl auristatin E 
(MMAE), the synthetic analog of the antitubulin agent, 
dolastatin 10. The antibody is produced in hamster 
ovary cells. Each particle of antibody is attached to 
four molecules of MMAE. After intravenous infusion, 
the maximum concentration of the drug is observed in 
30 min and the estimated terminal half-life is 4–6 days. 
It achieves a steady concentration within 21 days of 
administration. Approximately 68–82% of MMAE 
are bound plasma proteins, a small portion undergoes 
metabolic processing via cytochrome P450, but the 
majority is eliminated unchanged in the feces. SGN35’s 
mechanism of action is to combine inhibiting CD30 
intracellular signaling and microtubule destabilization. 
SGN35 binds to the CD30 surface antigen, suppressing 
cytokine synthesis and the TNF signal pathway. It then 
undergoes endocytosis and moves into the lysosomes. 
There, MMAE is cleaved from cAC10 by enzymatic 
processes and disrupts the microtubule network, lead-
ing to G2/M cell arrest and apoptosis. The antitumor 
activity of SGN35 with a tolerable toxicity profile was 
demonstrated in vitro and in vivo animal studies with 
rats and monkeys [35,36].

The first clinical results of a multicenter, dose-escala-
tion, open-label Phase I study were published by Younes 
et al. in 2010 [37]. The trial was conducted in 45 patients 
with CD30+ relapsed or refractory lymphomas, 42 of 

Table 2. Clinical studies of rituximab in classical Hodgkin lymphoma.

Author 
(year)

Disease status Therapy Patients 
(n)

ORR/CR 
(%)

Outcome Ref.

Younges 
et al. (2003)

Relapsed/refractory Rituximab 22 22/4 Median response duration 
7 months (3.3–14.9)

[10]

Yasuhiro 
et al. (2008)

Relapsed/refractory Rituximab/
gemcytabine

33 48/15 Median response duration 
2.7 months (0.9–18.3)

[11]

Corazzelli 
et al. (2009)

Relapsed/refractory Rituximab/GIFOX 21 86/76 Median response duration 
for CR patients: 12 months

[12]

Younges 
et al. (2012)

Naive Rituximab/ABVD 78 92/87 5-year EFS: 83%
5-year OS: 93%

[13]

Kasamon 
et al. (2012)

Naive Rituximab/ABVD 49 96/81 3-year EFS: 83%
3-year OS: 98%

[14]

CR: Complete remission; EFS: Event-free survival; ORR: Objective response rate; OS: Overall survival.
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whom were cHL. The median age of patients was 36 
(range 20–70) years, the median number of previous 
chemotherapy regimens was three (range 1–7), and 
33 patients (77%) had ASCT. SGN35 was administered 
at the dose of 0.1–3.6 per kg of body weight, every 3 weeks 
up to 14 doses. The maximum-tolerated dose was 1.8 per 
kg. The most common adverse events, mainly grade 1 or 
2, were fatigue, pyrexia, diarrhea, nausea, neutropenia 
and peripheral neuropathy. The dose-limiting toxicities 
were febrile neutropenia, prostatitis and hyperglycemia. 
One patient treated at a dose of 3.6 mg/kg experienced 
fatal outcome due to febrile neutropenia and sepsis. 
Objective responses were noted in 17 patients; including 
11 CR. ORR in the group receiving 1.8 mg/kg was 50%. 
Median response duration was 9.7 months [37]. Fanale et 
al. conducted another Phase I, dose-escalation study of 
brentuximab vedotin given once a week (days: 1, 8 and 
15 of a 28-day cycle) [38]. The aim of the study was to 
assess whether weekly administration of the drug could 
improve antitumor activity. A total of 44 patients with 
CD30+ relapsed/refractory lymphomas were enrolled, 38 
of whom were HL. The median patient age was 33 (range 
12–82), the median number of previous chemotherapy 
regiments was three (range 1–8) and 30 patients (68%) 
had ASCT. SGN35 was given at the dose of 0.4–1.8 mg 
per kg of body weight. The maximum tolerated dose was 
1.2 mg/kg. ORR was 59% (n = 24), with 34% (n = 14) 
CR. Median follow up was 45.1 weeks (range 6–91), 
median progression-free survival: 28.7  weeks (range 
7.3–83.6) and OS was not reached during the time of 
observation. The most common adverse events were 
peripheral sensory neuropathy, fatigue, nausea, diarrhea, 
arthralgia and pyrexia; and the majority of events were 
mild-to-moderate in severity [38].

A pivotal multicenter, Phase II trial opened recruit-
ment in 2009. A total of 102 patients with relapsed or 
refractory cHL, after ASCT, received 1.8 mg/kg of bren-
tuximab vedotin intravenously every 3 weeks for up to 
16 cycles (median 9, range: 1–16). The median age of 
the patients was 31 years (range: 15–77), and 71% had 
primary refractory disease with a median number of 
prior chemotherapies of 3.5 (range: 1–13). Median time 
to relapse after ASCT was 6.7 months (range: 0–131). 
The ORR was reported in 73% of cases, 33% achieved 
CR and 40% PR. The median PFS was 5.6 months. The 
median duration of response for patients who achieved 
CR was 20.5 months. 30% of patients were alive and free 
of relapse after 18.5 months of observation. The most 
common treatment-related adverse events were: periph-
eral sensory neuropathy (42%), nausea (35%), fatigue 
(34%), neutropenia (19%) and diarrhea (18%). A total of 
56% experienced grade 3 or higher adverse events. There 
were no deaths related to the study drug within 30 days 
of the last SGN35 administration [39].

Recently, Chen et al. presented long-term survival data 
of the abovementioned NCT00848926, Phase II study 
of brentuximab vedotin in patients with relapsed and 
refractory cHL [39,40]. In a cohort of 102 patients ORR 
was 75% (76 patients), with 33% CR (34 of cases). At 
the time of analysis, the median duration of observation 
was 29.5 months (range: 1.8–36.9), median OS for the 
whole group and for the patients who obtained CR was 
not reached. Median OS for the group of patients who 
achieved PR was 31.6 months and for SD 20.6 months. 
No significant difference in OS was obvious in patients 
who had relapsed above 1 year or within a year after 
ASCT. Treatment-related adverse events were similar to 
those described before [40]. 

