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Aim: The aim of this study was to determine the association of age with the clinicopathological findings, 
phenotypic expression of circulating prostate cells (CPCs) and micrometastasis, biochemical failure and 
effect of androgen blockade after radical prostatectomy for prostate cancer in Chilean men.

Methods: This is a prospective, observational, single‑center study of Chilean men who underwent radical 
prostatectomy. Three months after surgery, the peripheral blood was collected to analyze the biochemical 
failure by measuring prostate‑specific antigen (PSA) levels in the serum. The blood and bone marrow were 
collected to detect the presence of CPCs and the bone marrow micrometastasis by checking the expression 
of PSA, human epidermal growth factor receptor 2 (HER‑2), and matrix metalloproteinase 2 (MMP‑2) 
using standard immunocytochemistry. The clinicopathological findings, phenotypic expression of CPCs and 
micrometastasis, biochemical failure and effect of androgen blockade were analyzed for association with age.

Results: In total, 120/338 (36.6%) of patients were ≥ 70 years (older men). A higher frequency of 
biochemical failure occurred in older men with negative surgical margins, a Gleason score ≥ 8, and pT3 
tumors compared to patients < 70 years of age (younger men). The expression of HER‑2 and MMP‑2 was 
higher in CPCs and micrometastasis in older men. After androgen blockade, the expression of HER‑2 and 
MMP‑2 was similar in both groups. With androgen blockade, more younger men became micrometastasis 
negative (49% vs. 15%) while more older men became castrate resistant (83% vs. 43%).

Conclusion: After radical prostatectomy, the older men with pathological features of Gleason score ≥ 8, pT3 
tumors, and positive extracapsular extension had higher frequency of biochemical failure and the presence 
of CPCs. The treatment of androgen blockade was less successful to suppress the disease relapse in the older 
men than that in the younger man.
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INTRODUCTION

The 2015 National Comprehensive Cancer Network guidelines1 
recommend definitive treatment for prostate cancer in men with 
a life expectancy of  >  10  years, with radical prostatectomy as a 
standard treatment option.2,3 It has been reported that the frequency 
of adverse risk factors for treatment failure is increased in men 
older than 70  years, and this is associated with a higher risk of 
biochemical failure.2,3 However, other studies have failed to show this 
association.4,5 As such, it is unknown whether age itself is a biological 
parameter of prostate cancer aggressiveness or if it is a result of 
adverse pathological characteristics due to a later diagnosis.
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Considering these facts, we assessed the impact of age on the risk 
of biochemical failure after radical prostatectomy and analyzed the 
biological features of patients with bone marrow micrometastasis 
detected after the initial treatment. Secondary circulating tumor cells 
and bone marrow micrometastasis, each with different biological 
characteristics compared with the primary tumor, have been shown 
to increase the risk of biochemical failure.6‑11 These characteristics 
may differ in different age groups and require different therapy 
strategies. Two biomarkers’ expressions, human epidermal growth 
factor receptor 2 (HER‑2) and matrix metalloproteinase 2 (MMP‑2) 
expressions, were analyzed in circulating prostate cells (CPCs) and 
micrometastasis, both of which have been reported to be associated 
with disease aggressiveness.11‑14

HER‑2 is a member of the ErbB family of tyrosine kinase 
receptors, which is thought to play a crucial role in the growth, 
differentiation, and motility of cancer cells. In the absence of 
androgens, HER‑2 has been proposed as a survival factor for 
prostate cells, possibly by activating the androgen receptor.12,15,16 In 
in vitro cell line model studies, HER‑2 expression is found elevated 
in castrate resistant tumors and shows early involvement in the 
androgen dependence to independence switch.17,18 The proposed 
mechanism in this switch is that the HER‑2 receptor activates the 
androgen receptor by phosphorylation via the MAPK or AKT 
pathways and thus maintains the integrity of the androgen receptor 
and its function in the absence of testosterone.19,20 The expression 
of HER‑2 in bone marrow micrometastasis has been reported to 
be similar in men with and without biochemical failure; however, 
with androgen blockade, the frequency of HER‑2 positive men 
increased, implicating that HER‑2 positive cells are resistant to 
androgen blockade and are selected in an androgen‑depleted 
environment.13,21 The overexpression of HER‑2 increases the 
production of MMP‑2 by upregulating the transcription and 
activity of promoter – MMP‑2 via MAPK and P13K via androgen 
receptor activation.22,23

