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Highlights of the Study

• Cancer recurrence is easier to spot referring to the kinetics of doubling time rather than tumor mark-
er norms.

• An inverse value of tumor maker doubling time is a versatile parameter free from mathematical draw-
backs.

• This study demonstrates that prostate-specific antigen kinetic parameter ePSA can predict biochemi-
cal recurrence postoperatively.

• The ePSA can be considered for implementation in daily clinical practice.
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Abstract
Objectives: The aim of this study was to compare prostate-
specific antigen (PSA) kinetics – half-life time (HT), doubling 
time (DT), and elimination rate PSA (ePSA) in prostate cancer 
(PCa) monitoring. Implementation of ePSA in clinical prac-
tice could help simplify patient monitoring in the remission 
phase. Materials and Methods: A total of 49 PCa patients 
were examined by their PSA tests before prostatectomy and 
after 30 days, 91 days, and 24 months. Conventional PSA rate 
of change parameters (HT and DT) were compared to a new 

clinically understandable ePSA parameter. Results: We ob-
served that implementation of inverse value (ePSA) rather 
than HT or DT has distinct advantages: (1) values are valid 
when PSA is unchanged (ePSA equals zero), (2) the concept 
of ePSA can be easily understood, as it is a growth fraction, 
(3) ePSA fluctuates within a narrow range and is thus easy to 
interpret, and (4) there are no mathematical flaws (no posi-
tive skewing). Conclusion: Exploring ePSA norm as ≤0% 
could help spot biochemical recurrence in a timely manner. 
Primary health care providers tend to use an irrelevant PSA 
threshold, that is, 4.0 ng/mL, in postoperative follow-up. The 
delayed referrals of patients in remission might be reduced 
if ePSA testing is adopted. © 2021 The Author(s)
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Introduction

Surgical removal of tumor may result in decline in lev-
els of tumor markers (TMs). TM kinetics in remission are 
often ignored by primary health care providers (PHCPs) 
when values oscillate in the range below norm. This ap-
proach might delay the recognition of recurrence [1, 2]. 
A rise in TMs may precede the clinical appearance of re-
currence by >6–17 months [1, 3]. The currently explored 
criteria, namely, doubling time (DT), can be used as an 
indicator of relapse [4]. However, half-life time (HT)/DT 
criteria are not convenient in clinical practice for several 
reasons: (i) HT/DT values are undefined when TM is sta-
ble (dividing by 0), (ii) large and highly variable values are 
hard to interpret, and (iii) mathematical drawbacks, dis-
tribution asymmetry is positively skewed [5].

We proposed to study the use of an inverse value of 
HT/DT in TM monitoring. The concept is identical to the 
pharmacokinetic elimination rate constant, showing an 
inverse value of the HT of the amount of drug injected. We 
refer to this as an elimination rate TM (eTM); this can be 
defined as a “growth fraction” or “elimination fraction,” 
and eTM is mathematically valid when there is no change 
in TMs (eTM equals 0). We hypothesized that monitoring 
eTM could be helpful in the detection of early recurrence 
when TM is increasing within the normal range.

Delayed detection of relapse sometimes occurs during 
primary care follow-up. An example could be a radical 
prostatectomy (RP) where prostate-specific antigen (PSA) 
levels should become undetectable following tumor remov-
al [6]. However, PHCPs tend to habitually use a PSA thresh-
old which is too high (4.0 ng/mL) to monitor patients post-
operatively [2]. Biochemical recurrence (BCR) of prostate 
cancer (PCa) must be spotted significantly earlier when 
PSA = 0.2 ng/mL [7]. It may take years to accomplish a tran-
sition of care from PHCPs to oncologists. The risk of de-
layed referrals and missed opportunities might be linked to 
the PSA norm embedded in laboratory reports (<4 ng/mL) 
which is unrelated to postoperative norms (undetectable).

We evaluated the clinical applicability of eTM (ePSA) 
compared to its inverse equivalent (HT/DT) in PCa pa-
tients. The specific ePSA patterns observed postopera-
tively between days 30 and 91 indicated a BCR of PSA.

Materials and Methods

Calculation of ePSA:
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where N = current PSA and M = previous PSA. ePSA values <0 ap-
pear if PSA is decreasing and >0 if it is increasing. Δt = time inter-
val, expressed in days between two separate PSA measurements. 
The ePSA metric is “percent/day” reflecting growth or elimination 
fraction. In this communication, we use % metric to simplify con-
cept. PSA value adjustment to a specific sampling day (e.g., day 30) 
was done using the following equation:

PSAday30 = PSAM × 2(M – 30)/HT

PSAday91 = PSAM × 2(M – 91)/HT,

where PSAday30 = PSA value as if it was measured on day 30;  
PSAM = actual PSA value at M representing a “1-month” time 
point; M = number of days from RP to PSA measurement; HT = 
half-life time of PSA from RP to M time point. PSAday91 was used 
to adjust values to represent a “3-month” time point. ePSA calcula-
tions with multiple PSA values (Fig. 1c) can be applied exploring 
nomograms available for DT calculation [8].