More frequent adverse events including fatigue and 
sensory neuropathy were reported in the older patient 
population. Other toxicity profiles and clinical responses 
were consistent with those observed in the Phase II studies 
of younger patients [41].

Brentuximab vedotin was approved in the USA in 
October 2011. In August 2012, it was approved in Europe 
for the treatment of adult patients with relapsed or refrac-
tory CD30+ HL following ASCT or following at least two 
prior therapies when ASCT or multi-agent chemotherapy 
is not a treatment option. It was also approved for the 
treatment of adult patients with relapsed or refractory 
systemic anaplastic large-cell lymphoma.

Brentuximab vedotin was also tested earlier in the dis-
ease course. Interim results presented at American Society 
of Hematology (ASH) 2012 meeting demonstrated that 
SGN35 in a second-line salvage monotherapy resulted in 
an ORR of 80% and CR of 50% with acceptable toxic-
ity and without adverse impact on stem cell collection or 
post-ASCT engraftment [42].

In the previous studies, the dose of 1.8 mg/kg SGN35 
was used [39] and the length of treatment did not exceed 
16 applications of the drug at 3-week intervals. In view 
of the encouraging results, there are attempts to extend 
the time of treatment or to increase frequency of admin-
istration of brentuximab vedotin in heavily pretreated 
patients. Preliminary results of prolonged therapy were 
presented by Forero-Torres recently [43]. A total of 15 
patients with relapsed/refractory disease (ten with cHL 
and five with ALCL) received more than 16 consecu-
tive cycles of brentuximab vedotin monotherapy with a 
comparable safety profile [43]. Fanale et al. conducted a 
Phase I dose-escalation trial that evaluated a schedule of 
a 28-day cycle of brentuximab vedotin administered on 
days 1, 8 and 15 [38]. The starting dose of 0.4 mg/kg was 
escalated to 1.4 mg/kg or until a dose-limiting toxicity 
occurred. At the time of analysis, ORR in 41 patients was 
59% with 34% CR; median duration of response was 
not reached after 45 weeks of follow-up and median PFS 
was 28.7 weeks (range 6–91). The profile and intensity 
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of adverse events did not differ from that described in 
previous trials [38].

Bartlett et al. conducted a Phase II study to invest
igate if retreatment with brentuximab vedotin can 
induce remissions in a heavily pretreated population of 
CD30+ lymphomas [44]. Patients with relapsed/refrac-
tory cHL (14 patients) and ALCL (eight patients) who 
achieved objective responses with prior SGN35 therapy 
and relapsed after discontinuing therapy were eligible 
for the study. At interim analysis, objective responses 
were observed in 13 out of 20 evaluated patients (65%). 
Among patients with cHL, CR was achieved in three, 
PR in five, SD in three and three patients had a PD. 
The median duration of response to retreatment was 
10.8 months and for the patients who achieved CR, the 
median response duration was not reached. The toxic-
ity was manageable but in three of the 11 patients who 
had pre-existing peripheral neuropathy, it worsened with 
treatment [44]. 

Brentuximab vedotin therapy results in high response 
rates that are, however, not of unlimited duration, as 
demonstrated by clinical trials. Thus, for patients with 
a disease recurrent after cell transplant, allogeneic stem 
cell transplantation is still the only potential curative 
option. SGN35 selectively targets CD30 lymphoma cells 
and the host polyclonal immune system cells settled in 
the tumor mass. This might enhance a graft versus lym-
phoma response and modify GVHD by the induction of 
immunogenic cell death activating HL-specific TH17-
like phenotype T cells [45]. Chen et al. retrospectively 
investigated the records of 18 patients with cHL treated 
with brentuximab vedotin prior to reduced-intensity 
allogeneic hematopoietic cell transplantation (allo-RIC) 
[46]. All the patients had refractory/relapsed cHL and a 
history of ASCT. Six patients were in CR and eight in 
PR prior to allogeneic hematopoietic cell transplanta-
tion. The engraftment time, transplant toxicity and inci-
dence of acute (28%) and chronic (56%) GVHD were as 
expected. There was no increased evidence of cytomegalo-
virus/EBV infections. The 1‑year OS was 100% and the 
PFS was 92.3%, giving hope that treatment with bren-
tuximab vedotin prior to allotransplant can help provide 
significant disease control in this group of patients [46]. 

Recently, Gibb and colleagues published their experi-
ence with SGN35 therapy before allo-RIC in patients 
enrolled into the Named Patient Programme during 
2010–2011 in a single Cancer Centre in the UK [47]. 
Patients received a median of 5.5 cycles of brentuximab 
vedotin. Median PFS for the whole group (18 cHL, 
five anaplastic lymphoma and one T-cell lymphoma) 
was 5.1 months and for patients with CR, PFS was not 
achieved in 12.9 months of follow-up. For cHL patients, 
ORR was 72% with a CR of 17%. The best responses 
were seen after four doses of brentuximab vedotin. Six 

patients with cHL underwent allo-RIC as of April 2012. 
According to the report, allo-RIC should be scheduled 
early, in accordance with the best present response [47].

In a study by Gopal et al., brentuximab vedotin was 
administered to 25 cHL patients after allotransplata-
tion [48]. These patients were more than 100 days post
allotransplantation (median 46 months) and had no 
active GVHD. A total of 19 patients had disease pro-
gression at the time of trial enrollment. Patients received 
a median of eight doses of brentuximab vedotin (range 
1–16). ORR was 50% with 38% of patients with CR, 
PFS 7.8 months and median OS was not reached in 
13 months of observation. Peripheral sensory neuropa-
thy (48%), nausea (28%), alopecia (24%), neutropenia 
(24%), fatigue (20%) and vomiting (20%) were most 
commonly reported as related to the study drug. Resolu-
tion or improvement of the polineuropathy was reported 
in 54% of cases during the study [48]. Similar results were 
presented at the 2011 ASH Meeting by Illidge et al. [49]. 
These results suggest that brentuximab vedotin treatment 
can be safely used in a selected group of patients after 
allotransplantation but further studies in larger groups 
of patients are needed. 

