
External multicentre validation of a
nomogram predicting the risk of relapse in
patients with borderline ovarian tumours
S Bendifallah*,1,2, C Uzan3,4, R Fauvet5,6, P Morice3,4 and E Darai1,7
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Background: The Obermair nomogram was recently developed to predict the risk of relapse in patients with borderline ovarian
tumours (BOTs) based on five readily available clinical, biological, and pathological characteristics. We set out to externally
validate and assess its robustness using a multi-institutional BOT database.

Methods: All consecutive patients treated for BOTs in the two participating centres between January 1980 and December 2008
and who had all the nomogram variables documented were identified for analysis.

Results: Three hundred and fourteen eligible patients were identified and used for external validation analysis. The median
follow-up and initial relapse time were 46.43 (range: 0.1–360) and 66.64 (range: 8–77) months, respectively. The nomogram
concordance index was 0.54 (95% CI, 0.52–0.56). The correspondence between the actual relapse and the nomogram predictions
suggests a limited calibration of the nomogram in the validation cohort.

Conclusion: This external validation study of the Obermair nomogram showed limitations in its generalisability to a new and
independent patient population.

Borderline ovarian tumours (BOTs), which have been recognised
as an intermediate entity between benign and invasive tumours,
account for 10–15% of epithelial ovarian tumours (Hart, 2005).
Borderline ovarian tumour is characterised clinically by better
overall survival with 5- and 10-year survival rates for stage I, II, and
III disease of 99% and 97%, 98% and 90%, and 96% and 88%,
respectively (Trimble et al, 2002). Despite this favourable
prognosis, up to 25% of patients relapse or succumb to disease
(Morice et al, 2012). Therefore, relapse prediction after primary
surgical treatment is a cornerstone of patient management. In
particular, predicting individualised outcome based on prognostic
factors may help to identify patients at risk and hence to decide on
the most adapted treatment options, which follow-up strategies to

adopt and how to best counsel the patient. The past decade has
been marked by several important advances in therapeutic options
such as the advent of fertility-sparing surgery, ovarian cryopre-
servation, and the routine use of laparoscopy (Fauvet et al, 2005;
du Bois et al, 2013). More recently, as for most types of cancer, a
complementary approach based on prediction models has been
developed (Bendifallah et al, 2012; Isariyawongse and Kattan,
2012). Cancer researchers, clinicians, and patients are increasingly
interested in nomograms which are defined as a graphical
representation of a statistical model to predict a particular end
point according to the individual characteristics of a patient
(Isariyawongse and Kattan, 2012). By providing predictions that
are both evidence-based and individualised, these tools may
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improve medical management and guide the decision-making
process (Isariyawongse and Kattan, 2012). Obermair et al (2013)
recently presented a nomogram to predict the probability of
relapse in individual patients who underwent surgery for BOT. The
published nomogram included age at diagnosis, FIGO stage,
CA125, the conservative surgical procedure, and the histologic
subtype. Although the tool was internally validated, external
validation on an independent set of women is required to ensure
applicability to patients from different institutions. The aim of this
study was to externally validate this recently introduced nomogram
in a population of women with BOTs using large databases of
academic cancer centres.

MATERIALS AND METHODS

Patients. Data of all women with BOTs, who had received
primary surgical treatment between January 1980 and December
2008, were abstracted from two institutions with prospectively
maintained databases (Tenon Hospital and Institut Gustave
Roussy). Extracted data included patient demographics, histologic
type, FIGO stage, details on treatment and relapse, and follow-up
and survival data. To be included for validation analysis, the
women had to have all the nomogram variables documented.
Women were treated with upfront surgery according to interna-
tional guidelines. Surgical treatment was considered conservative
when one ovary and the uterus were respected. Conservative
ovarian treatment consisted of unilateral cystectomy, unilateral
salpingo-oophorectomy, unilateral salpingo-oophorectomy plus
contralateral cystectomy, or bilateral cystectomy. Surgical treat-
ment was considered non-conservative when bilateral salpingo-
oophorectomy was performed. Histologic staging was performed
according to the WHO classification system on the basis of the
final evaluation of the pathological specimen (Tavassoli and
Devilee, 2003). A central pathology review was performed for all
tumours. No adjuvant therapy was performed except when
invasive implants were detected according to international guide-
lines. All women were followed in the institutions’ outpatient
department. The protocol was approved by the Ethics Committee
of the ‘Collège National des Gynécologues et Obstétriciens
Français (CNGOF)’.

