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I will likely discuss all sorts of off-label use of agents as well as investigational agents



Therapeutic Antibodies in Lymphoma

• Antibodies have become a key component in the treatment of 
hematologic malignancies

• Lymphoma has been the disease area with many milestones
• Monoclonal antibody against CD20

• Radiolabeled antibodies

• Antibody drug conjugate against CD30

• Toxin conjugated antibodies

• Immune checkpoint inhibitors

• Bispecific antibodies using T and NK cells



CD20 – an optimal target?

CD20

• A 297 amino acid phosphoprotein (33-35 kDa)

• Not expressed on stem cells, early pre-B cells, 
dendritic or plasma cells

• No known natural ligands for CD20

• Binding of a ligand to CD20 does not:
• Down-modulate expression of CD20

• Cause internalization or shedding of CD20 from the 
plasma membrane

• CD20 regulates an early step in the activation 
process for cell cycle initiation and differentiation 
and possible functions as a calcium ion channel



Type I and type II mAbs: distinct binding to CD20 

• Anti-CD20 antibodies have been classified as type I or type II based on 

cell surface binding and functional activity1-4

Type I mAbs, like rituximab, induce

CD20 to redistribute into large lipid

rafts, probably because of their

ability to bind between adjacent

CD20 tetramers1

Type II mAbs are hypothesized to

bind within a CD20 tetramer and

in a completely different

orientation vs. type I mAbs and to

induce direct cell death 1,3

1. Beers SA, et al. Semin Hematol 2010; 47; 110–114; 2. Cragg MS. Blood 2004;103:2738-2743; 3. Niederfellner G et al. 

Blood. 2011;118(2):358-367; 4. Mossner E et al. Blood. 2010;115(22): 4393-4402
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Rituximab – the antibody

Maloney NEJM 2012



Rituximab – Pivotal Trial in NHL

• Phase II trial in relapsed CD20+ indolent NHL 

• Rituximab given as 4 weekly doses of 375 mg/m2

• N=166

• Subsequent trials to evaluate single agent activity as well as 
combination with chemotherapy

ORR: 48%

Median duration of response: 13 months

Toxicity: Infusional toxicity (usually 1st or 2nd dose – typically grade 1 or 2)

McLaughlin et al. JCO 1998



Summarizing 20+ years of Rituximab

• Practice changing trials in Lymphoma
• Initial FDA approval in 1997

• Relapsed/refractory and frontline indolent NHL, frontline DLBCL, CLL 
and multiple specific B cell subtypes

• Depletion of non-malignant B cells to treat autoimmune disease
• FDA approval in 2006 for rheumatoid arthritis

• Pemphigus, pemphigoid, myasthenia gravis, neuromyelitis optica



Lessons from Rituximab

• An incredibly positive story
• Toxicity low and easy to combine with chemotherapy
• Major improvements in ORR, PFS and OS

• Unanswered questions
• Clarity about mechanism(s) of action
• Optimal dosing / schedule

• Implementation
• How to make administration easier (infusion time, reactions)
• Cost (not that bad really…)

• How can we improve on anti-CD20s?



• The first Type II, glycoengineered, humanised 
anti-CD20 mAb1–3

• Designed to provide an advancement 
in antibody technology1,3

• In preclinical studies comparing it with 
rituximab, GA101 showed:
• Increased direct cell death induction1,3

• Enhanced ADCC1

• GA101 is being evaluated in an extensive 
clinical trial programme in B-cell malignancies

Obinutuzumab – a better anti-CD20?

ADCC, antibody-dependent cell-mediated cytotoxicity; mAb, monoclonal antibody
1. Mössner E, et al. Blood 2010; 115:4393−4402; 2. Niederfellner G, et al. Blood 2011; 118:358−367; 
3. Alduaij W, et al. Blood 2011; 117:4519–4529.



