
An#body-‐Drug	  Conjugates	  



Immunoconjugates	  
•  Monoclonal	  an#bodies	  (mAbs)	  coupled	  to	  highly	  toxic	  agents	  

(radioisotopes	  and	  toxic	  drugs)	  that	  bind	  to	  specific	  an#gens	  on	  
cells	  and	  deliver	  chemotherapy	  

•  Radioimmunoscin#graphy	  uses	  gamma	  carriers	  to	  target	  delivery	  of	  
beta	  emmiters.	  Radioisotopes	  include	  90Y	  and	  131I	  

•  ADCs	  are	  combina#ons	  of	  a	  cytotoxic	  drug,	  a	  target-‐specific	  mAb,	  
and	  a	  linker	  connec#ng	  the	  drug	  to	  the	  an#body	  
–  Proposed	  in	  the	  1970s	  and	  pursued	  with	  moderate	  success	  
–  renewed	  interest	  and	  greater	  success	  in	  the	  last	  five	  years	  
–  About	  25	  ADCs	  currently	  in	  clinical	  trials1	  

•  Designed	  to	  op#mise	  the	  therapeu#c	  window	  (gap	  between	  the	  
effec#ve	  dose	  and	  the	  toxic	  dose)	  

•  Mostly	  directed	  against	  solid	  tumours	  (but	  some	  hematologial)	  

1.	  Teicher,	  B.	  A.;	  Doroshow,	  J.	  H.	  The	  Promise	  of	  An.body–Drug	  Conjugates	  N	  Engl	  J	  Med	  2012,	  367,	  1847–1848.	  
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Lymphotoxin-α
An immunoregulatory 
cytokine that belongs to the 
tumour-necrosis factor ligand 
superfamily. This cytokine 
plays an important role in 
the initiation of secondary 
lymphoid tissue.

The most studied antibody–cytokine fusion pro-
teins are those containing IL-2 (BOX 3). In this regard, 
antibody–IL-2 fusion proteins led to the eradication of 
established tumours and suppressed experimental and 
spontaneous metastases in xenogeneic and syngeneic 
neuroblastoma, melanoma and colon carcinoma 
models64–66. It should be noted that the improved effi-
cacy depended on the fusion of antibody and cytokine, 
as the combined treatment of parental antibody and 
cytokine, at best, displayed only minimal therapeutic 
effects. The therapeutic effect could not be ascribed 
to the above mentioned increased in vivo half-life of 
antibody–IL-2 fusion proteins compared with the IL-2 
molecule67, especially since an antibody–IL-2 fusion 
protein directed to an irrelevant antigen had no thera-
peutic effect. Biodistribution analysis in the preclinical 
models demonstrated that the tumour-specific fusion 
protein preferentially accumulated within the tumour-
bearing organs68. It should be further noted that the 
specific accumulation at the tumour site improved 
over time, demonstrating a very long half-life of the 
fusion protein within the tumour microenvironment. 
Interestingly, depending on the tumour model, the 
antibody–IL-2 fusion protein mediated its thera-
peutic effect either by innate or adaptive immunity, 
demonstrating the broad spectrum of IL-2 activity 
(FIG. 4)66,68,69.

The effect of antibody–IL-2 fusion proteins was not 
only tested in therapeutic models, but also in adjuvant 
settings. For example, antitumour immune responses 
induced by DNA vaccination were clearly enhanced 
by tumour-targeted IL-270. Moreover, antibody–IL-2 
fusion proteins do not only boost vaccination-induced 

immune responses, but also increase the immunogenic-
ity of antigens because IL-2 attached to antigens renders 
the antigens more immunogenic71. Indeed, Morrison’s 
group further demonstrated that targeting IL-2 to a solu-
ble, poorly immunogenic antigen triggered a protective 
immune response that led to significant anti tumour 
effects72. Notably, the same prophylactic immune 
response could be elicited by targeting IL-12 or GM-CSF 
to the antigen, all requiring the direct contact between 
antibody–cytokine fusion protein and antigen. The 
exact mechanism has not yet been determined, but the 
IL-2 fusion protein induction of an immune response 
is dependent on CD4, natural killer cells and B cells, 
whereas for the GM-CSF fusion protein the CD4 and 
natural killer cells are of minor importance73.

