
Bisphosphonates: Novel Anticancer Agents 
 
Bisphosphonates (BP) are analogues of naturally occurring inorganic 
pyrophosphates. They were first synthesized in 1856 and used as antiscaling 
agents. Clinically, the first generation BPs were used in treatment of Paget’s 
disease. 1  Now, they are widely used in treatment of bone-resorption 
osteoporosis since mid 1960s.2 Meanwhile, BPs increase the bone mass indirectly via inhibiting 
the activity of osteoclasts that are responsible for bone deossification. The molecular mechanism 
includes inhibition of fernesylpyrophosphate synthase (FPPS) and consequently inhibition of 
prenylation of small GTPase proteins that are important for osteoclast maturation and survival.3,4 

Among the antiosteolytic clinically used BPs, nitrogenous heterocyclic derivatives (N-
BPs) revealed apoptotic activity in nanomolar range and showed promising in vitro antitumor 
effects. 5  The N-BPs antitumor activity includes apoptosis induction via two main reported 
mechanisms. The first mechanism is blocking the prenylation of Ras and Rho families via 
inhibition of FPPS in tumor cells.6 The second mechanism is formation of a pro-apoptotic ATP 
analog, ApppI, that activates γδ T-cells. 7 , 8  The point that makes N-BP’s so important as 
antitumor agents is their low toxicity.9 In addition, many members of this class are already 
passed the clinical trials successfully. Despite of the extensively reported in vitro antitumor 
effect and their low nanomolar FPPS-IC50’s,10 , 11  there is limited in vivo N-BP’s antitumor 
activity. It is important here to emphasize that, the presence of phosphonate-hydroxy groups and 
the α-OH one, which acts as a bone hook, directs the whole molecule into the ossified tissues and 
limits the volume of distribution (Vd). In addition, due to the N-BPs exist mainly at physiological 
pH in zwitterions form, they poorly penetrate the cell membrane.12,13 That leads to the hypothesis, 
BPs showed weak in vivo antitumor activity not due to their weak pharmacodynamic 
properties but due to their poor pharmacokinetic behavior.  

So far, many efforts have been done to increase the N-BP’s antitumor properties over 
their antiosteolytic activity by increasing their Vd. Removal of the α-hydroxy group decreases the 
N-BP’s bone affinity.14,15 The deshydroxy derivatives revealed better, or at least similar, in vivo 
antitumor activity, although they are around one fold less active than the corresponding hydroxy-
derivatives in the enzymatic assay.16 Adding a hydrophobic tail is another strategy to improve 
the cellular penetration, but this strategy is limited by the size of the active site and it doesn’t 
prevent the zwitterion formation.17,18 The last reported strategy to improve the pharmacokinetic 
profiles is the prodrug. To my knowledge, all reported biodegradable bisphosphonates-prodrugs 
are cleaved extracellularly.19,20 That leads to formation of the zwitterions and exposure of the 
bone-hook moieties in the serum. Therefore, the available prodrugs are useful only for 
improvement of oral bioavailability. So, developing an intracellular cleavable BP-prodrug could 
be considered as a promising future direction to overcome the BPs poor pharmacokinetic 
properties. The designed protecting groups have to be activated by a tumor-specific enzyme, 
simple, stable against serum and liver metabolic enzymes and easily synthesized. 
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