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Summary
Background Around 90% of deaths from ovarian cancer are due to high-grade serous cancer (HGSC), which is 
frequently diagnosed at an advanced stage. Several cancer organisations made a joint recom mendation that all women 
with specifi ed symptoms of ovarian cancer should be tested with the aim of making an early diagnosis. In the 
Diagnosing Ovarian Cancer Early (DOvE) study we investigated whether open-access assessment would increase the 
rate of early-stage diagnosis.

Methods Between May 1, 2008, and April 30, 2011, we enrolled women who were aged 50 years or older and who had 
symptoms of ovarian cancer. They were off ered diagnostic testing with cancer antigen (CA-125) blood test and 
transvaginal ultrasonography (TVUS) at a central and a satellite open-access centre in Montreal, QC, Canada. We 
compared demographic characteristics of DOvE patients with those of women in the same age-group in the general 
population of the area, and compared indicators of disease burden with those in patients with ovarian cancer referred 
through the usual route to our gynaecological oncology clinic (clinic patients).

Findings Among 1455 women assessed, 402 (27·6%) were in the highest-risk age group (≥65 years). 239 (16·4%) of 
1455 required additional investigations. 22 gynaecological cancers were diagnosed, 11 (50%) of which were invasive 
ovarian cancers, including nine HGSC. The prevalence of invasive ovarian cancer, therefore, was one per 132 women 
(0·76%), which is ten times higher than that reported in screening studies. DOvE patients were signifi cantly younger, 
more educated, and more frequently English speakers than were women in the general population. They also 
presented with less tumour burden than did the 75 clinic patients (median CA-125 concentration 72 U/mL, 95% CI 
12–1190 vs 888 U/mL, 440–1936; p=0·010); Eight (73%) tumours were completely resectable in DOvE patients, 
compared with 33 (44%) in clinic patients (p=0·075). Seven (78%) of the HGSC in the DOvE group originated outside 
the ovaries and fi ve were associated with only slightly raised CA-125 concentrations and minimal or no ovarian 
abnormalities on TVUS.

Interpretation The proportion of HGSC that originated outside the ovaries in this study suggests that early diagnosis 
programmes should aim to identify low-volume disease rather than early-stage disease, and that diagnostic approaches 
should be modifi ed accordingly. Although testing symptomatic women may result in earlier diagnosis of invasive 
ovarian cancer, large-scale implementation of this approach is premature.

Funding Canadian Institutes of Health Research, Montreal General Hospital Foundation, Royal Victoria Hospital 
Foundation, Cedar’s Cancer Institute, and La Fondation du Cancer Monique Malenfant-Pinizzotto. 

Introduction
Ovarian cancer is the fi fth leading cause of cancer-
related death in women in developed countries1 and has 
one of the highest ratios of incidence to death. Cure 
rates have not meaningfully improved in the past four 
decades.2 Although there are many subtypes, high-grade 
serous cancer (HGSC) is the most important, as these 
tumours account for about 75% of all cases and 90% of 
all deaths due to ovarian cancer.3 As 5-year survival is 
90% for patients with stage I disease at diagnosis, 
substantial investment has been put into identifi cation 
of disease while it is confi ned to the ovary. Only 2% of 
HGSC cases are, however, diagnosed at stage I.4 In 
patients with advanced disease, the most important 
predictor of survival is complete surgical resection of all 

visible disease.5 Incompletely resected disease can be 
tem porarily contained by chemotherapy, but most 
patients eventually succumb: 5-year survival for patients 
with completely resected stage III tumours is 65%, but 
for incompletely resected stage III tumours it is 20%.6 
Thus, improved diagnostic strategies are needed.

Two diagnostic tests have been extensively assessed: 
measurement of cancer antigen (CA-125) concentrations 
in blood and transvaginal ultrasonography (TVUS).7 Both 
tests, however, have poor specifi city, which, combined 
with the low prevalence of ovarian cancer in the general 
population, leads to high rates of false-positive results.7 
Three randomised controlled trials on the feasibility of 
use and eff ectiveness of these tests in screening for 
ovarian cancer in postmenopausal women have 
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collectively enrolled around 340 000 women and controls 
in three countries: the SCSOCS trial in Japan,8 the 
UKCTOCS study in the UK,9 and the PLCO study in the 
USA.10 Final results are available only for the PLCO study, 
but these indicate that screening did not reduce mortality 
from ovarian cancer and led to numerous unnecessary 
interventions.11