These encouraging preclinical data prompted the 
clinical evaluation of antibody–IL-2 fusion proteins. 
The first Phase I trials testing humanized antibody–IL-2 
fusion proteins specific for GD2 or EpCAM, respectively, 
for the treatment of metastastic melanoma74 or prostate 
cancer75 have recently been published. Irrespective of 
the tumour entity, the antibody–IL-2 fusion protein 
was generally well tolerated, with drug-related toxicities 
greater than or equal to grade 3 occurring only in very 
few patients. More importantly, however, the immuno-
cytokine treatment demonstrated biological activity as 
measured by increases in total lymphocyte and natural 
killer cell counts, as well as enhanced natural killer cell 
and antibody-dependent cellular cytotoxic activity. 
Although these trials were only designed to evaluate 
the safety and the maximum tolerated dose, the clinical 
outcome of the melanoma patients treated with the anti-
body–IL-2 fusion protein was reported. To this end, 58% 
of the treated patients after the first course and 24% of the 
patients at the end of the second course (completed by 
52% of the patients) displayed stable disease. Currently, a 
Phase II trial investigating the therapeutic activity of this 
therapy in a formal way is in preparation74.

Other cytokines that have been fused to antibodies 
to generate antibody–cytokine fusion proteins, includ-
ing GM-CSF, IL-12, TNFα, interferon-γ (IFNγ) and 
lymphotoxin-α (LTα), have not yet been as thoroughly 
scrutinized as the antibody–IL-2 fusion proteins. This 
could be at least in part due to the fact that their gen-
eration encountered some difficulties. For example, the 
clearance rate of antibody–GM-CSF fusion proteins 
from the plasma is highly increased compared with the 
parental antibody76. In addition, the biological activity 
of TNFα, LTα and IL-12 within the fusion proteins is 
markedly decreased compared with the recombinant 
cytokines77. This is probably due to the nature of the 
cytokines, as TNFα and LTα each form a trimeric struc-
ture, whereas biologically active IL-12 is a heterodimer 
composed of a p35 and a p40 subunit. To use the immu-
nocytokine approach broadly with optimal activity, this 
limitation has to be solved, by genetic engineering for 
example. Nevertheless, current constructs already pos-
sess potent antitumour efficiency in preclinical models. 
Antibody–GM-CSF fusion proteins, for example, facili-
tate neutrophil antibody-dependent cellular cytotoxicity 
in vitro78 and elicit a strong antitumour immune response 

Figure 3 | Internalization of antibody–drug conjugates. To regain their cytotoxic 
activity, the cytotoxic agent has to be cleaved from the chemo-immunoconjugate. 
Uptake of antibodies predominantly occurs via the clathrin-mediated endocytosis 
pathway. After binding the respective antigen associated with coated pits, antibody–
drug conjugates will be readily endocytosed, from where they transit through several 
stages of transport and endosomal vesicles and finally end up in a lysosome. There, 
linkers and antibody will be cleaved releasing the cytotoxic agent which — after exit 
from the lysosomal compartment — exerts its cytotoxic effect.
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Receptor	  mediated	  endocytosis	  
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Challenges	  
•  Physiological	  barriers:	  tumour	  extravasion	  and	  penetra#on2	  

–  More	  #me	  in	  the	  blood	  means	  increased	  likelihood	  of	  cleavage	  occurring	  early	  

•  mAb	  immunogenicity:	  body’s	  reac#on	  to	  non-‐human	  an#bodies	  
–  Use	  fully	  human	  mAbs	  that	  are	  protein	  engineered	  or	  created	  in	  transgenic	  mice	  

•  Normal	  #ssue	  expression	  of	  the	  targeted	  an#gen:	  killing	  host	  cells	  in	  addi#on	  to	  cancer	  
–  Need	  to	  to	  iden#fy	  an#gens	  overexpressed	  specifically	  on	  cancer	  cells	  

•  Low	  drug	  potency:	  inefficiency	  of	  targe#ng	  the	  tumour	  necessitates	  the	  use	  of	  very	  toxic	  
drugs	  
–  requires	  specific	  dosing	  and	  linkage	  as	  early	  release	  of	  the	  drug	  in	  blood	  can	  cause	  toxicity	  

•  Drug	  release:	  inefficient	  and	  drugs	  not	  in	  ac#ve	  states	  
–  mAbs	  can	  have	  short	  half-‐lives	  or	  may	  lack	  efficient	  interac#on	  with	  the	  target	  

•  Linker	  choices:	  need	  correct	  stoichiometry,	  loca#on	  and	  chemistry	  of	  linker-‐-‐cleavage	  by	  
enzymes	  in	  the	  cell	  or	  in	  certain	  acidic	  or	  reduc#ve	  condi#ons.	  	  	  
–  conjuga#on	  can	  change	  the	  ac#vity	  of	  the	  an#body.	  

