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A b s t r a c t

Whether prostate cancer recurrence can be
predicted by microvessel density (MVD) measurements
is controversial. One reason for the lack of agreement
may be the differing antibodies used to determine MVD.
We evaluated MVD using 2 different antibodies against
endothelial cells, CD31 and CD34, on 102 patients who
underwent radical prostatectomy without adjuvant
hormonal therapy. The tumors from these cases were
identified, and areas with the highest Gleason pattern
were immunostained. Average MVD determined by
CD31 (MVD/CD31) staining was significantly lower
than that obtained by MVD/CD34 staining (60.1 vs
80.3). By using Kaplan-Meier analysis, prostate-
specific antigen (PSA) recurrence was correlated with
MVD/CD31 and MVD/CD34. MVD/CD34 and
MVD/CD31 were associated strongly with PSA
recurrence on a univariate level. However, only
MVD/CD34 was an independent predictor of PSA
failure. Therefore, some of the confusion about MVD
value as a prognostic indicator may be due to the
antibodies used.

Angiogenesis is a fundamental process by which new
blood vessels are formed, and it is essential for tumor
growth.1 The clinical significance of intratumoral
microvessel density (MVD) in human prostate cancer was
first reported in 1993 by Weidner et al.2 They noted
increased density of capillaries in invasive prostate cancer.
To date, more than a dozen studies have investigated the
relationship of MVD in prostate carcinoma.2-15 The results
of these studies are inconsistent. Some studies found that
MVD is associated with tumor stage, Gleason score, or
both, while others failed to find such associations.7-15

Inconsistent study results also have occurred when evalu-
ating MVD in prostate cancer as an independent predictor
of prostate-specific antigen (PSA) failure after radical
prostatectomy.2-7

One major difference in these MVD studies on prostate
carcinoma has been the method by which MVD has been
determined. A variety of antibodies have been used,
including factor VIII–related antigen,2,6,8-13 collagen type
IV,4 vimentin,15 CD31,5,7,14 and CD34.2 CD31 has the
advantage of being the most specific antibody for endothe-
lial cells. However, Rubin et al,7 using CD31 in prostate
cancer, failed to identify an association with MVD and
pathologic stage or PSA failure in men with clinically local-
ized prostate carcinoma.7 Recently, Bettencourt et al10

reported MVD as determined by CD34 to be an indepen-
dent predictor of PSA failure.

The aim of the present study was to compare the predic-
tive value of MVD as determined by CD31 and CD34 on a
same group of patients with clinically localized prostate
cancer treated with radical prostatectomy.

Am J Clin Pathol 2000;113:555-562     555© American Society of Clinical Pathologists

D
ow

nloaded from
 https://academ

ic.oup.com
/ajcp/article/113/4/555/1757796 by guest on 16 M

ay 2023



de la Taille et al / MICROVESSEL DENSITY AS A PREDICTOR OF PSA RECURRENCE AFTER RADICAL PROSTATECTOMY

Materials and Methods

Patient Selection

We selected 152 consecutive radical prostatectomy
cases for analysis. Clinical follow-up data were available for
all cases. From these 152 cases, 50 were excluded owing to
neoadjuvant hormonal treatment (36 cases) or missing
blocks (14 cases). The mean follow-up time for the
remaining 102 cases was 3.6 years (range, 0.2-5.2 years). All
surgery was performed in 1993 at Columbia-Presbyterian
Medical Center, New York, NY.

Pathologic Examination

All radical prostatectomy specimens were evaluated in a
standard fashion. Specimens were inked and fixed in
formalin before processing. Surgical margins from the apex
and base were taken as shaved margins and cut perpendicular
to the urethral axis. These sections were considered positive
if any ink was seen on tumor cells. Alternate sections were
submitted from the apex to base. One pathologist (M.A.R.)
reviewed all cases for the present study. Pathologic T3
disease (pT3) was defined as the presence of extraprostatic
extension, seminal vesicle invasion, or both. Extraprostatic
extension was diagnosed if tumor was seen in the peripro-
static soft tissue or was seen penetrating through a fibromus-
cular capsule and coming out on the other side. The seminal
vesicle was evaluated at the junction where it enters the
prostate gland; seminal vesicle invasion was defined as
tumor seen within the fibromuscular wall of the seminal
vesicle. All pelvic lymph nodes were evaluated for the pres-
ence of metastatic disease. All cases were assigned a
Gleason score. After review of each case, the block with the
highest Gleason pattern was selected for immunohistochem-
ical staining.

