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ABSTRACT

Background: We examine the possibility of assessing progress in cancer care with partially
complete mortality follow-up information, and report outcomes from Croatia.
Methods: Follow-up based on death certificates indicating cancer as the cause of death was
available from the Croatian National Cancer Registry. The effect of partially complete fol-
low-up was first examined with data from the Saarland Cancer Registry by comparing
absolute, relative, and cancer death certificate based survival estimates. Survival changes
between 2000 and 2006 are reported for 21 common cancers amongst patients aged
15-49 and 50-59 in Croatia.
Results: Survival estimates based on cancer death specific follow-up could well approxi-
mate absolute and relative survival for patients aged 15-49, and relative survival for
patients aged 50-59: overestimation by more than one standard error occurred 1 and 2
and 5 times, respectively, amongst 21 cancers. In Croatia, significant survival increases
occurred for patients aged 15-59 with colorectal and breast cancers, patients aged 15-49
with thyroid cancer and patients aged 50-59 with malignant melanoma and prostate
cancer.
Conclusions: Outcome evaluation is limited with partially complete follow-up information.
Internationally comparable cancer information continues to lack from South-Eastern
Europe, and the provision thereof remains a highly important public health task.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

European regions are still prominent. These differences have
been attributed to the availability of most up-to-date therapy

Cancer survival is a major indicator of the quality of cancer
care in a country, and is largely correlated with macro-
economic variables, such as the gross national product and
total national health care expenditures." While improve-
ments in cancer survival overall and for most of the cancer
sites have been achieved at the European level over the past
decades, differences between more and less affluent

protocols on one side, and early detection programmes on the
other.*”

Unfortunately, there is a dire lack of cancer outcome data
from countries in South-Eastern Europe, with Slovenia as the
only country in the region that regularly reports population
based cancer survival estimates. Cancer survival information
from Croatia has not been included in international studies
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nor published in scientific literature otherwise so far. The
main inhibiting factor has been that only partial mortality fol-
low-up information, restricted to deaths certified as occurring
due to cancer, has been available to the cancer registry. In this
study, we examine the possibility of assessing recent trends
in cancer outcomes based on the above outlined partially
complete follow-up information and apply this method to re-
port corresponding outcomes from Croatia. The presented
method is not aimed to replace the conventional survival
analysis, but rather bridge the period until complete mortality
data become available.

2. Materials and methods

2.1.  Evaluation of the effect of partially complete mortality
follow-up

The Croatian National Cancer Registry had access to follow-
up data based on death certificates indicating cancer as the
cause of death only. In order to assess the possibility to use
such partially complete follow-up data for assessing changes
in cancer outcomes, we first examined the effect of using
similarly partially complete follow-up information and com-
plete follow-up information taking data from the Saarland
Cancer Registry, as available in a cooperative international
cancer survival study (Gondos et al.)° as an example. For 21
common cancers, 5-year absolute, relative and cancer death
certificate based survival estimates were calculated for the
age groups 15-49, 50-59, 60-69 and 70+. For each age group,
differences, measured in absolute% units, between the stan-
dard survival measures of absolute and relative survival and
the estimates based on cancer death certificates only were
calculated. It is important to note that calculation of survival
based on this type of partially complete mortality follow-up is
different from cause specific survival calculation. Although
the latter also uses deaths due to cancer as an end-point,
information on deaths from other causes is also used, with
observations censored when such deaths occur. Ideally, vital
status is additionally ascertained by relying on active fol-
low-up to determine loss-to-follow-up as well.

2.2. Data sources Croatia

Cancer incidence data were taken from the Croatian National
Cancer Registry. The Registry was founded in 1959 and covers
the whole Croatian population (4.4 million by the 2001 cen-
sus). Data are collected from mandatory cancer notifications
submitted by primary and secondary health care providers,
death certificates, as well as hospital discharge data files
(since 1999 onwards). Incidence data have been contributed
to Volumes VII-IX of the Cancer Incidence in Five Continents
series.2° Follow-up information is collected through the Na-
tional Bureau of Statistics, and is based on death certificates
mentioning cancer. Death certificates mentioning cancer
had been entered manually into the registry database until
the year 2003, after which electronic mortality data file con-
taining that data became available.