2.	  Wu,	  A.	  M.;	  Senter,	  P.	  D.	  Arming	  An.bodies:	  prospects	  and	  challenges	  for	  immunoconjugates.	  Nature	  biotechnology	  2005,	  23,	  
1137–1146.	  



compound was found to be highly potent in vitro and efficacious
in vivo for the treatment of various lymphomas and carcinomas.
However, in 1977 the NCI discontinued clinical investigations
due to severe and unpredictable toxicities,9 perhaps making this
drug a suitable candidate for targeted delivery. Geldanamycin
(GA), a benzoquinoid ansamycin produced by actinomycete Strep-
tomyces hydroscopicus, exerts cytotoxic activity through binding to
hsp90, leading to the accelerated degradation of signal-transducing
protein tyrosine kinases and, ultimately, cell death.10,11 Although a
highly potent antitumor agent, severe toxicity and formulation
challenges have precluded the clinical development of GA.12 Gel-
danamycin (2) lacks a suitable functional group, such as an amine,
phenol, or thiol, with which to devise a circulation-stable conjuga-
tion strategy. However, structure activity relationships have estab-
lished that 17-amino-GA (3) retains the cellular potency of GA.12,13

Analogs of STN and GA have been used to prepare ADCs previ-
ously. The C-ring NHS ester of streptonigrin was conjugated to sol-
vent-exposed antibody lysines to form an ADC.14,15 The conjugate
was shown to be active against a hepatocarcinoma cell line15 and
Ehrlich carcinoma cells14 in vitro. To the best of our knowledge,
in vivo data was never reported for this conjugate. One potential
liability with this approach is that the conjugation strategy in-
cludes no provision for the release of the free drug. A Herceptin–
GA immunoconjugate has also been described.12,16 The drug pay-
load in this case was 17-(3-aminopropyl)-GA (4) attached directly
to Herceptin with a putatively non-cleavable maleimidobutyryl
linker. Despite the fact that 17-amino-GA (3) is more potent than
17-(3-aminopropyl)-GA (4), analog 4 was employed because the
electron deficient amino group (a vinylogous amide) in 3 was
deemed not suitable for conjugation.12 The Herceptin-GA conju-
gate was moderately active in vitro, with IC50 = 40 lg ADC/mL or
580 nM in terms of GA,12 and displayed enhanced efficacy relative

to Herceptin in a mouse xenograft.17 Potential liabilities with this
conjugation strategy include the lack of a mechanism for drug re-
lease and the use of an analog (4) with inferior potency relative to
the parent compound (2).

In contrast to the conjugation strategies described above, our
approach involves the incorporation of a conditionally-stable
dipeptide drug linker to achieve release of the free drug upon inter-
nalization of ADC into the lysosomes of the targeted cells (Scheme
1B). The Val-Ala-PAB drug linker system is designed to provide cir-
culation stability and efficient drug release in the presence of lyso-
somal proteases.18 One unique aspect of this drug linker approach
is that electron-deficient, aryl amine-containing drugs are linked
through a benzyl amine functional group to the mAb, instead of
the commonly used carbamate moiety.

The streptonigrin drug linker was synthesized as shown in
Scheme 2. Commercially available streptonigrin (1) was alkylated
with Fmoc-Ala-para-aminobenzyl bromide in the presence of Hu-
nig’s base to provide 5 in 44% yield. Chemoselectivity of alkylation
was established by NOESY, in which an NOE was observed between
the benzyl methylene and a D-ring aromatic proton. This would
not be observed if alkylation had occurred at the D-ring phenol
or the A-ring vinylogous amide. Deprotection of the Fmoc group,
followed by coupling with Fmoc-Val-OSu, afforded dipeptide inter-
mediate 7. Another round of Fmoc deprotection and coupling with
the NHS ester of 6-maleimidocaproic acid (MC-OSu) provided drug
linker 9. It is worth noting that attempts to make the analogous
PAB-carbamate linked constructs were unsuccessful, presumably
due to the low nucleophilicity of the electron deficient aryl amine
in the C-ring. This is in contrast to drugs containing electron-rich,
primary or secondary aliphatic amines that readily react with
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Scheme 1. (A) Structure of cytotoxic agents, (B) design of conditionally-stable
streptonigrin and 17-amino-geldanamycin immunoconjugates.
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Scheme 2. Synthesis of a streptonigrin drug linker. Reagents and conditions: (a)
Fmoc-Ala-PAB-Br, DIPEA, DMF, rt, 18 h, 44%; (b) DMF:piperidine (4:1), quant.; (c)
Fmoc-Val-OSu, DIPEA, DMF, rt, 88%; (d) MC-OSu, DIPEA, DMF, rt, 86%.

