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Ovarian Cancer

• silent killer

• presents late

• poor prognosis

• Since the late 1980s there

has been a steady

improvement in 5-year 

survival

• Survival rates between 30% 

and 40%

• allow diagnosis of early

stages in asymptomatic

patients
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Screening



CA125

• Circulatory levels increased in 80% 

of OvCa patients and in  1% of

healthy women

• In FIGO-stage I only in 50% of the

cases



Hori et al 2011



Risk of ovarian cancer algorithm (ROCA)

• Computerized algorithm

• Compares each individuals CA125 profile to the 

pattern in ovarian cancer and healthy women

• The closer the profile to known cases of ovarian 

cancer, the greater the risk for ovarian caner

• Produces each individuals percentage risk of 

having ovarian cancer



UKCTOCS Trial
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Menon et al. The Lancet  2009

UK Collaborative Trial of 

Ovarian Cancer Screening (UKCTOCS)
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Fig. 5 

Marchetti… Benedetti Panici. Current Problems in Cancer DOI: (10.1016/j.currproblcancer.2017.12.005) 

Copyright © 2018 Elsevier Inc

Risk of ovarian cancer at an early stage

Disease specific mortality 



Study False positive results

UKCTOCS CA125 ROCA 44.2%

TVUS Not reported only for 

prevalence data 

PLCO 9.6%

Surgical complication rate after false positive results

3.07-15-09%







Early detection



WDFC2 (HE4)

 first identified in the epithelium of the distal epididymis

 is frequently overexpressed in ovarian cancer patients, especially in serous

and endometrioid EOC. 

 could be overexpressed in endometrial and lung cancer

 higher HE4 levels are observed even in patients with renal failure or

effusions

 HE4 belongs to the “four-disulfide core family“

 the function fo HE4 is unclear, there are suspected trypsin-inhibitor 

properties



Linda Hertlein et al. 

Clin Chem Lab Med 2012;50(12):2181–2188

HE4 Expression in healthy women



Vergleich der ROC-AUC

Markerkombinationen

Benigne Erkrankungen vs. 

EOC
ROC-AUC

(95% CI)
p-Wert

AUC-ROC to CA125 + HE4

CA125 + HE4 91.4%  (86.7 - 96.0) -

CA125 + SMRP 86.3%  (80.7 - 92.0) 0.0176

CA125 + CA72-4 86.2%  (81.2 - 91.3) 0.0103

CA125 + Osteopontin 83.4%  (77.5 - 89.4) 0.0019

CA125 + Activin 81.7%  (75.2 - 88.3) 0.0004

CA125 + Inhibin 82.1%  (75.6 - 88.6) 0.0027
CA125 + HE4 + SMRP 91.1%  (86.3 - 95.9) 0.5325
CA125 + HE4 + CA72-4 91.4%  (86.8 - 96.1) 0.7472

CA125 + HE4 + Osteopontin 91.5%  (86.8 - 96.3) 0.5612
CA125 + HE4 + Activin 91.4%  (86.7 - 96.1) 0.9805
CA125 + HE4 + Inhibin 91.7%  (87.2 - 96.1) 0.7472

CA125 + HE4 + SMRP + CA72-4 91.2%  (86.5 - 96.0) 0.6869

CA125 + HE4 + CA72-4 + SMRP +Osteo 91.4%  (86.7 - 96.2) 0.8177

Moore et al, Gynecologic Oncology, 2008 (108) 402-408



Ovarian 

Cancer

HE4 (+)

CA125 (+)

HE4 (+) 

CA125 (-)

HE4  (-) 

CA125 (+)

HE4 (-)

CA125 (-)

EOC (n=129) 71% (n=92) 9% (n=11) 11% (n=14) 9%(n=12)

Total 91% 9%

Pilot Study: Marker Distribution

Brown et al, Differential expression of CA125 and a novel serum tumor marker HE4 in epithelial

ovarian cancer ; ASCO 2007

HE4 normal <140 pmol, CA125 < 35 U/ml



BERLIN-ROMA

BERLINER-Study

Sponsored by Roche Diagnostics



Patients’ characteristics - diagnosis

Diagnose n (%)