Outcomes. As in Obermair et al (2013), disease-free survival was
calculated from the date of surgery to either the last follow-up or
the date of relapse to compare the nomogram predictions with the
actual outcome. Relapse (invasive and BOT) disease was diagnosed
by pathology or imaging studies.

Validation. The discrimination and calibration accuracy of the
nomogram were assessed (Hanley and McNeil, 1982). Discrimina-
tion is the ability to differentiate between women with relapse and
those without. It is measured using the receiver operating
characteristic curve and summarised by the area under the curve
(AUC). An AUC of 1.0 indicates perfect concordance, whereas an
AUC of 0.5 indicates no relationship. Calibration is the agreement
between the frequency of observed outcome and the predicted
probabilities and was studied using graphical representations of the
relationship between the two calibration curves. In addition,
women were clustered according to their FIGO stage to evaluate
the nomogram performance within each risk group.

Other statistical tests. The categorical variables were analysed
using the w2 squared-test. Differences were considered significant
at a level of Po0.05. All analyses were performed using the
R software with the rms PresenceAbsence packages (http://lib.stat.
cmu.edu/R/CRAN).

RESULTS

During the study period, 314 women were documented as having
both received primary surgical treatment for BOTs and having all
the nomogram variables documented. The demographics and
clinical characteristics of both cohorts (Obermair et al (2013) and
validation) are outlined in Table 1. Both cohorts were significantly
different with a significantly higher rate of women with advanced
FIGO stage tumour and a higher rate of serous BOT in the
validation cohort. Women in the validation cohort were also
slightly younger at the time of surgery. The median follow-up and
initial relapse times were 46.43 (range: 0.1–360) and 66.64 (range:
8–77) months, respectively. Among the 314 patients included in
these validation study, 13.7% (43 out of 314) received adjuvant
therapy due to the presence of invasive implants at the time of
surgery.

At the time of the last follow-up, the overall relapse rate was
29.9% (94 out of 314) with non-invasive and invasive rates of
25.2% (79 out of 314) and 4.7% (15 out of 314), respectively.
Recurrences were diagnosed in 26.4% (23 out of 87) and 31.3%
(71 out of 227), in the conservative and non-conservative
treatment groups, respectively. Median follow-up time were
45.43 (range: 0–230) and 47.83 (range: 0–310) in those subgroups,
respectively. Among the 87 patients who underwent conservative
surgery, 32% (28 out of 87), 53% (46 out of 87), and 15% (13 out
of 87) underwent unilateral or bilateral cystectomy, unilateral
salpingo-oophorectomy, unilateral salpingo-oophorectomy plus
contralateral cystectomy, respectively. Among the 114 patients
who presented a mucinous BOT, respectively, 42% (48 out of 114)

Table 1. Patients’ characteristics of the Obermair et al (N¼ 801) and the
validation (N¼ 314) cohorts

Obermair
cohort N %

Validation
cohort N %

Parameters N¼801 N¼314 P-value
Age at diagnosis:
mean years

49.1 (s.d. 16.1) 37.23 range (14–84) –

FIGO stage

I 629 (78.5) 142 (45) o0.001
II–IV 89 (11.1) 161 (51)
Stage not known 83 (10.4) 11 (4)

Conservative surgery

Yes 198 (24.7) 87 (28) 0.30
No 603 (75.3) 227 (72)

Histologic subtype

Serous 334 (41.7) 193 (61,5) o0.001
Mucinous 443 (55.3) 114 (36,3)
Others 24 (3.0) 7 (2,2)