Overall, there were 223,332 incident cancer cases recorded
in the period 1995-2006, with follow-up information available
up to the end of 2006. After excluding six cases with incorrect

ICD code, 327 non-melanoma skin cancers, 1105 cases with
missing age, 1141 children (ages 0-14) and 15,935 death certif-
icate only cases, there remained 204,818 cases (92%) for the
analysis. Of these, we included the 21 most common cancers
in this analysis. Calculations were restricted to morphologi-
cally verified cases.

2.3.  Analysis of cancer survival in Croatia

Due to the lack of follow-up information on non-cancer
deaths, survival estimates could be calculated based on the
assumption only that cancer was the only cause of death. In
order to minimise bias by violation of this assumption, the
analysis was restricted to patients younger than 60 years of
age at diagnosis. We used the period analysis methodology™?,
in combination with modelling. A Poisson regression model,
in which the logarithm of the excess number of deaths was
modelled as a function of year of follow-up and calendar year,
with the logarithm of person-years at risk as offset'?, was
used to calculate 5-year survival estimates for the years
2000 and 2006, and p-values for trend in survival over time
were derived. The calculations were done separately for the
age groups 15-49 and 50-59, except for prostate, for which
only the age group 50-59 was used due to the very low num-
ber of patients aged <50, and testicular cancer, for which the
age groups 15-29 and 30-59 were used. All analyses were car-
ried out using the SAS software package.®

For selected cancer sites, accompanying incidence and
mortality rates for the period of 1996-2006 were examined
for the analysed age groups in order to enable a more com-
plete interpretation of changes in survival estimates. To com-
pute the rates, numbers of incident cases from the Registry
database, numbers of deaths from WHO Mortality Database
and National Bureau of Statistics population estimates were
used.'*!® Three-year moving averages of age specific rates
are presented on the logarithmic scale.

3. Results

Table 1 contains the absolute, relative and cancer deaths cer-
tificate based survival estimates calculated using data from
the Saarland Cancer Registry for the age groups 15-49 and
50-59. For the age group 1549, cancer death certificate based
survival estimates were usually numerically very close, some-
times even equal to the absolute survival estimates — an over-
estimation of the absolute survival that exceeded one
standard error occurred only for 2 out of 21 cancer sites. Alike,
relative survival estimates were also predicted well, and an
overestimation exceeding one standard error was found for li-
ver cancer only. For both absolute and relative survival,
numerically larger overestimation occurred for a few sites
that had very large standard errors for both absolute and rel-
ative survival. For the age group 50-59, absolute survival was
still well predicted, although overestimation was slightly
more common, with 9 out of 21 estimates found to be one
standard error above the actual absolute survival. For relative
survival, predictions were nearly as good as for the younger
age group, with actual relative survival estimates numerically
underestimated for 11 out of 21 sites, while overestimations
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Table 1 — Age group specific point estimates (PE) of 5-year absolute (ABS), relative (REL), and cancer death certificate based
(CDC based) survival, differences between CDC based and absolute and relative survival estimates, in% units, Saarland, 2000

2004. Differences between CDC based estimates and absolute or relative survival estimates that exceed one standard error

(SE) are underlined.