Benigne Tumoren 1014 (75,5%)

Endometriose 161 (12%)

Tubo-ovarielle Abszesse 19 (1,4%)

Dermoidzysten 91 (6,8%)

Zystadenome 221 (16,5%)

Zystadenofibrome 58 (4,3%)

Funktionelle Zysten 278 (20,7%)

Andere 212 (13,8%)

Ovarialkarzinom 126 (9,4%)

Seröse 93 (6,9%)

Endometrioide 19 (0,7%)

Andere 23 (1,7%)

Diagnose n (%)

Borderline-Tumoren 49 (3,6%)

Seröse 32 (2,4%)

Muzinöse 17 (1,3%)

Andere 5 (0,5%)



Results-premenopausal patients

Parameter AUC 95%CI P value

Ca125 0.799 0.738-0861 <0.001

HE4 0.802 0.736-0.869 <0.001

ROMA 0.809 0.744-0.874 <0.001

Cut off Se Sp PPV NPV

Ca125 39.25 70.8 76.8 22.7 96.5

21.5 81.3 60.1 16.3 97.1

50.8 58.3 82.6 24.3 95.4

HE4 62.29 70.8 75.3 21.7 96.4

53.18 85.4 60.4 17.2 97.7

77.87 56.3 88.8 32.5 95.5

ROMA 9.1 85.4 61.4 17.6 97.8

13.8 66.7 79.1 23.5 96.1

21.4 52.1 92.2 39.1 95.2



Results- postmenopausal patients

Parameter AUC 95%CI P value

Ca125 0.886 0.844-0.928 <0.001

HE4 0.822 0.765-0.878 <0.001

ROMA 0.885 0.842-0.929 <0.001

Cut off Se Sp PPV NPV

Ca125 30.1 80.2 86.9 73.8 90.5

91.95 68.1 96.4 89.8 86.7

20.25 87.1 72.1 59.1 92.3

HE4 110.1 65.8 93.2 81.5 85.7

80.04 73.7 79.3 61.8 86.9

61.2 81.6 60.2 48.2 87.8

ROMA 41 71.9 94.4 85.4 88.1

18 84.2 74.5 60.0 91.2



Multivariate analysis - premenopausal

Parameters P Value OR 95% Confidence Intervall

History of cancer <0.001 16.345 4.112-64.966

CA125 (log) <0.001 1.925 1.377-2.690

HE4 (log) 0.015 1.823 1.124-2.958

Diameter papillary structure

5-10 mm 0.021 4.373 1.252-15.277

>3 mm <0.001 21.732 8.338-56.639

Ascites <0.001 14.284 3.265-62.491



New Risk model – premenopausal 

patients
• stepwise logistic regression

•PreM=-8.423 + 2.794* (History of cancer) + (0.655*LN(CA125)) + 

(0.601*LN(HE4)) + 1.475* (ps_size 5-10 mm) + 3.079* (ps_size >3 

mm) + (2.659*ascites)
•

BERLIN Score = exp(PreM) / [1 + exp(PreM)]*100



BERLIN score - premenopausal 

patients

AUC=0.895

Cut-off value Sensitivity Specificity PPV NPV

23.6 70.8 95.4 59.6 97.1

5.045 77.1 82.1 29.4 97.4

3.137 83.3 72.6 22.7 97.8



Multivariate analysis -
postmenopausal

Parameters
P Value OR 95% Confidence Intervall

CA125log
<0.001 2.027 1.401-2.933

HE4log
0.027 2.006 1.083-3.717

ps_number more than 3
0.001 12.689 2.718-59.247

malignancy_assessment_examina

tor
<0.001 4.414 1.971-9.888



New Risk Model postmenopausal

• stepwise logistic regression

• PostM=-7.310 + (0.707*LN(CA125)) + (0.696*LN(HE4)) + 

(2.541*ps_number ≥3)  + (1.485*malignancy_assessment_yes) 

BERLIN Score = exp(PostM) / [1 + exp(PostM)]*100



Berlin Score postmenopausal

Cut-off value Sensitivity Specificity PPV NPV

31.4 79.8 92.8 82.9 91.4

21.6 84.4 87.3 74.2 92.8

11.9 88.1 88.1 75.7 93.6

AUC=0.912



Conclusions

• CA125 performs better than HE4 and ROMA 
in postmenopausal patients. 

