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Summary. The serum half-life of  prostate-specific an- 
tigen (PSA) calculated subsequent to radical prostatec- 
tomy can serve to predict which patients are at high risk 
of  bearing residual prostatic carcinoma despite their ini- 
tial attainment of  undetectable PSA serum levels. This re- 
port  updates previous results to a mean follow-up period 
of  37 months. The initial results are essentially confirmed 
in that a mean PSA elimination half-life of  1.6 days in pa- 
tients considered to be cured at least 24 months after pro- 
statectomy provides additional useful information for 
predicting outcome in patients with potentially curable 
prostate cancer. 

Many investigations have tried to correlate absolute se- 
rum PSA values with histopathological findings [10]. 
Most of  those correlations were considered to be rather 
weak after long-term experience [1] unless combined with 
other preoperative parameters [5]. The greatest clinical 
usefulness of  PSA lies in monitoring of patients after de- 
finitive therapy. The failure of  serum PSA to reach unde- 
tectable levels after surgery is evidence of  the presence of 
residual local disease or metastasis and, therefore, a poor  
prognostic indicator [2, 6 - 8 ,  11, 16, 17]. Retrospectively, 
in one study all of  the patients whose PSA values exceed- 
ed 0.4 ng/ml  after radical prostatectomy were found to 
have evidence of recurrence [6], whereas in another inves- 
tigation, biopsy of the urethral vesicle anastomosis prov- 
ed the existence of  residual prostate cancer in almost half 
of  the patients with increased PSA levels after radical 
prostatectomy [7]. Since local recurrence without an ele- 
vated PSA level in the absence of adjuvant treatment has 
not been found [7] or is rare [4], the use of  serial PSA de- 
terminations for monitoring of patients after radical pro- 
statectomy has become routine in clinical practice. 

Prior to 1992 there were three investigations calculat- 
ing the elimination half-life of  PSA following radical pro- 
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statectomy. Regardless of  the outcome of disease, half- 
lives of  1.9 [111, 2.2 [161, and 3.2 days [8] were reported. 
PSA half-life and factors regulating PSA kinetics have re- 
cently been investigated in athymic mice [3]. The PSA 
doubling time has been used to calculate the kinetics of  
cancer volume increase in untreated prostatic carcinoma 
[141. 

Under the hypothesis that residual local or distant 
prostatic carcinoma is capable of  producing PSA, half- 
life calculations should reveal a longer half-life if there is 
remaining tissue capable of  prolonging PSA decay during 
the phase of elimination. Assuming that PSA production 
no longer occurs in disease-free patients, the half-life is 
expected to be short. In patients with diminished but con- 
tinuing PSA production, the half-life is supposed to be 
longer, furnishing evidence of residual disease. In 1992 we 
reported a half-life study in which the differentiation was 
made between half-lives in patients who were considered 
to be cured as judged by serially undetectable PSA levels 
and patients who had evidence of  residual tumor. With a 
minimal follow-up period of 10 months, we found a 
mean half-life of  1.54 days for cured patients, whereas 
patients who had recurrent PSA or failed to achieve un- 
detectable PSA levels showed a mean half-life of  2.98 and 
3.05 days, respectively [15]. We present the results we ob- 
tained after extending the mean follow-up period to 37 
months, with a minimum of 24 months having elapsed 
after radical prostatectomy. 

Patients and methods 

Patient population and techniques 

A total of  52 patients undergoing radical prostatectomy for adenocar- 
cinoma of the prostate were included in a prospective investigation for 
PSA half-life calculation. None of the patients (age, 50-74 years; medi- 
an and mean, 63 years by the time of surgery) showed evidence of dis- 
tant disease in the preoperative staging evaluations. Two of the patients 
received hormonal therapy from their practitioner prior to surgery, 
which was not known by their consultant urologist nor by the authors 
at the time of the previous investigation. Both patients were excluded 
from the present evaluation because hormonal suppression of PSA pro- 
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duction [91 in addition to surgical removal of  the prostate might lead to 
an underest imation of  the half-life. The remaining patients were not  
subjected to any anti-cancer treatment besides surgery during the fol- 
low-up period reported in this paper. 

