
Abstract. Background/Aim: New markers for ovarian
cancer are needed. This study aimed to examine the
expression of tumour cell p53 and endothelial cell CD31
proteins and correlate them to clinicopathological factors.
Patients and Methods: Expression of proteins was
immunohistochemically assessed using tissue sections from
585-599 ovarian cancer patients from the Danish MALOVA
study. Results: High CD31 expression was found in poorly
differentiated tumours (p=0.0006), and high p53 expression
was found in poorly differentiated cancers (p<0.0001), high
clinical stage (p<0.0001), non-radical surgery (p<0.0001)
and high serum CA-125 values (p<0.0001). CD31
expression showed no prognostic survival value, but high
hazard ratios were found for patients with high p53
expression (HR=2.313, p<0.0001). An interaction was
found between p53 and stage of cancer, suggesting a
prognostic impact of p53 in low-stage, but not in advanced-
stage cancer. Conclusion: More than 5% of p53 tissue
expression may predict shorter survival of ovarian cancer
patients and may be useful for predicting the risk of disease
progression in low-stage patients following primary surgery.
CD31 has no strong prognostic value.

Cancer of the ovaries is the ninth most frequently diagnosed
cancer in women (1). Due to the lack of symptoms, most
patients are diagnosed at a late clinical stage, efficaciously
reducing survival. Six-year survival rate of Danish ovarian

and peritoneal cancer patients (years 2005-2011) ranged
from 80% for stage I patients to 10.8 % for stage IV patients
(www.dgcg.dk). Therefore, biomarkers of molecular
changes specific for ovarian cancer (OC) development and
progression are required in order to stratify patients to risk
groups.

OCs vary in clinical behaviour and are classified into
histological subtypes (serous, mucinous, endometrioid and
clear cell) (2). Negative prognostic indicators for OC include
advanced FIGO stage, high tumour grade, incomplete
surgical tumour resection and mutations in proto-oncogenes
Kirsten rat sarcoma virus (KRAS), V-RAF murine sarcoma
viral oncogene homolog B1 (BRAF) and tumour suppressor
p53 (TP53) (3-6). Other suggested prognostic indicators are
markers for angiogenesis (7).

Synthesis and rearrangement of blood vessels are
necessary during massive tumour growth, where the cells
depend on oxygen and nutrients as well as discharge of
waste substances by the blood stream, and the majority of
tissue cells are found within 100 μm from blood supply (8).
Angiogenesis in tumour growth can be studied using
immunohistochemistry, which can detect endothelial cell-
specific proteins, such as platelet endothelial cell adhesion
molecule-1 (PECAM-1/CD31) (9). 

CD31 protein is present on endothelial cells in
intratumoural microvessels of cancers such as OC (10). In
OC, conflicting results have been obtained regarding the
correlation of high CD31 expression with advanced disease
and poor survival (11-18).

An important gene involved in cell-cycle regulation, DNA
repair and apoptosis is the TP53 gene located on
chromosome 17 and encoding the tumour suppressor protein
p53 (19, 20). TP53 is a frequently mutated gene in cancer
including OC (6, 20). Most mutations in TP53 lead to a non-
functional p53 protein with increased stability that may be
detected by immunohistochemistry as an accumulation of
p53 protein in tumour cells (20). 
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The objective of this study was to examine vessel CD31
expression and the tumour cell expression of p53 protein in
a large number of well-defined histologically different OC
tissue sections from a cohort of Danish patients with OC and
correlate these to clinicopathological factors. 

Patients and Methods
Patient characteristics. Patient data set were retrieved from the
MALOVA (MALignant OVArian) cancer study (21, 22). MALOVA
is a Danish multicenter study, designed to identify risk factors and
prognostic markers for OC. A total of 633 tissue samples obtained
from the primary operation of women diagnosed with OC were used
(23-25). The sample material was collected from the gynaecological
departments of 18 Danish hospitals. OC cases were histologically
graded as well, moderately or poorly differentiated based on
hematoxylin and eosin (HE)-stained tissue sections. Clinically, they
represented FIGO stages I-IV according to the guidelines from the
International Federation of Gynaecologists and Obstetricians. The
OCs were histologically subclassified as carcinoma NOS (not
otherwise specified), serous well/moderately differentiated, serous
poorly differentiated, mucinous, endometrioid or clear-cell carcinoma
on one side and non-epithelial ovarian tumours on the other (Table
I). The study was performed following permission by the Scientific
Ethical Committees (study reference number KF01-384/95). 