CA125 median (IQR) 36 (17.9–92) 77.62 (94.00) –

Outcomes

Total relapse 44 (5.5%) 94 (29.9) –
Invasive relapse – 15/314(4.7)
BOT relapse – 79/314 (25.1)
Deaths (from any
cause)

42 (5.0) 13 (4.1)

Abbreviations: BOT¼borderline ovarian tumour; FIGO¼ International Federation of
Gynecology and Obstetrics; IQR¼ interquartile range; s.d.¼ standard deviation.
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and 58% (66 out of 114) underwent conservative and non-
conservative surgery. Overall survival at 5 years was 95.3% (95%
confidence interval, 93.2–97.4%).

Validation. The nomogram concordance probability was 0.54
(95% CI, 0.52–0.56) in the validation cohort compared with 0.668
in the Obermair et al (2013) cohort. The calibration plot (Figure 1)
illustrates how the prediction of the nomogram compares with the
actual outcomes. The mean error rate in the whole population was
16%. The accuracy of the nomogram within each FIGO stage
shows poor discriminative and calibration abilities.

DISCUSSION

This external multicentre validation study of the Obermair
nomogram failed to confirm good generalisability to predict risk
of recurrence in an independent population of women with BOTs.
Identification of patients with a high risk of relapse is a major goal
for a physician faced with a patient with BOTs particularly if the
patient wishes to preserve her child-bearing potential. During the
last decade, changes in the histologic diagnostic criteria for BOTs
have been observed (Morice et al, 2012). Previously, only
prognostic factors based on histology and less frequently on
tumour markers were taken into account. However, a recent review
of the literature on BOTs underlined that among classic histologic
criteria for serous BOTs – including micropapillary patterns,
microinvasion, and the presence of peritoneal implants – the sole
impacting factor on the relapse rate was the presence of peritoneal
implants. For mucinous BOTs, despite a relatively higher risk of
relapse with the invasive form compared with serous BOTs, no
prognostic histologic factors of relapse – including intraepithelial
carcinoma and microinvasion – have been identified. This
highlighted the need to find another model to predict relapse in
patients with BOTs (Obermair et al, 2013). The use of predictive
tools such as nomograms meant that optimising management
strategies became a realistic objective for BOT patients. The
Obermair tool, based on evidence-based risk factors of relapse, thus
constitutes a valuable contribution for improving healthcare for
women with BOTs (Obermair et al, 2013). By combining

commonly available parameters, it offers the advantage of
condensing the high heterogeneity of the disease into a simple
and easily interpretable format. However, we were unable to
confirm the validity of the nomogram in our study. These findings
may be explained by differences in the epidemiological and surgical
characteristics and histologic pattern of the two populations. First,
the relatively low incidence of patients with stage II–IV in the
Obermair et al (2013) cohort is a potential cause of under-
estimating the relapse rate. Indeed, Morice et al (2012) underlined
that the main prognostic factor of relapse was the presence of
peritoneal implants (i.e. advanced stages of BOTs) and that their
presence was correlated with the presence of micropapillary
patterns in patients with serous BOTs. The low rate of BOT stage
I in our cohort (45% versus 80%) in contrast to the prevalence
of classical BOTs could be explained by the fact that
the two institutions which participated in the study are reference
centres.