Although a synergistic effects of SGN35 with chemo-
therapy were suggested from preclinical studies, the inter-
actions of brentuximab vedotin with cytotoxic agents, in 
particular with vinorelbine or other vinca-alkaloid deriva-
tives, were not evident and require more investigation. For 
this reason, a number of new clinical trials are currently 
ongoing, including studies in newly diagnosed cHL, in 
first relapse and as a salvage before SCT. The results of the 
Phase I study with newly diagnosed cHL patients treated 
with front-line therapy was presented at the ASH Meeting 
in 2012 by Ansell [50]. The primary goal of the trial was to 
evaluate the incidence of adverse events, laboratory abnor-
malities and the safety of brentuximab vedotin at dosing 
up to 1.2 mg/kg combined with chemotherapy: ABVD or 
AVD according to cohort assignment. In 51 patients, no 
dose-limiting toxicity was observed with either regimen. 

Approximately 40% of patients experienced adverse 
events. They were reported in both the ABVD and AVD 
cohorts, respectively; nausea (76 vs 77%), neutropenia 
(80 vs 69%), peripheral sensory neuropathy (72 vs 65%), 
vomiting (60 vs 38%), fatigue (44 vs 46%) and consti-
pation (48 vs 31%). In the ABVD cohort, 11 out of 25 
(44%) patients had pulmonary toxicity, interstitial lung 
disease or pneumonitis that led to discontinuation of bleo-
mycin and in two cases, to death. After these events the 
ABVD arm was discontinued due to toxicity. Combina-
tion of brentuximab vedotin with a bleomycin-containing 
regimen is not recommended. Out of 11 ABVD arm 
patients, seven completed treatment with AVD and bren-
tuximab vedotin. No pulmonary toxicity was observed 
in the AVD cohort. The frequency of neuropathy was 
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similar in the ABVD (72%) and AVD (73%) arms. In 
total, 95% of patients in the ABVD cohort and 92% in 
the AVD achieved CR at the end of front-line therapy [50].

Recently, the US FDA published drug safety commu-
nication due to the incidence of a few cases of progres-
sive multifocal leukoencephalopathy after treatment with 
brentuximab vedotin and an increased risk of pulmonary 
toxicity after a combination of brentuximab vedotin with 
bleomycin [105]. Other serious events include: Stevens–
Johnson syndrome and tumor lysis syndrome. Published 
and currently ongoing clinical trials of brentuximab 
vedotin in cHL are listed in Tables 3 & 4.

Other monoclonal antibodies used in the 
treatment of cHL
A high percentage of HRS express CD25 antigen, the 
alpha chain of the IL-2 receptor. CD25 is also pres-
ent on the surface of other lymphoid malignances and 
tumor-infiltrating CD4+ T cells such as T-regulatory 
cells (T regs). CD25 is not present on regular rest-
ing lymphoid cells. A high level of IL-2 encourages 
tumor and infiltrating polyclonal cell growth, plays a 
role in either enhancing the antitumor host response or 
in tumor survival [51,52]. CD4+/CD25+ T regs express 
CTLA4 and synthesize IL-10, both of which sustain 
HRS growth and the proficiency of T regs. 

Daclizumab is a humanized monoclonal antibody of 
IgG1 that binds CD25. It was approved by the FDA in 
1997 as an immunosuppressive drug for use in kidney 
transplantation. It is currently under clinical investiga-
tion for lymphoid malignances, including cHL. Due 

to disappointing efficacy of the anti-CD25 monoclo-
nal antibody alone or conjugated to the Pseudomonas 
aeruginosa toxin PE38, daclizumab was armed with a 
radioactive Yttrium-90 (Y90) [53]. In a trial conducted 
by O’Mahony et al., patients with refractory cutaneous 
T-cell lymphoma, two patients with peripheral T-cell lym-
phoma, two with ALCL and ten patients with cHL were 
treated with daclizumab [54]. The patients’ median age 
was 54 years (range: 24–75) and all had refractory disease 
with a median of four prior therapies (range: 1–10). They 
received Y90-daclizumab every 6–10 weeks, and overall 
38 cycles were administered with the median of 1 cycle 
(1–6). ORs have only been seen in cHL: two patients 
with CR, two patients with PR [55]. Recently, there have 
been encouraging results with the humanized form of Y90 
daclizumab in the treatment of patients with cHL. A total 
of 30 refractory cHL patients were evaluated in the trial by 
Waldmann et al. [54]. A total of 98 cycles of treatment were 
administered with a median radiation dose of 40 mCi. 
After completing treatment, seven patients achieved PR 
and 12 patients CR. Toxicities were transient; bone mar-
row suppression and myelodysplastic syndrome in three 
cases. Responses were also reported for the five patients 
with CD25-negative HRS and were probably due to the 
antibody reacting with the CD25+ T regs [54]. 

It appears that daclizumab coniugated with radioactive 
Y90 can be considered as a therapeutic option for selected 
cHL patients. Thus, two ongoing clinical trials are explor-
ing the activity of daclizumab alone or in combination 
with high-dose chemotherapy and ASCT in this set of 
patients [106,107]. 

Table 3. Clinical studies of brentuximab vedotin in classical Hodgkin lymphoma.

Author (year) Status of cHL Therapy Patients (n) ORR/CR (%) Outcome Ref.