Immunohistochemical staining of CD31 and p53. Tissues were fixed
in formalin at room temperature, embedded in paraffin and used for
tissue array analyses with 2 mm (diameter) large tissue cores
obtained from each paraffin block. Immunohistochemical staining
of 2 μm tissue sections was performed according to the
manufacturer’s recommendations (Dako A/S, Glostrup, Denmark).
After deparaffinization and antigen-retrieval, the tissue sections
were incubated with the monoclonal CD31 (clone JC70A, Dako)
antibody (diluted 1:40) or the monoclonal antibody DO7 (Dako)
against p53 (diluted 1:400) for 1 h at room temperature according
to the manufacturer’s recommendations (23). The DO7 antibody has
been reported to detect both wild type and mutated p53 protein (26).
Due to lack of material, the absence of sufficient tumour tissue or
inadequate tissue, 34-48 samples were excluded.

Scoring of immunohistochemistry. Samples from 599 and 585 OCs
were scored for CD31 and p53 expression, respectively. Slides were
scored semi-quantitatively by two experienced observers. Only
distinct CD31 membrane staining of endothelial cells and nuclear
p53 staining of ovarian tumour cells were considered. CD31
immunoreactivity was categorized as negative (0), weak (1),
moderate (2) or strong (3) and p53 staining was calculated as the
percentage of positive tumour cell nuclei and transformed into a
two-tiered scale – negative for no p53 expression and positive for
p53 expression above 5% (23). p53 was scored dichotomized with
5% as the threshold.

Statistical analysis. The Chi-square test was used to calculate any
differences in CD31 and p53 expression between tumour types,
FIGO stages or differentiation grades. Any association between
continuous variables (CA-125) and other countable variables was
evaluated using the Kruskal–Wallis test. Univariate survival analysis
was performed with Kaplan–Meier and Log rank significance test
to evaluate any prognostic value of CD31 and p53 expression.

Univariate Cox proportional hazard ratios (HRs) were calculated to
analyse impact of CD31 and p53 expression/level on survival.
Multivariate analysis was carried out using Cox proportional HRs
stratified by chemotherapy group and adjusted for markers, FIGO
stage, differentiation grade, histological tumour type, age and
radicality of surgery and tests for interaction were also performed.
HRs are provided with 95% confidence intervals (CI). Overall
survival (OS) and disease specific survival (DSS) were defined as
time from primary surgery until death of any cause or death from
OC, respectively. Progression-free survival (PFS) was calculated
from the date of surgery to the date of documented disease
progression (clinical and/or biochemical). Statistical significance
was considered at the 5% probability level in all cases (p≤0.05). All
statistical calculations were performed with SAS (v9.4, SAS
Institute, Cary, NC, USA). 

Results

Clinical characteristics. A total of 633 patients diagnosed
with OC were included in this study (Table I). As
anticipated, most of the OC cases had well/moderately
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Table I. Clinical characteristics of ovarian cancer patients.

Characteristics                                                             Ovarian cancer

                                                                                      N                (%)
  
Number                                                                       633                   
FIGO stage                                                                  633                   
  I                                                                                 180              (28)
  II                                                                                  66              (10)
  III                                                                              332              (53)
  IV                                                                                55                (9)
Histological tumour type                                           633                   
  Carcinoma NOS                                                         43                (7)
  Serous well /moderate diff adenocarcinoma         241              (38)
  Serous poorly diff adenocarcinoma                       137              (22)
  Mucinous adenocarcinoma                                        54                (9)
  Endometrioid adenocarcinoma                                  84              (13)
  Non-epithelial ovarian tumours                                 27                (4)
  Clear-cell carcinoma                                                  47                (7)
Chemotherapy (681)                                                   633                   
  No chemotherapy                                                     162              (26)
  Non-platinum chemotherapy                                     55                (9)
  Platinum-based chemotherapy                                416              (66)
Differentiation grade                                                  632                   
  Well                                                                           155              (25)
  Moderate                                                                   229              (36)
  Poorly                                                                       248              (39)
Radicality of surgery                                                  633                   
  Radical surgery                                                        247              (39)
  Non-radical surgery                                                 386              (61)
Serum CA-125                                                           422                   
                                                                                 Median     (minimum, 
                                                                                                   maximum)
  Serum CA-125 value                                               378         (2,165150)

NOS: Not otherwise specified; Diff: differentiation.



differentiated or poorly differentiated serous adenocarcinoma
(60%). With respect to FIGO stage, OCs were mainly
diagnosed at the later clinical stage III (53%). According to
the Danish gynaecology cancer group (DGCG) guidelines,
most OC patients, except for a subgroup of low stage
patients, are treated with platinum-based anti-cancer drugs
(66% in our data set), often carboplatin in combination with
a taxane (www.dgcg.dk).