Ovarian cancer used to be referred to as the silent 
killer because symptoms were thought not to present 
until late stages. Evidence now indicates that women 
diagnosed as having ovarian cancer, including those 
with early-stage disease, had symptoms that predated 
diagnosis by 3–36 months.12–17 Owing to the vague and 
non-specifi c nature of these symptoms, however, women 
might delay seeking investigation.18 When women do 
present, symptoms are frequently attributed to benign 
gastrointestinal or urinary dis orders.17,19 In the hope of 
increasing the proportion of tumours diagnosed early, 
three major US cancer organ isations, the American 
Cancer Society, the Gynecologic Cancer Foundation 
(now Foundation for Women’s Cancer), and the Society 
of Gynecologic Oncologists, issued a joint advisory in 
June, 2007. They recommended that women who 
experience two ovarian cancer symptoms (among 
bloating, pelvic or abdominal pain, diffi  culty eating or 
early satiety, and increased urinary urgency or frequency) 
for 2 weeks or longer should undergo gynaecological 
assessment, TVUS, and measurement of CA-125.20 
30 ovarian cancer alliances have since endorsed these 
recommendations,21 and the 2011 US National 
Comprehensive Cancer Network guidelines support a 
full diagnostic work-up for women with these 
symptoms.22 Studies that have so far reported that these 

symptoms are more frequent in patients diagnosed as 
having ovarian cancer than in controls, however, have 
been retrospective and, therefore, fi ndings might have 
been aff ected by recall or ascertainment bias. Prospective 
studies are required to assess the usefulness of and the 
risks associated with widespread systematic testing of 
symptomatic women.

The Diagnosing Ovarian Cancer Early (DOvE) project 
was conceived with the objective of investigating whether 
prompt assessment of symptomatic women by CA-125 
blood test and TVUS would increase the number of 
diagnoses of early-stage ovarian cancer compared with 
usual assessment, and whether predictive algorithms 
could be created for triage and testing of women. Because 
of the novelty of this design, we tested study feasibility in 
a pilot study of diagnostic testing, which we report here.

Methods
Patients
The pilot study was done from May 1, 2008, to 
April 30, 2011. The project was approved by the insti-
tutional review boards of McGill University and the 
McGill University Health Centre, Montreal, QC, Canada. 
The DOvE centre is located at the Royal Victoria Hospital, 
central Montreal, and a satellite centre was set up in the 
East End area of the city in May, 2010, to operate for half 
a day per fortnight.

Full details of the DOvE project are available online. 
Briefl y, information about the symptoms of ovarian 
cancer and the DOvE centre was disseminated to the 
public through a media campaign at the inception of the 
project and continued throughout the study period. The 

Panel 1: Symptom eligibility criteria

At least one of the following symptoms for ≥2 weeks but 
≤1 year
• Feeling full after eating only a few bites or loss of appetite
• Diarrhoea, constipation, bowel or rectum feels full, 

change in bowel habits, constant urge to have a bowel 
movement, painful or burning bowel movements, rectal 
pain, painful defecation

• Bloating, distension of abdomen, clothes around the 
waist feel too tight, feel an abdominal mass

• Weight loss not because of dieting
• Nausea, vomiting, heartburn, gas, burping, indigestion
• Increased urinary frequency, need to urinate urgently, 

pressure on the bladder, leaking urine, burning sensation 
when urinating, need to urinate but unable to do so, 
unable to empty bladder completely, feeling full after 
urinating

• Vaginal discharge, bleeding, spotting, deep pain on 
intercourse

• Discomfort or pain in abdomen, pelvic region, or 
lower back

For more on the DOvE project 
see http://muhc.ca/royalvic/

article/dove-project

DOvE patients 
n=1455

Women aged ≥50 years 
living in Montreal*

p value

Age (years) <0·0001

50–64 1053 (72·4%) 175 120/342 929 (51·1%)

≥65 402 (27·6%) 167 809/342 929 (48·9%)

Education <0·0001

Grade 6 or 
less

35 (2·4%) 112 783/334 604 (33·7%)

Secondary or 
trade school

414 (28·5%) 106 208/334 604 (31·7%)

College/
university

919 (63·1%) 115 613/334 604 (34·6%)

Unknown 87 (6·0%)† ··

Language <0·0001

French 575 (39·5%) 167 450/286 030 (58·5%)

English 748 (51·4%) 30 880/286 030 (10·8%)

Other 132 (9·1%) 87 700/286 030 (30·7%)

*Estimates provided by the Institut de la Statistique du Québec and Statistics 
Canada population census, 2006, for all administrative regions of Montreal. 
Slight diff erences in the denominators refl ect the diffi  culties inherent in collecting 
such data. Language values are for the entire city of Montreal. †Excluded from 
calculation of χ² statistic.