Immunostaining

Standard avidin-biotin complex peroxidase immunohis-
tochemical staining was performed on 5-µm-thick sections
from paraffin-embedded formalin-fixed tissue. The mono-
clonal antibodies CD31 (MO823, Dako, Carpinteria, CA)
and CD34 (A310, Biogenex, San Ramon, CA) were used to
identify capillary sized vessels. Small and intermediate-sized
vessels away from tumor served as the internal positive
control on all cases. Two consecutive slides were used for
staining: 1 for CD31 and the other for CD34.

Counting Procedure

The counting procedure was performed in a blinded
fashion by 1 reviewer (A.T.); the reviewer was unaware of
tumor stage, overall Gleason score, and outcome results;
slides were reviewed out of order, preventing direct

comparison of individual cases. The study pathologist
circled identical areas on the CD31- and CD34-immuno-
stained slides, ensuring that the same areas were counted on
each slide. The counting method was modified from the
protocol described by Weidner et al.2 First, tumor area with
the greatest density of positive endothelial cells was circled
on each slide. The same area was circled on the other
consecutive slide to be sure that the vessels in the same area
were counted. Then, counting was performed on 10 separate
high-powered fields using an Olympus BH2 microscope
(Olympus Optical, Tokyo, Japan, serial no. OB1541) at 400·
magnification. All stained endothelial cells or cell clusters
were counted as 1 microvessel. If 2 or more positive foci
seemed to belong to a single continuous vessel, they were
counted as 1 microvessel. The presence of a lumen was not
required. The MVD count was defined as the sum of the 3
highest counts. Field size as measured with the s8-Stage
Micrometer (Graticules, Tonbridge Kent, England, serial no.
02A00404) was 0.18 mm2 for the ·400 field (objective 40·
and ocular 10·).

Clinical Progression

PSA failure was defined as a rise of serum PSA greater
than 0.2 ng/mL on 2 consecutive occasions. The time to
failure was measured from the date of surgery to the first of
the 2 consecutive elevated serum PSA levels.

Statistical Analysis

MVD and Gleason score were analyzed in categoric and
continuous fashions. The best predictive cutoff point for
MVD was determined by fitting models with different cutoff
points and choosing the model for which the association
between MVD and stage or PSA recurrence was strongest.
During this process, cutoff values were avoided that could
produce a spurious association owing to an imbalance in the
data distribution. We evaluated different cutoff values to
predict stage using chi-square and PSA recurrence using
Kaplan-Meier analyses (log-rank test). We determined our
cutoff value as the value with which both associations (ie,
stage and PSA recurrence) were found. The most predictive
cutoff values were 105 and 85 for CD34 and CD31, respec-
tively. The chi-square test was applied to identify associa-
tions between MVD counts of less than 105 for CD34 (or
<85 for CD31) and 105 or more for CD34 (85 or more for
CD31) and pathologic findings using a significance level of
.05. The pre–radical prostatectomy serum PSA level was
analyzed as a categoric variable with a cutoff of 10 ng/mL.
Kaplan-Meier analysis was used to estimate the cumulative
percentage of disease-free progression. The log-rank test was
used to assess the differences in disease-free progression
distribution for MVD, serum PSA level, and pathologic
examination results. The Mantel-Haenszel chi-square test
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was used to compare Gleason score in the pT2 and pT3
groups. The Cox proportional-hazard regression was used for
multivariate analysis.

Results

Pathologic Findings

We included 102 cases in the present study. The
median age was 62 years (range, 43-73 years). The mean
preoperative serum PSA level was 10.1 ng/mL (range, 0.7-
35.0 ng/mL). Final pathologic examination revealed 67
patients (65.7%) had pT2 disease, and 35 patients (34.3%)
had pT3 disease. Seminal vesicle invasion was found in 8
cases, and positive surgical margins were found in 18 cases
❚Table 1❚. No case had positive lymph nodes on final

pathologic analysis. Preoperative serum PSA was associ-
ated statistically with CD34 MVD (P = .04) and marginally
associated with CD31 MVD (P = .08) ❚Figure 1❚.

