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Summary. Spontaneous circadian variations of prostate
specific antigen (PSA) and prostatic acid phosphatase
(PAP), determined simultaneously by radioimmunoassay
(RIA), were investigated by multiple sampling, over a 24-
hour period, in 32 patients with prostatic cancer. In 29/32
patients (91%), the coefficient of variation of 24-hour
values, for either marker, was greater than that of the RIA
method at the same range of values; stage D patients showed
the greatest spontaneous variability. Fluctuations around
the mean of 24-hour values ranged from —65% to +85%
for PAP, from —72% to +190% for PSA, occurring random
and independently for each marker. Variability was about
20% greater for PSA than for PAP. The existence of spon-
taneous fluctnations should be considered in multiple
marker evaluation of prostatic cancer patients.
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Introduction

Prostatic acid phosphatase (PAP) and prostate specific anti-
gen (PSA) are two tissue-specific proteins with different
biochemical, immunological and functional properties [7,
13, 14]. Recently, their association has been claimed to
improve the accuracy of single-marker determination in
the diagnosis and follow-up of prostatic cancer patients
[7, 10].

It is well known that false-positive elevations of serum
PAP are possible in patients with benign prostatic hyper-
trophy (BPH), due to urinary retention and/or various
manipulations of the prostate gland [5, 12].

*  Preliminary results of this study have been presented at the Inter-
national Symposium on Hormonal Therapy of Prostatic Diseases —
Basic and Clinical Aspects, April 6—8, 1987, Milan, Italy

In a previous paper, we have reported about similar false-
positive elevations of serum PSA [1].

Moreover, in patients with prostatic carcinoma, the rela-
tionship existing between clinical response to treatment
and PAP serum activity is not always clear [4].

It has also been shown that serum levels of prostatic
phosphatase have spontaneous circadian fluctuations, both
in normal individuals and in patients with prostatic cancer
2,6,8,9]

There were no published reports about spontaneous
fluctuation in serum activity of PSA. In this study we
describe the spontaneous variation of both markers, observ-
ed over a 24-hour period, which are important in the evalua-
tion of patients with prostatic cancer.

Materials and Methods
Patients and Controls

32 patients with prostatic cancer were studied (age range: 55-81,
mean 72). They were classified according to Whitmore [15]: 2 were
stage A, 1 stage B, 16 stage C and 13 stage D. Tumors were graded
according to Broders [3]: they were adenocarcinomas, well differen-
tiated in 6 cases (G2), poorly differentiated in 26 (G3-G4). 12 pa-
tients were under treatment with androgen suppression during
this study: 7 were clinically stable or in remission, 5 had progressive
disease. All patients underwent determination of serum levels of
testosterone and LH. As controls we evaluated 6 age-matched pa-
tients with BPH, and 3 male volunteers under 40 with no signs of
prostatic disease. 13/32 cancer patients, and none of the controls,
had an indwelling urethral catheter at the moment of the study.

Sample Collection and Timing

After the informed consent from the patients, blood samples were
obtained by direct venipuncture or using an indwelling heparin-
locked plastic catheter, depending of the number of samples to be
collected. In every instance, 6 cc of blood were drawn (3 cc to en-
sure clearance of the heparinized solution from the tubing, plus 3
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Fig. 1. Multiple sampling for PAP and PSA determination in 13 sub-
jects: 12—18 samples were obtained in a 24-hour interval (mean: 14)

Table 1. Intra-assay variability of the RIA method (Pooled sera, 10
determinations)

PAP Ccv PSA Ccv
1) 0.7ng/ml 16% 1.7 ng/ml 12.5%
2)  5.2ng/ml 11% 11.4 ng/nl 10%

3) 18.7 ng/ml 13.5% 26 ng/mi 16.3%

Table 2. Intra-assay variability of th RIA method (Commercial sera,
24 consecutive sessions)

PAP cv PSA Ccv

1) 1.92ng/ml 14.5% 1.5 ng/ml 19.6%
2) 4.02ng/ml 16.3% 3.3 ng/ml 12.3%
3) 11.9ng/ml 14.1% 11.4 ng/ml 14%
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Fig. 2. Basal values at 8 a.m.

cc for determination). Serum was immediately separated from clot
and stored at —20 °C until PAP and PSA were measured. Samples
were collected at 8 a.m., 4 p.m., midnight and 8 a.m. in 28 subjects.
13 subjects (11 with cancer and 2 with PBH) underwent multiple
sampling over the 24-hour period, at predetermined time intervals
(Fig. 1): 12-18 samples were obtained (mean: 14). One patient,
was studied incompletely (8 a.m- noon).

Rectal examination, endoscopic procedures and other possible
sources of error were avoided, 48 hours before and during the period
of study.

The impact of the urethral catheter (when present) on 24-hour
variability was evaluated separately.

