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A B S T R A C T

This paper describes the usage and the performance evaluation of the completeness index method in the

‘Surveillance of Rare Cancers in Europe project’ (RARECARE) for estimating rare cancer prevalence in

Europe. The 15-year prevalence at 1st January 2003 for 255 cancers is obtained from a pool of 22

RARECARE cancer registries (CRs). Incidence and survival models are applied to the RARECARE database

to estimate the parameters from which the completeness indices are calculated. Complete prevalence is

obtained adjusting the observed 15-year prevalence by the completeness index, to account for those

cancer survivors diagnosed before the CR activity started. Main factors influencing the performance of the

completeness index method for rare cancers are the same as for common cancers: age distribution of

incidence and lethality of the cancer. For cancers occurring in the elderly, with low survival rates and

consequently a restricted number of long-term survivors we obtained completeness indices higher than

0.9. Values lower than 0.7 correspond to those cancers with good prognosis and/or incidence more

concentrated at the younger ages, indicating that 15 years of follow up are insufficient to detect all

prevalent cases. Validation analysis shows that for a restricted subgroup of rare cancers with very low

incidence and low survival, the completeness indices were not able to adequately correct the observed

prevalence even considering a registration period of 20 years. On average, sensitivity analyses show a

slight overestimation of complete prevalence for rare and common cancers whose increasing incidence is

known in literature. RARECARE is the largest project on rare cancers conducted to date. Improving health

care programs for cancer survivors is a public health priority and prevalence data which provides

important information in this field should be regularly asked to Member States and included in the EU

health statistics.
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1. Introduction

Cancer prevalence is the count or proportion of cancer patients
alive in a population at any given time, regardless of the date of
diagnosis. Different methods are available to obtain cancer
prevalence estimates. Direct methods employ population-based
cancer registries (CRs) data to obtain the observed prevalence by
enumerating how many incident cases are alive at a certain
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reference date [1–3]. The major problem arising when direct
methods are used is the impossibility of accounting for those
survivors diagnosed before the CR registration activity started, the
so called ‘unobserved’ prevalence. The resulting underestimation
in the prevalence depends on the length of the registration period
and on the mean survival time of cancer patients varying by cancer
site. Indirect methods estimate complete prevalence by applying
statistical techniques to CRs data and/or health statistics [4–6]. The
completeness index method is an alternative approach which
allows an adjustment of the observed prevalence by a correction
factor obtained modelling the prevalence as a combination of
incidence and survival functions [7–10]. Aim of this paper is to
describe how the completeness index method was applied to the
‘Surveillance of Rare Cancers in Europe project’ (RARECARE)
database [11] for estimating the rare cancer prevalence in Europe

http://dx.doi.org/10.1016/j.canep.2013.08.001
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and how the method performance was evaluated. The focus is on
methodological aspects, difficulties faced dealing with rare cancers
and solutions adopted.

2. Materials and methods

2.1. Definition of terms

The observed prevalence – i.e. observed limited-duration
prevalence (L-year prevalence) – is the proportion of cancer
patients in a population diagnosed at age x within a given time
period (L) and who are still alive at a certain reference date. It can
be directly calculated (NO(x, L)) in a CR active since L years before or
estimated (N̂ðx; LÞ) on the basis of the mathematical relationship
between prevalence, incidence and survival.

The ‘unobserved’ prevalence NU(x, L) is the proportion of cancer
patients in a population aged x who are expected to be alive at a
certain reference date, provided that they were diagnosed before
the start of the CR registration activity. By definition, it is not
observable and can only be estimated on the basis of the
mathematical relationship between prevalence, incidence and
survival.

Complete prevalence NC(x) is the proportion of cancer patients
in a population aged x, who received a diagnosis of cancer at any
age t (t < x) and are still alive at a certain reference date. NC(x) can
be decomposed into the sum of N̂ðx; LÞ and NU(x, L), and estimated
on the basis of the mathematical relationship between prevalence,
incidence and survival as follows:

NCðxÞ ¼ NUðx; LÞ þ N̂ðx; LÞ

¼
Z x�L

0
IðtÞ � Sðt; x � tÞdt þ

Z x

x�L
IðtÞ � Sðt; x � tÞdt (1)

where I(t) is the incidence function for patients aged t, S(t, x�t) is
the relative survival function at age x for a person who has received
a cancer diagnosis at age t (t < x). The incidence and survival
functions in Eq. (1) can be expressed in a parametric form and
parameters estimates can be obtained from the CRs data. For a
more detailed evaluation of the above equation refer to Capocaccia
& De Angelis [7].