Table 1: Demographic characteristics of study patients and general 
population of women
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material included 12 articles in newspapers and 
magazines, 10 radio and eight television reports, and 
17 public presentations or conventions. Additionally, we 
set up two information websites to provide accessible 
information. We also organised two postal campaigns, 
done 6 months apart, to 3450 primary-care physicians 
and to 222 gynae cologists on a list provided by the Quebec 
medical licensing board. Finally, details of the project 
were presented at three conferences for primary-care 
physicians. Paid advertising was not used.

Eligible women were aged 50 years or older, had at least 
one ovary, and had been experiencing abdominal or pelvic 
symptoms (panel 1) for more than 2 weeks but less than 
1 year. Women could be referred by their physician or self-
referred. Trained DOvE personnel assessed eligibility and 
scheduled appointments within 2 weeks of the fi rst 
contact. Women were excluded if they had previously had 
ovarian, tubal, or peritoneal cancer. 

Procedures
At the fi rst visit, women provided written informed 
consent, completed study questionnaires (appendix), 
and underwent physical examination and CA-125 blood 
testing. Results of CA-125 were available 2 weeks later, 
at the second visit. At this time the TVUS was done, the 
results of which were provided to women at the end of 
the visit. CA-125 concentrations higher than 35 U/mL 
were deemed abnormal; if values were at the upper end 
of the normal range (>25 U/mL) the test was repeated 
4–6 weeks later. TVUS scans were assessed according to 
the UKCTOCS trial criteria (classifi ed as normal, simple 
cysts, or complex cyst).23 If CA-125 and TVUS results 
were both normal, a CA-125 blood test was done again 
4 months later. If the results remained normal, patients 

were discharged. If the results of one or both test were 
even marginally abnormal, they were repeated after 
4–8 weeks, dependent on the degree of abnormality. 
Additional investigations were done as required. All 
women discharged were contacted after 3 months 
(7 months after the second visit) to ascertain whether 
they had received a diagnosis of ovarian cancer.

JF (a gynaecologist certifi ed in pelvic ultrasonography) 
did all TVUS examinations and SK (the head of 
gynaecological ultrasound at McGill University Health 
Centre [MUHC]) reviewed any atypical scans. Abdominal 
ultrasonography was done if pain prevented TVUS or if 
abdominal pathology was suspected. GA (Director of 
Abdominal and Pelvic Imaging at MUHC) assessed all 
abdominal ultrasound, CT, and MRI scans.

We assessed whether women enrolled in the DOvE 
study were representative of the general population of 
women in the area and in the same age group. We also 
compared the prevalence of invasive ovarian cancer in the 
DOvE patients with estimated values in SCSOCS,8 
UKCTOCS,9 and PLCO.10 We chose this comparison 
instead of presenting published estimates of prevalence 
of ovarian cancer in the general population because the 
denominator would include a substantial number of 
women without ovaries. Participants in screening trials 
were menopausal (SCSOCS), older than 50 years, or both, 
and, therefore, similar to the DOvE cohort except for 
seeking investigation of symptoms. We compared subtype 
and burden of ovarian cancer in DOvE patients and in 
women aged 50 years or older who had been referred by 
primary care physicians, gynaecologists, and other 
specialists to the gynaecological oncology clinic of the 
Royal Victoria Hospital during the study period. We refer 
to this group as clinic patients. These women are referred 

SCSOCS, Japan*8 UKCTOCS, UK*9 PLCO, USA*10 DOvE

Study design RCT, experimental RCT, experimental RCT, experimental Observational, diagnostic

Target population Postmenopausal women 
attending hospitals for routine 
gynaecological check-ups

Women aged 55–74 years 
recruited from general 
population

Women aged 
55–74 years recruited 
from general population

Symptomatic women aged 
≥50 years self-referred and 
referred by physicians

Recruitment period 1985–99 2001–05 1993–2001 2008–11

Sample size 41 688 98 308 28 816 1455

Invasive OC (including fallopian tube 
and primary peritoneal cancers)