CD31 expression and clinical characteristics. Detection of
CD31 immunoreactivity and its association with
clinicopathological features are shown in Table II. No
significant association was found between CD31 staining of
OCs on one side and FIGO stage (p=0.2569), radicality of
surgery (p=0.9123) or serum level of CA-125 (p=0.6556) on
the other. On the contrary, a significant inverse correlation
was found between differentiation grade of tumour and

CD31 expression (p=0.0006) corresponding to an increase
in CD31 expression in poorly differentiated tumours (2-3,
32%) as opposed to well differentiated carcinomas (2-3,
17%). The CD31 expression levels in OCs were not the same
across different histological tumour types (p<0.0001).
Higher expression of CD31 was found in carcinoma NOS
and endometrioid carcinomas (2-3, 54-55%), and lower
levels were seen in serous well/moderately differentiated and
poorly differentiated, mucinous, clear-cell and non-epithelial
tumours (0-1, 67-89%) (Table II). 

p53 and clinical characteristics. Significant differences in
high and low detection scores for p53 in OC were seen in
relation to FIGO stage (p<0.0001) and differentiation grade
of the tumours (p<0.0001) (Table II). High scores of p53
protein were found in advanced FIGO stages III-IV (56%)
compared to low FIGO stages I-II (25%) and in poorly
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Table II. Univariate analysis of the relationship between CD31 expression, p53 protein expression and clinical characteristicsd. 

Clinical variable                                                                               Endothelial CD31 presencea                                        p53 presenceb

                                                                                              0                     1                    2                  3         p-Value         ≤5%             >5%           p-Value

                                                                                                                            N (%)                                                                 N (%)      
                                                                                                                                                                                                                       
FIGO stagec                                                                        123                329                130              17        0.2569           327               258           <0.0001
  I                                                                                     40 (23)           83 (48)          45 (26)          5 (3)                        126 (78)        35 (22)               
  II                                                                                    13 (21)           35 (57)          12 (19)          2 (3)                         43 (68)         20 (32)               
  III                                                                                   61 (20)          173 (56)         67 (22)         10 (3)                       134 (44)       174 (57)              
  IV                                                                                   9 (17)            38 (72)           6 (11)           0 (0)                         24 (45)         29 (55)               
Histological tumour typec                                                 123                329                130              17       <0.0001         327d             258d          <0.0001
  Carcinoma NOS                                                             3 (8)             15 (39)          19 (49)          2 (5)                         21 (53)         19 (48)               
  Serous adenocarcinoma Well/moderate Diff grade        62 (27)          141(62)          22 (10)          1 (0)                        122 (53)       107 (47)              
  Serous adenocarcinoma Poorly diff grade                  26 (20)           77 (60)          23 (18)          2 (2)                         40 (30)         95 (70)               
  Mucinous adenocarcinoma                                          12 (23)           23 (44)          13 (25)          4 (8)                         44 (86)          7 (14)                
  Endometrioid adenocarcinoma                                      5 (6)             32 (39)          39 (48)          6 (7)                         59 (71)         24 (29)               
  Non-epithelial ovarian tumours                                    8 (31)            11 (42)           6 (23)           1 (4)                               -                   -                    
  Clear-cell carcinoma                                                     7 (15)            30 (65)           8 (17)           1 (2)                         41 (87)          6 (13)                
Differentiation gradec                                                        123                329                130              17        0.0006           326               258           <0.0001
  Well                                                                               44 (31)           76 (53)          24 (17)          0 (0)                        104 (74)        37 (26)               
  Moderate                                                                       38 (17)          135 (61)         41 (19)          8 (4)                        129 (60)        87 (40)               
  Poorly                                                                            41 (18)          118 (51)         65 (28)          9 (4)                         93 (41)        134 (59)              
Radicality of surgeryc                                                        123                329                130              17        0.9123           327               258           <0.0001
  Radical surgery                                                             50 (21)          127 (54)         54 (23)          6 (3)                        167 (74)        59 (26)               
  Non-radical surgery                                                      73 (20)          202 (56)         76 (21)         11 (3)                       160 (45)       199 (55)              
p53 expressionb,c                                                                110                 316                124              16        0.4742                                                       
  ≤5%                                                                               61 (19)          174 (55)         68 (22)         12 (4)                                                                        
  >5%                                                                               49 (20)          142 (57)         56 (22)          4 (2)                                                                         
Serum CA-125c                                                                   90                  222                 81               12        0.6556           227               167           <0.0001