Immunostaining for CD31 and CD34

Immunostaining for CD31 and CD34 was successful
on all examined cases as evidenced by positive staining of
non–tumor-associated vessels. The average MVD counts,
as determined by CD31 (MVD/CD31) and CD34
(MVD/CD34), were 60.1 (range, 6-184) and 80.3 (range,
21-179), respectively. This difference was statistically
significant (Student t test, P = .001) and readily apparent
when MVD was compared retrospectively using the 2 anti-
bodies on the same case ❚Image 1❚. By using a cutoff value
of 105 for CD34 and 85 for CD31, 17 cases had an MVD
score higher than these limits for both CD34 and CD31.
But these 17 cases were not the same ❚Table 2❚. MVD

Am J Clin Pathol 2000;113:555-562     557© American Society of Clinical Pathologists

❚Table 1❚
Demographic and Pathologic Data*

CD31 85 or More and/or 
Variable Total CD34 105 or More CD31 85 or More CD34 105 or More

All patients 102 (100.0) 17 (16.7) 17 (16.7) 26 (25.4)
Preoperative prostate-specific

antigen, ng/mL
10 or less 44 (43.1) 12 (70) 11 (65) 13 (50)
>10 58 (56.9) 5 (29) 6 (35) 13 (50)

Pathologic stage
pT2 67 (65.7) 7 (41) 7 (41) 12 (46)
pT3 35 (34.3) 10 (59) 10 (59) 14 (54)
Seminal vesicle invasion 8 (7.8) 2 (12) 4 (24) 4 (15)
Surgical margins positive 18 (17.6) 4 (24) 4 (24) 6 (23)

Gleason score
<7 48 (47.0) 4 (24) 7 (41) 9 (35)
7 or more 54 (52.9) 13 (76) 10 (59) 17 (65)

* Data are given as number (percentage) of cases.

0

0

5

10

15

20

25

30

35

40

50 100

MVD CD31

S
e
ru

m
 P

S
A

 (
n

g
/m

L
)

150 200

A

0

0

5

10

15

20

25

30

35

40

50 100

S
e
ru

m
 P

S
A

 (
n

g
/m

L
)

MVD CD34

150 200

B

❚Figure 1❚ Association between microvessel density (MVD) CD31 (A, P = .08) and MVD CD34 (B, P = .04) and the preopera-
tive serum prostate-specific antigen (PSA) level.
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counts, as determined by CD31 and CD34, were associated
strongly ❚Figure 2❚ (P = .001).

Microvessel Density Associated With Stage

MVD was associated directly with stage using both
CD34 and CD31 counts. Of the cases with organ-confined
disease (pT2), 10% (7/67) had MVD/CD34 of 105 or more
vs 29% (10/35) of patients with pT3 disease (chi-square, P
= .02). For MVD/CD31, 10% (7/67) of pT2 cases had

counts of 85 or more vs 29% (10/35) of cases with pT3
disease (chi-square test, P = .02) ❚Table 3❚. MVD/CD31
was associated with seminal vesicle invasion: 24% (4/17)
of patients with an MVD/CD31 of 85 or more had seminal
vesicle invasion vs 5% (4/85) of patients with an
MVD/CD31 less than 85 (chi-square, P = .01). CD31 MVD
and CD34 MVD were combined to define a high MVD
group (at least 1 of the 2 MVD scores above the cutoff
value) and a low MVD group (CD31 <85 and CD34 <105).
The high MVD group had a stronger association with stage
than the group with an MVD/CD34 of 105 or more or the
group with an MVD/CD31 of 85 or more alone (Table 3).

Microvessel Density as a Predictor of PSA Recurrence

In 19 cases, PSA recurrence developed during a
median follow-up of 3.6 years (range, 0.2-5.2 years).
Univariate analyses were performed for MDV/CD34,
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❚Image 1❚ Comparison of immunostaining of microvessels from same tumor area using the monoclonal antibodies CD31 and
CD34.

❚Table 2❚
Association Between CD34 and CD31 (N = 102)*

MVD/CD34 <105 MVD/CD34 105 or More

MVD/CD31 <85 76 9  
MVD/CD31 85 or more 9 8  

MVD, microvessel density.
* Data are given as number of cases.
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MDV/CD31, Gleason score, preoperative serum PSA,
stage, seminal vesicle invasion, and surgical margin status
using Kaplan-Meier analysis and log-rank tests ❚Table 4❚.
A preoperative serum PSA level greater than 10 ng/mL
was associated marginally with PSA recurrence (P = .072).
All pathologic findings (stage, seminal vesicle invasion,
and surgical margins) were associated with PSA recur-
rence. Seminal vesicle invasion had the strongest associa-
tion with PSA recurrence, occurring in 88% (7/8) cases
with seminal vesicle invasion in contrast to 13% (12/94)
without seminal vesicle invasion (log-rank test, P = .0001).

