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SUPPLEMENT B: PHARMACOKINETIC APPROXIMATION FOR ZERO ORDER DRUG RELEASE

Time scales. The problem at hand has several time scales. The time scale for diffusion of drug in the interstitial medium is
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Using the default values listed in Table 1 we find
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. The initial time scales for interstitial and intracellular binding are, respectively
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and 
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Using the default values shown in Table 1 we find 
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The time scales for cellular uptake and drug clearance are, respectively
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and
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where we used the default values shown in Table 1 in order to obtain the numerical estimates. Finally, the time scale of drug release from the microspheres is simply Tmax. 

Approximations for zero order release. Since all the transport time scales are much less than an hour, whereas the duration of drug release is on the order of 100 hours we conclude that drug release is the rate-limiting step. This suggests that the dynamics of the problem can be divided into an initial transient during which diffusion is important, followed by a slow spatially homogeneous phase. Henceforth we focus our discussion to zero order drug release such that 
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The initial rise phase observed in Figures 2-4 corresponds to gradual occupation of the interstitial and intercellular binding sites.  Our timescale estimates imply that drug binding is faster than all mass transfer processes, so that to a good approximation, drug molecules delivered into the interstitum are instantaneously bound to interstitial and intracellular sites. Consequently, the characteristic time scale of initial rise in interstitial concentration,
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, is determined by the ratio of the initial interstitial concentration and the total concentration of binding sites
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Namely,
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where 
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 is the Krogh sphere volume. Namely, if the initial load of soluble drug is higher than the tumor binding capacity, all the binding sites are instantaneously saturated, whereas if the concentration of soluble drug is lower than the tumor binding capacity the rise time is approximated by the ratio of free binding sites 
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 to the rate of zero order drug release, 
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Since interstitial drug is cleared by the microvasculature, the right hand side of Eq. (B8) is only a lower bound estimate of the fractional rise time. The initial rise phase ends when the binding sites are near saturation. Subsequently, diffusion, binding and cellular uptake are negligible so that Eqs. (1), (4)-(6), (8)-(10) reduce to
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Thus, regardless of the initial free interstitial drug concentration, 
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, the system eventually relaxes to the following steady state value
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Eqs. (B8) and (B10) imply that 
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, which means that the rise time, Trise, and steady-state interstitial concentration,
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, are both controllable quantities.
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