Detected by tests at screening 27 61 20 11 

Not detected by tests at screening 8 12 0 0

Stage I–II tumours 18 (67%) 29 (48%) 5 (25%) 4 (36%)

Stage III–IV 9 (33%) 32 (52%) 15 (75%) 7 (65%)

HGSC 8 (30%) 37 (61%) 12 (60%) 9 (82%)

Stage I–II HGSC NR NR 2 (17%) 2 (22%)

Prevalence (%) 0·084 0·074 0·069 0·756

Prevalence ratio (95% CI)† 9·1 (4·6–17·9) 10·2 (5·4–19·4) 11·0 (5·2–22·9) 1 (reference)

RCT=randomised controlled trial. OC=ovarian cancer. HGSC= high-grade serous cancer. NR=not reported. *Collectively, the trials enrolled around 340 000 women, including 
controls. †Prevalence ratio estimates include cancers detected and not detected by screening tests.

Table 2: Features of trials screening for ovarian cancer in the general population compared with those of the DOvE study

See Online for appendix
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owing to a strong suspicion of ovarian cancer, mainly on 
the basis of imaging (by TVUS, abdominal and pelvic 
ultrasonography, CT, or MRI) with or without a CA-125 
blood test. Thus, having experienced the usual spectrum 
of delays in seeking medical attention, investigations, and 
referrals, they represent the norm in terms of disease 
volume at the time of diagnosis. Therefore, this 
comparison would enable us to investigate whether fast-
track assessment resulted in a diff erence  in resectibility. 

Statistical analysis
We assessed diff erences between the groups with the 
χ² test (Fisher’s exact test when any expected cell value 
was <5). The diff erence between the median concen-
trations of CA-125, a marker of tumour burden and 

resectability,24,25 in the DOvE and clinic patients was 
assessed with the two-sample Wilcoxon’s rank sum test. 
Prevalence ratios and 95% CI were estimated through 
logistic regression. Values of less than 0·05 were deemed 
to be signifi cant. Data were analysed with PASW 
Statistics 18 and STATA (version 11.1).

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. The corresponding author had full 
access to all the data in the study and had fi nal 
responsibility for the decision to submit for publication. 

Results
During the study period, 1910 women contacted the 
DOvE Centre. 1455 (76·2%) fulfi lled the eligibility criteria 
and were enrolled in the study; 393 (27%) were referred 
by physicians. DOvE patients were signifi cantly younger, 
more educated, and more frequently English speakers 
than the general Montreal population of women aged 
50 years and older (table 1). The characteristics of the 
subset of 141 women who attended the satellite centre 
were, however, closer to those of the population of the 
area (data not shown).

We diagnosed 11 cases of invasive ovarian cancer in the 
DOvE population (six in self-referred women), which 
yielded a prevalence of one per 132 women (0·76%; 
table 2).

Characteristics of the invasive ovarian cancers are shown 
in table 3. The proportions of HGSC in the DOvE and the 
clinic patients were similar (table 3). Median CA-125 
values were much lower in the DOvE patients than in the 
clinic patients. Additionally, a higher proportion of 
tumours in the DOvE patients were completely resectable 
than were those in the clinic patients (p=0·075). Seven 
(78%) of the nine DOvE patients with HGSC, however, 
had minimal or no disease in the ovaries and the cancer 
had originated in the fallopian tubes, peritoneum, or both. 
Among these seven patients, fi ve had normal or only 
slightly raised concentrations of CA-125 at enrolment,  but 
the values had risen to clearly abnormal when the test was 
repeated 4–8 weeks later (10 to 35 U/mL, 10 to 36 U/mL, 
36 to 43 U/mL, 48 to 66 U/mL, and 18 to 90 U/mL).

239 (16·4%) patients had abnormal results for the CA-125 
blood test, TVUS, or both that required repeat or additional 
investigations, such as endometrial biopsy or CT (table 4).