2.2. The completeness index method

The completeness index [7–10] for cancer patients aged x and a
length of registration activity equal L, is a measure of the estimated
prevalence N̂ðx; LÞ relative to the complete prevalence and is
defined as:

Rðx; LÞ ¼ N̂ðx; LÞ
NCðxÞ

¼
R x

x�L IðtÞ � Sðt; x � tÞdtR x
0 IðtÞ � Sðt; x � tÞdt

(2)

A completeness index close to 0 indicates a large incomplete-
ness of the prevalent cases directly observed by a CR. On the
contrary, a completeness index close to 1 indicates a small
incompleteness of the observed prevalence. This is the case for
highly lethal cancer sites and long-established CRs which observe
the great majority of all prevalent cases. From Eq. (2), complete
prevalence can be obtained by dividing the observed limited-
duration prevalence by the modelled completeness index:

NCðxÞ ¼ NOðx; LÞ
Rðx; LÞ (3)

The completeness index method was applied to the RARECARE
database considering the first primary cancer, for obtaining
estimates of complete cancer prevalence in the following four
steps:
(1) Two alternative parametric forms (polynomial and exponen-
tial) of the incidence data [12–14] and a set of cure-models [15]
of the survival data are assumed. The model parameters are
obtained by cancer site from the RARECARE database
(Supplementary material) using the SAS software [16]. Inci-
dence and survival data are calculated using SEER*STAT
software [17] stratified by period of diagnosis (five-year
calendar period from 1985 to 1999 for incidence, and three-
year calendar period from 1988 to 1999 for survival), and age at
diagnosis (0–4, . . ., 85–99). Relative survival is calculated
according to the Hakulinen method [18]. For the cohort of
patients diagnosed in 1988–1999 and followed-up to 31st
December 2003, cumulative relative survival curves are
constrained to not increase over follow-up time.

(2) The 15-year prevalence at the reference date of 1st January
2003 by cancer site and age at prevalence date (0–4, . . ., 75–99)
is obtained from the RARECARE database with SEER*STAT
software [17] using the counting method [1–3]. According to
this approach, lost to follow-up cases taken into account by
estimating their survival time from the life tables of the other
patients successfully followed-up, and matched by age, sex and
study period. Since only the first primary of each cancer is
considered, we estimated the prevalence of persons with cancer
and not the prevalence of cancers.

(3) The completeness indices R(x, 15) by cancer site, age (0–4, . . .,
75–99) and sex are calculated using the COMPREV soft-
ware[19] on the basis of the incidence and survival parameter
estimates (intercept, b or b1, ˙ ˙ ˙, b6 for the exponential or
polynomial model respectively; 1�P, l, g, b1, b2), reference
year and age for the survival models together with the
elements of the parameters covariance matrix.

(4) The complete prevalence at 1st January 2003 for each of the
cancers of the RARECARE list, is derived as the ratio between
the observed 15-year prevalence and the corresponding
completeness index as follows:

NC ¼
X

x

NCðxÞ ¼
X

x

NOðx; 15Þ
Rðx; 15Þ x ¼ 0�4; 5�9; . . . ; 75�99 (4)

2.3. Cancer sites and CRs data

The RARECARE project provided a list of 260 cancers organized
in 3 tiers: the tier-3 corresponds to the WHO names of a cancer,
and their respective ICD-O-3 morphologies and topography codes.
These cancers were then grouped into 203 tier-2 cancers which
have to be considered as the reference entities for clinical
management and research. The tier-2 cancers were finally grouped
into tier-1 cancers, which are more general categories considered
to require the same clinical expertise and patient referral structure.
According to an annual crude incidence less than 6/100,000/year,
186 and 17 tier-2 cancers of the list turned out to be rare and
common respectively [11]. In this work, we considered the whole
RARECARE list of cancers, regardless their rarity. The definition of
gastrointestinal stromal tumour and blastic plasmocytoid den-
dritic cell neoplasm was too recent for the prevalence estimation,
while for pancreatoblastoma, myelodysplastic syndrome with 5q
syndrome, carcinoma with osteoclast-like giant cells of pancreas,
incidence and survival data were too sparse to be modelled. Thus,
these 5 cancers were excluded by the analysis. The 15-year
prevalence was calculated using those 22 CRs (Iceland, Norway,
Sweden, Austria, Saarland, Amsterdam, Geneva, St. Gallen, Cracow,
Slovakia, Firenze, Modena, Parma, Ragusa, Romagna, Slovenia, East
Anglia, Northern and Yorkshire, Oxford, West Midlands, Scotland,
Wales) having in the year 2003 at least 15 years of incidence and
survival data. These CRs represent 12% of the total European
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population [20]. In addition, 25 other CRs1 with the last incidence
year in 1999 or after are considered for incidence modelling, and
24 other CRs2 with last incidence year between 1997 and 1999 and
followed-up to 2002, are considered for survival modelling.