P. J. Burke et al. / Bioorg. Med. Chem. Lett. 19 (2009) 2650–2653 2651ADC	  Linkers-‐types	  
Disulfide:	  intracellular	  concentra#on	  of	  thiols,	  such	  as	  glutathione	  and	  cysteine,	  are	  
much	  higher	  than	  those	  in	  plasma.	  	  Selec#vely	  cleaved	  due	  to	  a	  more	  reduc#ve	  
intracellular	  environment	  	  
Hydrazone:	  selec#vely	  cleaved	  within	  the	  intracellular	  compartment	  of	  lysosomes	  
(lower	  pH	  compared	  to	  the	  systemic	  blood	  circula#on).	  	  Hydrazones	  have	  typically	  been	  
linked	  to	  an#body	  thiol	  groups	  generated	  through	  interchain	  disulfide	  bone	  reduc#on.	  

Pep.de	  linkers:	  	  selec#vely	  
cleaved	  by	  lysosomal	  proteases	  
(ex:	  cathepsin-‐B).	  Increased	  
serum	  stability	  and	  improved	  
an#-‐tumor	  effects	  compared	  to	  
hydrazone	  linkers.	  	  



ADC	  linkers	  
compound was found to be highly potent in vitro and efficacious
in vivo for the treatment of various lymphomas and carcinomas.
However, in 1977 the NCI discontinued clinical investigations
due to severe and unpredictable toxicities,9 perhaps making this
drug a suitable candidate for targeted delivery. Geldanamycin
(GA), a benzoquinoid ansamycin produced by actinomycete Strep-
tomyces hydroscopicus, exerts cytotoxic activity through binding to
hsp90, leading to the accelerated degradation of signal-transducing
protein tyrosine kinases and, ultimately, cell death.10,11 Although a
highly potent antitumor agent, severe toxicity and formulation
challenges have precluded the clinical development of GA.12 Gel-
danamycin (2) lacks a suitable functional group, such as an amine,
phenol, or thiol, with which to devise a circulation-stable conjuga-
tion strategy. However, structure activity relationships have estab-
lished that 17-amino-GA (3) retains the cellular potency of GA.12,13

Analogs of STN and GA have been used to prepare ADCs previ-
ously. The C-ring NHS ester of streptonigrin was conjugated to sol-
vent-exposed antibody lysines to form an ADC.14,15 The conjugate
was shown to be active against a hepatocarcinoma cell line15 and
Ehrlich carcinoma cells14 in vitro. To the best of our knowledge,
in vivo data was never reported for this conjugate. One potential
liability with this approach is that the conjugation strategy in-
cludes no provision for the release of the free drug. A Herceptin–
GA immunoconjugate has also been described.12,16 The drug pay-
load in this case was 17-(3-aminopropyl)-GA (4) attached directly
to Herceptin with a putatively non-cleavable maleimidobutyryl
linker. Despite the fact that 17-amino-GA (3) is more potent than
17-(3-aminopropyl)-GA (4), analog 4 was employed because the
electron deficient amino group (a vinylogous amide) in 3 was
deemed not suitable for conjugation.12 The Herceptin-GA conju-
gate was moderately active in vitro, with IC50 = 40 lg ADC/mL or
580 nM in terms of GA,12 and displayed enhanced efficacy relative

to Herceptin in a mouse xenograft.17 Potential liabilities with this
conjugation strategy include the lack of a mechanism for drug re-
lease and the use of an analog (4) with inferior potency relative to
the parent compound (2).

In contrast to the conjugation strategies described above, our
approach involves the incorporation of a conditionally-stable
dipeptide drug linker to achieve release of the free drug upon inter-
nalization of ADC into the lysosomes of the targeted cells (Scheme
1B). The Val-Ala-PAB drug linker system is designed to provide cir-
culation stability and efficient drug release in the presence of lyso-
somal proteases.18 One unique aspect of this drug linker approach
is that electron-deficient, aryl amine-containing drugs are linked
through a benzyl amine functional group to the mAb, instead of
the commonly used carbamate moiety.