MMP‑2 expression in primary prostate cancer is associated 
with worse prognosis and is thought to be important in the 
dissemination and invasion of cancer cells.14,24‑27 MMP‑2 activates 
MMP‑9 which is known to activate angiogenesis and thus 
promotes the growth of both tumor and metastatic tissue.28

The objective of this study was to determine the association of 
age with the clinicopathological findings, phenotypic expression 
of CPCs and micrometastasis, biochemical failure and effect of 
androgen blockade after radical prostatectomy for prostate cancer 
in Chilean men.

METHODS

The study was approved by the Local Ethics Committee and 
was conducted in complete agreement with the “Declaration of 
Helsinki.” All patients provided written informed consent. The 
study was designed as a single‑center, prospective, observational 
study involving consecutive prostate cancer patients who 
underwent radical prostatectomy. The age, pretreatment serum 
total prostate‑specific antigen (PSA), Gleason score, pathological 
stage, extracapsular extension, infiltration of the seminal vesicles 
and lymph nodes as well as positive surgical margins, defined 
as one with cancer cells in contact with the inked surface of the 
specimen, were recorded.

Three months after surgery, patients had their blood and 
bone marrow analyzed to detect PSA‑expressing CPCs and 

micrometastasis, and the positive cases were classified according 
to their immunocytochemical staining for HER‑2 and MMP‑2. 
Patients were then followed up for serial total PSA levels, every 
3 months for the 1st year and every 6 months thereafter.

Biochemical failure was defined as serum PSA level 
of > 0.2 ng/mL; readings were taken on two occasions separated 
by at least 2  weeks. Men who suffered biochemical failure were 
treated with flutamide 250  mg t.d.s for 4  weeks and leuprorelin 
11.25 mg depot injection every 3 months until disease progression, 
defined as a rise in PSA on two occasions separated by at least 
2 weeks. Under androgen blockade, the biochemical failure cases 
underwent blood analysis for CPC detection and bone marrow 
evaluation for micrometastasis  (median observation time for 
progression was 18  months). Patients treated with androgen 
blockade not showing a rise in PSA were reevaluated at the end of 
the 2‑year study period [Figure 1].

Exclusion criteria

Men who had received or were receiving androgen blockade at the 
beginning of the study, as well as men presenting with metastatic 
disease, as defined by a positive bone scan, were excluded from 
the study.

Detection of secondary circulating prostate cells

An 8  mL of venous blood sample was collected in an 
ethylenediaminetetraacetic acid containing vacutainer (BD‑
Vacutainer®). Samples were maintained at 4°C and processed 
within 48 h. CPC detection was independently evaluated with the 
evaluators being blinded to the clinical details.

Collection of circulating prostate cells

Mononuclear cells were obtained by differential centrifugation 
using histopaque 1077 (Sigma‑Aldrich), washed, and resuspended 
in 100 µL aliquots of autologous plasma. Moreover, 25 µL aliquots 
was used to make slides (Silanized, DAKO, USA); dried in air for 
24  h; fixed in a solution of 70% ethanol, 5% formaldehyde, and 
25% phosphate‑buffered saline  (PBS), pH  7.4, for 5  min; and 
finally washed three times in PBS.