Improve on an antibody - Obinutuzumab

• Practice changing trials in CLL, rituximab-refractory FL
• NOT in frontline DLBCL (negative)
• NOT in frontline FL (positive, but not practice changing)

• Additional studies ongoing

• Other anti-CD20 antibodies have been evaluated
• Ofatumumab approved in CLL for fludarabine and alemtuzumab 

refractory disease (fully humanized approved 2009)
• May have a role in patients with anaphylaxis to rituximab

• Ublituximab
• Engineered to have enhanced ADCC



Antibody optimization: Subcutaneous Delivery

• Developed as an 
alternative to IV 
rituximab

• Note that while 90 
minute infusion 
adopted as standard, 
this “innovation” was 
not developed by 
Roche
• Goal of SC product 

was to minimize time 
and resource of 
rituximab infusion 
and improve patient 
experience

• Efficacy endpoints 
similar in small phase 
III trials

PrefMab

Patient preference for SC vs IV

Arm A Arm B Total

Patients completing PPQ at Cycle 6 (n) 93 97 190

Patients who prefer rituximab SC, n (%) 

[95% CI]

76 (82)

[72–89]

81 (84)

[75–90]

157 (83%)

[76–88]

Patients who prefer rituximab for intravenous use, n (%) 

[95% CI]

10 (11) 

[NR]

5 (5) 

[NR]

15 (8)

[4–13]

Patients with no preference, n (%) NR (8) NR (11) 18 (9)

Patients completing the PPQ at Cycle 8 (n) 61 64 125

Patients who prefer rituximab SC, n (%)

[95% CI]

50 (82)

[NR]

58 (91)

[NR]

108 (86%)

[79–92]

Patients who prefer rituximab for intravenous use, n (%)

[95% CI]

7 (11)

[NR]

4 (6)

[NR]

11 (9)

[4–15]

Patients with no preference, n (%) 4 (7) 2 (3) 6 (4.8)

SC, subcutaneous; IV, intravenous; CI, confidence interval; PPQ, Patient Preference Questionnaire.

Rummel M, et al. EHA 2014; Abstract P467 (Poster presentation). 



Antibody Optimization? Cost

• For biosimilars, it is not scientifically necessary to repeat the entire development program of the reference product1,2

• Extensive side-by-side structural and functional studies give the foundation of evidence for authorizing a biosimilar3

Comparative
nonclinical

Comparative 
clinical 

pharmacology

Comparative 
analytical 

Comparative 
clinical
studies

Confirm safety 
profile and 
efficacy in a 
disease 
population (dose 
ranging not 
necessary)

Clinical studies 

Clinical 
pharmacology

PK/PD

Nonclinical 

Analytical

Standard biologics4,5 Biosimilars4,5,7

1. Kozlowski S, et al. N Engl J Med. 2011;365(5):385-388. 2. Noaiseh G, Moreland L. Biosimilars. 2013;3:27-33. 3. Health Canada. Biosimilar biologic drugs in Canada: Fact Sheet. 23 August 2019. 
https://www.canada.ca/content/dam/hc-sc/migration/hc-sc/dhp-mps/alt_formats/pdf/brgtherap/applic-demande/guides/Fact-Sheet-EN-2019-08-23.pdf Accessed September 16, 2019. 4. Schneider CK, et al. Nat 
Biotechnol. 2012;30(12):1179-1185. 5. McCamish M. Presented at: EMA Workshop on Biosimilars; London, UK; October 2013. 6. Berghout A. Biologicals. 2011;39(5):293-296.

Magnitude of savings 
and how they will be 
directed in the health 
care system are 
unclear.
Clearly important but 
not directly driving 
further efficacy 
improvements in 
cancer care

https://www.canada.ca/content/dam/hc-sc/migration/hc-sc/dhp-mps/alt_formats/pdf/brgtherap/applic-demande/guides/Fact-Sheet-EN-2019-08-23.pdf


Lessons from the post-rituximab era

• Opportunities to improve on a standard
• SC formulation has patient care benefits

• Biosimilars can produce cost savings

• Efficacy improvements are more challenging
• Magnitude of benefit in “second-generation” product may be different

• May be associated with some toxicity differences (reactions etc.)



Antibodies as a delivery system

• Antibodies bind to a target antigen

• The antibody can be used to “deliver” a variety of effectors to 
the target
• Radiation

• Chemotherapy

• Toxin



Anti-CD20 radioimmunoconjugates

• Immune mediated cytotoxicity

• Targeted radiation

• Bystander effect for Ag-
negative cells

 131I 90Y 
Beta 
particle 

 (0.6 MeV)  (2.27 MeV) 

Av. range 
Max. range 

1 mm 
3 mm 

4 mm 
10 mm 

   

Gamma  (0.36 MV) 
can image 

radiation protection 
thyroid uptake 

- 
image with 111Indium 

little radiation risk 
- 

   

Isotope T1/2 8 d 2.7 d 
 

 Bexxar Zevalin



Radioimmunoconjugates

• What is old is new again?

