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Antibody-drug conjugates (ADCs) have emerged as one of 
the most fascinating cancer therapeutics in recent years, with two 
drugs (Adcetris and Kadcyla) approved for FDA and over 50 oth-
ers under clinical development for different applications [1]. An 
ADC combines the specificity of antibody targeting with potent 
small molecular toxins, which promise to be more effective in 
eradicating cancer cells than the un-conjugated antibody. An im-
portant application of ADC in hematopoietic malignancies is treat-
ment of acute myeloid leukemia (AML) with the expression of 
CD33, which is a myeloid differentiation antigen found in nearly 
all AML patients [2,3]. 

Gemtuzumab Ozogamicin (GO) is the first approved ADC, 
a CD33-targeting humanized IgG4 conjugated to the DNA dam-
aging toxin calicheamicin-γ1 through an acid-labile linker, which 
releases the toxin in acidic lysosomes upon internalization of the 
antibody. Although showing improved survival in subsets of pa-
tients in several clinical trials, GO was withdrawn from the market 
in most countries in 2010 due to lack of efficacy and concerns for 
its toxicity. Importantly, although SGN-CD33A, a new generation 
of ADC improved with site-specific conjugation, more stable pro-
tease-cleavable linker and a potent DNA cross-linking cytotoxin, 
is highly active in a broad panel of preclinical AML models [4], 
several recent early-stage trials of SGN-CD33A have been halted 
due to the liver toxicity observed in patients. 

The disappointing attempts of previously-developed ADCs 
including GO and recent issues of SGN-CD33A highlight the chal-
lenges of CD33-tageted therapies for treatment of AML. First, the 
cellular expression level of CD33 is low, with an average of 8000 
molecules/cell [5]. Second, although CD33 undergoes internaliza-
tion upon cross-linking of an antibody, the process is slower as 
compared to many other cell surface antigens [1]. The low level 
of surface expression together with relatively slow internalization 

limit the efficacy of CD33-directed ADCs which usually require to 
traffic to lysosomes to release the toxic payload. Third, the toxins 
of ADC are generally hydrophobic chemicals, which can be targets 
of cellular drug transporters, such as P-glycoprotein and MRP1 in 
the case of GO [6]. Moreover, in spite of a myeloid differentiation 
antigen, the expression of CD33 has also been reported on Kupffer 
cells or other cell populations in the liver such as hepatocytes 
[7,8], which might account for the liver toxicity of GO as well as 
SGN-CD33A. Last but not least, although SGN-CD33A and oth-
ers are designed to release the toxin by lysosomal proteases, it is 
not fully known whether the linker may be subject to cleavage of 
certain serum proteases and release the toxin prior to reaching the 
target cells.

To overcome the challenge of low surface antigen level and 
slow internalization, it requires to increase the toxic payload per 
ADC molecule. One approach is to develop more potent toxins 
than the existing ones. The other approach is to increase the drug-
antibody ratio (DAR). However, given the toxin’s hydrophobic 
nature, it has been shown that hydrophobicity could significantly 
impair the persistence of an ADC and its therapeutic efficacy [9], 
which may also explain why an ADC with high DAR could behave 
poorly in vivo. Thus, reducing the hydrophobicity of an ADC while 
maintaining its high DAR status can be another way to increase its 
efficacy both in vitro and in vivo. Since cellular drug transporters 
could hamper the ADC’s efficacy, combination therapies involv-
ing CD33-targeting ADCs and multi-drug transporter inhibitors to 
block the drug efflux could be more effective. Moreover, due to the 
genetic and epigenetic heterogenicity of AML, subsets of patents 
who may respond best to a specific CD33-targeted ADC need to 
be identified. 

Although many questions and challenges still need to be ad-
dressed for CD33-directed ADCs in future studies, ADC remains 
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a fast-growing cancer therapy and many other agents being de-
veloped both preclinically and in clinic may offer new tools for 
the treatment of AML. Given the importance of immune system 
in cancer treatment, combination of ADCs with other approaches 
engaging cellular immune responses such as bispecific antibodies 
and chimeric antigen receptor (CAR) T cell therapies may even 
have better clinical efficacy than the single agent alone and will 
begin a new era of immunotherapy for cancer treatment.
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