Younes et al. 
(2010)

Relapsed/
refractory†

Brentuximab vedotin 42 36/21 Median response duration 
9.7 months

[37]

Fanale et al. 
(2012)

Relapsed/
refractory†

Brentuximab vedotin 44 59/34 Median PFS: 28.7 weeks [38]

Younes et al. 
(2012)

Relapsed/
refractory

Brentuximab vedotin 102 75/34 Median response duration 5.6 (5–9) 
months

[39]

Chen et al. 
(2012)

Relapsed/
refractory

Brentuximab vedotin 102 75/33 Median OS not reached at the 
29.5 months (1.8–36.9) observation

[40]

Bartlett et al. 
(2012)

Relapsed/
refractory

Brentuximab 
vedotin – retreatment

14 57/21 Median response duration 
10.8 months

[44]

Gopal et al. 
(2012)

Relapsed/
refractory 
after allo-HCT

Brentuximab vedotin 25 50/38 PFS 7.8 (0.5–12.5) months OS 
not reached in 13 months of 
observation

[48]

Ansell et al. 
(2011)

Naive Brentuximab vedotin/ABVD 31 Ongoing Ongoing [50]

†Data of cHL patients, Phase I, dose-escalating study. 
allo-HCT: Allogeneic hematopoietic cell transplantation; cHL: Classical Hodgkin’s lymphoma; CR: Complete response; ORR: Overall response rate; OS: Overall survival; 
PFS: Progression-free survival.
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The CD40 antigen belongs to the TNF receptor 
family. It is detected both on HRS and on microen-
vironment cells. It is also commonly expressed on the 
surface of mature B cells and B-cell malignances such 
as indolent, aggressive non-HLs and multiple myelo-
mas. CD40 is involved in direct signal transduction, 
interfering with the NF-kB transcription factor and 
recruiting the host immune system in the mechanism 
of antibody-dependent cell-mediated cytotoxicity and 
antibody-dependent cellular phagocytosis. 

Two humanized anti-CD40 monoclonal antibod-
ies are currently under clinical investigation in cHL. 
SGN-40 (dacetuzumab) is accepted for Phase II clini-
cal trials in diffuse large B-cell lymphoma, chronic 
leukocytic leukemia and multiple myeloma. Currently, 
there are no data about its activity in cHL. Lucatu-
mumab (HCD122) is a fully human antagonistic 
anti-CD40 monoclonal antibody that inhibits the 
connection between CD40 and its ligands mediating 
ADCC. A Phase I/II study in relapsed cHL is currently 
ongoing [108]. 

Theoretically, CD80 could also serve as another 
attractive target for immunotherapy of cHL. Galix-
imab (anti-CD80 monoclonal antibody) is a human-
ized IgG1 monoclonal antibody directed against CD80, 
which is the natural ligand for the T-cell antigen CD28 

and mediates T- and B-cell adhesion. Its mechanism 
of action involves inhibition of the NF-kB intracel-
lular pathway, up-regulating proapoptotic molecules 
and enhancing ADCC. There is no indication for the 
efficacy of galiximab in cHL yet, but it demonstrates 
modest antitumor activity in follicullar lymphoma 
[56,57]. Several clinical trials in non-HL are currently 
ongoing [109]. 

The CD52 antigen is expressed on the surface of 
mature lymphocytes B, T, NK, monocytes, dendritic 
cells, mast cells, fibroblasts and eosinophils but not by 
granulocytes, red blood cells, platelets, hematopoietic 
progenitors and HRS. The effect of CD52 signaling 
is not completely understood. It may be involved in 
cell migration and co-stimulation. If the reactive cells 
of the cHL microenvironment support the survival 
of HRS, their elimination can be of clinical benefit 
making CD52 a promising target for monoclonal anti-
body therapy. Alemtuzumab is a recombinant DNA-
derived humanized monoclonal anti-CD52 antibody 
that is directed against cell surface glycoprotein, and 
may target inflammatory cells in the cHL microen-
viroment. A combination of alemtuzumab and dose-
adjusted EPOCH + rituximab is currently being tested 
in a clinical trial in relapsed/refractory cHL patients 
(NCT01030900) [110].

Table 4. Current clinical trials with brentuximab vedotin for classical Hodgkin lymphoma. 

Indication Drug combination Phase Identifier Ref.

Newly diagnosed, stage I/II ABVD followed by brentuximab vedotin Pilot NCT01578967 [112]

Newly diagnosed, stage I/II Brentuximab vedotin + AVD II NCT01534078 [113]

Newly diagnosed, unfavorable, I/II stage Brentuximab vedotin + AVD + involved-site radiotherapy Pilot NCT01868451 [114]

Newly diagnosed, above 60 years old Brentuximab vedotin II NCT01716806 [115]

Newly diagnosed, above 60 years old Brentuximab vedotin + AVD II NCT01476410 [116]

Newly diagnosed, advanced stage Brentuximab vedotin + ABVD III NCT01712490 [117]

Newly diagnosed, advanced stage Brentuximab vedotin + BEACOPP II NCT01569204 [118]

Newly diagnosed, HIV positive Brentuximab vedotin + AVD I/II NCT01771107 [119]

Relapsed or refractory Brentuximab vedotin II NCT01393717 [120]

Relapsed or refractory  Brentuximab vedotin + bendamustine I/II NCT01657331 [121]

Relapsed or refractory Brentuximab vedotin + rituximab Pilot NCT01900496† [122]

Relapsed or refractory Brentuximab vedotin + gemcitabine I/II NCT01780662 [123]

Relapsed or refractory Brentuximab vedotin + temsirolimus I NCT01902160 [124]

Relapsed or refractory Brentuximab vedotin + bendamustine I/II NCT01874054 [125]

Relapsed or refractory Brentuximab vedotin + ipilimumab I NCT01896999† [126]

Relapsed or refractory Brentuximab vedotin + gemcitabine, vinorelbine, 
pegylated liposomal doxorubicin

II NCT00337194‡ [127]

Relapsed or refractory, eligible for ASCT Brentuximab vedotin II NCT01508312 [128]

Relapsed or refractory Brentuximab vedotin maintenance after ASCT III NCT01100502‡ [129]

†Not yet recruiting; ‡Completed. 
ASCT: Autologous stem cell transplantation.
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Executive summary

Rituximab (RituxanTM, MabTheraTM)
■■ Combination of rituximab with ABVD chemotherapy is well tolerated and active in the front line therapy of advanced stages of 
classical Hodgkin lymphoma (HL).

Brentuximab vedotin (SGN-35, AdcetrisTM)
■■ Brentuximab vedotin monotherapy results in a substantial rate of objective responses including complete remissions in multiple-
relapsed and treatment-refractory HL patients.

■■ Toxicity related to brentuximab vedotin is generally tolerable and manageable with a careful use.
■■ A proper place of brentuximab vedotin in a treatment algorithm of HL is a subject of a number of clinical trials.