Patients and Tests
The study was approved by an Institutional Review Board. In-

formed consent was obtained from all patients. A total of 49 previ-
ously untreated patients with a histologically confirmed diagnosis 
of adenocarcinoma in the prostate received RP at our institute 
from November 2017 to May 2018. The follow-up PSA data were 
obtained using an ultrasensitive PSA assay (Cobas e411; Roche Di-
agnostics, Risch-Rotkreuz, Switzerland). All patients enrolled ex-
hibited normal ranges of liver enzymes, bilirubin, and creatinine 
during the follow-up. No blood transfusions were done during the 
period of PSA measurement. Clinicopathological characteristics of 
the study participants were as follows: age – mean 62.5 ± 6.2 years, 
BMI – mean 25.1 ± 2.84 kg/m2, and Karnofsky status ≥70%. Ade-
nocarcinoma of the prostate was confirmed based on preoperative 
biopsy findings. All patients displayed a negative CT scan/MRI 
and bone scan for metastatic PCa. Conventional open radical ret-
ropubic RP was performed extraperitoneally in a retrograde fash-
ion. The laparoscopic extraperitoneal RP was performed using a 
5-trocar technique. Total intravenous anesthesia with propofol 
without sevoflurane or opioid was applied to all study participants. 
None of the patients received radiotherapy or androgen depriva-
tion therapy within 6 months after the surgery. The post-RP fol-
low-up for each patient included a PSA measurement every 3 
months. BCR was defined as a confirmed increase in PSA above 
0.2 ng/mL.

Statistical Analysis
IBM-SPSS Statistics 21 (SPSS, Inc., Chicago, IL, USA) was used 

for data analysis. Binary logistic regression and receiver operating 
characteristic were performed to determine the effectiveness of 
ePSA in predicting BCR. p values <0.05 were considered statisti-
cally significant.

Results

Preoperative PSA was found as mean 9.0 ± 7.3 ng/mL 
(median – 8.2 ng/mL); pathological status: 35 patients 
(pT2) and 14 patients (pT3); Gleason score at surgery was 
found as follows: 12 patients → (3 + 3), 30 patients → (3 
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Example: the same PSA 
value (with and without 
ePSA) determined three 
years following surgery

Decision making option once ePSA is available; 
the rough estimation by adding ePSA value to 
PSA (e.g,: 0.18+0.01= 0.19 in one day, or 0.20 

in two forthcoming days); 1%=0.01.

Current practice based merely 
on criteria of biochemical 

recurrence: “PSA cut-off level 
is 0.2 ng/ml”

0.18 ng/ml na

Schedule next appointment 
and PSA testing after 6 

months 

0.18 ng/ml 
ePSA =  + 1.0%  

(“aggressive”)

PSA most probably will exceed cut-off level of 
0.2 ng/ml in several days. Schedule next PSA 

test in a week?

0.18 ng/ml 
ePSA = – 0.03% (“stable”)

PSA value most probably will remain the same 
after 6 months;
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Fig. 1. The value of logarithm in evaluating TM development. The 
PSA data (preoperative, day 30 and day 91) of the same cohort are 
shown using a linear scale (a) and log scale (b). Any claim in collo-
quial clinical language saying TM “percent increase” (decrease) does 
not reflect the evolution of TM within a given time interval. Impor-
tantly, these claims rarely indicate a precise time interval between  two 
separate TMs. An exact time interval and log TM ratio are two basic 
components which can describe the “speed” of progress or decay of 
TM. Trying to squeeze a TM ratio into linear concept of increase [11] 
results in a discussion on which of the 7 patterns is the most informa-
tive. Any new confirmative TM test should be evaluated if it fits into 
the pattern of the previous two, in a log TM scale only (c). The exact 

