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ABSTRACT
Objective: To demonstrate the predictive eﬀect of PSA derivatives and time markers that is prostate-speciﬁc antigen (PSA)
doubling time (PSADT) and PSA velocity (PSAV) on survival in men with hormone-refractory prostate cancer (HRPCa).
Study Design: Descriptive, analytical study.
Place and Duration of Study: Department of Urology, Erciyes University, Faculty of Medicine, Kayseri, Turkey, between 2012
and 2020.
Methodology: One hundred patients, who were treated with prostate cancer, were subjected. The PSA values were noted,
nadir PSA values were detected, times to nadir PSA, HRPCa, and follow-up times were recorded. PSADT and PSAV were calculated. The relationships between the groups were analyzed. Kaplan-Meier curves were used to estimate overall survival
between the groups.
Results: The patients were grouped according to the mean PSADT, median PSAV, median nadir PSA, and mean time to HRPCA.
The survival of those with high PSADT, low PSAV and low nadir PSA were found to be signiﬁcantly longer (p=0.006, p<0.001,
p<0.001). High PSAV was also associated with signiﬁcantly increased PSA, nadir PSA and death (p<0.001, p=0.47, and
p<0.001, p=0.52, respectively). The survival of those with a longer time to HPRCa was found to be signiﬁcantly longer
(p<0.001). There was no statistically signiﬁcant diﬀerence in terms of survival between patients who received chemotherapy
after HRPCa and those who did not (p=0.477). PSAV (p=0.007 HR: 1.004 95% CI: 1.001 – 1.007), bone metastasis at diagnosis
(p=0.001 HR: 0.357 95% CI: 0.197 – 0.645) and time to HRPCa development (p=0.001 HR: 0.936 95% CI: 0.900 – 0.974) were
signiﬁcantly eﬀective to the survival.
Conclusion: PSADT, PSAV, and nadir PSA serve as independent prognostic markers for survival in patients with HRPCa. These
three PSA derived calculation products, with the help of other parameters, could work as prognostic factors, and help clinicians
predict survival in men with HRPCa.
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INTRODUCTION
Nowadays, prostate cancer, is ranked ﬁrst in men in developed
western countries, and second in Turkey.1 Prostate cancer has a
strong relationship with aging.2 Although the survival rate is
high for early-stage prostate cancer, however, there is no
adequate salvage therapy for the relapsing disease.3 After
hormone treatments at advanced stages, prostate cancer
almost always becomes hormone-resistant.4
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Despite advances in the treatment of HRPCa, its mortality is still
very high.5 The main purpose of the treatment is to increase the
survival time and to provide symptomatic improvement with
palliative treatment. Progression and death are inevitable with
6
the treatments currently being applied for patients with HRPCa.
PSA is an important marker that is used in the diagnosis, treatment planning, and follow-up of prostate cancer. However, due
to its low speciﬁcity, it is insuﬃcient in follow-up and predicting
relapse, as it is in diagnosis, and it does not contribute signiﬁcantly to survival. Moreover, since it is organ-speciﬁc rather than
disease-speciﬁc, it is not considered an ideal tumor marker. The
positive predictive value of PSA is 42%, and when used with the
digital rectal examination, this value increases to 60% to diagnose prostate cancer.7 Because of this diagnostic deﬁciency of
PSA, it has been suggested to use diﬀerent criteria such as PSA
density, PSA velocity (PSAV), PSA doubling time (PSADT), free/total PSA, and complex PSA.
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In this study, locally advanced or advanced-stage patients, who
were diagnosed with prostate cancer and given androgen ablation therapy, were examined. It was aimed to evaluate PSADT,
PSAV, and certain other indicators on survival after the development of hormone-resistant cancer in men. In this context, if
these indicators mentioned prove themselves as a prognostic
marker, it is thought that patients with locally advanced or
advanced-stage prostate cancer may provide the advantage of
making more accurate decisions about the need and timing of
adjuvant treatment by making more careful follow-up after the
development of hormone-resistant cancer.
The objective of this study was to demonstrate the predictive
eﬀect of PSA derivatives and time markers that is prostate-speciﬁc antigen (PSA) doubling time (PSADT) and PSA velocity
(PSAV) on survival in men with hormone-refractory prostate
cancer (HRPCa).