Other monoclonal antibodies used in the treatment of classical Hodgkin lymphoma
■■ Radioimmunotherapy with Yttrium-90 daclizumab is a promising new method of systemic radiotherapy of relapsed/refractory 
classical HL.

■■ Other monoclonal antibodies for classical HL are under development.

As assessed by immunohistochemical staining, HRS 
expresses VEGF receptors in the majority of cases [58]. 
VEGF stimulates the growth of blood vessels in the 
tumor, supporting tumor development. There are a few 
reports demonstrating that cHL patients with high levels 
of VEGF have a shorter survival. This indicates that 
anit-angiogenic treatment may be of merit in cHL.

Bevacizumab vedotin is a widely explored drug in 
many indications, mostly in solid tumors. It is a human-
ized monoclonal antibody that inhibits VEGF-A. In 
preclinical studies, bevacizumab delays the growth of 
HL tumors in immune-deficient mice [59]. A clinical 
trial of bevacizumab combined with ABVD regimen in 
newly diagnosed advanced-stage cHL was initiated in 
2008. Despite active status, the study is not recruiting 
new participants so the date of completion of enrolment 
is currently unknown [111].

Future perspective
After decades of stagnation in development of novel 
agents for HL, there is a number of new compounds 
emerging from the recent clinical studies that may 
change treatment paradigms. These include monoclo-
nal antibodies, histone deacetylase inhibitors, mTOR 
inhibitors and immunomodulating agents. 

Monoclonal antibodies, like brentuximab vedotin 
and rituximab, already demonstrated efficacy in cHL 
[12,40] and are quite close to entering clinical practice. A 
combination of rituximab with ABVD chemotherapy 
in first-line treatment leads to excellent responses in 
advanced cHL – ORR/CR rates above 90 and 85% 
[13,14]. Brentuximab vedotin alone can produce CR rates 
close to 40% and the same PR rate in refractory cHL 
[39,40]. Monoclonal antibody therapy is in general excep-
tionally well tolerated. Rituximab added to chemother-
apy does not increase toxicity. Brentuximab vedotin can 
cause temporary, moderate peripheral neuropathy in 
approximately 50% of patients and bone marrow sup-
pression in 20% of cases, but with careful use, can be 

safety administered. Although the ultimate role of these 
agents in cHL requires further randomized Phase III tri-
als with a sufficient follow up, brentuximab vedotin was 
recently approved for refractory cHL based on the excel-
lent ORR in the Phase II trial [105]. Rituximab is still 
experimental, but Phase III trials in front-line therapy 
are ongoing [102–104]. Daclizumab is another monoclonal 
antibody under clinical investigation. Administration of 
daclizumab conjugated with a radioactive Y90 resulted 
in an ORR of 63% and a CR of 40% as presented at 
ASH 2012 [54]. Other antibodies targeting HRS cells or 
tumor microenvironment are also under investigation. 
Further improvements of immunotherapy in cHL will 
likely involve the antibody in first-line treatment so that 
curability of patients could be improved upfront. Iden-
tifying predictive markers will be of particular value. 
For instance, external membrane exposure of antigen 
on the target cell can be a critical condition for the 
interaction with the ligand and possibly, a predictive 
factor for response to antibodies. Brentuximab vedotin 
and rituximab target different cellular compartments in 
cHL and a combination of these biological agents may 
be a reasonable research possibility.

Immunotherapy of HL with the monoclonal anti-
bodies is currently widely entering clinical research and 
beginning to enter clinical practice as well. This holds a 
promise of further improving patient outcome by limit-
ing refractory disease and possibly by decreasing toxicity 
of emerging combination treatments.

Financial & competing interests disclosure
J Walewski has a consultancy agreement with Roche PL and Takeda 
PL and haa received a research grant from Roche PL. The authors 
have no other relevant affiliations or financial involvement with any 
organization or entity with a financial interest in or financial conflict 
with the subject matter or materials discussed in the manuscript 
apart from those disclosed. 

No writing assistance was utilized in the production of this 
manuscript. 



www.future-science.com future science group908

Review: Clinical Trial Outcomes   Paszkiewicz-Kozik & Walewski

References
Papers of special note have been highlighted as:
n	 of interest

1	 Coiffier B, Lepage E, Briere J et al. CHOP 
chemotherapy plus rituximab compared with 
CHOP alone in elderly patients with diffuse 
large-B-cell lymphoma. N. Engl. J. Med. 346, 
235–242 (2002).

2	 Marcus R, Imrie K, Belch A et al. CVP 
chemotherapy plus rituksymab compared with 
CVP as first-line treatment for advanced 
follicular lymphoma. Blood 105, 1417–1423 
(2005).

3	 Hallek M, Fingerle-Rowson G, Fink AM et al. 
Immunochemotherapy with fludarabine (F), 
cyclophosphamide (C), and rituximab (R) 
(FCR) versus fludarabine and 
cyclophosphamide (FC) improves response 
rates and progression-free survival (PFS) of 
previously untreated patients (pts) with 
advanced chronic lymphocytic leukemia 
(CLL). Blood 112, abstract 325 (2008).

4	 Stein H, Delsol G, Pileri SA et al. Classical 
Hodgkin lymphoma, introduction. In: WHO 
classification of tumours of haematopoietic and 
lymphoid tissues. Swerdlow SH, Campo E, 
Harris NL et al. (Eds). IARC, Lyon, France, 
326–329 (2008).

5	 Armitage JO. Early-stage Hodgkin’s 
lymphoma. N. Engl. J. Med. 363(7), 653–662 
(2010).

6	 Sirohi B, Cunningham D, Powles R et al. 
Long-term outcome of autologous stem-cell 
transplantation in relapsed or refractory 
Hodgkin’s lymphoma. Ann. Oncol. 19(7), 
1312–1319 (2008).

7	 Kuppers R. Molecular biology of Hodgkin 
lymphoma. Hematology Am. Soc. Hematol. 
Educ. Program 491–496 (2009).

n	 Describes the immunological and molecular 
processes in Hodgkin lymphoma and its 
microenvironment that show the importance 
for disease etiology and outcome.