Figure 1. Flowchart of patient follow‑up
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Immunocytochemistry

Secondary CPCs were detected using a monoclonal antibody 
directed against PSA, clone 28A4  (Novocastra Laboratories, 
UK), and identified using an alkaline phosphatase – anti‑alkaline 
phosphatase‑based system  (LSAB2, DAKO, USA), with new 
fuchsin as the chromogen. A  test was considered positive for 
secondary CPCs when at least one cell positive for PSA/8 mL of 
blood was detected. The number of CPCs detected/8  mL blood 
sample was registered. Positive samples underwent a second 
staining process where half of the slides were stained for MMP‑2 
and the other half for HER‑2. For MMP‑2 staining, the slides were 
incubated with anti‑MMP‑2 clone 1B4 (Novocastra Laboratories, 
UK), for 1  h, and identified with a peroxidase‑based detection 
system  (LSAB2, DAKO, USA) with 3,3 diaminobenzidine 
tetrahydrochloride hydrate as the chromogen. The sample was 
defined positive or negative for MMP‑2 expression based on the 
Trudel’s criterion to define a cell expressing MMP‑2.14 Staining of 
MMP‑2 was membranal in location.

For HER‑2 staining, following manufacturer’s instructions, the 
slides were incubated with anti‑HER‑2 using the HercepTest® (DAKO, 
USA). A  sample was considered positive for HER‑2 expression if 
more than 10% of the cells were classified as 2 + or 3+, as described 
by Osman et al.12 HER‑2 staining was membranal in location.

Bone marrow biopsy

A bone marrow biopsy was taken from the posterior superior iliac 
crest which was used to prepare four “touch preps” using silanized 
slides (DAKO, USA). The slides were air‑dried for 24 h and fixed 
in a solution of 70% ethanol, 5% formaldehyde, and 25% PBS for 
5 min and then washed three times with PBS.

Prostate cells were detected using a monoclonal antibody 
directed against PSA, clone 28A4  (Novocastra Laboratories, 
UK), and identified using an alkaline phosphatase – anti‑alkaline 
phosphatase‑based system  (LSAB2, DAKO, USA), with new 
fuchsin serving as the chromogen. Positive samples were divided 

into equal halves and were further analyzed for the expression of 
MMP‑2 and HER‑2, as previously described. The expression of 
MMP‑2 was further characterized as being central in location or 
located at the edge of the micrometastasis [Figure 2].

Statistical analysis

Descriptive statistics were used for demographic variables, 
expressed as mean and standard deviation in case of continuous 
variables with a normal distribution. In case of an asymmetrical 
distribution, the median and interquartile range values were used. 
Noncontiguous variables were presented as frequencies. The 
Shapiro–Wilk test was used to determine a normal distribution. 
The Student’s t‑test was used to compare continuous variables 
with a normal distribution, the Mann–Whitney test for ordinate 
and continuous variables with a nonnormal distribution, and 
Chi‑squared test for the differences in frequencies. Statistical 
significance was defined as P < 0.05, and all tests were two‑sided. 
Area under the curve analysis was performed using the online 
program Vassarcalc (Vassarstats.net).

RESULTS

A total of 338 men who underwent radical prostatectomy 
participated in the study, and among them, 36.6%  (120) 
were  ≥  70  years (older men) while the remaining 63.4% (218) 
were  <  70  years  (younger men). The clinicopathological 
characteristics of the two age groups are shown in Table 1. There 
were no significant differences between the two groups with 
regards to the clinicopathological findings.

Baseline characteristics of circulating prostate cells and 
micrometastasis 3 months postsurgery

There was no significant difference between the age groups in the 
frequency of men with secondary CPCs and/or micrometastasis. 

Figure 2. (a) Circulating prostate cell prostate‑specific antigen(+) (red) matrix metalloproteinase 2(+) (brown), (b) circulating prostate cell prostate‑specific 
antigen(+) (red), HER‑2 (3+) (brown), (c) micrometastasis negative, (d) micrometastasis positive (prostate‑specific antigen ‑ red), (e) micrometastasis 
HER‑2(+),  (f) micrometastasis HER‑2 negative,  (g) micrometastasis matrix metalloproteinase 2 positive  (red with brown rim), stromal cells matrix 
metalloproteinase 2(+) (clear with brown rim)

dc

g

b

f

a

e

[Downloaded free from http://www.cancertm.com on Friday, September 02, 2016, IP: 200.9.73.103]



 Cancer Transl Med 2016;2(4)

108

However, men ≥ 70 years exhibited a higher frequency of HER‑2 
positivity in both CPCs (P < 0.013) and micrometastasis (P < 0.04) 
and a higher frequency of MMP‑2 positivity  (P  <  0.01) in 
micrometastasis, compared to younger men. Patients expressing 
both HER‑2 and MMP‑2 were more frequently found in older 
men (P < 0.002) [Table 2].