3. Evaluation analysis of complete prevalence

We performed two types of evaluation of the complete
prevalence results using the RARECARE database.

3.1. Validation analysis

In order to validate the complete prevalence results we
considered the observed prevalence calculated using the long-
established CRs of Norway and Scotland (national wide, year of
incidence in the period 1978–2002). Only cancers with at least 10
prevalent cases during the period 1978–2002 were analyzed. The
limited-duration prevalence N̂ðx; LÞ at a certain reference date can
be estimated from Eq. (2) by truncating the complete prevalence to
l years (l < L) as follows:

N̂ðx; LÞ ¼ NCRðx; LÞ ¼ NOðx; lÞ
Rðx; lÞ Rðx; LÞ

� �
(5)

We calculated the observed 25-year prevalence NO(x, 25) at 1st
January 2003 using Norway and Scotland data with the counting
method [1–3]. We then obtained three different estimates of the 25-
year prevalence N̂ðx; 25Þ from Eq. (5) with L = 25 and l = 10, 15, 20
years. The R(10), R(20), R(25) completeness indices are calculated on
the basis of the same incidence and survival parameter estimates
used for R(15). Results are compared in terms of the absolute
percentage differences between NO(x, 25) and N̂ðx; 25Þ:

NOðx; 25Þ � N̂ðx; 25Þ
NOðx; 25Þ

�����
������ 100 (6)

3.2. Sensitivity analysis

We performed two sensitivity analyses of the complete
prevalence estimates to changes in the registration period length
considering the pool of the 22 RARECARE CRs. Only cancers with at
least 10 observed prevalent cases were considered. We obtained
the observed 15-year prevalence NO(x, 15) from the pool of 22 CRs
with the counting method [1–3]. We then estimated the 15-year
prevalence N̂ðx; 15Þ at 1st January 2003 by truncating the complete
prevalence to 15 years of estimated prevalence as in Eq. (5) using
the completeness indices corresponding to l = 5 and L = 15 years of
registration lengths. R(5) is calculated on the basis of the same
incidence and survival parameter estimates used for R(15). Results
are compared in terms of the absolute percentage differences
between NO(x, 15) and N̂ðx; 15Þ:

NOðx; 15Þ � N̂ðx; 15Þ
NOðx; 15Þ

�����
������ 100 (7)

Suppose that the complete prevalence estimates are indepen-
dent of the CR registration period length, then we have:

½N0C � NOðx; LÞ�½N̂ðx; LÞ � NOðx; lÞ� ¼ ½NC � NOðx; LÞ�
½NOðx; LÞ � NOðx; lÞ� 1 < L

(8)
1 Flanders, Eindhoven, North Netherlands, Stedendriehoek-Twente, Basel, Ticino,

Kielce, Warsaw, Alto Adige, Biella, Ferrara, Friuli V.G., Genova, Napoli, Palermo,

Reggio Emilia, Salerno, Sassari, Trento, Umbria, Veneto, Albacete, Castellon, Girona,

Northern Ireland.
2 Bas Rhin, Calvados, Calvados digestive, Cote D’Or digestive, Cote D’Or

hematologic, Doubs, Haut Rhin, Isére, Somme, Tarn, Eindhoven, Basel, Grisons,

Valais, Zurich, Warsaw, Geneva, Varese, Veneto, Basque Country, Navarra,

Tarragona, South Western, Trent.
From Eq. (8), we obtained from the pool of 22 CRs the estimate
of the complete prevalence for l = 5 and L = 15 as follows:

N0C ¼ NOðx; 15Þ þ ½NC � NOðx; 15Þ� NOðx; 15Þ � NOðx; 5Þ
N̂ðx; 15Þ � NOðx; 5Þ

" #
(9)

where NC is the complete prevalence calculated adjusting the 15-
year observed prevalence by the corresponding completeness
index R(x, 15), NO(x, 5) and NO(x, 15) are the observed 5 and 15-year
prevalence respectively, N̂ðx; 15Þ is the estimated 15-year preva-
lence calculated by truncating the complete prevalence to 15 years
of estimated prevalence as in Eq. (5).