8	 Jones RJ, Gocke CD, Kasamon YL et al. 
Circulating clonotypic B cells in classic 
Hodgkin lymphoma. Blood 113(23), 
5920–5926 (2009).

9	 Inoue S, Leitner WW, Golding B, Scott D. 
Inhibitory effects of B cells on antitumor 
immunity. Cancer Res. 66(15), 7741–7747 
(2006).

10	 Younes A, Romaguera J, Hagemeister F et al. 
A pilot study of rituximab in patients with 
recurrent, classic Hodgkin disease. Cancer 98, 
310–314 (2003).

n	 The first published study showing the 
efficiency of rituximab as a single agent in 

classical Hodgkin lymphoma (cHL) , 
independently of CD20 expression.

11	 Yasuhiro O, Pro B, Fayad LE et al. Phase 2 
study of gemcitabine in combination with 
rituximab in patients with recurrent or 
refractory Hodgkin lymphoma. Cancer 112, 
831–836 (2008).

12	 Corazzelli G, Frigeri F, Marcacci G et al. 
Rituximab plus gemcytabine, ifosfamide, 
oxaliplatin (R-GIFOX) as salvage therapy for 
recurrent Hodgkin lymphoma. J. Clin. Oncol. 
27, 8579 (2009).

13	 Younes A, Oki Y, McLaughlin P et al. Phase II 
study of rituximab plus ABVD in patients 
with newly diagnosed classical Hodgkin 
lymphoma. Blood 119(18), 4123–4128 (2012).

14	 Kasamon YL, Jacene HA, Gocke CD et al. 
Phase 2 study of rituximab-ABVD in classical 
Hodgkin lymphoma. Blood 119(18), 
4129–4132 (2012).

n	 Very detailed analysis of rituximab biologic 
effect in cHL.

15	 Hohaus S, Santangelo R, Giachelia M et al. 
The viral load of Epstein–Barr virus (EBV) 
DNA in peripheral blood predicts for 
biological and clinical characteristics in 
Hodgkin lymphoma. Clin. Cancer Res. 17(9), 
2885–2892 (2011).

16	 Steidl C, Lee T, Shah SP et al. Tumor-
associated macrophages and survival in classic 
Hodgkin’s lymphoma. N. Engl. J. Med. 
362(10), 875–885 (2010).

17	 von Wasielewski R, Mengel M, Fischer R. 
Classical Hodgkin’s disease. Clinical impact of 
the immunophenotype. Am. J. Pathol. 151(4), 
1123–1130 (1997).

18	 Deutsch YE, Tadmor T, Podack ER, 
Rosenblatt JD. CD30; an important new 
target in hematologic malignances. Leuk. 
Lymphoma 52(9), 1641–1654 (2011).

19	 Podack ER, Strbo N, Sotosec V, Muta H. 
CD30-governor of memory T cells? Ann. NY 
Acad. Sci. 975, 101–113 (2002).

20	 Valent P, Sotlar K, Horny HP. Aberrant 
expression of CD30 in aggressive systemic 
mastocytosis and mast cell leukemia: a 
differential diagnosis to consider in aggressive 
hematopoietic CD30-positive neoplasms. 
Leuk. Lymphoma 52(5), 740–744 (2011).

21	 Kneile JR, Tan G, Suster S, Wakely PE. 
Expression of CD30 (Ber-H2) in 
nasopharyngeal carcinoma, undifferentiated 
type and lymphoepithelioma-like carcinoma. 
A comparison study with anaplastic large cell 
lymphoma. Histopathology 48(7), 855–861 
(2006).

22	 Somada S, Muta H, Nakamura K et al. 
CD30 ligand/CD30 interaction is involved 
in pathogenesis of inflammatory bowel 
disease. Dig. Dis. Sci. 57(8), 2031–2037 
(2012).

23	 Mehta A, Reddy VV, Botare U. Anti CD-30 
antibody–drug conjugate brentuximab 
vedotin (adcetris®) may be a promising 
treatment option for systemic mastocytosis 
(SM). Presented at: 54th ASH Annual 
Meeting. Atlanta, GA, USA, 8–11 December 
2012.

24	 Slack GW, Steidl C, Sehn LH et al. CD30 
expression in diffuse B cell large lymphoma. 
Presented at: 54th ASH Annual Meeting. 
Atlanta, GA, USA, 8–11 December 2012.

25	 Visco C, Nadali G, Vassilakopoulos TP et al. 
Very high levels of soluble CD30 recognize 
the patients with classical Hodgkin’s 
lymphoma retaining a very poor prognosis. 
Eur. J. Haematol. 77(5), 387–394 (2006).

26	 Hsu PL, Hsu SM. Autocrine growth 
regulation of CD30 ligand in CD30-
expressing Reed–Sternberg cells: distinction 
between Hodgkin’s disease and anaplastic 
large cell lymphoma. Lab. Invest. 80(7), 
1111–1119 (2000).

27	 Blazar BR, Levy RB, Mak TW et al. CD30/
CD30 ligand (CD153) interaction regulates 
CD4+ T cell-mediated graft-versus-host 
disease. J. Immunol. 173(5), 2933–2941 
(2004).

28	 Falini B, Flenghi L, Fedeli L et al. In vivo 
targeting of Hodgkin and Reed–Sternberg 
cells of Hodgkin’s disease with monoclonal 
antibody Ber-H2 (CD30): 
immunohistological evidence. Br. 
J. Haematol. 82(1), 38–45 (1992).

29	 Bartlett NL, Younes A, Carabasi MH et al. A 
Phase 1 multidose study of SGN-30 
immunotherapy in patients with refractory 
or recurrent CD30+ hematologic 
malignancies. Blood 111(4), 1848–1854 
(2008).

30	 Forero-Torres A, Leonard JP, Younes A et al. 
A Phase II study of SGN-30 (anti-CD30 
mAb) in Hodgkin lymphoma or systemic 
anaplastic large cell lymphoma. Br. 
J. Haematol. 146(2), 171–179 (2009).