Biochemical failure

There was no significant difference in the frequency of biochemical 
failure between the age groups: 33.0% (72/218) in younger men 
vs. 41.7% (50/120) in older men (P = 0.11). In addition, there was 
no significant difference in the meantime to biochemical failure: 
3.29  ±  2.80  years in younger men vs. 4.08  ±  2.91  years in older 
men  (P  =  0.28). In both groups, the frequency of biochemical 
failure was associated with the known pathological risk factor – the 
presence of secondary CPCs and micrometastasis  [Table  3]. 
Among the groups, pT3 disease, Gleason score ≥ 8, extracapsular 
extension, and presence of secondary CPCs found significantly 
more frequently in older men [Table 3].

The association between the presence of secondary circulating 
prostate cells and pathological findings

Secondary CPCs were detected in 35.8%  (78/218) of younger 
men and 40.0%  (48/120) of older men  (P  =  0.44). In both 
groups, the frequency of secondary CPC detection increased 
with increasing pathological stage, higher Gleason score, and 
positive surgical margins. In older men, there was a significant 
association between the frequency of secondary CPC detection 
and extracapsular extension  (P  <  0.001), which was not seen in 
younger men (P = 0.44). Overall, the frequency of the secondary 
CPCs detection was significantly higher in the older men with 
pathological features of pT3 disease, Gleason score ≥ 8, and the 
positive extracapsular extension when compared to the younger 
men with the same pathological features [Table 4].

Phenotypic characteristics of secondary circulating prostate 
cells and micrometastasis and biochemical failure

In the younger group, 58/78 (74.4%) of CPC‑positive patients and 
50/82 (61.0%) of micrometastasis‑positive patients demonstrated 
biochemical failure. In the older group, 44/48  (91.7%) of 
CPC‑positive and 40/58  (69.0%) of micrometastasis‑positive 
patients demonstrated biochemical failure. There was no 
statistically significant difference between the groups in the 
frequency of biochemical failure  (P  =  0.06 for men positive for 
CPCs and P = 0.33 for micrometastasis).

The frequency of cell expression of HER‑2 and MMP‑2 of secondary 
CPCs and micrometastasis in patients who underwent biochemical 
failure is shown in Table 5. The frequency of detection of HER‑2 positive 
in the secondary CPCs and micrometastasis was significantly higher in 
men aged ≥ 70 years (P = 0.013 and P = 0.04, respectively). However, 
the rate of HER‑2 expression between CPCs and micrometastasis did 
not show a significant difference. All CPCs expressed MMP‑2 with 
no significant difference in their expression level among the groups. 
In micrometastasis, the expression of MMP‑2 was found in cells 
at the edge of the bone fragment  (peripheral distribution), which 
was significantly higher in older men (P = 0.01) than younger men. 
The frequency of HER‑2(+) and MMP‑2(+) micrometastasis was 
significantly higher in older men (P = 0.002) [Table 5].

Effect of androgen suppression treatment on micrometastasis

All micrometastasis‑positive patients, 49 younger men and 
40 older men, underwent androgen blockade. At the beginning 
of the treatment, all of them showed a decrease of serum PSA 
levels. After 2  years of treatment, 21/49  (42.9%) of younger 

Table 1. Clinicopathological characteristics of the two populations

< 70 years old   
(n = 218)  (%)

≥  70 years old   
(n = 120)  (%)

P

Age (mean ± 
SD, year)

61.1 ± 6.4 74.2 ± 3.2

PSA (ng/mL)