Cancer ABS REL CDC based Difference

RE SE PE SE PE SE ABS REL
Age group 15-49
Oral cavity 53.6 3.5 54.6 3.6 56.9 3.5 3.3 2.3
Oesophagus 21.3 8.6 21.7 8.8 24.8 9.3 3.5 3.1
Stomach 37.2 5.6 37.7 5.6 39.4 5.7 2.2 1.7
Colorectal 68.8 2.9 69.8 3.0 70.6 2.9 1.8 0.8
Liver 29.4 8.8 29.8 8.9 442 9.5 14.8 14.4
Pancreas 27.1 7.5 27.4 7.6 33.1 7.8 6.0 5.7
Larynx 68.3 7.6 69.6 7.8 76.2 7.0 7.9 6.6
Lung 19.9 2.4 20.3 2.5 21.1 2.5 1.2 0.8
Melanoma skin 90.2 2.0 91.1 2.1 90.2 2.0 0.0 -0.9
Breast 84.8 1.3 85.7 1.3 85.2 1.3 0.4 -0.5
Cervix 73.9 3.2 74.4 3.2 73.9 3.2 0.0 -0.5
Corpus 86.3 5.2 86.9 5.2 88.6 4.8 2.3 1.7
Ovary 73.6 4.6 74.2 4.7 75.8 4.5 2.2 1.6
Prostate 91.0 6.1 92.0 6.2 91.0 6.1 0.0 -1.0
Testis 98.5 0.9 98.7 0.9 98.5 0.9 0.0 -0.2
Kidney 80.6 4.5 82.0 4.6 80.6 4.5 0.0 -1.4
Bladder 81.4 6.9 81.8 6.9 81.9 6.7 0.5 0.1
Brain 51.5 5.1 51.9 5.1 52.9 5.1 1.4 1.0
Thyroid 99.2 0.8 99.3 0.8 99.2 0.8 0.0 -0.1
NHL 84.2 3.2 85.2 3.2 85.1 3.1 0.9 -0.1
Leukaemia 61.2 5.5 61.8 5.6 62.3 5.5 1.1 0.5
Age group 50-59
Oral cavity 43.8 2.9 46.0 3.1 52.1 2.9 8.3 6.1
Oesophagus 24.5 4.7 25.8 49 36.7 5.2 12.2 10.9
Stomach 499 4.6 51.9 4.8 51.6 4.6 1.7 -0.3
Colorectal 63.6 2.1 66.6 2.2 66.6 2.1 3.0 0.0
Liver 14.7 4.5 15.2 4.7 24.1 5.5 9.4 8.9
Pancreas 5.6 2.3 5.8 2.4 9.0 29 34 32
Larynx 64.6 5.9 68.1 6.2 69.1 5.7 4. 1.0
Lung 18.6 1.7 19.5 1.8 21.1 1.8 2.5 1.6
Melanoma skin 91.0 2.9 94.9 3.0 92.0 2.7 1.0 -2.9
Breast 83.3 1.3 85.6 1.4 83.6 1.3 0.3 -2.0
Cervix 55.4 6.2 56.9 6.4 55.4 6.2 0.0 -15
Corpus 86.4 3.3 88.3 3.3 87.4 3.1 1.0 -0.9
Ovary 53.6 5.5 55.1 5.7 54.9 5.5 1.3 -0.2
Prostate 86.7 2.1 92.2 2.2 89.0 1.9 2.3 -3.2
Testis 92.6 7.1 93.3 7.2 100.0 0.0 7.4 6.7
Kidney 79.1 3.6 82.7 3.7 79.9 3.5 0.8 -2.8
Bladder 73.2 4.9 77.0 5.2 75.8 4.7 2.6 -1.2
Brain 24.4 5.8 25.1 6.0 28.1 6.0 3.7 3.0
Thyroid 89.5 4.4 91.3 4.5 89.5 4.4 0.0 -1.8
NHL 71.0 4.2 74.1 4.4 72.9 4.1 1.9 -1.2
Leukaemia 52.6 6.0 54.4 6.2 59.4 5.9 6.8 5.0

beyond 1 standard error occurring for 5 out of 21 sites. Overall,
these results suggest that cancer deaths specific survival
estimates provide good approximations for both absolute
and relative survival for the age group 15-49, and reasonable
approximations for relative survival in the age group 50-59. In
accordance with theoretical expectations, results were less
favourable for older age groups - these are provided as
Supplementary Material (Supplementary Table 1). Based on
these results, only the two younger age groups were included
in the analysis of Croatian data.

Table 2 presents the proportions of morphologically
verified cases and cancer site specific numbers of patients
diagnosed between 1995 and 2006 and included in the

analysis. Overall, the proportion of morphologically verified
(MV) cases for both age groups was slightly above 80%, and
ranged between 51% for brain malignancies to over 99% for
skin melanoma.

Table 3 presents model based estimates of 5-year survival
for Croatia in the years 2000 and 2006, the change in percent
units, and the p-value for the test for trend for age group
15-49. Statistically significant increases of survival from colo-
rectal (+8.9% units), breast (+5.3% units) and thyroid (+3.3%
units) cancers were found. For melanoma of the skin and
Non-Hodgkin lymphoma (NHL), rises of 9.1 and 7.7% units,
respectively, were seen, but only the rise seen for melanoma
came close to statistical significance. Survival decreased
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Table 2 - Proportion and number of morphologically verified (MV) cancer cases included in the analysis by site and age group,

Croatia, 1995-2006.