As well as the 11 cases of invasive ovarian cancer, we 
diagnosed 11 uterine cancers (ten endometrial cancers and 
one leiomyosarcoma), nine of which were in stage I. 
Overall, therefore, one per 66 women in the DOvE 
population was diagnosed as having a gynaecological 
cancer (1·51% prevalence). We also diagnosed other 
cancers in three women, who were referred to appropriate 
specialists. No patient had major surgery that was clinically 
unwarranted. One patient underwent surgery for sus-
pected ovarian cancer but was found to have Meigs’ 

Overall Need for additional testing* Invasive 
ovarian 
cancer

Other 
malignancy

CA-125 
and/or TVUS

CT Endometrial 
biopsy

Abnormal CA-125, 
normal TVUS

51 (3·5%) 51 (3·5%) 12 (8·2%) 6 (0·4%) 3 (0·2%) 3 (0·2%)

Normal CA-125, abnormal TVUS

Ovarian 164 (11·3%) 107 (7·4%) 1 (0·07%) ·· 3 (0·2%) 1 (0·07%)

Uterine 42 (2·9%) 14 (1·0%) 2 (0·1%) 41 (2·8%) ·· 7 (0·5%)

Abnormal CA-125, abnormal TVUS

Ovarian 33 (2·3%) 31 (2·1%) 6 (0·4%) ·· 5 (0·3%) 1 (0·07%)

Uterine 8 (0·5%) 3 (0·2%) 0 5 (0·3%) ·· 2 (0·1%)

CA-125=cancer antigen blood test. TVUS=transvaginal ultrasonography. *Of the 298 patients who had positive results 
for either test, 59 had benign disorders, such as fi broids, that required no further testing. Hence 239 women 
underwent further testing because they had cancer or false-positive results.

Table 4: Summary of abnormal test results and need for retesting among 1455 study patients

DOvE patients 
(n=11)

Resect-
ability

Clinic patients 
(n=75)

Resect-
ability

p value

Tumour stage

Stage I–II tumours 4 (36%) Completely 
resectable 
(8 [73%])*

17 (23%) Completely 
resectable 
(33 
[44%])*

0·075†

Stage III tumours (small volume or 
completely resectable)

4 (36%) 16 (21%)

Stage III–IV tumours (distant 
metastasis, large volume, 
neoadjuvant chemotherapy 
required, or not completely 
resectable at primary surgery)

3 (27%) Not 
completely 
resectable

42 (56%) Not 
completely 
resectable 

HGSC

HGSC 9 (82%) .. 57 (76%) .. 1·00‡

Proportion of HGSC in stage III–IV 7 (78%) .. 51 (89%) .. 0·30‡

Median (range; 95% CI) CA-125 
value at presentation (U/mL) 

72 (10–1442; 
12–1190)

.. 888 (6–33 434; 
440–1936)

.. 0·010

Data are number (%) unless otherwise stated. HGSC=high-grade serous cancer. CA-125=cancer antigen blood test. 
*Includes stage I–II and stage III completely resectable tumours. †As no expected cell was <5, the p value was based on 
the asymptotic test. The p value based on Fisher’s exact test was 0·11. ‡Based on Fisher’s exact test. 

Table 3: Characteristics of invasive ovarian cancers in DOvE and clinic patients
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syndrome instead; surgical treatment was still deemed 
necessary. Patients in whom benign disorders were 
diagnosed and who wanted surgery were referred to the 
gynaecology service. No patient discharged from DOvE 
without treatment was diagnosed as having a gynaeco-
logical cancer at the 7-month follow-up call.

Discussion
In this pilot study we prospectively assessed women 
who had symptoms associated with ovarian cancer. The 
prevalence of invasive ovarian cancer was about ten 
times that found in screening trials of women in the 
general population (table 2). Although the cases we 
identifi ed presented with less tumour burden than those 
found in women referred to the same hospital through 
the regular channels, seven of nine HGSC in DOvE 
patients were in stage III–IV because the disease 
originated outside the ovaries.

The basis for our study was the joint recommendation 
made by several major cancer societies that women with 
symptoms associated with ovarian cancer seek prompt 
gynaecological assessment and diagnostic testing with a 
CA-125 blood test and TVUS, in the expectation that it 
would achieve early-stage diagnosis. We did not see such 
an increase in this study, largely because the premise on 
which we based our early detection programme, to 
diagnose cancer while still confi ned to the ovary, was 
wrong. The most important feature of our pilot results 
was the unexpected fi nding that HGSC, the deadliest 
subtype of ovarian cancer, essentially is not cancer of the 
ovary. Therefore, we believe that the name, staging, and 
the approach to early diagnosis, including choice of 
diagnostic tests and interpretation of results, will have to 
be reconsidered if we are to make notable headway in 
diagnosing this disease early.