The PSA serum concentrations used for calculation of half-lives 
were determined with a solid-phase, two-site monoclonal  immunoen-  
zymetric assay (Tandem-E, Hybritech). The minimal  concentration of 
serum PSA that  was detectable by the assay as performed in our labora- 
tory was 0.16 ng /ml  [15], being in close concordance with a previous re- 
port investigating the radioimmunometr ic  assay from the same produc- 
er [13]. Blood samples were drawn at 30 min prior to the operation, 
within 5 min  after removal of  the prostate specimen by radical 
retropubic prostatectomy (to), and on postoperative days 1, 2, 3, 4, 7, 
14, and 21. Patients were considered to have undetectable levels if the 
PSA value reached __ 0.2 ng/ml .  Following hospital discharge, the se- 
rum PSA value was determined approximately every 3 months .  The fol- 
low-up to determine the interval of  nondetectable serum PSA values 
ranged from 24 to 47 months  (mean, 37 months;  median, 36 months).  
Since some of the patients were monitored outside the hospital by 
polyclonal radioimmunoassays,  all patients were classified as having 
serologically relapsed when at least two consecutive PSA serum deter- 
minat ions exceeded 0.9 ng/ml ,  regardless of  the assay technique. No pa- 
tient was lost to follow-up. 

Statistical analysis 

Nonparametr ic  comparisons were used as previously described [15]. 
Half-life calculations began with the sample drawn at 5 min after re- 
moval of  the prostate (to). Assuming  an exponential model for serum 
PSA decay (first-order elimination kinetics) as a function of  t ime (t), 
the PSA half-life was calculated for each individual patient. The model 
PSA PSA x (-bt) ~t, = ,, ~ e , where b is the elimination constant  was fit- 
ted using the least-squares technique (OauS). Half-lives were calculated 
as (ln 2)/b. Statistical significance was calculated using the two-tailed 
Wilcoxon rank-sum test. Calculations of  correlations utilized Kendall 's 
Tauc. All statistical variances are reported as standard deviations (SD). 

Of  the 52 patients who underwent serial determinations for PSA 
half-life, two patients were excluded because of preoperative hormonal  
therapy and one patient could not  be evaluated because of  a poorly fit- 
ting regression, leaving 49 patients for the analysis. 
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Fig .  1. PSA half-life according to disease outcome as judged by postop- 
erative absolute PSA levels measured in the follow-up after 2 4 - 4 7  
months  

2. The mean PSA serum half-life for patients who either 
did not attain undetectable PSA serum levels or relapsed 
serologically was 3.12+ 1.26 (SD) days (Fig. 1). 
3. The mean PSA serum half-life for all patients who 
achieved undetectable PSA levels within 21 days, regard- 
less of the disease outcome in the follow-up, was 2.0+ 1.0 
(SD) days, being in concordance with other reports [11, 
161. 

Discussion 

Results 

Of the 49 patients included in serum PSA half-life calcu- 
lations, the values absolute PSA of 23 remained under 
0 .9ng/ml for 2 4 - 4 7  months of  follow-up (mean, 37 
months; median, 36 months). In all, 22 patients pro- 
gressed serologically as reflected by a PSA elevation 
above 0.9 ng/ml or did not attain undetectable PSA levels 
defined as _< 0.2 ng/ml. Patients who achieved undetect- 
able PSA levels but relapsed did so within 1 - 19 months 
(median, 7 months; mean, 8 months). The remaining 4 
patients achieved undetectable PSA levels but have not 
yet been monitored long enough to fulfill the criterion of  
at least 24 months of  undetectable PSA levels for classifi- 
cation as being potentially cured. 

Our findings can be summarized as follows: 

1. The mean PSA serum half-life for patients who were 
potentially cured by radical prostatectomy was 1.62+0.68 
(SD) days. The half-lives for these patients differed sig- 
nificantly (P<0.02)  from the half-lives of those who 
showed a serological relapse during the follow-up period 
(Fig. 1). 