The streptonigrin drug linker was synthesized as shown in
Scheme 2. Commercially available streptonigrin (1) was alkylated
with Fmoc-Ala-para-aminobenzyl bromide in the presence of Hu-
nig’s base to provide 5 in 44% yield. Chemoselectivity of alkylation
was established by NOESY, in which an NOE was observed between
the benzyl methylene and a D-ring aromatic proton. This would
not be observed if alkylation had occurred at the D-ring phenol
or the A-ring vinylogous amide. Deprotection of the Fmoc group,
followed by coupling with Fmoc-Val-OSu, afforded dipeptide inter-
mediate 7. Another round of Fmoc deprotection and coupling with
the NHS ester of 6-maleimidocaproic acid (MC-OSu) provided drug
linker 9. It is worth noting that attempts to make the analogous
PAB-carbamate linked constructs were unsuccessful, presumably
due to the low nucleophilicity of the electron deficient aryl amine
in the C-ring. This is in contrast to drugs containing electron-rich,
primary or secondary aliphatic amines that readily react with
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Scheme 2. Synthesis of a streptonigrin drug linker. Reagents and conditions: (a)
Fmoc-Ala-PAB-Br, DIPEA, DMF, rt, 18 h, 44%; (b) DMF:piperidine (4:1), quant.; (c)
Fmoc-Val-OSu, DIPEA, DMF, rt, 88%; (d) MC-OSu, DIPEA, DMF, rt, 86%.
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Burke,	  P.	  J.;	  Toki,	  B.	  E.;	  Meyer,	  D.	  W.;	  Miyamoto,	  J.	  B.;	  Kissler,	  K.	  M.;	  Anderson,	  M.;	  Senter,	  P.	  D.;	  
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Phase I and II studies of radioimmunotherapy in patients with 
advanced or progressive disease describe stabilization of disease or 
mixed responses, suggesting that the field is poised to move forward, 
but progress has been disappointingly slow. Radioimmunotherapy will 
probably not be effective against bulky lesions because of the challenges 
associated with achieving sufficient uptake and distribution within the 
target tissue. Rather, radioimmunotherapy will most probably be useful 
in settings of minimal residual disease or of micrometastases, or in an 
adjuvant setting, and as noted already will probably be one component 
in multimodality treatment of cancer38,39. Furthermore, even though 
ibritumomab tiuxetan and tositumomab-131I have both received FDA 
approval, and the former EMEA approval, they have not yet achieved 
routine and widespread use in the clinic. Shipment, handling, admin-
istration and disposal of a radioactive biological agent introduce com-
plexities beyond the use of conventional drugs. Cooperation among 
health professionals across a variety of fields, including medical oncol-
ogy, radiation oncology, nuclear medicine and other specialties, is 
required for radioimmunotherapy to become a standard therapy.

Targeting drugs using immunoconjugates
Because nearly all anticancer agents are associated with dose-limiting 
toxicities, significant interest has surrounded the possibility of improv-
ing drug efficacy while minimizing systemic toxicity through mAb-
based targeting strategies. Although this approach to cancer therapy 
predates the advent of mAb-based technologies, it has only been in the 
past few years that the critical parameters for optimization have been 

identified and have begun to be addressed. These include the physi-
ological barriers to mAb extravasation and intratumoral penetration, 
mAb immunogenicity, normal tissue expression of the targeted antigen, 
low drug potency, inefficient drug release from the mAb and difficul-
ties in releasing drugs in their active states7,42,43. On the basis of these 
findings, much research has been focused on chimeric and humanized 
mAbs that are relatively nonimmunogenic and have high affinities for 
tumor-associated antigens, mAbs that are efficiently internalized into 
cells once they bind to the target antigen, engineered mAbs that are 
designed for efficient drug delivery, new drugs with high potencies and 
linker technology to accommodate these novel agents.