                                                                                                                 Median (min, max)                                           Median (min, max)                
Serum CA-125 value                                                         287                471               332             134                            261              548                 
                                                                                      (2,165150)      (4,13529)      (6,32659)    (14,3068)                  (2,165150)    (4,32659)

min: Minimum; Max: maximum; NOS: not otherwise specified; Diff: Differentiation. a0, negative; 1, weak; 2, moderate; 3, high. bPercentage positive
tumour cells. cOvarian cancers only, borderline tumours excluded. dNon-epithelial ovarian tumours excluded from data set used for detection of
p53 protein.



differentiated tumours (59%) compared to well differentiated
tumours (26%). High and low expression of p53 in OC were
not evenly distributed among different histological tumour
subtypes (p<0.0001). High levels were found in serous
poorly differentiated carcinomas (70%, >5%) and low levels
in mucinous (86%, ≤5%) and clear-cell carcinomas (87%,
≤5%). Moreover, significantly higher p53 tumour levels were
detected in patients with residual tumour after primary
surgery (55%) as opposed to radically operated patients
(26%) and in patients with high CA-125 serum levels
(median 548 U/ml) as opposed to patients with low CA-125
levels (median 261 U/ml) (p<0.0001). 

Clinicopathological variables and survival. At follow-up, 479
patients with OC had died (75.7%), 426 from OC. Median
follow-up time was 177.9 months (range=153.3-205.7 months). 

Univariate proportional hazard regression analysis of the
patient data (599 patients) with respect to OS, DSS and PFS
showed no prognostic value of CD31 expression (p>0.05)
(Table III). Significantly higher HRs were found for OC
patients with high detected levels of the p53 protein (HR
OS=2.011, p<0.0001; DSS=2.313, p<0.0001 and
PFS=2.446, p<0.0001). Significantly higher HRs were
found for patients with advanced FIGO stage, compared to
low FIGO stage (HR OS FIGO IV vs. I 13.777, p<0.0001;
HR DSS FIGO IV vs. I 21.250, p<0.0001; HR PFS FIGO
IV vs. I 16.492, p<0.0001). Compared to serous poorly
differentiated adenocarcinomas, clear cell (p<0.0001),
endometrioid (p<0.0001) and mucinous adenocarcinomas
(p<0.0001) as well as serous well/moderately differentiated
adenocarcinomas (p≤0.0001-0.0006) showed significantly
lower HRs with respect to overall, disease specific survival
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Table III. Univariate analysis of overall survival (OS), disease-specific survival (DSS) and progression-free survival (PFS) with respect to CD31
expression (1,2,3), expression of p53 protein (>5%) compared to absence of CD31 protein (0) or p53 protein (≤5%)a.

Covariate                                                        HR             95%CI          p-Value         HR           95%CI          p-Value         HR           95%CI         p-Value