For tumor angiogenesis, MVD/CD34 was associated
with an increased likelihood of PSA recurrence: the
percentage of patients with an MVD/CD34 of 105 or more
was 60% vs 23% for patients with an MVD/CD34 less
than 105 (log-rank test, P = .0009). Similarly, MVD/CD31
was associated with PSA recurrence (56% vs 24%; log-
rank test, P = .0052). Kaplan-Meier curves are shown in
❚Figure 3❚.

Multivariate analysis was performed to identify inde-
pendent predictors of PSA recurrence ❚Table 5❚ among
preoperative serum PSA level, a Gleason score of 7 or

Am J Clin Pathol 2000;113:555-562     559© American Society of Clinical Pathologists
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❚Figure 2❚ Association between CD31 and CD34 (P = .001)

❚Table 3❚
Association Between CD34/CD31 and Pathologic Findings*

CD34 CD31 CD31/CD34   

<105 >105 P <85 >85 P <85/<105 >85/105† P

Stage   .02   .02   .015     
pT2 60 7  60 7  55 12      
pT3 25 10  25 10  21 14   

Seminal vesicle invasion   .51   .01   .19     
No 79 15  81 13  72 22      
Yes 6 2  4 4  4 4   

Positive surgical margins   .48   .48   .38     
No 71 13  71 13  64 20      
Yes 14 4  14 4  12 6   

Gleason score   .027   .53   .11     
<7 45 4  42 7  40 9      
7 or more 40 13  43 10  36 17   

* Univariate analysis, Fisher exact test.
† CD31 and/or CD34 criteria apply.
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❚Figure 3❚ Prostate-specific antigen (PSA)-free survival for
microvessel density as determined by CD31 (log-rank test,
P = .0052) and CD34 (log-rank test, P = .0009) using
Kaplan-Meier curves.
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more, stage, and MVD/CD34 (105 or more) or
MVD/CD31 (85 or more). Stage (P = .0004), Gleason
score (P = .0068), and an MVD/CD34 of 105 or more (P =
.046) were independent predictors of PSA recurrence.
MVD/CD31 was marginally significant on multivariate
analysis (P = .066). The high MVD group (MVD/CD34,
105 or more and/or MVD/CD31, 85 or more) had a higher
odds ratio than the group with an MVD/CD34 of more
than 105 or the group with an MVD/CD31 of more than
85 alone (Table 5).

Discussion

Tumors stimulate angiogenesis by directly secreting
angiogenic substances or by activating and releasing angio-
genic compounds stored within the extracellular matrix.16-19

Tumor-associated vascularity also can be enhanced by angio-
genic substances secreted by tumor infiltrating lymphocytes,
macrophages, or mast cells.17,18 The end result is the activation
of nearby endothelial cells, which respond by expressing a cell
autonomous pattern of behavior that culminates in the forma-
tion of new vessels.

In prostate cancer, studies associating tumor neovascu-
larity and pathologic findings suggest that angiogenesis
contributes to the pathogenesis of prostate cancer.2,11,13,15 An
association between localized and advanced disease has been
documented,2 and recent data suggest that MVD may improve
our ability to predict extraprostatic extension of carci-
noma.11,14 Mean microvessel counts are significantly greater in
the primary tumors of patients with metastatic disease than in
those without metastases, and an association between MVD
and increasing Gleason score has been observed.2

More than a dozen studies have investigated the relation-
ship of MVD and tumor stage2-15 in the clinically localized
prostate cancer group having undergone radical prostatectomy,
but there is no consensus about the association between stage
and MVD. Three studies reported an association.8,10,14 Rubin
et al7 recently reported experience with MVD as determined
by CD31 and failed to find a statistical association between
MVD and stage or Gleason score like Silberman et al5;
Silberman et al,5 however, reported only on cases with
Gleason scores between 5 and 7. Barth et al12 found no signifi-
cant association between MVD and stage. Interestingly, 2
different groups reported the use of MVD on prostate needle
biopsies to predict stage.13,14 MVD of the cancer on biopsy
showed a positive association with matched prostatectomy
specimens and was an independent predictor of extraprostatic
extension.13,14

560 Am J Clin Pathol 2000;113:555-562    © American Society of Clinical Pathologists

❚Table 4❚
Prostate-Specific Antigen (PSA) Recurrence Using Kaplan-
Meier Analysis for CD34 and CD31 and Parameters

Variable Percentage of PSA Recurrence P*

Preoperative PSA, ng/mL  .072
10 or less 22
>10 39

Stage  .0001
pT2 11
pT3 60

Seminal vesicle invasion  .0001
No 13
Yes 88

Positive surgical margins  .028
No 22
Yes 47

Gleason score  .0001
<7 8
7 or more 44

Microvessel density       
CD34  .0009
<105 23
105 or more 60
CD31  .0052
<85 24
85 or more 56

CD31/CD34  .001
CD31 <85 and CD34 <105 21
CD31 85 or more and/or CD34  51
105 or more 

* Log-rank test.