Doxorubicin conjugated through acid-labile hydrazones. Upon bind-
ing to cell surface antigens, many mAbs are internalized through a process 
known as receptor-mediated endocytosis, which carries the mAb into lyso-
somes that are both acidic and rich in proteolytic enzymes42. Considerable 
attention has been directed toward the development of linkers that are 
relatively stable at neutral pH but undergo hydrolysis under the mildly 
acidic (approximately pH 5) conditions within the lysosomes. One of the 
first applications of this approach that led to clinical trials incorporated the 
hydrazone derivative of the modestly potent anticancer drug doxorubicin 
shown in Figure 2. The conjugation technology was highly site-specific, 
because the drugs were attached to hinge cysteines on chimeric mAb BR96 
(which targets the anti-Lewisy tetrasaccharide commonly expressed on 
human carcinomas that were generated through reduction of the inter-
chain disulfides44. The resulting conjugate was uniform and had eight 
drugs per mAb molecule, with complete retention of binding activity.
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Figure 2  Chemical structures of some advanced mAb-drug conjugates. The linkers used for each drug are indicated in parentheses, and the labile bonds 
leading to drug release are shaded. For the examples shown, hydrazones release drug under acidic conditions within the lysosomes of target cells, disulfides 
undergo intracellular reduction and the peptides are enzymatically hydrolyzed by lysosomal proteases.
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•  gemtuzumab	  ozogamicin	  (Mylotarg	  by	  Wyeth)	  	  
–  Approved	  for	  acute	  myelogenous	  leukemia	  in	  2001	  
–  	  Conjugate	  of	  gemtuzumab	  (CD33-‐specific	  an#body)	  linked	  to	  cytotoxic	  agent	  from	  class	  of	  

calicheamicins	  
•  One	  of	  most	  potent	  an#tumor	  agents	  known	  
•  Induce	  double-‐strand	  breaks	  
•  Linker	  is	  2	  labile	  bonds-‐hydrazone	  and	  sterically	  hindered	  disulfide	  

–  Mylotarg	  was	  withdrawn	  from	  the	  market	  in	  the	  US	  in	  2010,	  but	  it	  has	  remained	  available	  in	  
other	  markets	  
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Phase I and II studies of radioimmunotherapy in patients with 
advanced or progressive disease describe stabilization of disease or 
mixed responses, suggesting that the field is poised to move forward, 
but progress has been disappointingly slow. Radioimmunotherapy will 
probably not be effective against bulky lesions because of the challenges 
associated with achieving sufficient uptake and distribution within the 
target tissue. Rather, radioimmunotherapy will most probably be useful 
in settings of minimal residual disease or of micrometastases, or in an 
adjuvant setting, and as noted already will probably be one component 
in multimodality treatment of cancer38,39. Furthermore, even though 
ibritumomab tiuxetan and tositumomab-131I have both received FDA 
approval, and the former EMEA approval, they have not yet achieved 
routine and widespread use in the clinic. Shipment, handling, admin-
istration and disposal of a radioactive biological agent introduce com-
plexities beyond the use of conventional drugs. Cooperation among 
health professionals across a variety of fields, including medical oncol-
ogy, radiation oncology, nuclear medicine and other specialties, is 
required for radioimmunotherapy to become a standard therapy.

Targeting drugs using immunoconjugates
Because nearly all anticancer agents are associated with dose-limiting 
toxicities, significant interest has surrounded the possibility of improv-
ing drug efficacy while minimizing systemic toxicity through mAb-
based targeting strategies. Although this approach to cancer therapy 
predates the advent of mAb-based technologies, it has only been in the 
past few years that the critical parameters for optimization have been 

identified and have begun to be addressed. These include the physi-
ological barriers to mAb extravasation and intratumoral penetration, 
mAb immunogenicity, normal tissue expression of the targeted antigen, 
low drug potency, inefficient drug release from the mAb and difficul-
ties in releasing drugs in their active states7,42,43. On the basis of these 
findings, much research has been focused on chimeric and humanized 
mAbs that are relatively nonimmunogenic and have high affinities for 
tumor-associated antigens, mAbs that are efficiently internalized into 
cells once they bind to the target antigen, engineered mAbs that are 
designed for efficient drug delivery, new drugs with high potencies and 
linker technology to accommodate these novel agents.