timing of planned A3 point determination is not that important, pro-
vided the TM is tested with the same instrument. The availability of 
multiple TM points is advantageous (c). Calculation of an eTM with 
multiple points for each patient is available using nomograms with 
minimal conversion of DT into eTM [8]. A hospital lab can produce 
automatic reports for eTM if previous data for the same patient are 
available. A clinician can easily adopt the simplicity of growth fraction 
concept and can assume that a ∼1% daily increase in TM will result 
in a roughly 30% increase of TM value within a month (1% per day 
results roughly in 30% per month) (d). TM, tumor marker; PSA, pros-
tate-specific antigen; eTM, elimination rate TM; DT, doubling time; 
RP, radical prostatectomy; ePSA, elimination rate PSA.
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+ 4), 6 patients → (4 + 3), and 1 patient → (4 + 4). Positive 
surgical margins were found in 6 patients. Surgical pro-
cedures applied were: open RP (18 patients) and laparo-
scopic RP (31 patients). The 1-month blood sampling day 
ranged from day 27 to 38 (mean 31.1; median 30) after 
RP. The mean PSA-HL was 4.1 days, corresponding to an 
ePSA = −24.6%. After conforming PSA to an exact 30-day 
time point, the adjustments ranged from +0.008 to −0.326 
ng/ml. A significant slowing in PSA decline was observ-
able during the 1- to 3-month interval (Fig. 1b). Mean 
PSA-HL at 3 months was +21.4 d, ranging from −238.7 to 
+374.6 d, and a median of +19.3 d. The calculated mean 
ePSA value for the same period was −4.67%. A logarith-
mic scale of postoperative PSA is necessary for PSA pat-
tern visualization (Fig. 1a, b). Four patients (8%) showed 
a bounce in PSA with values higher at 3 months as com-
pared to their 1-month values. Patients exhibiting a 
bounce in PSA (positive ePSA) or slowing of PSA decline 
(ePSA > −2% during the 1- to 3-month interval) were 
prone to BCR within 24 months after RP: odds ratio  
(OR) = 1.5, p = 0.006, 99% CI (1.136; 2.139).

Discussion

This study was aimed at reviewing the complexity of 
methods describing TM kinetics and at proposing a so-
lution to the complexity of implementing the inverse 
HT/DT parameter. The presence of wide ranging and 
large numerical HT values was reported in therapeutic 
docetaxel monitoring [9]. For instance, a very slow re-
sponse to docetaxel from this study (+12,734 days HT) 
would instead be a reasonable ePSA of −0.01% (percent 
PSA decrease per day). The group of patients examined 
during the postoperative period in our study was as-
cribed HT/DT or ePSA criteria. The data were con-
veyed to PHCPs after they were familiarized with the 
“growth fraction” concept (Fig.  1d) of ePSA. For in-
stance, a patient’s PSA before RP was 9.56 ng/mL. PSA 
levels in this patient were 0.365 ng/mL at 30 days fol-
lowing RP and 0.380 ng/mL at 91 days. While a stabi-
lized PSA in the interval of 30–91 days postoperatively 
indicates a potential problem, the numerical value of 
this event and the clinical importance of the PSA oscil-
lations are not available to clinicians in their daily rou-
tine. If a clinician is provided with a number as compli-
cated as “minus 1,084.1 days HT,” it is quite difficult to 
comprehend. Actually, this HT approach is not set as an 
adopted principle of current medical practice. Instead, 
we could offer to the clinician the value of 0.1% ePSA 

derived from the same patient’s PSA data. This format 
would mean that the patient’s PSA would increase by 
0.1% or roughly 0.0004 ng/mL each day. This informa-
tion is easy to understand, and it can help establish an 
approximate BCR time in variable clinical situations 
(Fig. 1). In fact, up to 67% of PHCPs might not be aware 
that postoperative PSA norm is categorized as “unde-
tectable” [10]. A norm ePSA of “0 or less” might help 
PHCPs to spot a pattern of positive ePSA and BCR in a 
timely fashion. Several methods have been advocated to 
elucidate the relapse pattern of TM above and below 
normal range [1, 3, 7, 11]. eTM has the advantage that 
there is no time restriction for testing (in theory, retest-
ing can be done the next week); furthermore, its value 
is calculated from the ratio of two separate  TM values 
in natural logarithm. This is overlooked when clini-
cians evaluate a TM increase or decrease based on a 
simple, nonlogarithmic ratio of two separate TMs.

The indirect evidence of the TM value pattern was 
demonstrated in a group of healthy women who were lat-
er diagnosed with ovarian cancer [12]. Serum Ca-125 
testing revealed that a gradual and persistent increase in 
normal range was noticeable 3 years preceding the diag-
nosis. In fact, much of the research on early detection of 
cancer is focused exclusively on “elevated over the normal 
range” TM value rather than the “rate of change” of TM. 
This approach thus consumes an enormous amount of 
time and resources, only to come to a situation that has 
little hope of making progress.

For instance, 3 of 4 women with tumors had normal 
screening tests prior to diagnosis even though they were 
preselected according to genetic risk criteria, then were 
tested for Ca-125 and finally were assessed by transvagi-
nal ultrasound [13]. Creating new screening strategies (or 
strategies to spot a recurrence) built on the rate of change 
rather than an elevated TM value might open additional 
opportunities in clinical oncology practice. Importantly, 
it is not the value itself but rather a steady kinetic pattern 
in the normal range that could be the earliest indicator of 
recurrence. The eTM could well serve as a tool to ascribe 
this in a simple numerical format.

Conclusions

We suggest that the ePSA parameter indicating the 
percent PSA change per day could be a useful adjunct to 
regular PSA reports. ePSA is free from drawbacks char-
acteristic of HT and DT. The concept is easily under-
standable and could be considered for all TMs.
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