15-49 50-59

MV% N (MV) MV% N (MV)
Oral cavity 79.5 1137 80.7 1885
Oesophagus 76.1 172 76.9 467
Stomach 77.0 745 77.3 1317
Colorectal 81.1 1680 82.7 3338
Liver 59.4 152 65.4 352
Pancreas 61.0 271 59.8 516
Larynx 83.3 518 85.7 1112
Trachea, bronchus and lung 82.3 2248 83.5 5174
Melanoma of the skin 99.5 1316 99.1 900
Female breast 824 4401 84.9 4781
Cervix uteri 87.6 1682 89.6 674
Corpus uteri 86.0 417 91.9 1185
Ovary 81.0 957 82.9 920
Prostate 70.8 46 85.5 643
Testis’ 75.4 937 68.1 47
Kidney 74.2 561 77.0 849
Urinary bladder 75.4 411 79.6 906
Brain 53.6 744 50.7 498
Thyroid 95.4 1631 94.6 776
Non-Hodgkin‘s lymphoma 98.2 985 98.7 631
Leukaemia 71.6 650 80.3 557
Total 81.4 21,615 82.2 26,885

* Numbers for the age groups 15-29 and 30-59.

Table 3 — Model-based 5-year cancer survival estimates for Croatia in 2000 and 2006, and test for survival trend, by cancer site,

age group 15-49.

Cancer site icd10 2000 2006 Change p
PE?® SE® PE® SE® 2000-2006

Oral cavity 0-14 42.8 3.5 47.7 34 4.9 0.377
Oesophagus 15 6.7 4.0 8.6 4.6 1.9 0.750
Stomach 16 26.0 3.8 28.8 3.9 2.8 0.642
Colorectal 18-21 46.3 2.9 55.2 2.6 8.9 0.048
Liver 22 24.8 7.5 12.9 5.7 -11.9 0.290
Pancreas 25 19.1 4.8 13.0 4.0 -6.1 0.401
Larynx 32 55.6 5.8 58.3 5.6 2.7 0.750
Trachea. bronchus and lung 33-34 19.2 1.9 17.9 1.8 =13 0.665
Melanoma of the skin 43 64.2 3.3 73.3 2.6 9.1 0.062
Female breast 50 77.3 1.6 82.6 13 5.3 0.025
Cervix uteri 53 77.1 2.6 80.9 2.2 3.8 0.336
Corpus uteri 54 86.2 3.6 80.6 4.9 -5.6 0.429
Ovary 56 58.9 3.9 64.4 3.5 5.5 0.360
Testis® 62 88.0 3.9 92.5 2.5 4.5 0.393
Kidney 64 70.3 4.2 70.4 4.1 0.1 0.987
Urinary bladder 67 79.5 4.8 83.7 3.9 4.2 0.565
Brain 71 56.0 4.0 48.8 4.3 -7.2 0.303
Thyroid 73 96.2 24 99.5 0.3 3.3 0.013
Non-Hodgkin’s lymphoma 82-85 65.6 3.7 73.3 3.1 7.7 0.163
Leukaemia 91-96 55.9 9.6 56.4 9.5 0.5 0.977

& PE = point estimate, SE = standard error.
b Results for the age group 15-29.

numerically for liver, pancreas, lung and brain cancers and
improved only marginally or remained unchanged for other
cancers.

Table 4 presents the results of the analysis for the age
group 50-59. A statistically significant increase was observed
in the survival of patients diagnosed with prostate cancer

(+37% units), malignant melanoma (+13% units), as well as
colorectal (+7.7% units) and breast cancer (+5.6% units). A
large increase with borderline statistical significance was
seen for NHL (+13.7% units), while a statistically non-
significant increase of 6% was observed for leukaemia. A
statistically significant decrease of lung cancer survival was
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Table 4 - Model-based 5-year cancer survival estimates for Croatia in 2000 and 2006, and test for survival trend by cancer site.

age group 50-59.