Doxorubicin conjugated through acid-labile hydrazones. Upon bind-
ing to cell surface antigens, many mAbs are internalized through a process 
known as receptor-mediated endocytosis, which carries the mAb into lyso-
somes that are both acidic and rich in proteolytic enzymes42. Considerable 
attention has been directed toward the development of linkers that are 
relatively stable at neutral pH but undergo hydrolysis under the mildly 
acidic (approximately pH 5) conditions within the lysosomes. One of the 
first applications of this approach that led to clinical trials incorporated the 
hydrazone derivative of the modestly potent anticancer drug doxorubicin 
shown in Figure 2. The conjugation technology was highly site-specific, 
because the drugs were attached to hinge cysteines on chimeric mAb BR96 
(which targets the anti-Lewisy tetrasaccharide commonly expressed on 
human carcinomas that were generated through reduction of the inter-
chain disulfides44. The resulting conjugate was uniform and had eight 
drugs per mAb molecule, with complete retention of binding activity.
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Examples	  of	  ADCs	  



•  brentuximab	  vedo#n	  (Adcetris)	  	  
–  Approved	  August	  2011	  for	  relapsed	  and	  refractory	  hodgkin	  lymphoma	  and	  malignant	  large	  

cell	  lymphoma.	  
–  Contains	  brentuximab	  (an#body	  targets	  CD30)	  linked	  to	  3-‐5	  units	  of	  monomethyl	  

aurista#n	  E	  (an#mito#c	  agent)	  
•  totally	  synthe#c,	  stable,	  very	  potent,	  and	  is	  ideally	  suited	  for	  chemical	  modifica#on	  

–  2010	  clinical	  trial,	  34%	  of	  pa#ents	  with	  refractory	  Hodgkin	  Lymphoma	  achieved	  complete	  
remission	  and	  another	  40%	  had	  par#al	  remission.	  Tumor	  reduc#ons	  were	  achieved	  in	  94%	  
of	  pa#ents.	  In	  ALCL,	  87%	  of	  pa#ents	  had	  tumors	  shrink	  at	  least	  50%	  and	  97%	  of	  pa#ents	  
had	  some	  tumors	  shrinkage	  

Examples	  of	  ADCs	  



Examples	  of	  ADCs	  
–  Mertansines:	  deriva#ves	  of	  maytansine,	  an	  ansamycin	  an#bio#c	  originally	  isolated	  from	  the	  

Ethiopian	  shrub	  Maytenus	  serrata.	  
–  1000	  #mes	  more	  potent	  than	  most	  clinical	  chemotherapies	  
–  Analogues	  with	  labile	  disulfides	  allow	  reversible	  drug	  ahachment	  and	  selec#vity	  by	  

ahachment	  to	  modified	  lysines	  residues	  

6.	  Chari,	  R.	  V.	  J.	  Acc.	  Chem.	  Res.	  2007,	  41,	  98–107.	  



	  
Examples	  of	  ADCs	  

Trastuzumab	  emtansine	  (T-‐DM1)	  
	  

•  Roche	  completed	  Phase	  III	  Trials	  comparing	  use	  of	  T-‐DM1	  to	  lapa#nib	  plus	  capecitabine	  
(reported	  last	  week)	  with	  very	  posi#ve	  results	  

•  Conjugate	  of	  trastuzumab	  (an#body)	  and	  mertansine	  (cytotoxic	  agent)	  
•  Trastuzumab	  is	  specific	  for	  HER2	  which	  binds	  to	  epidermal	  growth	  factor	  (EGF)	  and	  induces	  cell	  

growth.	  	  	  
•  HER2	  is	  overexpressed	  in	  20-‐30%	  of	  breast	  cancer	  cases	  and	  this	  ADC	  has	  been	  approved	  for	  

advanced	  cases	  (where	  trastuzumab	  has	  already	  been	  administered).	  

Verma,	  S.	  S.;	  Miles,	  D.	  D.;	  Gianni,	  L.	  L.;	  Krop,	  I.	  E.	  I.;	  Welslau,	  M.	  M.;	  Baselga,	  J.	  J.;	  Pegram,	  M.	  M.;	  Oh,	  D.-‐Y.	  D.;	  Diéras,	  V.	  V.;	  Guardino,	  E.	  E.;	  
Fang,	  L.	  L.;	  Lu,	  M.	  W.	  M.;	  Olsen,	  S.	  S.;	  Blackwell,	  K.	  K.	  N	  Engl	  J	  Med	  2012,	  367,	  1783–1791.	  





•  Novel	  linkers,	  new	  cleaving	  mechanisms?	  
–  Thiol,	  amide,	  hydrazone	  methodology	  or	  alterna#ve	  linkage	  

•  New,	  interes#ng	  drug	  targets?	  
	  
•  Collabora#on	  and	  communica#on	  to	  enable	  produc#on	  of	  new	  and	  more	  

potent	  ADCs	  

What	  can	  we	  do?	  