• Zevalin and Bexxar had single agent activity but practical issues 
largely outweighed any clinical benefits for these agents and 
use remains modest given other improvements in lymphoma

• Ongoing studies with novel compounds (ie. Betalutin)
• Novel targets can also be evaluated



⚫ Cytotoxic payload can be varied

⚫ Opportunity to deliver higher doses 

directly to tumour and avoid toxicity

⚫ Linker can also be varied

⚫ Relationship to release of payload may 

be important for optimal use

⚫ Antibody

⚫ Target antigen of choice (cell surface)

ADCs: targeted cytotoxicity



Brentuximab Vedotin Mechanism of Action

Brentuximab vedotin (SGN-35) ADC

monomethyl auristatin E (MMAE), potent antimicrotubule

agent

protease-cleavable linker

anti-CD30 monoclonal antibody

ADC binds to CD30

MMAE disrupts

microtubule network

ADC-CD30 complex 

traffics to lysosome

MMAE is released

Apoptosis

G2/M cell

cycle arrest



Summarizing 9+ years of brentuximab…

• FDA approval in RR-cHL in 2011

• Multiple positive RCTs
• AETHERA (consolidation post-ASCT for cHL)

• ECHELON-1 (frontline HL)

• ALCANZA (previously treated CD30+ cutaneous T cell lymphoma)

• ECHELON-2 (frontline CD30+ PTCL)

• Practice change has been very context dependent
• OS advantage in PTCL with generally poor outcomes from standard 

therapy

• High bar in cHL with multiple issues influencing practice



Moxetumomab Pasudotox-tdfk: immunotoxin
Immunotoxins are cytotoxic proteins that consist of 

2 basic components1-4

Binding Processing Killing

Anti-CD22 Fv PE 38

Adapted from Wayne, 2014.2

• After binding, quick internalization of the toxin takes 

place, which causes cell death

• Examples of toxins include 

– Pseudomonas exotoxin (PE38) used in 

moxetumomab pasudotox

– Diphtheria toxin used in Denileukin diftitox

Killing componentTargeting component

CD, cluster of differentiation; PE, pseudomonas exotoxin. 



Moxetumomab
IRC Assessed (N=80)

Durable Complete Response (CR)*

Durable CR (%) [95% CI] 30 [20, 41]

Overall Response Rate (ORR)

ORR* (%) [95% CI] 75 [64, 84]

CR† (%) [95% CI] 41 [30, 53]

Partial Response‡ (PR) (%) [95% CI] 34 [24, 45]

Duration of Response (DOR)

Median DOR in months [range] NR [0+ to 43+]

Duration of CR (DOCR)

Median DOCR in months [range] NR [0+ to 40+]

• Capillary Leak Syndrome (CLS), including life-threatening cases, has been reported among patients treated with moxetumomab pasudotox-tdfk and is 
characterized by hypoalbuminemia, hypotension, symptoms of fluid overload, and hemoconcentration

• In the combined safety database of HCL patients treated with moxetumomab pasudotox-tdfk, CLS occurred in 34% (44/129) of patients, including Grade 2 in 
23% (30/129), Grade 3 in 1.6% (2/129), and Grade 4 in 2% (3/129)

• Hemloytic Uremic Syndrome (HUS), including life-threatening cases, has been reported in patients treated with moxetumomab pasudotox-tdfk and is 
characterized by the triad of microangiopathic hemolytic anemia, thrombocytopenia, and progressive renal failure

• In the combined safety database of HCL patients treated with moxetumomab pasudotox-tdfk, HUS occurred in 7% (9/129) of patients, including Grade 3 in 
3% (4/129) and Grade 4 in 0.8% (1/129)



Antibodies as delivery systems

• Proof of concept with multiple examples in lymphoma
• Allows for targeted delivery of therapy to cells

• Toxicities typically relate to agent being delivered

• Multiple possible areas to optimize
• More effective and safer toxins

• Better “drug” properties



Antibodies to manipulate the immune system

• Many agents already discussed (could) use immune mechanisms
• ADCC / ADCP

• Immunogenic cell death

• Specific mechanisms
• Immune checkpoints

• Cell delivery to tumour



Role of the Immune Checkpoint

• We need the immune system to 
fight pathogens and help 
eliminate abnormal cells

• We also need to have controls on 
this system
• Maintain tolerance and prevent 

injury to self tissue

• The immune checkpoint is the 
series of inhibitory signals for this 
system
• While designed for self control, 

these signals can be exploited by 
cancer cells 

Pardoll , 2012, Nat Rev Can, 5, 252-265

Cancer Cell T-cell



Role of checkpoint inhibitors in lymphoma

• Nivolumab and pembrolizumab well established in RR-cHL
• Phase III trials underway including frontline trials