Our fi ndings corroborate the theory of Kurman and 
colleagues26 on the origin of epithelial ovarian cancer, 
which they suggest can be classifi ed into two types. Type I 
cancers include grade I, well diff erentiated tumours, such 
as mucinous, low-grade serous, and endometrioid 
adenocarcinomas. These tumours remain in the early 
disease stages for a long time and are over-represented in 
screening trials.8–10 Early diagnosis of these cancers is 
unlikely to substantially reduce mortality and morbidity 
associated with ovarian cancer.3 Conversely, type II 
epithelial ovarian cancer, which includes HGSC, accounts 
for 90% of all deaths from ovarian cancer.3 HGSC, 
excluding endometrial serous cancer, is presumed to arise 
in three diff erent locations in the female pelvis: the ovary, 
the fallopian tube, and the peritoneal surface. Traditionally, 
HGSCs arising in the ovary were believed to outnumber 
those originating outside the ovaries by about 50 to one. 
Several groups have hypothesised that a large proportion 
of so-called HGSCs of the ovaries, as well as those believed 
to be primary peritoneal, actually arise from fallopian-tube 
epithe lium.4,26,27 The putative precursor of most HGSC is 
now thought to be serous carcinoma in situ that originates 

in the tubal fi mbria, seeds on to the surface of the ovaries 
and the peritoneal cavity, and develops into HGSC. To the 
best of our knowledge, this is the fi rst time that this 
hypothesis has been corroborated by incident cases in the 
general population.

If HGSC in most cases originates in the fallopian tube, 
adoption of the term pelvic HGSC4 might serve to shift 
the diagnostic focus away from the ovary and towards 
detection of low-volume completely resectable disease. 
Survival in our study cannot yet be assessed, but evidence 
suggests that complete resection of stage III disease 
substantially improves 5-year survival (60% vs 20% for 
incomplete resection).6,28 Follow-up of more than 
3000 patients from three randomised controlled trials 
showed median survival of 99 months in patients without 
residual disease compared with 30 months in patients 
with residual disease more than 1 cm in diameter.29 

As our fi ndings support HGSC not typically being a 
disease of the ovary, we are not surprised that TVUS was 
ineff ective in the identifi cation of low-volume HGSC 
and that the CA-125 blood test was more helpful. The 
HGSC cases identifi ed early in our study presented 
initially with normal appearance of the ovaries on 
imaging and small but steady increases in CA-125 
concentrations. This fi nding might explain why the 
performance of tests was better with multimodal 
screening than with TVUS in the UKCTOCS,9 as 
detection in the former group was dependent on the rise 
of CA-125 levels from baseline. Measurement of CA-125 
concentrations, however, has poor specifi city7 and 
improved diagnostic tools would be useful. Several 
panels of biomarkers showed initial promise for the 
early detection of ovarian cancer, but systematic 
assessment by the PLCO team of the 28 panels with the 
greatest potential showed that none was better than 
CA-125.30 Therefore, this test remains the best tumour 
marker for early detection of HGSC.

We allowed self-referral of patients to the DOvE centre 
because evidence indicates that targeted screening of 
symptomatic patients might not be eff ective if testing is 
only off ered through physicians.31 The normal gate-
keeping role of primary care physicians could increase 
diagnostic delays, as virtually none of the symptoms of 
ovarian cancer is distinctly gynaecological.32

Our study has several limitations beyond those related 
to the mistaken premise of the origin of HGSC. Our 
study population was not representative of the general 
population of women in the area, particularly for age and 
education. As nearly half of HGSC occur in women aged 
65 years or older, strategies to increase their participation 
in studies are essential to make meaningful progress in 
the early diagnosis of ovarian cancer.33 Our campaign 
might have preferentially reached a younger, more 
educated segment of the population. We believe, however, 
that the main reason for the under-representation of 
older and less educated women in our study population 
was the location of the DOvE centre. The Royal Victoria 
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Hospital is located in an affl  uent part of Montreal that is 
not well served by public transport. Patients seen in the 
satellite clinic, which was located in a neighbourhood 
with older and more French-speaking women, better 
refl ected the wider population of the area. Therefore, in 
the next phase of the project we will set up a network of 
satellite clinics to work in partnership with 12 health 
centres in areas with dense populations of French-
speaking women aged 65 years and older (appendix). 
This approach will keep expertise centralised, as all 
results will be interpreted at the main centre, and re-
source requirements will be kept to a minimum.