Results are compared to the complete prevalence NC in terms of
the absolute percentage differences:

NC � N0C
NC

����
����� 100

4. Results

4.1. Completeness indices

Fig. 1 shows the R(15) expressed as a percentage for the tier-2
rare and common cancers. The median values of completeness
index are in the category 80–90 for common cancers (81%) and 70–
80 for rare cancers (73%) sites, with interquartile range (IQRs) of
15% and 26% respectively. Fig. 2 shows the tier-1 cancers with
R(15) higher than 70%. The following cancers had an index higher
than 80%: myelodisplastic syndrome, myeloproliferative neo-
plasm, malignant mesothelioma, and epithelial tumour of colon,
trachea, stomach, rectum, oropharynx, lung, gallbladder and
extrahepatic bile tract, oesophagus, pancreas, prostate and liver
and intrahepatic bile tract. Fig. 3 shows cancers with R(15) lower
than 70%. The epithelial tumour of cervix uteri and corpus uteri,
testicular and paratesticular cancers, malignant skin melanoma,
showed completeness indices ranging from 47% to 70%.

4.2. Validation analysis

Fig. 4a–d report the results of the validation analysis for rare
and common cancers separately. Each bar represents the absolute
percentage differences between the observed and estimated 25-
year prevalence based on different length of the registration period
(10, 15, 20) for Norway and Scotland. In Norway the average of the
percentage differences on rare cancers are 19, 11 and 3 for R(10),
R(15), R(20) respectively. In Scotland are 14, 11 and 4 for R(10),
2
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Fig. 1. R(15)-values for the tier-2 cancers of the RARECARE list by rarity.
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Fig. 2. R(15)-values higher than 70%. Tier-1 cancers of the RARECARE list.
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R(15), R(20) respectively. Discrepancies higher than 15
(range = 16–100) are obtained in 8 and 21 rare cancers for the
registry of Norway and Scotland respectively with incidence
between 0.01 and 0.98/100,000/year and 5-year relative survival
between 6.6% and 65.7%[11]: the undifferentiated carcinomas of
stomach, oesophagus and lung, the soft tissue sarcoma of head and
neck, paraorbital region and mediastinum, the squamous cell
carcinomas and variant of gallbladder and extrahepatic bile tract,
kidney, colon, corpus uteri, prostate. For common cancers, the
average of the percentage differences considering R(10), R(15) and
R(20) is 15 (range = 0–65), 8 (range = 0–27) and 3 (range = 0–9) for
the registry of Norway, and for the registry of Scotland is 11
(range = 1–26), 5(range = 0–13) and 2 (range = 0–5).

4.3. Sensitivity analysis

Results of the sensitivity analysis are reported in Fig. 5a–d
showing the observed and estimated 15-year prevalence for rare
and common cancers separately, obtained on the base of the pool
of 22 RARECARE CRs. On average, the differences are 11 percentage
points for common and 20 for rare cancers respectively. The
highest discrepancies (>20) are obtained for 52 rare cancers, most
of them (69.0%) with less than 1.000 observed cases. Comparisons
between the different estimates of complete prevalence are shown
in Fig. 6. On average, the percentage discrepancies is 10 (SD 14) and
the complete prevalence N0C tends to be higher than NC for the
majority of the cancers (157 cancer entities). For 28 cancer sites
(marked black in Fig. 5) we obtained an absolute difference greater
than 20. Among these there are 4 tier-1 rare cancers (trophoblastic
tumour of placenta, epithelial tumour of middle ear, glial tumour
of the nervous autonomic nervous system and paraganglia,
nonglial tumour of the central nervous system and pineal gland)
with 4 of the corresponding tier-2 cancers. The remaining cancers
are mainly soft tissue sarcomas of different sites (mediastinum,
heart and pelvis, paraorbital region), squamous cell carcinomas (of
pancreas, middle ear), the mast cell tumours, retinoblastoma and
epatoblastoma.