                                                                                             OS                                                     DSS                                                     PFS
                                                                                                                                                                                                                       
CD31 expressionb (N=599)                                                                                                                                                                                           
  1 vs. 0                                                         1.071       0.844-1.358     0.5724        1.142      0.872-1.494       0.3346        1.189     0.905-1.561      0.2142
  2 vs. 0                                                         0.948       0.712-1.263     0.7174        1.004      0.727-1.386       0.9817        1.018     0.734-1.414      0.9130
  3 vs. 0                                                         0.879       0.482-1.603     0.6733        0.959      0.495-1.859       0.9009        0.989     0.494-1.981      0.9752
p53 protein expressionc (N=585)                                                                                                                                                                                  
  >5% vs. ≤5%                                             2.011       1.660-2.437  <0.0001        2.313      1.868-2.866    <0.0001        2.446     1.970-3.038   <0.0001
FIGO stage (N=633)                                                                                                                                                                                                     
  II vs. I                                                         2.215       1.518-3.231  <0.0001        3.514      2.126-5.808    <0.0001        4.082     2.651-6.285   <0.0001
  III vs. I                                                       5.695       4.387-7.393  <0.0001        9.875      6.738-14.474  <0.0001        9.063     6.457-12.720 <0.0001
  IV vs. I                                                     13.777       9.553-19.870<0.0001      21.250    13.371-33.770  <0.0001      16.492   10.292-26.429 <0.0001
Histological tumour type (N=633)                                                                                                                                                                                
  Clear cell vs. Serous 
  adenocarcinoma poorly diff grade            0.346       0.225-0.532  <0.0001        0.369      0.229-0.594    <0.0001        0.301     0.189-0.481   <0.0001
  Endometrioid vs. Serous 
  adenocarcinoma poorly diff grade            0.373       0.269-0.518  <0.0001        0.333      0.227-0.487    <0.0001        0.314     0.220-0.448   <0.0001
  Mucinous vs Serous adenocarcinoma 
  poorly diff grade                                        0.316       0.208-0.480  <0.0001        0.291      0.176-0.479    <0.0001        0.230     0.140-0.379   <0.0001
  NOS vs. Serous adenocarcinoma 
  poorly diff grade                                        1.413       0.986-2.024     0.0596        1.479      1.011-2.164       0.0436        1.236     0.851-1.796      0.2654
  Non-epithelial ovarian tumours vs.
   Serous adenocarcinoma poorly diff grade  0.550       0.335-0.902     0.0179        0.600      0.350-1.029       0.0636        0.413     0.237-0.720      0.0018
  Serous adenocarcinoma well/moderate 
  diff grade vs. Serous adenocarcinoma 
  poorly diff grade                                        0.662       0.528-0.829     0.0003        0.655      0.514-0.835       0.0006        0.598     0.472-0.757   <0.0001
Differentiation grade (N=632)                                                                                                                                                                                      
  Well vs. Poorly                                          0.462       0.359-0.594  <0.0001        0.378      0.281-0.508    <0.0001        0.400     0.300-0.535   <0.0001
  Moderate vs. Poorly                                  0.689       0.560-0.847     0.0004        0.657      0.525-0.824       0.0003        0.645     0.513-0.812      0.0002
Radicality of surgey (N=633)                                                                                                                                                                                       
  Non-radical surgery vs. radical surgery   4.531       3.650-5.624  <0.0001        6.949      5.248-9.203    <0.0001        7.041     5.396-9.188   <0.0001
Serum CA-125 (N=422)                                                                                                                                                                                                
  2-fold difference                                        1.170       1.125-1.217  <0.0001        1.192      1.141-1.246    <0.0001        1.195     1.144-1.248   <0.0001

NOS: Not otherwise specified; Diff: differentiation. aOvarian cancers only, borderline tumours excluded. b0, negative; 1, weak; 2, moderate; 3,
high. cPercentage positive tumour cells.



and PFS. A significantly lower HR for non-epithelial
ovarian tumours compared to serous poorly differentiated
adenocarcinomas was also found with respect to OS and
PFS (p=0.0179 and p=0.0018). 

Low HRs were found in well differentiated OC compared
to poorly differentiated tumours (HR OS=0.462, p<0.0001;
HR DSS=0.378, p<0.0001; HR PFS=0.400, p<0.0001) and
high HRs were found for patients with residual tumour after

primary surgery (p<0.0001) and patients with high levels of
serum CA-125 (p<0.0001) (Table III). 

In accordance with the hazard regression results, the
Kaplan–Meier estimates of DSS and PFS, revealed a
significantly shorter survival of OC patients with high levels
of p53 protein compared to patients with low levels of p53
(p<0.0001) (Figure 1B and D). Categorising patients
according to CD31 expression levels (0,1,2,3) did not show
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Table IV. Multivariate analysis of overall survival (OS), disease-specific survival (DSS) and progression-free survival (PFS) of ovarian cancer
patients (N=379)a,b,f

Clinical variable                                            HR             95%CI          p-Value         HR           95%CI          p-Value         HR           95%CI         p-Value