• HE4 slightly improved the sensitivity and 
specificity of CA125 in premenopausal 
patients

• Data generated by ultrasound improved the 
sensitivity and specificity of HE4 and Ca125



Ultrasound
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Risk of ovarian malignancy index (RMI)



The International Ovarian Tumour Analysis (IOTA) 
collaboration

– encourage the development of better indices

– standardising ultrasound reporting across
research groups

– and prospectively collecting a database of features
observed



Morphologic Classification (n=1066)

Type of tumor N Malign. % 

1.Unilocular cyst 
 

313 2 0.6 

2.Unilocular solid 
 

132 44 33 

3.Multilocular cyst 
 

196 20 10 

4.Multilocular solid 
 

284 116 41 

5.Solid tumor 136 84 62 
 

 

(IOTA, JCO 2005, 23, 8794-8801)



Risk factors for malignancy (multivariate 

analysis)

1. Age     (+3% risk per year) 

2. personal history of ovarian cancer (Odds 4.95)

3. Max diameter of lesion (+0.8% per mm)

4. Max diameter of solid component (+5% per mm)

5. Presence of ascites (Odds 4.72)

6. Presence of blood flow within papillary projection (Odds 3.23)

7. Irregular internal cyst walls (Odds 3.13)

8. Presence of a purely solid tumour (Odds 2.53)

9. Color score (Odds 1.64 for every one unit increase)

(JCO 2005, 23, 8794-8801)



Factors that reduce the risk
(multivariate analysis)

1. Presence of acoustic shadows (Odds 0.095)

2. Current hormonal therapy  (Odds 0.369)

3. Presence of pain during the examination (Odds 

0.424)

(JCO 2005, 23, 8794-8801)



IOTA-‘Experts’ subjective assessment

‘No-Experts’

IOTA Log Regr   (0.94)

‘Alte’ Log Regr   (0.90)

RMI (0.87)

Comparison of tests (n=312)



Type I ovarian cancer Type II ovarian cancer

• Older patients
• high CINCCNE1 amplification

• TP53, BRCA1/2 mutation

• “Imported” from FT
• Always high-stage
• Rapid progression
• Poor overall survival 

• Younger patients
• chrom instability (CIN) 
• KRAS, BRAF, PIK3CA, ARID1A, 

CTNNB1, PTEN mutations

• Borderline tumor
• Often low-stage
• Indolent clinical course
• Better overall survival 

Dualistic Model of Ovarian Cancer 

Low-grade serous, low-grade endometrioid,
clear cell, mucinous

High-grade serous, poorly differentiated, 
carcinosarcoma



HG

SBT

LG

cystadenoma

inclusion
cyst

CCC

EM/CC
borderline tumor

endometriosis

TP53

Cell of origin in ovarian cancer subtypes
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Malignant versus benign Epithelium Malignant versus benign Stroma

Vathipadiekal V et al., Clin Cancer Res. 2015 Nov 1;21(21):4960-9

In Silico data analysis from GSE29156



...

Uteruslavage

.....Comunicating
compartments



100 µm

10 months P14 

• Long time culture >1 Jahr

• NOTCH Signaling is mandatory for

cell differentating

• Together with WNT responsible for

stemness regulation

Fallopian tube – stem cells can build in vitro Organoid





High-grade serous

Endometrioid

Clear cell

Mucinous

Different types of ovarian cancer 

Primary ovarian carcinoma

morphologically distinct 
groups

ARID1A
PIK3CA
CTNNB1
PTEN
PP2R1A

ARID1A
PIK3CA
hTERT
PP2R1A

KRAS

TP53
BRCA1/2