Cancer site icd10 2000 2006 Change p
PE? SE® PE? SE® 2000-2006

Oral cavity 0-14 34.6 2.5 39.2 2.5 4.6 0.263
Oesophagus 15 12.6 3.1 12.6 3.1 0.0 0.999
Stomach 16 239 2.6 27.6 2.7 3.7 0.396
Colorectal 18-21 43.0 2.0 50.7 1.9 7.7 0.017
Liver 22 16.8 4.1 17.9 4.2 1.1 0.878
Pancreas 25 11.4 2.8 10.2 2.6 -1.2 0.784
Larynx 32 51.9 34 55.1 3.3 3.2 0.574
Trachea, bronchus and lung 33-34 19.5 1.1 15.5 1.0 —-4.0 0.020
Melanoma of the skin 43 59.3 4.2 72.3 3.2 13.0 0.029
Female breast 50 74.3 1.6 79.9 1.3 5.6 0.019
Cervix uteri 53 68.5 4.1 67.5 4.2 -1.0 0.885
Corpus uteri 54 85.9 24 86.2 2.3 0.3 0.951
Ovary 56 50.1 3.7 49.1 3.7 -1.0 0.881
Prostate 61 38.5 5.6 74.9 3.3 36.4 0.000
Testis® 62 89.2 2.9 89.5 2.9 0.3 0.953
Kidney 64 66.9 3.4 66.8 3.5 -0.1 0.987
Urinary bladder 67 78.4 3.0 79.8 2.8 14 0.781
Brain 71 20.9 3.8 24.9 4.0 4.0 0.532
Thyroid 73 94.4 2.5 97.6 1.1 3.2 0.237
Non-Hodgkin’s lymphoma 85 52.4 4.9 66.1 4.0 13.7 0.057
Leukaemia 96 41.3 6.4 47.3 6.2 6.0 0.563

& PE = point estimate, SE = standard error.
® Results for the age group 30-59.

observed, while there were no major changes for the other
analysed cancer sites.

Fig. 1 presents age group specific incidence and mortality
trends for selected cancer sites. Stomach cancer incidence
and mortality have been decreasing after the period 1999-
2001 in both age groups, although more markedly amongst
younger patients. Colorectal cancer incidence appeared to in-
crease moderately in the first years of the study period, and
remained largely stable after the year 2000 in both age groups,
while mortality remained stable in both age groups. For lung
cancer, both incidence and mortality decreased slightly dur-
ing the last 4-5 years of the study in the age group 15-49,
while rates remained virtually unchanged in the age group
50-59 after the year 2000. Marked increases of skin melanoma
incidence in both age groups were accompanied by only smal-
ler increases in mortality. Female breast cancer incidence ap-
peared to increase modestly in the first years of the study,
while incidence rates remained stable and mortality rates de-
creased slightly in both age groups in the first years of the 21st
century. Prostate cancer incidence in the age group 50-59 in-
creased more than three-fold, while mortality remained sta-
ble throughout the study period.

4, Discussion

The methodological evaluation suggested that partially com-
plete follow-up based on death certificates indicating cancer
as the cause of death can be a useful tool to assess cancer out-
comes in the absence for complete follow-up information for
younger patients. On the basis of such follow-up information,
in the period of 2000-2006, a significant increase of 5-year

survival was found for female breast and colorectal cancers
in both age groups, thyroid cancer in the age group 15-49
and prostate cancer and malignant melanoma of the skin in
the age group 50-59 in Croatia. Furthermore, results suggest
increasing survival amongst patients with cutaneous mela-
noma in the age group 40-49 and NHL in both age groups as
well. The observed site specific trends are consistent with sur-
vival trends seen in international comparative cancer survival
studies.>'® The accompanying trends in incidence and mor-
tality, which are useful for the comprehensive interpretation
of survival trends"’, were consistent with stable or improving
survival, and also in accordance with regionally observed
trends.®