31	 Blum KA, Smith M, Fung H et al. Phase I 
study of an anti-CD30 Fc engineered 
humanized monoclonal antibody in 
Hodgkin lymphoma (HL) or anaplastic large 
cell lymphoma (ALCL) patients: safety, 
pharmacokinetics (PK), immunogenicity, 
and efficacy. J. Clin. Oncol. 27(15 Suppl.), 
abstract 8531 (2009).



Monoclonal antibody therapy for classical Hodgkin lymphoma  Review: Clinical Trial Outcomes

future science group Clin. Invest. (2013) 3(9) 909

32	 Thertulien R, Frankel AE, Evens AM et al. A 
Phase I, open-label, dose-escalation, 
multidose study of MDX-1401 (defucosylated 
human antiCD30 monoclonal antibody) in 
patients with CD30-positive refractory/
relapsed Hodgkin’s lymphoma. Presented at: 
AACR Meeting. Denver, CO, USA, 18–22 
April 2009 (Abstract 1227).

33	 Blum KA, Jung SH, Johnson J L et al. 
Serious pulmonary toxicity in patients with 
Hodgkin’s lymphoma with SGN-30, 
gemcitabine, vinorelbine, and liposomal 
doxorubicin is associated with an 
FcgRIIIa-158 V/F polymorphism Ann. 
Oncol. 21, 2246–2254 (2010).

34	 Schnell R, Staak O, Borchmann P et al. A 
Phase I study with an anti-CD30 ricin 
A-chain immunotoxin (Ki-4.dgA) in patients 
with refractory CD30+ Hodgkin’s and non-
Hodgkin’s lymphoma. Clin. Cancer Res. 8(6), 
1779–1786 (2002).

35	 Francisco JA, Cerveny CG, Meyer DL et al. 
cAC10-vcMMAE, an anti-CD30-
monomethyl auristatin E conjugate with 
potent and selective antitumor activity. Blood 
102(4), 1458–1465 (2003).

36	 Hamblett KJ, Senter PD, Chace DF et al. 
Effects of drug loading on the antitumor 
activity of a monoclonal antibody drug 
conjugate. Clin. Cancer Res. 10, 7063–7070 
(2004).

37	 Younes A, Bartlett NL, Leonard JP et al. 
Brentuximab vedotin (SGN-35) for relapsed 
CD30-positive lymphomas. N. Engl. J. Med. 
363, 1812–1821 (2010).

38	 Fanale MA, Forero-Tores A, Rosenblatt JD 
et al. A Phase I weekly dosing study of 
brentuximab vedotin in patients with 
relapsed/refractory CD30-positive 
hematologic malignancies. Clin. Cancer Res. 
18, 248–255 (2012).

39	 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. 30(18), 2183–2189 (2012).

n	 According to this Phase II study, 
brentuximab vedotin was approved in the 
USA in August 2011.

40	 Chen RW, Gopal AK, Smith SE et al. 
Long-term survival analyses of an ongoing 
Phase 2 study of brentuximab vedotin in 
patients with relapsed or refractory Hodgkin 
lymphoma. Presented at: 54th ASH Annual 
Meeting. Atlanta, GA, USA, 8–11 December 
2012.

n	 Long-term results of pivotal Phase II study 
showing brentuximab vedotin to be 

effective as a single agent in relapsed/
refractory cHL.

41	 Fanale MA, Bartlett NL, Forero-Torres A 
et al. Retrospective analysis of the safety and 
efficacy of brentuximab vedotin in patients 
aged 60 years or older with relapsed or 
refractory CD30+ hematologic 
malignancies. Presented at: 54th ASH 
Annual Meeting. Atlanta, GA, USA, 8–11 
December 2012.

42	 Chen RW, Palmer J, Siddiqi T et al. 
Brentuximab vedotin as first line salvage 
therapy in relapsed/refractory HL. Presented 
at: 54th ASH Annual Meeting. Atlanta, GA, 
USA, 8–11 December 2012.

43	 Forero-Torres A, Berryman RB, Advain RH 
et al. Prolonged treatment with brentuximab 
vedotin (SGN35) in patients with relapsed 
or refractory Hodgkin lymphoma (HL) or 
systemic anaplastic large cell lymphoma 
(sALCL). Presented at: 53rd ASH Annual 
Meeting. San Diego, CA, USA, 10–13 
December 2011.

44	 Bartlett N, Brice P, Chen RW et al. 
Retreatment with brentuximab vedotin in 
CD30-positive hematologic malignances: a 
Phase II study. J. Clin. Oncol. 30, 8027 
(2012).

45	 Theurich S, Malcher J, Wennhold K et al. 
CD30-targeted therapy with brentuximab 
vedotin combined with donor lymphocyte 
infusions induce sustained clinical 
remissions and tumor specific immunity in a 
series of patients with relapsed Hodgkin 
lymphoma after allogeneic stem cell 
transplantation. Presented at: 54th ASH 
Annual Meeting. Atlanta, GA, USA, 8–11 
December 2012.

46	 Chen R, Palmer JM, Thomas SH et al. 
Brentuximab vedotin enables successful 
reduced-intensity allogeneic hematopoietic 
cell transplantation in patients with relapsed 
or refractory Hodgkin lymphoma. Blood 
119(26), 6379–6381 (2012).

47	 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 centre. Hematologica 98(4), 611–614 
(2013).

48	 Gopal AK, Ramchandren R, O’Connor OA 
et al. Safety and efficacy of brentuximab 
vedotin for Hodgkin lymphoma recurring 
after allogeneic stem cell transplantation. 
Blood 120(3), 560–568 (2012).

49	 Illidge T, Bouabdallah R, Chen RW et al. 
Allogenic transplant following brentuximab 
vedotin treatment in patients with relapsed 

or refractory CD30+ lymphomas. Presented 
at: 53rd ASH Annual Meeting. San Diego, 
CA, USA, 10–13 December 2011.

50	 Ansell SM, Connors JM, Park SI et al. Front 
line therapy with brentuximab vedotin 
combined with ABVD of ADV in patients 
with newly diagnosed advanced stage 
Hodgkin lymphoma. Presented at: 54th ASH 
Annual Meeting. San Diego, CA, USA, 8–11 
December 2012.