• Signal in NHL less impressive but some positives
• PMBCL (45% ORR, CR 13%; PFS @ 12 months 38-47%)

• Some T and NK cell lymphoma subtypes

Therapy (n) ORR (CR) PFS note

Nivolumab (243) 69 (16) PFS 14.7m

Pembrolizumab (210) 72 (22) PFS 13.7m

Armand, JCO 2018; Chen Blood 2017; Armand JCO 2019



Macrophage checkpoint: CD47-SIRPa pathway



Hu5F9-G4 and Rituximab in NHL

Advani NEJM 2018



Bispecific T-Cell Engagers: BiTEs

Cytotoxins

Tumour
cell

T-cell

Immune synapse

BiTEs have been shown to cause cytokine 
storms, perhaps due to enhanced numbers 
of or through the artificial creation of the 
Immune synapse

Slide: R. Laister



Blinatumomab – an anti-CD3/CD19 Bispecific T-cell engager

31



Lessons from early Blinatumomab data

• CRS (Cytokine Release Syndrome)
• Fever, tachycardia, hypotension, capillary-leak syndrome, and/or respiratory-

distress syndrome, encephalopathy
• Up to 10% of patients experience ≥ grade 3 toxicity

• Neurologic toxicity = dose limiting toxicity (DLT)
• headache, tremor, aphasia, ataxia, disorientation and seizure

• Administration not particularly convenient
• 2-4 hour bolus infusion associated with lack of responses (CLL, NHL) and 

toxicity (CNS symptoms) – trials terminated early
• CIVI infusion needed given short half life

• ORR of 69% was reported in patients receiving 60 ug/m2/day
• Responses were observed across all histologic subtypes (FL, MCL and 

DLBCL)

Goebeler JCO 2016



CD20/CD3 targeting BiTEs in development

• *Regeneron have announced a plan to initiate a phase II study in 3L+ follicular lymphoma in 2019

• 3L, third line; CLL, chronic lymphocytic leukaemia; IgG, immunoglobulin G; NHL, non-Hodgkin lymphoma;
PK, pharmacokinetic

• 1. Sun LL, et al. Sci Transl Med 2015;7:287ra70; 2. Bacac M, et al. Oncoimmunol 2016;5:e1203498

• 3. Smith EJ, et al. Sci Rep 2015;5:17943; 4. Chu SY, et al Blood 2014;124:3111

BSA (Company) Descriptor Development phase (disease)

REGN1979 (Regeneron)3 Full-length IgG4 Phase I (NHL, CLL and lymphoma)*

XmAb13676 (Xencor)4 IgG-like with modified Fc region Phase I (NHL, CLL)

Mosunetuzumab (Roche/Genentech)1 Fully humanised, IgG1-like with modified 
Fc region

Phase I/II (NHL)

CD20-TCB (Roche/Genentech)2 Fully humanised, IgG1-like 2:1 format 
with fully silent Fc region

Phase I/II (NHL)

GEN3013 (GenMab) DuoBody with IgG4 Fab-arm Phase I/II (NHL)

These antibodies have the potential to overcome the PK limitations associated with blinatumomab



NK-engaging therapeutic antibodies

• AFM13 (CD30/CD16A TandAb) 

• •Is the most advanced natural killer (NK-) cell-
engaging antibody in clinical development

• •Bridges NK-cells with tumor cells leading to killing 
of tumor cells

• •Demonstrated clinical and 
pharmacodynamicactivity in heavily pretreated 
Hodgkin lymphoma patients

• •Tumor shrinkage in 8/13 (62%) and PRs in 3/13 
(23%) patients treated with just 4 weekly doses of 
at least 1.5 mg/kg 

• •Favorable safety profile, offering opportunities for 
combination with wide range of other drugs 



Therapeutic antibodies and then Immune System

• Immune targeting has become a large field very rapidly
• Multiple agents in testing with approvals coming

• Multiple approaches being evaluated

• “Off-the-shelf” immune manipulation
• Comparisons with cellular therapy

• How will this work?



Conclusions – Antibody-based therapies

• Antibody therapies are standard tools in lymphoma
• Multiples types encompassing multiple approaches

• Exciting new agents in development

• Proof of concept of important drug development ideas

• Clear improvements in patient care achieved



Thank you