Mean 6.89 8.43

Median (IQR) 5.39 (4.61–7.72) 5.81 (4.95–9.00) 0.113

Pathological 
stage

T1 82 (37.6) 32 (26.7)

pT2 96 (44.0) 66 (55.0)

pT3 40 (18.4) 22 (18.3) 0.082

Gleason score

≤ 6 154 (70.6) 86 (71.7)

7 40 (18.4) 20 (16.7)

≥ 8 24 (11.0) 14 (11.6) 0.691

Extracapsular 
extension

82 (37.6) 46 (38.0) 0.894

Positive 
surgical 
margins

32 (14.7) 20 (16.7) 0.630

Seminal 
vesicle (+)

4 (1.8) 4 (3.3) 0.622

Lymph 
node (+)

2 (0.9) 2 (1.6) 0.923

MMP‑2: Matrix metalloproteinase 2; HER‑2: Human epidermal growth factor 
receptor 2; SD: Standard deviation; IQR: Interquartile range

Table 2. Presence and phenotypic characteristics of circulating prostate 
cells and micrometastasis at baseline

< 70 years old   
(n = 218)  (%)

≥ 70 years old   
(n = 120)  (%)

P

CPC positive 72 (35.8) 48 (40.0) 0.440

CPCs 
MMP‑2 (+)

72 (100) 48 (100) 1.000

CPCs 
HER‑2 (+)

17 (23.6) 23 (47.9) 0.013

Micrometastasis 
positive

82 (37.6) 58 (48.3) 0.054

Micrometastasis 
MMP‑2 (+)

13 (15.9) 23 (39.7) 0.010

Micrometastasis 
HER‑2 (+)

20 (24.4) 26 (44.8) 0.040

HER‑2 (+) 
MMP‑2 (+)

4 (4.9) 16 (27.6) 0.002

MMP‑2: Matrix metalloproteinase 2; HER‑2: Human epidermal growth factor 
receptor 2; CPCs: Circulating prostate cells
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men showed sustained increase in serum PSA compared to 
33/40 (82.5%) of older men (P < 0.001, relative risk [RR] 1.93 [95% 
confidence interval  (CI) 1.35–2.74], odds ratio  [OR] 6.29  [95% 
CI 2.34–16.96]). Repeat bone marrow biopsy in younger 
men showed 24/49  (49.0%) to be micrometastasis negative 
vs. 6/40  (15.0%) in older men  (P  <  0.001, RR 1.67  [95% CI 
1.23–2.26], OR 5.44  [95% CI 1.93–15.28]). More younger men 
had significantly become micrometastasis negative after 2 years of 
androgen blockade treatment and maintained a low serum PSA 
level (P < 0.001).

None of the men with HER‑2‑positive micrometastasis 
before androgen blockade became micrometastasis negative, 
irrespective of their age. After 2  years of androgen blockade, 
there was no difference in the frequency of HER‑2 expression in 
the micrometastasis between the age groups; however, MMP‑2 
expression was higher in older patients (P = 0.032) [Table 6].

DISCUSSION

Results from studies on the effect of age on the risk of 
biochemical failure are conflicting.2‑4 In our study, in a group 
of 328 men who underwent radical prostatectomy, there were 
no significant differences with respect to known risk factors 
for biochemical failure. In addition, there was no difference 
in the frequency of biochemical failure or the meantime to 
become biochemical failure between the two groups, which 
supports the results of previous studies.4,5 However, subgroup 
analysis showed that elderly men with Gleason score ≥ 8, pT3 
tumors, positive extracapsular extension, and presence of 
secondary CPCs, but not positive surgical margins or bone 
marrow micrometastasis, had a significantly higher frequency 
of biochemical failure.

The higher frequency of secondary CPCs in older men with a 
Gleason score ≥ 8, pT3 disease, or extracapsular extension suggests 
that they may represent a more aggressive form of the disease with 
active dissemination of tumor cells, either from bone marrow 
micrometastasis or locally from the prostate bed and surrounding 
tissues.