5. Discussion

The completeness index method has been previously applied to
CR data in Europe and USA to estimate complete prevalence for
common cancers [10,21–23]. However, dealing with rare cancers
implies a great difficulty in statistical modelling of CRs data and in
computation of completeness index because of the low number of
patients. This work is thus necessary to report the performance
evaluation results of the first application of the completeness index
method to obtain complete prevalence of rare cancers in Europe.
First, we performed a validation analysis of the results using the
data of some of the CRs included in the estimation process, e.g.
Norway and Scotland that have been in operation for a long time.
Second, we evaluated how sensitive are the complete prevalence
estimates to the assumption that a registration length of 15 years
allows to detect all the prevalent cases, considering the pool of the
22 RARECARE CRs used in the estimation process. For details on the
modelling problems faced and solutions adopted, the reader
should refer to Supplementary material.

For rare cancers, main factors influencing the performance of
the completeness index method are the same as for common
cancers: age distribution of incidence and lethality of the cancer.
For rare cancers occurring mainly in the elderly, with low survival
rates and consequently a restricted number of long-term survivors,
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Fig. 5. (a–d) Observed and estimated 15-year prevalence for rare and common cancers of the RARECARE list.
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such as cancers of pancreas, liver and IBT, gallbladder and EBT [11]
the completeness index is above 0.9. For rare cancers with good
prognosis (testicular and paratesticular cancers) and/or incidence
more concentrated at the younger ages (tumours of cervix and
corpus uteri) [11], the completeness index is below 0.7 indicating
that 15 years of follow up are insufficient to detect all prevalent
cases. As expected, validation analysis for Norway and Scotland
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negative difference (underestimation) for tier-1 common cancers
with decreasing incidence over time such as epithelial tumour of
stomach (6.2), cervical (14.8) and male lung cancers (1.3), and a
positive difference (overestimation) for cancers with increasing
incidence over time like epithelial tumour of prostate (1.6), skin
(10.6), of breast (5.5), of colon (0.9), and for skin melanoma (8.0).
This is also the case for the tier-2 rare cancers pertaining to the
above tier-1 cancers. We did not include the time covariate in
incidence models for two reasons. First, the number of cases is not
sufficient to be explored by a trend for most rare cancers
considered in the analysis. Second, due to the continuous
improvement of the registration practices and to the recent
introduction of the ICD-O-3 classification which started being used
on a large scale from 2000 on, a trend analysis risks to detect
improvement in coding practices instead of temporal variation in
incidence rates. This could be the case of some ovarian cancers of
borderline malignancy which changed from invasive, malignant
behaviour (code 3) in ICD-O-2 to uncertain behaviour (code 1) in
ICD-O-3 contributing to a decrease in incidence in Europe since
2000 [25].

Despite the high quality and completeness of the RARECARE
database [20] some differences in the accurateness of cancer
diagnosis, the completeness of cancer patients registration and
follow-up can occur across European CRs included in the present
work. These differences might result in a biased estimation of both
incidence and survival of cancer, therefore we performed an
additional sensitivity analysis of the completeness indices to
changes of �20% in relative survival and incidence parameters to
check the robustness of the R(15)-values (Supplementary material).

The pool of 22 CRs used in the calculation of the observed 15-
year prevalence is a fairly representative sample of the total
European population [20]. Due to the scarcity of epidemiological
data on rare cancers, it is not possible to assess to what extent this
assumption may be true. However, comparisons between inci-
dence for common cancers obtained on the base of the RARECARE
database [11] and those reported by GLOBOCAN [26] considered
the best available, suggest that this assumption is acceptable. The
evaluation analysis of complete prevalence and the sensitivity
analysis of the indices for possible variations in survival and
incidence levels performed in this work represent an important
experience for further prevalence studies. The procedures used in
these analyses could be implemented in the Comprev software to
achieve the greatest possible robustness and generalizability of
results. RARECARE is the largest project on rare cancers conducted
to date. This project provided estimates of complete prevalence for
rare cancers in Europe, a measure which represents a major health
problem but it has not been adequately estimated. If the existing
European definition of rare diseases were used (prevalence < 50/
100,000), rare cancers would be 24% of total cancer prevalence as
estimated by RARECARE. Interested readers should refer to Gatta
et al. [11] for an in-depth description of prevalence estimates for
rare and common cancers defined by RARECARE (Table 2, page
2496). Prevalence has been included in the priority list of Cancer
Health indicators thank to the ongoing European Partnership for
Action Against Cancer [27] and the European Cancer Health
Indicator Project [28]. Improving health care programs for cancer
survivors is a public health priority and prevalence data which
provides important information in this field should be regularly
asked to Member States and included in the EU health statistics.
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