The main limitation of our study was only partially com-
plete follow-up for mortality from causes other than cancer.
The proportion of cancer patients dying from causes other
than cancer increases with age, as well as with increasing
duration of follow-up.'®?! The effect of partially complete fol-
low-up for mortality, resulting in overestimated survival, is
more pronounced in relative than absolute survival and in-
creases with the duration of follow-up and with age.” Studies
indicate that the attribution of deaths to cancer is compli-
cated: a study of non-cancer deaths of white adult cancer pa-
tients?® demonstrated an excess of non-cancer deaths shortly
after diagnosis, which may have been caused by side-effects
of the treatment. Furthermore, a study based on data from
the SEER Program?? showed that 41% of deaths of cancer pa-
tients within one month from surgery were attributed to
causes other than cancer — while the effect on survival was
found to be generally modest, they nevertheless suggest po-
tential problems with the correct attribution of deaths
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Fig. 1 - Cancer incidence and mortality trends in Croatia, selected common cancers, 1996-2006. Graphs show, on the
logarithmic scale, 3-year moving averages of incidence and mortality per 100,000 person years, age groups 15-49 and 50-59.

amongst cancer patients. The complete assessment of vital usually rises strongly with age, patients who could be in-
status is, therefore, essential for the provision of fully reliable cluded in this study are but a minority of all cancer patients,
survival estimates and trend analysis. As cancer incidence and based on the follow-up data available in this study, it
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remains impossible to evaluate outcomes in older age groups
due to the increasing role of deaths due to other causes.

A certain proportion of cancer and non-cancer deaths may
have been missed in our study, and the calculated absolute
survival estimates may be higher than the true survival
should be. Furthermore, the performance of the applied
method may be compromised if age specific all cause mortal-
ity is much higher in Croatia than in the Saarland. However,
differences in cumulative all cause mortality were small, with
differences below 0.2% units for women and 1.8% units for
men for the ages 15 to 49 and below 0.3% and 3.2% units for
women and men, respectively, for the ages 50-59.'* Neverthe-
less, potential differences between death certification proce-
dures may exist between various populations. For cancer
sites with the lowest survival, such as oesophagus, liver, pan-
creas and lung cancer, there is little temporal and geographi-
cal variation in survival estimates across Europe. The 5-year
survival estimates of 13% for pancreas cancer and 17.9% for
lung cancer calculated for the age group 15-49 for 2006 in this
study are lower than the European average 5-year absolute
and relative survival estimates calculated for age group
15-44 in the Eurocare-4 study for the cohort of 1995-99.° In
the age group 50-59, the 5-year estimate of lung cancer sur-
vival of 15.7% is very similar to the European average 5-year
absolute survival for corresponding age groups (45-54 and
55-64), while the difference for pancreas cancer survival
(10.2% versus 7.4% and 5.3%) suggests an overestimation of
around 4% units in our study.® Taking 4% units survival over-
estimation and an expected observed survival of 6%, it follows
that 90 out of 94 deaths (ca. 96%) were captured. Alike, for li-
ver cancer, the observed 17.9% absolute survival for the age
group 50-59 in this study is ca. 6% units higher than the cor-
responding average 5-year absolute survival estimates of the
age groups 45-54 and 55-64 in the Eurocare-4 study, suggest-
ing that 82 out of 88 deaths (ca. 93%) were captured. With
increasing survival, a similar proportion of missed deaths
would have a smaller numerical effect. These additional com-
parisons provide further indication that the method per-
formed well in this analysis. Overall, we believe that while
the calculated estimates can be reasonably considered as
the upper limit of absolute survival in the examined popula-
tion, estimates are likely to closely reflect, particularly for
2006, the observed survival of 15-59 year old cancer patients
in Croatia. Nevertheless, it remains critical to achieve the reg-
ular updating of all-cause mortality information for all pa-
tients in future and to work towards generally improved
data quality, particularly for those cancer sites that have
low histological verification proportions so far.

Despite long established cancer registration principles
and European initiatives to implement statutory cancer regis-
tration?®, there remains a large room for improvement in the
coverage and quality of cancer registration in most Eastern
and South-Eastern European countries. With a high preva-
lence of modifiable cancer risk factors®, and consequently
high proportions of avoidable cancers®, efficient means for
identifying priorities and monitoring progress in cancer pre-
vention through high-quality cancer registration are vitally
important in these areas of Europe.

In conclusion, efforts should be made not only to reduce
the gap in cancer survival between this area and the rest of
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Europe by introducing population-based preventive pro-
grammes and improving accessibility to optimal cancer care,
but also to reduce the gap in expenditures for cancer epidemi-
ology and registration, thereby providing the means for effi-
cient cancer control across Europe.
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