❚Table 5❚
Multivariate Analysis Comparing MVD/CD34 (or MVD/CD31) and Serum PSA, Gleason Score, and Pathologic Stage as
Predictors of PSA Recurrence After Radical Prostatectomy*

CD34 CD31 Both CD34 and CD31

Odds Ratio P Odds Ratio P Odds Ratio P

PSA >10 ng/mL 0.75 (0.33-1.72) .4999 0.66 (0.27-1.58) .3534 0.91 (0.40-2.04) .816  
Gleason score 7 or more 5.65 (1.61-19.82) .0068 6.40 (1.81-22.66) .0040 5.75 (1.65-20.06) .0059  
Stage pT3 5.04 (2.05-12.40) .0004 4.64 (1.85-11.65) .0011 4.99 (1.98-12.60) .0007  
MVD CD34 105 or more 2.27 (1.01-5.11) .0461 — —   
MVD CD31 85 or more —  2.28 (0.95-5.48) .0659 —   
MVD CD34 105 or more — — 2.62 (1.20-5.67) .0149  
and/or CD31 85 or more

MVD, microvessel density; PSA, prostate-specific antigen.
*Parenthetical data show confidence intervals.
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Several groups have found MVD to be a predictor of
PSA-failure. For Silberman et al5 (using CD31) and
Bettencourt et al10 (using (CD34), MVD was an indepen-
dent predictor of PSA recurrence. In contrast, Gettman et al6

(using factor VIII) found that MVD did not predict PSA
failure (on univariate or multivariate analysis). In a previous
study using CD31, Rubin et al7 did not find that MVD
predicted PSA failure. In the present study, we found
MVD/CD34 to be an independent predictor of PSA failure.
MVD/CD31 was marginally statistically significant for
predicting PSA recurrence. However, the risk ratio for
MVD/CD31 also was high, and the lack of statistical signifi-
cance for MVD/CD31 probably is attributable to the higher
variability of this measurement.

Two significant problems can be identified in studies of
MVD: the antibodies and the selected population. Most of the
cited studies are retrospective and focused on a select group of
patients: Silberman et al5 studied only patients with tumor
grade between 5 and 7. In their study, MVD was an indepen-
dent predictor. Gettman et al6 focused on a patient population
with pT2 disease and found that MVD was not significant on
univariate or multivariate analysis. Bettencourt et al10

described 149 patients who underwent radical prostatectomy
between 1986 and 1992, and they found MVD to be an inde-
pendent predictor of PSA recurrence. In a previous study,
Rubin et al7 evaluated CD31 in a representative cross-section
of cases from Columbia-Presbyterian Medical Center in a
case-control fashion; MVD did not predict stage or PSA recur-
rence. In the present study, we selected consecutive radical
prostatectomy cases all done during 1 calendar year.

The second concern when evaluating MVD is the anti-
body choice. There is no consensus in the literature about the
“best” antibody to use. In a previous study, Rubin et al7

reported that MVD/CD31 was not a predictor of stage or PSA
recurrence. In the present study, we used both CD34 and
CD31. Our results suggest that CD34 might be slightly more
useful than CD31. CD34, a myeloid progenitor cell antigen
also present in endothelial cells, is detectable in all types of
endothelium. The monoclonal antibody reacts with endothe-
lium of arteries and venules. CD31 is known to be more
specific for endothelial cells. Therefore, it is not surprising that
the average MVD was lower when determined by CD31
compared with CD34.

Another interesting finding in the present study was
the strong association between preoperative PSA level and
MVD. Other studies20,21 have shown that the neovessels
have an aberrant structure. These tumor-associated vessels
have fenestrated capillaries and thinner basement
membranes than normal, similar sized vessels. These leaky
vessels may, in part, explain why tumors with a higher
MVD are associated with an elevated serum PSA level.
Alternatively, tumor volume, which has an association with

the serum PSA level, also may account for this observation.
However, the present study did not evaluate tumor volumes.
These associations are being studied in an ongoing
prospective study on angiogenesis.

Conclusions

In the present study, high MVD/CD34 and MVD/CD31
were associated statistically with pT3 disease. MVD, as deter-
mined by CD34, was an independent predictor of PSA recur-
rence. The variation in previously reported studies on the role
of MVD in prostate cancer may be due to the antibodies and
the cutoff levels used and to the population studied.
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