Radioimmunoassay (RIA)

PAP and PSA were determined simultaneously by liquid-phase
radioimmunoassay, with overnight incubation at room temperature,
utilizing two commercially available kits (PAP-Ter, Biodata and
PSA-Double Antibody, Diagnostic Products Corporation). Minimal
detectable values were, respectively, 0.4 ng/ml (PAP) and 0.6 ng/ml
(PSA). As the upper limits of the normal range we used the mean
+3 standard deviations (SD) of the values observed at 8 a.m. in 51
healthy males under 40, yielding 3.4 ng/ml for PAP and 5.6 ng/m!
for PSA. Intra- and interassay variabilities of the methods are shown
in Tables 1 and 2.

Criteria employed to verify the accuracy of the methods have
been described in detail elsewhere [11].

Statistical methods

Statistical analysis included: calculation of the mean, range, SD,
coefficient of variation (CV) and variance of the observed 24-hour
values for each patient, and, for the group sampled at 8-hour inter-
vals, a comparison of the longitudinal distribution of values deter-
mined at different times. Analysis of variance within the latter
group was evaluated by non-parametric tests (Kruskal-Wallis test
and Mann-Whitney test). Coefficients of variation observed were
compared with intra- and inter-assay variabilities of the two RIA
methods at the same ranges of values.

Results
Basal Values (8 a.m.)

Figure 2 summarizes basal values observed at 8 a.m. in our
series of patients and controls. 23/32 patients with cancer
(72%) and 2/6 controls (33%) had PAP or PSA (controls:
PSA only) above the upper normal limits. The only statisti-
cally significant result shown by the analysis of variance
was the greater dispersion of PAP values in metastatic ver-
sus non-metastatic patients (0.01 <P <0.05).

Although 66% of patients with carcinoma had abnormal
PSA levels, the distribution of values showed no significant
difference between stage D and non-metastatic subjects.

24-Hour Variability

Figure 3 summarizes the variability of values over a 24-hour
time interval. In 29/32 cancer patients (91%) the coeffi-
cient of variation of 24-hour values was greater than CV of
the RIA method, at that range of serum levels, for either
marker. Controls showed similar results, but values of PAP
varied within the range of normality in all cases. Mean CV
of both markers are shown in Table 3. No significant differ-
ence in circadian variability was seen, between previously
castrated patients and patients with intact testes, whose
serum levels of testosterone and LH were within the range
of normality in all cases.

In some instances, we observed false-negative and false-
positive results which could be attributed to spontaneous
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Fig. 3. Spontaneous variability of PAP and PSA serum activities:
figures in the diagram refer to patients showing CV of the 24-hour
values greater than CV of the RIA methods at the same range of
values

Table 3. Mean coefficients of variation of the 24-hour values of
serum PAP and PSA

Mean CV PAP (32 ca.) = 20.1%
Mean CV PSA (32 ca.) = 21.5%
Mean CV PAP (stage D only) = 18.1%
Mean CV PSA (stage D only) = 26.1%
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Fig. 4. Different 24-hour behavior of PAP and PSA serum activities
in two patients with surgical stage D1, G3, prostatic cancer. Note
the different scales of values, and the independent variations of the
two markers

fluctuations: among cancer patients with normal basal
PAP, 1/8 (12.5%) showed at least one abnormal value over
the 24-hour interval (1/9, 11%, for PSA). Similarly, in 2/6
patients with BPH (33%) serum values of PSA were above
the upper cut-off limit at 8 a.m., being normal throughout
the subsequent 24-hour interval. On the other hand, 3/14
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Fig. 5. Different 24-hour fluctuations in two patients with poorly
differentiated stage D2 prostatic cancer

with elevated basal PAP (21%) and 3/21 with elevated PSA
(14%) showed at least one normal value over the same
period. Fluctuations around the mean of 24-hour deter-
minations ranged from —65% to +85% for PAP, from —72%
to +190% for PSA: they appeared to be random, without
any predictable behavior, and occurred independently for
each marker.

Figs. 4 and 5 show the 24-hour variations of PAP and
PSA in two couples of patients with tumors comparable
by stage and grade.

Discussion

Doe and Mellinger [6] first showed, in 1964, that prostatic
phosphatase levels may vary spontaneously over a 24-hour
interval. In 5 cancer patients, they found the highest values
between 9 a.m. and 3 p.m. and the lowest from 9 p.m. to
3am.

A subsequent study by Brenckman et al. [2] of 5 patients
with prostatic carcinoma confirmed the existence of spon-
taneous fluctuations, but did not show any circadian rythm
of PAP serum levels, which were determined by an enzymat-
ic method.

Nissenkorn et al. [9] and Maatman et al. [8], utilizing
RIA methods for determination of PAP in 10 patients
with prostatic cancer, came to similar conclusions.

Although these studies included a limited number of
cases, they pointed out the inaccuracy of single determina-
tions of serum PAP as a parameter of response to treatment
in these patients.