Our study showed that secondary CPCs and bone marrow 
micrometastasis in elderly men had a significantly higher 
frequency of HER‑2 expression. It has been reported that 
HER‑2‑positive cells in the original tumor have an increased 

Table 3. Pathological features of the two groups representing biochemical 
failure

< 70 years 
old

≥ 70 years 
old

P

Gleason score

≤ 6 34/154 (22.1) 22/86 (25.6) 0.602

7 24/40 (60.0) 14/20 (70.0) 0.453

≥ 8 14/24 (58.3) 14/14 (100) 0.021

P < 0.001 < 0.001

Pathological 
stage

pT1 6/82 (7.3) 6/32 (18.8) 0.151

pT2 40/96 (41.7) 24/66 (36.4) 0.602

pT3 26/40 (65.0) 20/22 (91.0) 0.030

P < 0.001 < 0.001

Extracapsular 
extension

Positive 46/82 (56.1) 36/46 (78.3)

Negative 50/186 (26.9) 14/74 (18.9) 0.021

P < 0.001 < 0.001

Surgical 
margins

Positive 22/32 (68.8) 16/20 (80.0) 0.572

Negative 50/186 (26.9) 34/100 (34)

P < 0.001 < 0.001

CPCs

Positive 58/78 (74.4) 44/48 (91.7) 0.021

Negative 20/140 (14.3) 6/72 (8.3)

P < 0.001 < 0.001

Micrometastasis

Positive 50/82 (61.0) 40/58 (69.0) 0.334

Negative 22/136 (16.2) 10/62 (16.1)

P < 0.001 < 0.001
MMP‑2: Matrix metalloproteinase 2; HER‑2: Human epidermal growth factor 
receptor 2; CPCs: Circulating prostate cells

Table 4. Association of the presence or absence of secondary circulating 
prostate cells with pathological findings and biochemical failure

< 70 years old   
(n = 78)  (%)

≥ 70 years old   
(n = 48)  (%)

P

Pathological 
stage

pT1 11/82 (13.4) 7/32 (21.9) 0.275

pT2 42/96 (43.8) 22/66 (33.3) 0.189

pT3 25/40 (62.5) 19/22 (86.4)

P < 0.001 < 0.001 0.047

Gleason 
score

≤ 6 34/154 (22.1) 22/88 (25.0) 0.603

7 30/40 (75.0) 13/20 (65.0) 0.425

≥ 8 14/24 (58.3) 13/14 (92.9) 0.024

P < 0.001 < 0.001

Extracapsular 
extension

Positive 32/82 (39.0) 32/46 (69.6) 0.009

Negative 46/136 (33.8) 16/74 (21.6) 0.064

P 0.44 > 0.001

Surgical 
margins

Positive 22/32 (68.8) 17/20 (85.0) 0.193

Negative 56/186 (30.1) 31/100 (31.0) 0.898

P < 0.001 < 0.001
MMP‑2: Matrix metalloproteinase 2; HER‑2: Human epidermal growth factor 
receptor 2
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ability to infiltrate blood vessels and thus escape into the 
circulation.29 These cells having disseminated before surgery are 
not affected by local treatment, may implant in distant tissues, 
and are a cause of later treatment failure. This may explain the 
significant difference in biochemical failure in older patients 
with extracapsular extension but with negative margins. This 
difference in the phenotypic characteristics of CPCs may explain 
the results of Masuda et al.,30 who reported that older men with 
negative margins and pT2 disease had a significantly higher 
frequency of biochemical failure than younger men with the 
same characteristics.

The phenotypic characteristics of CPCs and micrometastasis 
did not significantly change between the initial sample and 
biochemical failure sample. This suggests that in the presence of 
androgens, there was no selective advantage of expressing HER‑2 
or MMP‑2. The presence of CPCs was associated with known 
pathological risk factors for biochemical failure and is consistent 
that they represent a more aggressive disease.

