
Summary of Swanson et al. (2001): Model of prostate
cancer and PSA dynamics

John D. Nagy

July 13, 2019

1 Model and assumptions

Swanson et al. (2001) assume that the prostate comprises 2 different cell types: healthy and
cancerous. Healthy tissue volume is fixed, but the cancer grows exponentially at per-unit-
volume rate λ from an initial volume of x0. Both healthy and cancer tissues contribute PSA to
the serum at a rate proportional to their volumes. Since healthy tissue does not grow, overall
PSA contribution from non-cancerous cells is fixed at βh (the product of per-capita leak rate
times healthy tissue volume). Tumor tissue secretes PSA at per-unit-volume rate βc. Once in
the serum, PSA is cleared at per-unit-concentration rate µ. Swanson et al. (2001) assume a
starting PSA of p0, which should be close to βh/µ (the globally stable PSA equilibrium in the
absence of tumor). Also, they assume that cancer tissue produces much more PSA per unit
volume than does healthy tissue, so βh � βc. These assumptions generate the following model:

x(t) = x0e
λt, (1a)

dp

dt
= βh + βcx− µp. (1b)

(See Table 1 for definitions of notation.)

2 Results summary

Model (1) has solution,

p(t) =
βh
µ

+

(
p0 −

βh
µ
− x0βc
λ+ µ

)
e−µt +

x0βc
λ+ µ

eλt. (2)

As t→∞, the second term goes to 0. Therefore, asymptotically we have

p(t) =
βh
µ

+
βc

λ+ µ
x0e

λt, (3)

which reduces to
p(t) = c+ rx(t),
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Table 1: Notation for the model by Swanson et al. (2001).
Notation Domain Meaning Units

t R Time Time
x(t) R+ Prostate tumor volume ml
p(t) R+ Total serum PSA concentration ng/ml
x0 R+ Initial tumor volume ml
p0 R+ Initial serum PSA concentration ng/ml
λ R Per unit volume tumor growth rate Time−1

βh R+ PSA leakage rate from healthy cells (ng/ml)/ml/Time
βc R+ PSA leakage rate from cancer cells Time−1

µ R+ Serum PSA clearance rate Time−1
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Figure 1: Asymptotic solution to the model of Swanson et al. (2001, See equation (3)). Blue
curve shows serum PSA; orange is tumor volume. In this example, serum PSA reaches the
clinical threshold of 4 ng/ml at 50 days (blue dashed lines) at the same time at which tumor
volume has reached 800 µl (orange dashed line), which is already well into clinical significance.
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where c = βh/µ and r = βc/(λ + µ). From this we can conclude 2 things: (i) serum PSA,
p(t), is always proportional to tumor volume, x(t); and (ii) if r is small, then PSA reflects
tumor volume only poorly. For example, if λ = log 2

10
, βh = 0, βc = 6.7946 × 10−3, µ = 1.2896

and x0 = 25 (data from Swanson et al. (2001) for LuCaP 23.1 with λ and βc adjusted), then
an implanted xenograft will reach a clinically relevant size of 800 µl after 50 days while PSA
remains below the clinical threshold of 4 ng/ml (Fig. 1).
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