Since multiple marker evaluation of prostatic cancer is
made possible by the existence of prostate specific anti-
gen, it was important to discover whether serum activity
of this marker showed similar spontaneous fluctuations.
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In this study we observed, for both markers, spontaneous
24-hour variations of serum values that could not be ex-
plained by the variability of the radioimmunoassays em-
ployed. As could be expected, variations were greatest in
stage D patients, who most often showed elevated basal
values. On an average, spontaneous variability of PSA (as
evaluated by CV) was about 20% greater than variability
of PAP, although their behavior in the individual patient
were unpredictable and never coincidental. The latter find-
ing is not surprising, since PAP and PSA probably enter
the blood stream independently, and it confirms that
elevations observed were not due to factors interfering
from outside, this is further emphasized by the fact that the
presence of an indwelling urethral catheter (which may,
theoretically, cause false elevations by compressive and/or
inflammatory stimuli) was not related to significantly
greater 24-hour variability in this series of patients.

Obviously, the significance of spontaneous fluctuation
depends on the level of values observed: it is limited when
the mean values are close to the lowest detectable level,
and when values are all within the normal range, or when
they are extremely high. However, fluctuations around the
upper limits of normality do occur, and reach, in our ex-
perience, a maximum peak of +190%: these fluctuations
must be kept in mind after or during treatment of patients
with prostatic carcinoma, when attempting correlations
between clinical response and PAP or PSA serum activity,
particularly” if the latter is evaluated by single (usually:
8 a.m.) determinations.

From this point of view, multiple marker evaluation of
prostatic cancer can be misleading unless great caution is
used in interpreting single variations of each marker during
follow-up, especially if they are not in agreement with the
clinical findings.

References

1. Aiello E, Maver P, Mannini D, Vecchi F, Bellanova B (1986)
Il dosaggio dell’antigene prostatico specifico nella patologia
prostatica: esperienza con il metodo radioimmunologico. Arch
Ital Urol Nefrol 58:15-23

2. Brenckman WD JIr, Lastinger LB, Sedor F (1981) Unpredic-

10.

11.

12,

13.

14,

15.

table fluctuations in serum acid phosphatase activity in prostat-
ic cancer. JAMA 245:2501-4

Broders AC (1972) Epithelioma of the genito-urinary organs.
Ann Surg 75:574-604

Catalona WJ, Scott WW (1986) Carcinoma of the prostate. In:
Walsh PC, Gittes RF, Perlmutter AD, Stamey TA (eds) Camp-
bell’s urology, Sth edn. Saunders, Philadelphia, pp 1463—
1534

Collier DSTJ, Pain A (1986) Acute and chronic retention of
urine: relevance of raised serum prostatic acid phosphatase
levels. A prospective study. Urology 25:34—7

Doe RP, Mellinger GT (1964) Circadian variations of serum
acid phosphatase in prostatic cancer. Metabolism 13:445—-52

. Kuriyama M, Wang MC, Lee CL, Killian CS, Papsidero LD,

Inaji H, Loor RM, Lin MF, Nishiura T, Slack NH, Murphy GP,
Chu TM (1982) Multiple marker evaluation in human prostate
cancer with the use of tissue-specific antigens. INCI 68:99—-104
Maatman TJ, Manjula KG, Montle JE (1984) The role of serum
prostatic acid phosphatase as a tumor marker in men with
advanced adenocarcinoma of the prostate. J Urol 132:58—60
Nissenkorn I, Mickey DD, Miller DB, Soloway MS (1982)
Circadian and day-to-day variation of prostatic acid phospha-
tase. J Urol 127:1122-4

Seamonds B, Yang N, Anderson K, Whitaker B, Shaw LM,
Bollinger JR (1986) Evaluation of prostate-specific antigen
and prostatic acid phosphatase as prostate cancer markers.
Urology 28:427-9

Vecchi F, Bolelli FG (1984) Some considerations about the
criteria to be employed in the evaluation of RIA techniques
(Italian). Ligand Q 3:141-56

Wadstrdm J, Huber P, Rutishauser G (1984) Elevation of
serum prostatic acid phosphatase levels after prostatic massage.
Urology 24:550-1

Warhol MJ, Longtine JA (1985) The ultrastructural localiza-
tion of prostatic specific antigen and prostatic acid phospha-
tase in hyperplastic and neoplastic human prostates. J Urol
134:607-13

Watt WK, Lee PJ, MTimkulu T, Chan WP, Loor R (1984)
Human prostate-specific antigen: structural and functional
similarity with serine proteases. Proc Natl Acad Sci USA 83:
316670

Whitmore WF Jr (1984) Natural history and staging of prostate
cancer. Urol Clin North Am 2:205-20

D. Mannini, MD

Divisione di Urologia I
Ospedale Marcello Maipighi
Via P. Palagi, 9

1-40138 Bologna

Italia