METHODOLOGY
The study was conducted in Department of Urology, Erciyes
University, Faculty of Medicine, between 2012 and 2020. One
hundred patients who were admitted with a diagnosis of locally
advanced or advanced-stage prostate cancer and who received
only hormonal therapy as the initial treatment and later developed resistance to hormonal therapy, and who had suﬃcient
medical records, were included in the study.
Androgen deprivation therapy was applied to locally advanced
or advanced-stage patients. It was determined whether the
hormonal treatment modalities applied to these patients were
surgical (bilateral orchiectomy) or medical (Luteinising
hormone-releasing hormone analogs or antiandrogens) castration. After reaching the lowest PSA value (nadir PSA) during
hormonal therapy, when PSA elevation is detected in their followup if they are not already taking, antiandrogens were added to
the patients’ treatment. On the other hand, antiandrogens were
withdrawn in patients receiving antiandrogen therapy. Nevertheless, measuring serum testosterone level below 50 ng/ml,
detection of at least two rising PSA values measured every one
month and the measured PSA values exceeding 50% of nadir
PSA, recognition of new metastases that clinically indicate
cancer progression were considered as HRPCa diagnosed.
Progression of lesions or two or more new lesions occurring in
the bone scan, soft tissue lesions, or having lymph nodes larger
than two cm according to response evaluation criteria in solid
tumours (RECIST) were accepted as progression.8

tions, death status, and PSADT and PSAV values were recorded.
The correlation between PSADT and PSAV and other predictive
values were compared and the relationship between them and
survival was investigated.
IBM SPSS version 22.0 (IBM Corp. Released 2013. IBM SPSS
Statistics for Windows, Version 22.0 Armonk, NY: IBM Corp.) was
used for statistical analysis of the datasets. Quantitative data
were expressed as mean (±Sd) and median (IQR). The
compliance of the data to normal distribution was tested with
the Shapiro-Wilk test. Comparisons between groups were evaluated using the Mann-Whitney U-test. Spearman test was used
to determine the relationships between variables. KaplanMeier analysis was used for survival analysis and Cox regression
analysis was used to determine risk factors. A signiﬁcance level
of p < 0.05 was accepted.

RESULTS
The mean age of 100 patients included in the study was 69.36 (±
7.46). PSA before treatment, Gleason score, nadir PSA, time to
nadir PSA, time to HRPCa, follow-up time after diagnosis, PSADT
and PSAV calculated after PSA relapse were the parameters
analysed. All variables except age were non-normally
distributed. It was observed that 48 of these patients had bone
metastasis and 33 had lymph node involvement at the time of
diagnosis. Twenty-three patients received chemotherapy after
the diagnosis of HRPCa. 54 of all patients died during the followup period. Patients’ descriptives can be viewed in Table I.
Table I: Patients’ descriptions.
n = 100

Unit

Mean (± Sd)

Median (25th – 75th)

Age

years

69.36 (± 7.46)

70 (65.25 – 74.00)

Diagnose PSA

ng/ml

104.56 (± 139.99)

67 (24.77 – 118.52)

Gleason score Score total

8.04 (± 1.27)

8 (7 – 9)

Nadir PSA

2.38 (± 3.12)

1.46 (0.51 – 2.71)
7 (5.00 – 11.75)

ng/ml

Time to nadir

months

9.16 (± 6.72)

Time to HRPca

months

17.13 (± 11.90)

13 (10 – 20)

Follow up time

months

39.38 (± 22.47)

36 (23.25 – 52.50)

months

4.23 (± 2.96)

PSADT
PSAV

ng/ml/years 78.59 (± 91.26)

3.59 (2.33 – 4.89)
35.82 (14.12 – 101.26)

In all patients, after the development of HRPCa, the ﬁrst three
PSA values measured 1 - 3 months apart were recorded in the
period when no additional treatment was given. Using these
PSA values, PSADT and PSAV were calculated.
Patients' age at the time of diagnosis, clinical stages, Gleason
scores, treatment modalities, PSA values at the time of diagnosis, bone metastasis and lymph node involvement at the time
of diagnosis, nadir PSA values, time to nadir PSA, and time to
HRPCa development, chemotherapy status, follow-up dura-

674

Figure 1: Kaplan-Meier survival analysis in groups divided according to
PSADT mean value.
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Table II: Associations between groups divided according to PSADT mean and PSAV median values and patients’ descriptions.
PSADT < 4.23

PSADT > 4.23

PSAV < 35.82

PSAV > 35.82

median (25th – 75th)

median (25th – 75th)

p

median (25th – 75th)

median (25th – 75th)

p

67 (63 – 72)

72 (69 – 75.50)

0.001

71 (67 – 75)

68 (64 – 72.25)

0.099

Diagnose PSA

68 (25.45 – 126)

45 (23.78 – 104.50)

0.309

36.65 (20.77– 100)

100 (44.50 – 140)

0.001

Gleason score

8 (7 – 9)

9 (8 – 9)

0.220

8 (7 – 9)

8 (7 – 9)

0.614

1.28 (0.52 – 2.50)

1.60 (0.45 – 3.37)

0.629

0.74 (0.18 – 1.60)

