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Targeted nano-chemotherapeutics for breast cancer treatment 

Advantages of nanoscale crystalline materials 
• Collection in highly vascularized tissues due 

to Enhanced Permeation and Retention 
(EPR) effect1 

• Increased solubility and bioavailability of 
hydrophobic materials1 

Advantages of receptor-specific ligands 
• Directed targeting to specific tissues2 
• Decreased side-effects compared to 

conventional chemotherapeutics 

Background and Theory 

Economics4 
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Impact: How does Nafaxane Compare? 

• Equipment Cost: $24,101  
• Annual material cost: $613,234 

• Desired ROI: 50% 
• Calculated Unit Cost: $782 
• Time of Return: 1.54 years 

E 

*From generic paclitaxel only (un-bound) 
**From directed targeting 
 

Figure 1: The biological background of Nafaxane  

Figure 2: Process flow and parameters of nano co-crystallization (ABOVE) 

TEM images (Figure 3) was used to 
confirm size of the crystals, which are 
nano in width, although micro-scale in 
length.  Differential Scanning 
Calorimetry (DSC) was used to confirm 
crystals formation by comparing profiles 
for paclitaxel alone, ligand alone, and 
crystals. Data was inconclusive for the 
first round and additional 
characterization is required. 

Figure 7: Morphological charts comparing alternative solutions for crystallization (LEFT) and filtration (RIGHT) 

Figure 8: Elements of equipment purchasing costs (ABOVE) and material costs (BELOW) 
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Material prices from Sigma Aldrich and Fischer Scientific 
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Scale up values for the final 
industrial scale process (Figure 
4) were calculated from 
production volumes based on 
market shares of our main 
competitor, Abraxane. The 
annual production volume is 
288 L of product for a market 
of 128,000 patients by 2019. 

Figure 4: Industrial Process Flow for nano co-crystal production 

• Caustic clean-in-place materials present safety hazard (NaOH and H3PO4 )3 (G)  
• Required off-site processing of any API or Coformer waste 
• Water from diafiltration is purified by reverse osmosis and recycled (E) 
• Refrigeration unit recycles water 
• Potential environmental impact on Yew Tree due to increase taxol demand 
• Quality-assurance sampling along process (A, B, C, D) 

Safety and Sustainability 

Figure 6: The  Pacific Yew 
Tree is the source of taxol 

Figure 5: Detail of unit operations for crystallization tank (LEFT) and filtration (RIGHT)  
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Imparting directed targeting and enhanced bioavailability to anti-cancer drugs is a 
perpetual challenge of the pharmaceutical industry. Exploiting the advantageous physical 
properties of nano-scale materials and specificity of receptor-binding ligands, we have 
optimized both lab and industrial scale processes for the synthesis and manufacture of a 
unique nano-suspension of active pharmaceutical ingredient (API) co-crystallized with a 
receptor-binding coformer (CF) dubbed Nafaxane. These nano-cocrystals enhance 
directed targeting and bioavailability.  

Objective: develop an industrial process for the manufacture of Nafaxane  

• Framework established in 
previous literature1  (Figure 2)  

• Anti-solvent co-crystallization 
method 

• Optimized with Paclitaxel as API 
• Two factor full factorial  

Equipment Costs 

Figure 3: TEM images of product solutions show both nano and 
micron sized crystals. The size bar is 0.5 um 

Unit Operations 
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