The following changes occurred in our patient popula- 
tion with extension of the mean follow-up period from 17 
to 37 months: 10 patients who had achieved undetectable 
PSA levels were entered in the various groups according 
to the disease outcome after at least 24 months. Of these, 
9 patients showed no evidence of disease and I patient 
presented with rising PSA values. In all, 1 patient who 
had been classified as being cured after 10 months 
showed rising PSA levels after 14 months and was entered 
in the group of relapsed patients; 4 patients continued to 
show undetectable PSA levels but had not been moni- 
tored long enough to fulfill the criterion of at least 24 
months of undetectable PSA levels for classification as 
being potentially cured at the time of this update; and 2 
patients died of causes unrelated to prostatic carcinoma 
at 28 and 48 months after radical prostatectomy, respec- 
tively. 

Increasing experience with PSA suggests that residual 
disease can be identified reliably on the basis of increased 
PSA levels during the monitoring of patients after radical 
prostatectomy [2, 6 - 8 ,  11, 16, 17]. Once a patient has 
achieved undetectable PSA levels, a rise.in serum PSA 
precedes proof of  persistent disease as diagnosed by con- 
ventional methods by a matter of  months. Whereas the 
PSA half-life can be determined in the immediate postop- 
erative period, a re-elevation of PSA as an indicator of  re- 
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lapse occurred as late as at 19 months in the present fol- 
low-up period. Although we do not yet understand how 
residual tumor can produce enough PSA to prolong the 
half-life but fail to raise the PSA serum concentration 
above undetectable levels for weeks after surgery [121, the 
PSA half-life correlates significantly with the disease out- 
come, even in those patients who attain undetectable PSA 
levels but relapse as jugded by PSA re-elevation during 
the follow-up period. 

All of the 10 patients whose PSA half-lives exceeded 
3 days showed rising PSA levels within 19 months of fol- 
low-up, although 5 of those patients presented with unde- 
tectable PSA levels for an interval of 2-19  months post- 
operatively. Calculation of specificity and sensitivity for 
a cut-off of 2.7 days revealed 0.87 and 0.63, respectively. 
The results of this update reconfirm the findings obtain- 
ed in the previous study. A mean postoperative PSA half- 
life of 1.6 days for "cured" patients can help to identify 
those patients who will present with a serological relapse 
during a long-term follow-up despite their having initially 
attained undetectable PSA levels. Whereas no correlation 
was found in the previous evaluation between PSA half- 
lives and time to recurrence, in this larger population a 
weakly negative correlation (r = -0.273; P = 0.11) was 
found: in patients whose PSA value declines to undetect- 
able concentrations with long half-lives, serological re- 
lapse tends to occur earlier as compared with patients 
showing a more rapid decline. 

In conclusion, relapse-free patients have a PSA half- 
life shorter than that reported for populations consisting 
of all patients who attain undetectable levels after radical 
surgery [8, 11, 16] and their half-lives differ significantly 
(P< 0.02) from those of patients who attain undetectable 
PSA levels but eventually relapse. Calculating the PSA 
half-life solely in patients in whom no evidence of residu- 
al disease had existed for at least 2 years, we found a 
mean half-life of 1.6 days. 

Within the population of patients who attain unde- 
tectable PSA values, no criterion has been available for 
early identification of those who will relapse during the 
follow-up period. The use of serial serum PSA determi- 
nations for calculation of the PSA half-life after radical 
prostatectomy is a valuable predictive tool in advance of 
an absolute PSA re-elevation by up to 19 months. The 
PSA half-life is valuable in the management of apparent- 
ly organ-confined prostate cancer to evaluate the com- 
pleteness of tumor excision or the presence of residual 
distant disease. All patients with a PSA half-life of longer 
than 3.0 days proved to have serologically relapsed during 
the period of our follow-up despite their having achieved 
undetectable PSA levels following surgery. 

Acknowledgements. We wish to thank Mrs. Margot Dederichs, Anita 
Felder, and Inge Nilles, who prepared the sera and precisely performed 
the PSA determinations. The skillful statistical assistance of Thorsten 
Reineke from the Department of Medical Statistics and Documenta- 
tion, Technical University of Aachen, and the valuable comments of Dr. 
Elisabeth Henl3ge, Department of Pathology, Krankenhaus Dt~ren, and 

of Dr. Stephan Blumenr6der are acknowledged. We especially appreci- 
ate the excellent and patient cooperation of the staff of the Urological 
Department in Daren as well as the indefatigable efforts of Eva Wieck 
supported by the urologists of the greater suburban area Drs. P. Garke, 
W. H~gele, G. Jacobs, E. KaleB, C. Koch, H. Preiss, and G. Rfihlmann. 