2.15 (1.22 – 4.72)

<0.001

Age

Nadir PSA
Time to nadir

7 (4 – 12)

7 (5 – 11.50)

0.574

8 (5 – 12)

7 (4 – 11.25)

0.226

Time to HRPca

13 (8 – 19)

14 (10.25 – 24.25)

0.284

13 (11.50 – 27.50)

13.50 (8 – 18.50)

0.139

Follow-up time

36 (24 – 46)

33 (22.50 – 58.50)

0.629

37 (23.50 – 54.25)

31 (22.50 – 50)

0.436

2.63 (1.88 – 3.35)

5.63 (4.54 – 7.26)

<0.001

3.91 (2.91 – 5.38)

3.18 (1.85 – 4.53)

0.007

59.38 (26.69 – 188.55)

15.11 (8.45 – 52.14)

<0.001

14.42 (9.49 – 26.91)

99.53 (56.75 – 207.72

<0.001

PSADT
PSAV

ρ=0.54, respectively). A signiﬁcant correlation was discovered between PSAV and nadir PSA, and death (p<0.001,
ρ=0.47, and p<0.001, ρ=0.52, respectively). Time to nadir
PSA showed a correlation with time to HRPCa and follow-up
time (p<0.001, p=0.77, p<0.001, and p=0.42,
respectively). Metastasis on prognosis found to be associated with progression during follow-up (p<0.001, ρ=0.48). A
correlation between PSADT and PSAV, in each statistical test
is an expected result since these are computationally
obtained values derived from PSA.

Figure 2: Kaplan-Meier survival analysis in groups divided according
to PSAV median value.
Table III: Cox regression analysis of the variables.
univariate
Variables

multivariate

HR

%95 CI

p

HR

%95 CI

p

Diagnose PSA

1.004

1.002 – 1.006

<0.001

-

-

-

Gleason score

1.250

1.009 – 1.549

0.041

-

-

-

Nadir PSA

1.082

1.011 – 1.159

0.024

-

-

0.001
0.001

Bone metastasis

3.839

2.144 – 6.874

<0.001 0.357

0.197 –
0.645

Time to HRPca

0.935

0.903 – 0.968

<0.001 0.936

0.900 –
0.974

PSADT

0.863

0.762 – 0.978

PSAV

1.006

1.003 – 1.008

0.021

-

<0.001 1.004

-

-

1.001 –
1.007

0.007

Figure 3: Kaplan-Meier survival analysis in groups divided according
to time to HRPCa mean value.

The patients were divided into two groups as those with a
PSADT above and below 4.23 months which is the mean
value of PSADT. There were 59 patients in PSADT <4.23
group and 41 patients in PSADT >4.23 group (Table II). The
life span of the PSADT >4.23 group was signiﬁcantly longer
(p=0.006, Figure 1).
The patients were divided into two groups as those with a
PSAV above and below 35.82 ng/ml/year which is the median
value of PSAV. Both groups had 50 patients (Table II). The
follow-up time of the PSAV<35.82 ng/ml/year group was
signiﬁcantly longer (p<0.001, Figure 2).

Figure 4: Kaplan-Meier survival analysis in groups divided according
to recieving chemotherapy or not.

In the Spearman correlation test, a signiﬁcant correlation
was found between diagnostic PSA and PSAV, lymph node
involvement on diagnosis, and bone metastasis on diagnosis (p<0.001, ρ=0.40, p<0.001, ρ=0.41, and p<0.001,

The patients were divided into two groups as those with a
nadir PSA above and below 1.46 ng/ml which is the median
value of nadir PSA. There were 49 patients in nadir PSA <1.46
group and 51 patients in nadir PSA >1.46 group. The survival
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of the nadir PSA <1.46 group was statistically longer than the
survival of the nadir PSA >1.46 group (Kaplan- Meier value
p<0.001, Mann-Whitney U value p=0.003).
The patients were divided into two groups as those with a
time to HRPCa above and below 17.13 months, which is the
mean value of time to HRPCa. There were 68 patients in time
to HRPCa <17.13 months group and 32 patients in time to
HRPCa <17.13 months group. The survival of the time to
HRPCa >17.13 months group was statistically longer than the
survival of the time to HRPCa <17.13 months group (p
<0.001, Figure 3). Patients who received and did not receive
chemotherapy were analyzed in terms of survival. There were
32 patients in th e chemotherapy group and 77 in the no
chemoterapy group. It was observed that there was no statistically signiﬁcant diﬀerence in terms of survival between
patients who received chemotherapy after HRPCa and those
who did not (p=0.477, Figure 4).
Factors predicting overall survival were evaluated using
univariate and multivariate analysis. In univariate analysis,
PSADT (p=0.021), PSAV (p<0.001), Gleason score (p=0.041),
bone metastasis at diagnosis (p<0.001), time to HRPCa development (p<0.001), nadir PSA (p=0.024) and PSA before diagnosis (p<0.001) were statistically signiﬁcant factors.