Second, the fusion of mucinous with other BOT histologic types
is a confounding factor to predict relapse rates. Indeed, it has been
demonstrated that mucinous BOTs have a higher rate of relapse
into the invasive form compared with endometrioid, Brenner or
clear-cell BOTs for which only three cases have been reported
(Uzan et al, 2011; Morice et al, 2012). Third, the nomogram did
not distinguish between patients with stage IA and IB BOTs. This
point is crucial as it has been demonstrated that serous BOTs are
more frequently bilateral (Camatte et al, 2004). In this specific
setting, a prospective randomized trial on the surgical management
of serous BOTs in women wishing to became pregnant (Palomba
et al, 2010) showed that ultra-conservative treatment based
on bilateral cystectomy compared with conservative treatment of
unilateral salpingo-oophorectomy on the larger BOTs associated
with contralateral cystectomy was associated with a significantly
higher pregnancy rate but conveyed a higher incidence of relapse.
Finally, no difference between relapse of BOTs or into the invasive
form was made in the Obermair nomogram although it has been
demonstrated that a second conservative operation following BOT
relapse is associated with a high overall survival. It could be
reasonably argued that a potentially heterogeneous predictive
model designed to predict relapse events based on a data set from
23 years ago derived from a heterogeneous (Asian, Australian, and
European) population might not be able to accurately predict the
end point, especially if the quality of pathology, the type of
conservative surgery (cystectomy versus adnexectomy), the com-
prehensive initial or secondary staging, and the quality of surgery
(residual tumour or not) is not taken into account. Such differences
may in turn affect the applicability of the nomogram to our
patients and in fine its generalisability. To provide a better
evaluation of the true accuracy of the model, we tested the
calibration ability upon the whole population and for each FIGO
stage and our results suggest a low predictive ability of this tool
(Table 2) despite subset analysis. According to the results of
du Bois et al (2013), we hypothesised that risk grouping and more
accurate identification of individual prediction may be enriched by
tumour-related (i.e. implants/micropapillary patterns or with
stromal microinvasion), surgery-related (i.e. residual tumour,
staging quality, and nodal involvement), and treatment-related
prognostic factors.

Some limitations of the present study have to be underlined.
First, as for the Obermair et al (2013), the retrospective nature of
our study cannot exclude bias. Second, during the data collection
period, modifications in staging modalities and surgical techniques
(surgical sparing surgery or staging) occurred. However, the rate of
conservative treatment of BOTs was similar in the two populations.
Third, a long follow-up period is required to evaluate the
recurrence rate for BOTs. Silva et al (2006) have reported the
impact of the long follow-up in the true recurrence rate and
have underlined both the necessity to follow for a minimum of
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Figure 1. Calibration plot of the Obermair et al nomogram for the
entire cohort of 314 patients.
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10 years to evaluate recurrences and for 20 years to evaluate
for survival. Both studies with, respectively, 57.5 (range: 0–60) and
46.43 (range: 0.1–360) months of median follow-up seems to be
limited. The true recurrence rate may have been underestimated.
Finally, as previously mentioned, the inclusion of patients over a
long period implies that changes in the histologic criteria
potentially overestimated the risk of diagnosing BOTs compared
with the strict criteria proposed by the NCI (National Cancer
Institute) and NIH (National Institutes of Health) workshop in
2004 (Bell et al, 2004; Seidman et al, 2004; Silverberg et al, 2004).

In conclusion, although nomogram may improve medical
management and guide the decision-making process towards the
most adapted treatment options or follow-up strategies, concerns
to use it routinely have been raised especially with regard to the
clinical relevance of that tool. The Obermair nomogram (Obermair
et al, 2013) needs to be improved before being used to identify
eligible women for clinical trials or guiding the physician in
decisions about post-treatment follow-up. Other external valida-
tion based on populations with better differentiated stage I disease
as well as histologic and surgical procedures are essential to
complete this work. Further studies designed to evaluate such
prediction tools are needed in the BOT area.
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Table 2. Nomogram performance according to FIGO stages

Patient
number

Predicted
probability
mean (%)

Observed
probability
mean (%)

Error between predicted
and observed

probability mean (%)

P-value of
calibration

curve AUC

Error
maximal

(%)

Error
average

(%)

Whole population 314 13 29 16 10�5 0.54 19 16

FIGO stage I 142 4 30 26 10�5 0.61 100 20.8

FIGO stage II 40 20 35 15 10�5 0.57 42 20.8

FIGO stage III 121 22 24 4 10�5 0.52 100 30

Abbreviation: AUC¼ area under the curve.
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