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After definitive radiotherapy for prostate cancer, prostate-
specific antigen (PSA) levels can transiently increase before
ultimately dropping below the previous nadir sans inter-
vention. First described in 1997 in the setting of low-dose-
rate brachytherapy [1], this so-called “PSA bounce”
phenomenon can lead to significant patient and provider
anxiety out of concern for a recurrence. In fact, a significant
impetus for developing the Phoenix definition for bio-
chemical recurrence (BCR)—which defines a BCR as
occurring at the time PSA exceeds a 2 ng/mL rise over the
nadir PSA—was to avoid “false calls” of BCR based on the
original American Society for Therapeutic Radiology and
Oncology definition of three consecutive PSA rises with
backdating to halfway between the time of nadir and the
first rise [2, 3]. While various thresholds for defining a
bounce exist, the most commonly used definition is a PSA
rise of 20.2 ng/mL with a subsequent decrease equal to or
below the value prior to the bounce [4]. Using this thresh-
old, a recent meta-analysis of 50 reports estimated a pooled
bounce frequency of 31%, with heterogeneity across mod-
alities and a generally higher frequency among younger
patients and those with less aggressive disease [5].

Given the frequency of PSA bounces, a better under-
standing of their clinical relevance (beyond serving as
anxiety-producing red herrings) is warranted. In this issue
of Prostate Cancer and Prostatic Diseases, Urabe et al.
report the results of a systematic review and meta-analysis
evaluating the prognostic significance of PSA bounce [6].
The authors identified ten articles that compared BCR-free
survival (BCRFS) outcomes between 2706 patients who
experienced a PSA bounce and 6175 who did not. Most
studies used a bounce threshold of 0.2 ng/mL and defined
BCR using the Phoenix definition. Most patients (68.1%)
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received low-dose-rate brachytherapy, with the second most
common modality being conventionally fractionated radio-
therapy (13.2%). Due to limited heterogeneity, fixed-effect
models were then used to calculate pooled hazard ratios
(HRs). Only one included study also evaluated longer-term
outcomes, and did report a similar association between
bounce and distant metastasis-free survival, prostate cancer-
specific survival, and overall survival; thus, the meta-
analysis only focused on BCRFS [7]. Among the whole
cohort, PSA bounce was associated with a decreased risk of
BCR, with a pooled HR of 0.62 (95% confidence interval
[CI], 0.54-0.71). Hypothesizing a potential difference in
prognostic effect base on radiotherapy modality, the authors
reported a pooled HR of 0.38 (95% CI, 0.27-0.55) among
patients receiving low-dose-rate brachytherapy versus a
pooled HR of 0.71 (95% CI, 0.57-0.87) among patients
receiving conventionally fractionated external beam
radiotherapy.

Based on Urabe et al.’s meta-analysis, the occurrence of
a bounce certainly seems to portend a favorable prognosis
[6]. The analysis is not without limitations, which the
authors acknowledge. All included studies were retro-
spective, with heterogeneous definitions for bounce and
BCR. Studies that did not report HRs were not eligible for
inclusion. And BCRFS, while of prognostic importance, is
not necessarily a long-term clinical outcome.

Nonetheless, might a positive association between
bounce incidence and prognosis have additional implica-
tions for understanding responses to radiation therapy? The
pathophysiology underlying the bounce remains unknown,
but emerging data support an inflammatory/immune etiol-
ogy. A prospective study using three-dimensional magnetic
resonance spectroscopic imaging in patients with an early
rise in PSA after brachytherapy found that these patients
had a diffuse pattern of increased metabolic activity (based
on the [choline+creatine]:citrate ratio), while patients with a
true recurrence had only focal increased activity [8]. In
those with a benign increase in PSA, reduction in metabolic
activity occurred as the PSA began to downtrend. In a
cohort of 63 men treated with low-dose-rate brachytherapy,
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Yamamoto et al. observed a significantly higher CD8 and
CD3 cell density in men who experienced a bounce [9].
Using mathematical modeling on the timing of the bounce,
they postulated that radiotherapy initially kills radio-
sensitive infiltrating T cells, but, after a delay (corre-
sponding to a decay in source activity for low-dose-rate
brachytherapy), these cells return and launch an anti-tumor
response that ultimate causes the bounce. They further
postulated that anti-tumor immune action by these infil-
trating lymphocytes is limited by the prostate primary
tumor, and radiation-mediated tumor kill helps “unleash”
these lymphocytes. Recent translational data from a trial of
pre-operative stereotactic body radiotherapy showed a
myeloid predominant cellular infiltrate two weeks after pre-
operative radiation, compared to a lymphoid predominant
infiltrate without radiation [10]. These data would support
the idea that initial radiation might kill tumor-infiltrating
lymphocytes at a very early time point, though it cannot
address if there is robust immune response at a later time
point on the order of 6—12 months.

Though preliminary and unproven, an immune-mediated
mechanism might explain the robust association of a
boost with younger age and would be consistent with
imaging evidence of diffuse metabolic activation during a
bounce. This would also be consistent with a general trend
of higher bounce frequencies when using radiation mod-
alities that are thought to deliver more ablative doses of
radiation, such as brachytherapy and stereotactic body
radiotherapy, which are though to potentially stimulate a
brisker immune response [S]. If the bounce does represent a
stimulation of immune activity, this implies that a beneficial
tumor-immune axis might be activated in prostate
cancer via radiotherapy. This could in turn have implica-
tions for the role of radiation in priming an immune
response in more advanced disease states. However, as yet,
data on the prognostic utility of a bounce in more aggressive
types of prostate cancer are unclear and, in fact, many
reports seem to suggest that the incidence of a bounce
is inversely associated with the aggressiveness of the dis-
ease [5].

Further studies will be needed to confirm whether the
favorable prognostic association between BCRFS and
bounce incidence can be leveraged to better understand the
response to radiation for therapeutic benefit. Until then, the
data presented by Udarbe et al. should be reassuring to
physicians and the nearly 1/3rd of patients who have a PSA
bounce after radiotherapy.
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