In multivariate analysis, PSAV (p=0.007), bone metastasis at
diagnosis (p=0.001), and time to HRPCa development
(p=0.001) were found to be statistically signiﬁcant in
predicting overall survival, while other factors were found to
be insigniﬁcant (Table III).

DISCUSSION
It has been reported that the serum PSA level observed after
resistance to hormonal therapy increases with the development and the progression of metastatic disease and is
related to the pathological stage of the disease.9 However,
PSA is not suﬃcient to predict the response of the disease to
treatment after appropriate treatment of patients with
metastatic prostate cancer due to changes in its speciﬁc and
laboratory conditions. Although PSA kinetics are used in the
clinic at many stages from the diagnosis of prostate cancer
to the planning of its treatment and even after the treatment, the studies on its clinical use in hormone-resistant
prostate cancer are quite limited. Studies conducted to show
whether PSA kinetics are independent prognostic factors in
HRPCa are mostly studies that do not consider all kinetics at
the same time. The clinical use of PSADT value was ﬁrst
described by D'Amico and Hanks in a study conducted in the
early 1990s in which patients with local stage prostate
cancer were examined.10 Partin et al. calculated the PSAV
and tried to predict the presence of local recurrence or
distant metastasis after radical prostatectomy.11
Studies conducted over the years among patients developing
HRPCa and the current study show that PSA derived indicators can be an important predictive value for survival.12 In this
676

study, the survival of those with lower PSADT values  w as
found to be longer. Patients with PSADT>4.23 months had a
mean survival of 2.2 times higher. This ﬁnding shows that
PSADT can be an important predictive value for survival. The
literature on this subject also supports this study. 13 In a
diﬀerent study on the same subject, the PSADT during
chemotherapy was calculated in patients with HRPCa development, and the relationship with the response to treatment
was investigated.14 It was observed that the PSADT value was
lower in those who did not respond to treatment.

In this study, because chemotherapy after HRPCa did not
have a positive eﬀect on survival, the authors could not
examine the relationship between chemotherapy response
and PSADT.
Another parameter that was statistically signiﬁcant in
predicting survival, like PSADT, is PSAV. In the current study,
a low PSAV value was associated with a long follow-up time.
It was observed that the mean survival of those with PSAV <
35.82 ng/ml/year was approximately two times higher. The
subject of this study has not been adequately examined in
the literature. A similar study excluded metastatic patients,
while another included those treated with non-hormonal
agents and found similar results to the present.15,16 A similar
study on patients receiving chemotherapy also found results
that support the present results.17
The time to reach HRPCa also appears as a diﬀerent parameter in predicting survival in the present study. It was
observed that the patients who developed HRPCa later,
survived signiﬁcantly longer. The role of the HRPCa development process in predicting survival is a parameter that has
not been emphasised in studies so far. In this respect, this
study points this an area that needs to be examined in the
literature. Besides, this study examines many prognostic
factors at the same time, and there are scarcely any publications in the literature on so many factors at the same time.
Studies are showing that there is a signiﬁcant relationship
between the time to HRPCa development and nadir PSA and
18
the time to nadir PSA. These studies have shown that HRPCa
development was later in those with low nadir PSA, and a
long time to nadir PSA. In our study, the correlation between
the time to nadir PSA and the time to develop HRPCa was
evaluated and it was found that there was a signiﬁcant diﬀerence in parallel with the literature.
On multivariate analysis, the relationship between the PSAV,
bone metastasis, and time to HRPCa was found to be signiﬁcant with overall survival. Additionally, it was observed that
there was no signiﬁcant diﬀerence in survival between
patients who received chemotherapy after HRPCa and those
who did not. These are ﬁndings that can be used as prognostic factors, and the results of our study are in line with the
literature.19,20 The results of our study are valuable in terms of
generating data for the clinician to comment on survival.
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The fact that factors such as the ECOG performance score,
pain score, and the number of metastatic lesions in the
bone, which were proven to predict prognosis in previous
studies, could not be analysed in this study, is the main limitation of the study.

CONCLUSON
PSADT, PSAV, nadir PSA, time to nadir PSA, and time to
HRPCa are entities that can be accepted as prognostic
factors in patients with HRPCa. This study is one of the rare
studies in which all of them are handled simultaneously.
Using these entities, the clinician will have a chance to
predict survival in men with HRPCa. Thus, if there is a treatment option to be arranged according to the survival, that
will be given on a more reliable basis.
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