References  

1. Allhoff E, Riese W de, Eifinger M, Pethke J, Jonas U (1989) Pros- 
tate-specific antigen - comparative cIinieal appreciation of a 
serodiagnostic measure after 8 years of experience. World J Urol 
7:12-16 

2. Foster LS, Shinohara K, Carroll PR, Tanagho EA, Narayan P 
(1991) Residual prostate tissue as a cause for elevated PSA follow- 
ing radical prostatectomy. J Urol 145 [Supp14]:216A 

3. Gleave ME, Hsieh JT, Wu HC, Eschenbach AC von, Chung LWK 
(1992) Serum prostate specific antigen levels in mice bearing human 
prostate LNCaP tumors are determined by tumor volume and en- 
docrine and growth factors. Cancer Res 52:1598-1605 

4. Hudson MA, Bahnson RR, Catalona WJ (1989) Clinical use of 
prostate specific antigen in patients with prostate cancer. J Urol 
142:1011 - 1017 

5. Kleer E, Larson-Keller J J, Zincke H, Oesterling JE (1993) Ability 
of preoperative serum prostate-specific antigen value to predict 
pathologic stage and DNA ploidy. Urology 41:207-216 

6. Lange PH, Ercole CJ, Lightner DJ, Fraley EE, Vessella R (1989) 
The value of serum prostate specific antigen determinations before 
and after radical prostatectomy. J Urol 141:873-879 

7. Lightner DJ, Lange PH, Reddy PK, Moore L (1990) Prostate spe- 
cific antigen and local recurrence after radical prostatectomy. J 
Urol 144:921-926 

8. Oesterling JE, Chan DW, Epstein JI, Kimball AW, Bruzek DJ, Rock 
RC, Brendler CB, Walsh PC (1988) Prostate specific antigen in the 
preoperative and postoperative evaluation of localized prostatic 
cancer treated with radical prostatectomy. J Urol 139:766-772 

9. Oesterling JE, Andrews PE, Suman VJ, Zincke H, Myers RP (1993) 
Preoperative androgen deprivation therapy: artificial lowering of 
serum prostate specific antigen without downstaging the tumor. J 
Urol 149:779-782 

10. Oesterling JE (1991) Prostate specific antigen: a critical assessment 
of the most useful tumor marker for adenocarcinoma of the pros- 
tate. J Urol 145:907-923 

11. Pontes JE, Foemmel R, Jabalameli P, Howard PD, Montie J, Boyett 
J (1990) Prognostic implications of disappearance rate of biologic 
markers following radical prostatectomy. Urology 36:415-419 

12. Schifman RB (1993) Prostate-specific antigen half-life. Lab Med 
Abstr Commun 3:2-3 

13. Schifman RB, Ahmann FR, Elvick A, Ahmann M, Coulis K, 
Brawer MK (1987) Analytical and physiological characteristics of 
prostate-specific antigen and prostatic acid phosphatase in serum 
compared. Clin Chem 33:2086-2088 

14. Schmid HP, McNeal JE, Stamey TA (1993) Observations on the 
doubling time of prostate cancer. Cancer 71:2031-2040 

15. Semjonow A, Harem M, Rathert P (1992) Half-life of prostate-spe- 
cific antigen after radical prostateetomy: the decisive predictor of 
curative treatment? Eur Urol 21:200-205 

16. Stamey TA, Yang N, Hay AR, McNeal JE, Feiha FS, Redwine E 
(1987) Prostate-specific antigen as a serum marker for adenocar- 
cinoma of the prostate. N Engl J Med 317:909-916 

17. Stamey TA, Kabalin JN, McNeal JE, Johnstone IM, Freiha F, Red- 
wine EA, Yang N (1989) Prostatic specific antigen in the diagnosis 
and treatment of adenocarcinoma of the prostate. II. Radical pro- 
statectomy treated patients. J Urol 141:1076-1083 