In the presence of androgen blockade, there was a significant 
change in HER‑2 expression in both groups. Posttreatment, 
the frequency of HER‑2 expression was significantly higher 
compared to pretreatment frequencies. The fact that the 
serum PSA decreased with the start of androgen blockade is 

consistent with the theory that the sensitive HER‑2 negative 
cells are eliminated, leaving the resistant HER‑2‑positive cells 
to proliferate and grow later. The higher expression of HER‑2 in 
older men would explain why more of these patients progressed 
to castrate resistant cancer and inversely why fewer had 
eradication of micrometastasis; this has clinical implications. 
Pantel et al.31 reported that after neoadjuvant androgen blockade, 
16/21  (76.2%) of patients became negative for bone marrow 
micrometastasis while 4/21 (19.0%) had a decreased number of 
tumor cells detected. Köllermann et al.32 reported that patients 
who remained positive for bone marrow micrometastasis 
demonstrated worse prognosis after neoadjuvant androgen 
blockade. These two studies, together with our data, suggest 
that although it is possible to eradicate bone marrow 
micrometastasis, patients who remain positive will have a worse 
prognosis. In patients with HER‑2‑positive micrometastasis and 
CPCs, androgen blockade seems to be much less effective and in 
such patients, alternative treatment may be more appropriate. 
It also raises the questions that if HER‑2‑negative bone marrow 
micrometastasis can be eliminated by androgen blockade and 
whether its early use in these patients could lead to a better 
survival.

Why elderly men express a higher frequency of HER‑2 
expression is unknown. One possible explanation is that 
elderly men tend to have lower levels of testosterone,33 which 
has been associated with a more aggressive disease34 and an 
increased risk of biochemical failure.35 In men with lower 
testosterone levels, there could be selection of HER‑2‑positive 
cells, explaining the higher frequency of detection in older 
men. These HER‑2‑positive cells have an increased ability for 
vascular dissemination, possibly via MMP‑2 stimulation,21,36 
and thus escape the effects of local treatment. When implanted 
in the bone marrow, it results in a higher frequency of MMP‑2 
expression, suggesting that these cells continue with the ability 
to redisseminate. This increased expression of MMP‑2 facilitates 
dissemination of tumor cells from the micrometastasis into the 
circulation because of its gelatinase activity on the extracellular 
matrix.

In conclusion, elderly men appear to have a more aggressive 
phenotype of prostate cancer which in clinical practice is reflected 
as a higher frequency of occurrence of disease which is resistant 
to androgen blockade. The phenotypic characteristics of bone 
marrow micrometastasis and CPCs may guide the choice of 
treatment in these patients.
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Table 5. Expression of human epidermal growth factor receptor 
2 and matrix metalloproteinase 2 in circulating prostate cells and 
micrometastasis

< 70 years old   
(n = 78)  (%)

≥ 70 years old   
(n = 48)  (%)

P

CPCs

N° positive 58 (74.4) 44 (91.7)

HER‑2(+) 14 (24.1) 21 (47.7) 0.013

MMP‑2(+) 58 (100) 44 (100) 1.000

Micrometastasis

N° positive 50 (64.1) 40 (83.3)

HER‑2(+) 12 (24.0) 18 (45.0) 0.040

MMP‑2(+) 7 (14.0) 15 (37.5) 0.010

HER‑2(+) 
MMP‑2(+)

2 (4.0) 11 (27.5) 0.002

MMP‑2: Matrix metalloproteinase 2; HER‑2: Human epidermal growth factor 
receptor 2; CPCs: Circulating prostate cells

Table 6. Expression of human epidermal growth factor receptor 2 and 
matrix metalloproteinase 2 in micrometastasis of men 2 years after 
androgen blockade

< 70 years old   
(n = 49)  (%)

≥ 70 years old   
(n = 40)  (%)

P

Micrometastasis

N° positive 26 (53.1) 34 (85.0) 0.003

HER‑2(+) 17 (65.4) 29 (85.3) 0.130

MMP‑2(+) 12 (46.2) 26 (76.5) 0.032

HER‑2(+) 
MMP‑2(+)

12 (46.2) 24 (70.6) 0.090

MMP‑2: Matrix metalloproteinase 2; HER‑2: Human epidermal growth factor 
receptor 2
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