51	 Alvaro T, Lejeune M, Salvadó MT et al. 
Outcome in Hodgkin’s lymphoma can be 
predicted from the presence of 
accompanying cytotoxic and regulatory 
T cells. Clin. Cancer Res. 11(4), 1467–1473 
(2005).

52	 Kelley TW, Pohlman B, Elson P, Hsi ED. 
The ratio of FOXP3+ regulatory T cells to 
granzyme B+ cytotoxic T/NK cells predicts 
prognosis in classical Hodgkin lymphoma 
and is independent of bcl-2 and MAL 
expression. Am. J. Clin. Pathol. 128(6), 
958–965 (2007).

53	 Kreitman RJ, Wilson WH, White JD et al. 
Phase I trial of recombinant immunotoxin 
anti-Tac(Fv)-PE38 (LMB-2) in patients with 
hematologic malignancies. J. Clin. Oncol. 
18, 1622–1636 (2000).

54	 Waldmann TA, Janik J, Morris JC et al. 
Yttrium-90 radiolabeled daclizumab, an 
anti-CD25 monoclonal antibody, provides 
effective therapy for refractory and relapsed 
Hodgkin’s lymphoma. Presented at: 53rd 
ASH Annual Meeting. San Diego, CA, USA, 
10–13 December 2011.

55	 O’Mahony D, Morris J, Carrasquillo J et al. 
Phase I/II study of Yttrium-90 labeled 
humanized anti-Tac (HAT) monoclonal 
antibody and calcium DTPA in CD25-
expressing malignancies. J. Nucl. Med. 
47(Suppl. 1), 98 (2006).

56	 Czuczman MS, Thall A, Witzig TE et al. 
Phase I/II study of galiximab, an anti-CD80 
antibody, for relapsed of refractory follicular 
lymphoma. J. Clin. Oncol. 23, 4390–4398 
(2005).

57	 Czuczman MS, Leonard JP, Jung JL et al. 
Phase II trial of galiximab (anti-CD80 
monoclonal antibody) plus rituximab 
(CALGB50402): follicular lymphoma 
international prognostic index (FLIPI) score 
is predictive of upfront immunotherapy 
responsiveness. Ann. Oncol. 23, 2362–2374 
(2012).

58	 Doussis-Anagnostopoulou IA, Talks KL, 
Turley H et al. Vascular endothelial growth 
factor (VEGF) is expressed by neoplastic 
Hodgkin–Reed–Sternberg cells in Hodgkin’s 
disease. J. Pathol. 197(5), 677–683 (2002).



www.future-science.com future science group910

Review: Clinical Trial Outcomes   Paszkiewicz-Kozik & Walewski

59	 Reiners KS, Gossmann A, von Strandmann 
EP, Boll B, Engert A, Borchmann P. Effects of 
anti-VEGF monoclonal antibody 
bevacizumab in preclinical model and in 
patients with refractory and multiple relapsed 
Hodgkin lymphoma. J. Immunother. 32, 
508–512 (2009).

■■ Websites
101	 ClinicalTrials Database: NCT00881387. 

www.clinicaltrials.gov/show/NCT00881387

102	 ClinicalTrials Database: NCT00654732. 
www.clinicaltrials.gov/show/NCT00654732

103	 ClinicalTrials Database: NCT00992030. 
www.clinicaltrials.gov/show/
NCT00992030

104	 ClinicalTrials Database: NCT00515554. 
www.clinicaltrials.gov/show/NCT00515554

105	 Medical product safety information. 
www.fda.gov/Safety/MedWatch/
SafetyInformation

106	 ClinicalTrials Database: NCT01468311. 
www.clinicaltrials.gov/show/NCT01468311

107	 ClinicalTrials Database: NCT00001575. 
www.clinicaltrials.gov/show/NCT00001575

108	 ClinicalTrials Database: NCT00670592. 
www.clinicaltrials.gov/show/NCT00670592

109	 ClinicalTrials Database: NCT00363636. 
www.clinicaltrials.gov/show/NCT00363636

110	 ClinicalTrials Database: NCT01030900. 
www.clinicaltrials.gov/show/NCT01030900

111	 ClinicalTrials Database: NCT00722865. 
www.clinicaltrials.gov/show/NCT00722865

112	 ClinicalTrials Database: NCT01578967. 
www.clinicaltrials.gov/show/NCT01578967

113	 ClinicalTrials Database: NCT01534078. 
www.clinicaltrials.gov/show/NCT01534078

114	 ClinicalTrials Database: NCT01868451. 
www.clinicaltrials.gov/show/NCT01868451

115	 ClinicalTrials Database: NCT01716806. 
www.clinicaltrials.gov/show/NCT01716806

116	 ClinicalTrials Database: NCT01476410. 
www.clinicaltrials.gov/show/NCT01476410

117	 ClinicalTrials Database: NCT01712490. 
www.clinicaltrials.gov/show/NCT01712490

118	 ClinicalTrials Database: NCT01569204. 
www.clinicaltrials.gov/show/NCT01569204

119	 ClinicalTrials Database: NCT01771107. 
www.clinicaltrials.gov/show/NCT01771107

120	 ClinicalTrials Database: NCT01393717. 
www.clinicaltrials.gov/show/NCT01393717

121	 ClinicalTrials Database: NCT01657331. 
www.clinicaltrials.gov/show/NCT01657331

122	 ClinicalTrials Database: NCT01900496. 
www.clinicaltrials.gov/show/NCT01900496

123	 ClinicalTrials Database: NCT01780662. 
www.clinicaltrials.gov/show/NCT01780662

124	 ClinicalTrials Database: NCT01902160. 
www.clinicaltrials.gov/show/NCT01902160

125	 ClinicalTrials Database: NCT01874054. 
www.clinicaltrials.gov/show/NCT01874054

126	 ClinicalTrials Database: NCT01896999. 
www.clinicaltrials.gov/show/NCT01896999

127	 ClinicalTrials Database: NCT00337194. 
www.clinicaltrials.gov/show/NCT00337194

128	 ClinicalTrials Database: NCT01508312. 
www.clinicaltrials.gov/show/NCT01508312

129	 ClinicalTrials Database: NCT01100502. 
www.clinicaltrials.gov/show/NCT01100502