                                                                                             OS                                                     DSS                                                     PFS

Endothelial CD31 expressionc                                                             0.9809                                                  0.9596                                               0.9521
  1 vs. 0                                                         0.944       0.682-1.306                        0.945      0.671-1.332                          0.922     0.666-1.277        
  2 vs. 0                                                         0.998       0.663-1.502                        0.974      0.637-1.489                          0.983     0.652-1.484        
  3 vs. 0                                                         0.960       0.399-2.308                        0.797      0.329-1.935                          0.873     0.366-2.086        
p53 protein presenced                                                                           0.0339                                                  0.0002                                             <0.0001
  >5% vs. ≤5%                                             1.341       1.022-1.758                                                                                                                              
FIGO stage                                                                                          <0.0001                                               <0.0001                                             <0.0001
  II vs. I                                                        1.846       0.838-4.066                                                                                                                              
  III vs. I                                                       4.411       2.128-9.144                                                                                                                              
  IV vs. I                                                       7.508       3.389-16.635                                                                                                                            
Interaction                                                                                                                                                                                                                      
p53 protein expression x FIGO stagee                                                                                                             0.0037                                               0.0043
  ≤5% vs. >5% at FIGO stage I                                                                              0.110      0.035-0.348                          0.146     0.058-0.369        
  ≤5% vs. >5% at FIGO stage II                                                                            0.330      0.117-0.932                          0.649     0.264-1.597        
  ≤5% vs. >5% at FIGO stage III                                                                           0.851      0.608-1.191                          0.872     0.636-1.197        
  ≤5% vs. >5% at FIGO stage IV                                                                           0.599      0.302-1.192                          0.842     0.426-1.664        
                                                                                                                                                                                                              
Histological tumour type                                                                      0.2369                                                  0.0648                                               0.1013
  Clear cell vs. Serous 
  adenocarcinoma poorly diff grade            1.563       0.811-3.014                        2.345      1.171-4.694                          1.765     0.917-3.396        
  Endometrioid vs. Serous 
  adenocarcinoma poorly diff grade            0.980       0.607-1.582                        1.123      0.667-1.893                          0.916     0.564-1.488        
  Mucinous vs. Serous adenocarcinoma 
  poorly diff grade                                        1.095       0.500-2.395                        1.085      0.503-2.343                          1.120     0.514-2.441        
  NOS vs. Serous adenocarcinoma 
  poorly diff grade                                        1.131       0.653-1.959                        1.285      0.716-2.306                          1.002     0.574-1.747        
  Serous adenocarcinoma well/moderate 
  diff grade vs. Serous adenocarcinoma 
  poorly diff grade                                        0.783       0.577-1.064                        0.836      0.606-1.153                          0.752     0.552-1.025        
Radicality of surgery                                                                            0.0001                                                  0.0001                                             <0.0001
  Non-radical surgery vs. radical surgery   2.588       0.585-4.225                        2.795      1.651-4.732                          2.811     1.714-4.610        
                                                                                                                                                                                                              
Age                                                                                                        0.2211                                                  0.0126                                               0.2134
  10-year interval                                         1.087       0.951-1.242                        1.202      1.040-1.390                          1.089     0.952-1.245        
                                                                                                                                                                                                              
Serum CA-125                                                                                      0.8926                                                  0.9969                                               0.6453
  2-fold difference                                        0.996       0.940-1.056                        1.000      0.941-1.063                          0.986     0.931-1-045       

NOS: Not otherwise specified; Diff: differentiation. aOvarian cancers only, borderline tumours excluded. bStratified by treatment (No chemotherapy,
non-platinum chemotherapy or platinum-based chemotherapy). Adjusted for all variables (markers, FIGO stage, differentiation grade, histological
tumour type, age and radicality of surgery). c0, negative; 1, weak; 2, moderate; 3, high. dPercentage positive tumour cells. eFor DSS analysis an
effect modulation was seen for p53 protein expression and FIGO stage. fDifferentiation grade not included as serous adenocarcinoma is separated
into high grade and low-grade carcinomas.



any significant differences in DSS or PFS (p=0.54 and
p=0.65) (Figure 1A and C).

Multivariate survival analysis. Independent prognostic
indicators are listed in Table IV. As expected, FIGO stage
(HR OS IV vs. I 7.508, p<0.0001) and radicality of surgery
(HR OS=2.588, p=0.0001; HR DSS=2.795, p=0.0001; HR
PFS=2.811, p<0.0001) remained prognostic predictors in the

multivariate analysis. Also, increasing age at diagnosis
correlated with decreased DSS (HR=1.202, p=0.0126), but
not with OS and PFS. 

