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Preclinical toxicology of MM-310 in rats and dogs 
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Taxanes are widely used to treat solid tumors either in the curative or palliative setting, in first or later lines of 
therapy. Analysis of docetaxel dose-response relationship strongly suggests that a higher dose would lead to 
high response, however a higher dose will also lead to higher toxicity. This is likely related to the lack of organ 
and cellular specificity of docetaxel leading to high exposures in normal tissues and the relatively short 
circulation half-life, which indirectly requires higher doses. With the goal of addressing the pharmacokinetic 
limitations of free docetaxel and the lack of cellular specificity, we developed a novel liposome delivering 
docetaxel (MM-310) targeted against Ephrin receptor A2 (EphA2), which is overexpressed in a wide range of 
tumors. MM-310 provides sustained release of docetaxel following accumulation in solid tumors. Preclinical 
models have demonstrated that MM-310 leverages tumor-specific accumulation through the enhanced 
permeability and retention effect, and cellular specificity through active targeting of EphA2 with specific scFv 
antibody fragments conjugated to the surface of the liposomes. 
  

Pharmacokinetic and biodistribution studies were performed in mice and rats to compare MM-310 to free 
docetaxel. Chronic tolerability studies were performed in rodent and non-rodent models with focus on overall 
animal health, as well as hematologic toxicities. Several cell-derived models of breast, lung and prostate 
xenografts were used to evaluate the differences between MM-310 and free docetaxel. 
   

In preclinical testing, MM-310 had a significantly longer half-life than free docetaxel with prolonged exposure at 
the tumor site. In chronic tolerability studies, MM-310 was found to be 6-7 times better tolerated than free 
docetaxel with a maximum tolerated dose of at least 120 mg/kg, compared to 20 mg/kg for free docetaxel and 
no detectable hematological toxicity. At equitoxic dosing, MM-310 50 mg/kg showed greater activity than 
docetaxel 10 mg/kg in several breast, lung and prostate xenograft models. 
  

In conclusion, we developed a novel EphA2 targeted docetaxel nanoliposome with prolonged circulation time 
and slow and sustained drug release kinetics to enable organ and cellular targeting. MM-310 was able to 
overcome hematologic toxicities observed upon treatment with free docetaxel in rodent and non-rodent 
models. MM-310 was also able to induce tumor regression or control tumor growth in several cell-derived 
xenograft models, and was found to be more active than free docetaxel in most models.  

MM-310 

Docetaxel prodrug/SOS gel 
Approximately 30,000 prodrug per liposome 
Å Broad spectrum activity (prostate, bladder, gastric, NSCLC, ovarian, pancreatic) 
Å Improved prodrug strategy (stabilization and release) 
Å Dose limiting toxicities that can be improved upon 

EphA2 scFv 
15 scFv / liposome 
Å High prevalence 
Å Good specificity 
Å Restricted accessibility in 

healthy tissues 
Å Expression on stromal cells 

 
Lipid matrix: 
Egg-SM/Chol/PEG-lipid 
Å Chemical stability 
Å Improved pegylation strategy 
 

~100nm ~10nm 
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MM-310 is Significantly More Active than Free Docetaxel in Multiple 
Xenograft Models 

Summary 

Chronic toxicology in Rats 

Treatment Groups 
Å Control 
Å MM-310 10 mpk 
Å MM-310 20 mpk 
Å MM-310 40 mpk 
Å Docetaxel 10 mpk 

0 7 14 21 
30 18 

ÅSprague Dawley Rats 
Å10 week old males 

Tumor and plasma levels of bioavailable docetaxel 

One < Multiple copies of the antibody 
ω .ȅǇŀǎǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ƘƛƎƘ ŀŦŦƛƴƛǘȅ 

antibodies 

n < n x 104 cytotoxic molecules 
ω .ȅǇŀǎǎ the need for high 

potency drugs 
ω bƻƴ covalent association 

Preferential deposition in tumor 
through the EPR effect 

t1/2 = 80 h 

t1/2 = 9.6 h 

Tumor Compartment Plasma Compartment 

DOSE AUC (nM*day) Cmax  

10 mpk DTX 7.19E+02 100% 

25 mpk MM-310 8.26E+01 0.9%  

50 mpk MM-310 1.65E+02 1.7% 

220 mpk MM-310 7.27E+02 7.6% 

DOSE AUC (nM*day) Cmax 

10 mpk DTX 3.48E+04 100% 

25 mpk MM-310 2.97E+04 43.5% 

30 mpk MM-310 3.56E+04 52.1% 

50 mpk MM-310 5.94E+04 87.0% 

DTX MM-310 NT-310 

Ratio  
DTX / MM-310 

MM-310 concentration 
(ng/g) 

Docetaxel concentration 
(ng/g) 

Liver 

Tumor 

Spleen 

Sprague-Dawley Rats were given once weekly 10 minute 
intravenous infusions of 10, 20, and 40 mg/kg/dose MM-310 or 10 
mg/kg docetaxel for a total of four (4) doses. 
 
ω bƻ significant effects were seen on coagulation parameters. Activated 
partial thromboplastin time (APTT) was shortened for rats that received 40 
mg/kg MM-310 and 10 mg/kg docetaxel at the end of the study (Day 30), 
compared to vehicle control. Prothrombin time (PT) was slightly increased in 
animals that received MM-310 at 40 mg/kg/dose. Fibrinogen was not 
affected by these treatments.  
 
ω 5ƻǎŜ-dependent changes in the erythrocyte and leukocyte parameters 
were observed, which correlated with the hematopoietic and lymphoid 
changes noted microscopically (data not shown). 
 
ω Contrary to 10 mg/kg docetaxel, there were no effects of MM-310 at any 
dose level on neutrophil levels.  
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Acute toxicology in rats 

Once weekly 1 hour intravenous infusion of 1, 3, and 9 mg/kg/dose MM-310 for a total of four (4) doses in 
Beagle dogs had no effect on hematology or any coagulation parameters. 

Acute toxicology in dogs 
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MM-310 demonstrates slow sustained release of docetaxel prodrug, and subsequent 
conversion to active docetaxel. 

(1)MM-310 displayed a slow and sustained drug release that resulted in only low levels of bioavailable 
free docetaxel in the circulation, and elevated levels of active drug in the tumor. 
 

(2)This targeted nanoformulation displayed a favorable toxicity profile, including minimal neutropenia, the 
dose-limiting toxicity of the current commercial polysorbate formulation of docetaxel. 
 

(3)MM-310 also demonstrated superior antitumor activity in multiple preclinical xenograft models 
compared to free docetaxel at or below equitoxic dosing. 
 

(4)An IND for a Phase I clinical trial is expected to be filed in the 2nd half of 2016. 
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