Another important limitation of this study is the high 
proportion of positive diagnostic test results, which led to 
16% of women requiring further investigations, such as 
repeated measurements of CA125 (to ascertain trends) 
and CT. Only 25 (10%) of 239 patients had malignant 
disease, gynaecological or otherwise. This issue arose 
directly from the shortcomings of the CA-125 test and 
TVUS, which led us to lower the thresholds for additional 
investigations to ensure no true positives were missed. 
The frequency of abnormal test results for the PLCO 
screening trial10 was 8%, with 30 patients undergoing 
surgery for every cancer diagnosed; of the 1080 women 
with false-positive results who underwent surgical follow-
up, 163 (15%) had at least one serious complication.11 
Although we avoided any unnecessary major surgeries, 
repeated testing incurred costs in terms of time and 
resources. Irrespective of these inconveniences, however, 

we were surprised by how appreciative women who used 
the service seemed to be. Among the 574 consecutive 
women assessed in DOvE between 2009 and 2010, three-
quarters were very satisfi ed and around a fi fth were 
satisfi ed with the service (data not shown). The issues 
with the diagnostic tests we used are, however, of concern. 
If we had assessed women in multiple centres, which can 
lead to inconsistent expertise, some low-volume cancers 
might have been missed and some patients could have 
undergone unnecessary major interventions. The lack of 
more appropriate diagnostic tests underscores the need 
for further research before systematic assessment of 
women presenting with symptoms suggestive of ovarian 
cancer can be widely implemented (panel 2).

Our results have important implications for the design 
of future studies aimed at early detection. They suggest 
that to focus on early-stage disease and on the ovary 
being the site of origin of HGSC is misplaced. The 
current name of the disease itself is misleading, which 
results in the wrong concept of staging and in the use of 
diagnostic tests that focus on the ovary and, therefore, 
have the potential to miss disease that is stage II–III 
according to current staging criteria, but is, in fact, early 
in its trajectory and completely resectable. Therefore, to 
recommend widespread diagnostic testing of sympto-
matic women with the CA-125 blood test and TVUS is 
premature. Without predictive algorithms for inter-
pretation of test results, which is one of the objectives of 
the next phase of the DOvE study, this approach is likely 
to yield a high rate of false-positive results. Nonetheless, 
further research on providing fast-track assessment of 
symptomatic women seems worth while, since we found 
a high prevalence of ovarian cancer, a high overall 
prevalence of gynaecological cancers, and an increased 
likelihood of diagnosing HGSC while still low-volume 
and completely resectable. Substantial resources are 
invested on the treatment of patients who present with 
advanced, large-volume ovarian cancers for little long-
term return. Even a small shift towards early diagnosis 
of HGSC could substantially improve outcomes, lower 
the number of lives lost, and lessen burden on the 
health-care system.
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Panel 2: Research in context

Systematic review
After a recommendation was jointly issued in 2007 by several major cancer societies that 
women with specifi c symptoms be assessed for early diagnosis of ovarian cancer, we 
investigated whether such an approach would increase the proportion of early-stage 
disease identifi ed at diagnosis. We did a systematic review of the literature through 
Medline and Embase with the following search term: “Ovarian cancer OR neoplasm OR 
neoplasia OR epithelial ovarian cancer AND diagnosis AND symptoms OR 
symptomatology”. We manually searched the reference lists of identifi ed articles for 
further relevant papers. We restricted the search to papers addressing ovarian cancer in 
humans that were published, in English, between January, 1979, and February, 2007. 
We included all articles (eg, descriptive and case-control, chart review, and questionnaire 
studies) that had information relating to symptoms in women diagnosed as having 
ovarian cancer. This review was updated to April, 2011 (appendix). We found that all 
published studies were retrospective and might have suff ered from recall or 
ascertainment bias. Thus, although the relevant symptoms were more frequent in 
women with ovarian cancer, there was no evidence to indicate that investigating 
symptomatic women would result in early-stage diagnosis. The purpose of the DOvE 
study was to address this question prospectively.

Interpretation
The results of our pilot study suggest that the prevalence of ovarian cancer is high among 
symptomatic women. As high-grade serous cancer frequently does not start in the ovary, 
however, the focus of early detection programmes should be on the diagnosis of low-volume 
rather than early-stage disease. Therefore, further research on diagnostic tools is needed 
before widespread testing of symptomatic women can be recommended. 
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