In the OS, DSS and PFS analysis, p53 was identified as an
independent prognostic factor (p=0.0339, p=0.0002 and
p<0.0001, respectively), and a significant interaction was
found between p53 protein expression and FIGO stage
(p=0.0037, DSS and p=0.0043, PFS), suggesting a high
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Figure 1. Kaplan–Meier plot of progression-free survival (PFS) (A-B) and disease-specific survival (DSS) (C-D) based on CD31 expression (A, C)
and p53 levels (B, D). A significant improved survival was found for patients with low levels of p53 (B, D).



impact of p53 on predicting prognosis in low stage patients
(p53≤5% vs. >5%) (HR DSS FIGO I 0.110; HR PFS FIGO I
0.146), and not in advanced stage patients (HR DSS FIGO
IV=0.599; HR PFS FIGO IV=0.842).

A subgroup analysis restricted to serous histology was
considered but not performed as a significant interaction
between serous histology and p53 could not be demonstrated
(p=0.10).

p53 and tumour progression of FIGO stage I patients. A
significant association was found between disease progression
after primary surgery and accumulation of p53 protein in the

resected tumour tissue (p=0.0005) (Table V). As many as
89% (81/91) of the FIGO stage I patients with low levels of
p53 protein failed to show disease progression during follow-
up, in contrast to 56% (10/18) of patients with high levels of
p53 protein (Table V). The 18 tumour types that progressed
were 3 clear cell carcinomas (p53 ≤5%), 7 endometrioid
adenocarcinomas (p53 ≤5%=4, p53 >5%=3), 4 well/moderate
differentiated serous adenocarcinomas (p53 ≤5%=2, p53
>5%=2), 3 poorly differentiated serous adenocarcinomas (p53
≤5%=1, p53 >5%=2) and 1 mucinous adenocarcinoma (p53
>5%).

Also, the Kaplan–Meier estimate of PFS, revealed a
significantly longer survival of stage I OC patients with low
levels of p53 compared to patients with high levels of p53
protein (p<0.0001) (Figure 2).

Discussion

In line with previous studies, advanced FIGO stage and
residual tumour after surgery were significantly associated
with poor prognosis, both in terms of OS, DSS and PFS, and
remained independent prognosticators in multivariate
analysis (3-5, 27-35). Advanced age at diagnosis contributed
independently to DSS but not to OS, in agreement or in
contrast with the findings of other studies (5, 12, 18, 27-32,
34, 35). Several factors may impact the relationship between
age and mortality, like advanced stage at diagnosis, poor
physical health, chemotherapy side effects, and a more
conservative treatment of older patients (28). Also, poor
histological differentiation and elevated serum CA-125 levels

Rask et al: CD31 and p53 in Ovarian Cancer

573

Figure 2. Kaplan–Meier plot of progression-free survival (PFS) of stage I patients based on p53 level (A) and grade (B). A significantly improved
survival was found for stage I patients with low level of p53 compared to stage I patients with high levels of p53.

Table V. Relation between overexpression of p53 protein and tumour
progression for FIGO stage I ovarian cancer patients without adjuvant
chemotherapya.

                                                                    p53 presenceb

                                                 ≤5%                    >5%                  p-Value

                                                                           N (%)
                                                    
Progressionc                         91                      18                         0.0005
No progression                     81 (89)               10 (11)                       
Progression                           10 (56)                 8 (44)                       

aOvarian cancers only, borderline tumours excluded. bPercentage
positive tumour cells. cProgression after primary operation during
follow-up verified by an elevated CA-125 level, ultrasound scan and/or
pelvic examination. 



were accompanied by poor outcome. However, the
relationship between CA-125 and outcome was not
independent of other pathological factors, as shown in the
multivariate analysis. Differentiation grade was not included
in the multivariate analysis as serous adenocarcinoma was
separated into high- and low-grade carcinomas. Chang et al.
recently reported a significant association between high
tumour grade and reduced PFS in a cohort of 203 stage III-
IV OC patients (29). Similar results were reported by Shahin
et al. in 171 FIGO stage I-IV patients (35). An independent
prognostic value of tumour grade has been suggested in
some studies (3, 30, 31, 34), but not in other (29, 33). This
discrepancy is likely to be caused by differences in the
number of patients, clinicopathological features and the
type(s) of statistical models used. 

CA-125 is a glycoprotein released from OC cells, and
elevated protein levels are usually found in blood samples
from OC patients. Measurement of CA-125 levels in blood
samples and its tissue expression in 382 patients from the
MALOVA OC study, has shown a significant correlation
between serum CA-125 levels and tissue expression of CA-
125 (36).

Relapse and the development of resistance to therapy are
associated with accumulation of mutations in the unstable
genome of the tumour cells and represent significant
obstacles in the treatment of OC. Attention has therefore
been focused on the therapy directed against tumour
angiogenesis, as the endothelial cells have a more stable
genome than tumour cells (37). Several endothelial-specific
markers, including CD31, may be useful in the estimation of
tumour vascularity and the monitoring of the effect of anti-
vascular therapeutic drugs (38). A high number of CD31
positive vessels is associated with poor prognosis in OC,
suggesting that angiogenesis has a direct impact on growth
and metastatic spread (11, 14, 16). In this study, a
significantly higher number of CD31 vessels was correlated
with poor differentiation grade but not FIGO stage, residual
tumour, serum CA-125 or survival. Stone et al. have reported
a high density of CD31 positive vessels in high grade (grade
1-3) OCs, with advanced FIGO stage and residual tumour
presence (16). With respect to survival, Lin et al. found that
in 77 OC patients, an increased CD31 vessel expression was
associated with advanced FIGO stage, residual tumour and
poor survival, and a non-significant trend towards poor
histological differentiation (14). In a study by Goodheart et
al. high microvessel density was found to be associated with
advanced FIGO stage and survival in 77 OC patients (17)
but experiments by Rubatt and colleagues studying 106 stage
III-IV OC patients, did not support the prognostic value of
CD31 positive vessel density with respect to stage, grade and
residual tumour (15). Some of the discrepancies between
studies may be caused by differences in patient numbers and
characteristics, as well as methodological differences in

CD31-staining and estimation of vessel density. Another
endothelial cell marker (CD105) has been suggested as a
good and possibly more specific alternative for the detection
of tumour angiogenesis by staining tumour-associated
endothelial cells only (18). 

The tumour suppressor gene TP53, encoding the cell-cycle
regulatory protein p53, is often mutated in cancers, and
therefore p53 alterations as well as the possible clinical
impact of p53 have been extensively reported. Contradictory
publications describing the prognostic value of p53 exist and
its precise clinical impact is unaddressed (6, 39). Mutation
frequency of TP53 was 27% in 124 stage I-IV OC patients
from the Danish MALOVA study (6), where stage III-IV
patients with a TP53 missense mutation had significantly
poorer survival than wild type patients, both in univariate
and multivariate analyses (6). 

In this study, p53 expression was significantly increased
in poorly differentiated serous adenocarcinoma and in
tumours from patients with advanced FIGO stage, with non-
radical surgery and high serum CA-125. Furthermore, p53
overexpression predicted reduced DSS and PFS in both
univariate and multivariate analyses.

High-grade serous tumours are known to have high TP53
mutation frequency and the tumours often overexpress p53 or
have no staining for p53 (40). The high-grade serous tumours
are highly aggressive and have a poor prognosis (41). Poor
prognosis of high-grade serous tumours was confirmed in our
study where a low hazard ratio was found for serous
adenocarcinoma well/moderately differentiated, clear cell,
endometrioid, mucinous and non-epithelial tumours compared
to poorly differentiated serous adenocarcinoma tumours. 

Some of the discrepancies between reports describing the
prognostic impact of p53 may be due to the use of different
strategies for the estimation of p53 alterations. Refinement
of the scoring method for p53 detection has been suggested
by Yemelyanova et al. (42). Additional literature information
regarding p53 in OC patients is available on request
(corresponding author).

Interestingly, a significant interaction between p53
expression and FIGO stage was found, disclosing that p53
protein levels have an increased negative impact on DSS and
PFS in FIGO stage I compared to FIGO stages II, III and IV.
Examination of FIGO stage I patients not receiving adjuvant
chemotherapy after primary surgery showed that patients
experiencing tumour progression after primary operation had
varying p53 status. On the other hand, as many as 89% of the
patients with no progression after primary operation had low
expression of the p53 protein, suggesting that p53 status may
have clinical value for low risk patients. Only 10 patients
(11%) of the low-risk patient group, who had low p53
expression, experienced tumour progression, whereas 81
patients (89%) had no tumour progression. Therefore, it may
be speculated that p53 could be helpful for stratifying FIGO
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stage I patients into a p53 high-risk group that may need
additional treatment after primary operation to avoid relapse,
and a low-risk patient group (p53 ≤5%) which is most often
cured without the use of adjuvant chemotherapy. A careful
follow-up of this low-risk patient group may subsequently
identify the minority of patients that progress despite a
favourable p53 status and initiate therapeutic treatment. 
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