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Abstract: Population-based data on hematologic malignancies (HM) are rare in Greece regarding adults (218
years old). The aim of this study was the assessment of the burden of these malignant neoplasms (MN) for
adults in Crete. The study assessed temporal trends of incidence and mortality, depicted their spatial
distribution and extracted net-survival curves of patients. Population-data on these MN were obtained from
the database of the Cancer Registry of Crete, for a 22 year time period (1/1/1992-31/12/2013). All HM were
classified into four main groups of diseases: (1) Hodgkin’s lymphoma (HL); (2) Non-Hodgkin’s lymphomas
(NHLs); (3) Multiple myeloma (MM); and (4) All chronic and acute leukemias. Annual, gender-specific, age
standardized incidence and mortality rates were estimated (ASIR/100.000/year; ASMR/100.000/year). A total of
3,380 newly diagnosed cases were included in the final analyses; All ASIRs/100,000 increased significantly
throughout the study period presenting differences in their geographical distribution of rates among
municipalities of Crete. ASIRs for NHLs, HL, MM, leukemias and for all 4 MN were 13.1, 2.6, 4.7, 11.7 and 32.1,
respectively, in 2013. Five-year net-survival for patients diagnosed with NHLs, HL, MM and leukemias were:
82%, 85%, 52% and 56%, respectively. This first research article studying a long period of time for adults in
Greece generates hypotheses on the existence of risk factors that may partly explain this variation of rates.

Keywords: hematologic neoplasms; incidence; mortality; cancer epidemiology; kaplan meier estimate;
registries; spatio-temporal analysis

1. Introduction

Hematologic malignancies (HM) are a group of diseases, which are characterized by high
heterogeneity, particularly regarding incidence, prognosis, and etiology [1]. Based on the estimations
of the GLOBOCAN project, these malignant neoplasms (MN) accounted for approximately 7% of all
newly diagnosed cancer cases in Europe, during 2018 [2,3].

(1) A documented increase in the incidence burden of Non Hodgkin’s lymphomas (NHLs) was
depicted in Europe, mainly during the last three decades of the 20* century; in some parts of Europe
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they had almost doubled their incidence rates [4-17]. Their mortality rate was also increasing during
these years, following a smoother ascending curve, while survival rates had been rising too [18-23].

(2) The incidence rate of multiple myeloma (MM) recorded a relatively steady trend presenting
differences among countries and ethnic groups. MM’s survival rate was slowly, but consistently
going up until recently, presenting a bigger raise during the 2000s [8,10,18-27].

(3) Leukemias” incidence and mortality had a mixed trend among its different subtypes and
among different age groups, but their overall rate was relatively steady for many European countries.
In general, leukemias’ survival has been continuously increasing [8,10,14,15,18-24].

(4) Hodgkin’s lymphoma’s (HL) incidence was relatively stable for many areas of Europe, while
it was slightly decreasing or increasing for others. Its mortality rate has shown an annual periodic
decrease, starting at about the 1980s, while its survival rate has mostly risen through these years,
mainly because HL had been marking a significant improvement in their treatment and prognosis
[4,7-10,18-23,27-29].

It is important to note that there exist significant differences in the incidence, the mortality and
the survival rates of all these MN, among their subtypes, among age groups, among ethnic groups,
and among countries and areas of Europe; classification changes and modifications in the registration
and diagnostic procedures during the recent years: a) in some cases may partly explain the rise in the
incidence of some of these MN in some areas of Europe, and b) also make it difficult to make
comparisons between different registries of Europe [4-29].

Regarding Greece, there is an information gap, as the available recent published population-
based rates for HM are rare: (a) two studies for children [30,31], and (b) one study for myelodysplastic
syndromes in Western Greece regarding adults [32]. There has been no article published for adults
(=18 years old) for any of the 4 main groups of HM for more than two decades. A previous report of
the Cancer Registry of Crete (CRC) published back in 1998, had shed some light on the frequency of
leukemias in Crete, analyzing data for adults for the years 1992-1993 [33]. This study reported a high
burden of leukemias and generated the following research questions: (a) whether the rates of all
hematologic MN are high; (b) whether their rates are inter-temporally high in Crete; and (c) whether
there exist areas in Crete with a higher burden than others; Due to lack of data at a national level,
acquisition of population-based data from a large region like Crete is important. The aforementioned
research questions motivated the authors to conduct the current research.

The aim of this study was to assess the overall burden of hematologic MN for 22 years, regarding
the adult population of Crete, by setting the following objectives:

(a) Assess age standardized morbidity and mortality rates per (ASIRs and ASMRs/100.000/year);

(b) Report on the demographic and clinical profile of patients;

(c) Depict the temporal trends and the spatial distribution of the age standardized incidence and
mortality rates;

(d) Assess the 10 year net-survival curves of patients diagnosed throughout the years of the
study.

2. Materials and Methods

Crete is a naturally bounded region of Greece, as a big island in the South, separated for
administrative reasons to four counties and nineteen municipalities (23 in total). Its whole population
consisted of approximately 620,000 permanent residents in 2011. The composition of the Cretan
population comprises an interesting context for conducting research on chronic diseases, due to the
fact that most of its permanent residents have a relatively homogeneous socio-demographic profile,
presenting no significant diversities [32]. The vast majority of the Cretan population resides in urban,
rural and semi urban areas. The Cretans are mainly occupied in the tourism service, and the business
and agricultural sectors.

The Cancer Registry of Crete (CRC) is a population based registry, unique for Greece
(https://www linkedin.com/in/crc-registry-88993a99/?originalSubdomain=gr), which monitors the
epidemiology of cancer in the region of Crete and has recorded both cases and deaths regarding
adults (218 years old), covering the island of Crete, for the time period from 1/1/1992 to 31/12/2013. It
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was founded in 1992, by the School of Medicine of the University of Crete and operated under a small
fund from the Region of Crete (https://www.crete.gov.gr/), which just covered the travel expenses
that were needed for the data collection (for 2005-2013). It worked under the license of the Hellenic
Data Protection Authority (Protocol number: 960/11-08-2009) and had adopted all the International
Standards, which were prerequisite for recording, managing and processing sensitive and personal
data. All information and data were recorded using a cryptographic coding system, in accordance
with the Greek and the International Laws and Principles.

Primary data on HM were obtained from the CRC’s database for the 22-year study period
(1/1/1992 to 31/12/2013). All information on diagnosed cases and deaths were retrospectively
collected by trained registrars, who extracted data from clinical records, which derived from all eight
public hospitals of Crete. Data on deaths were additionally captured by the death certificates, from
all the registry offices of the island. The data was coded and reported according to the International
Classification of Diseases for Oncology, 2nd version (ICD-O-2) [34], using the new Cancer Monitoring
System (CMS).

Each registration included information regarding demographic characteristics, age at diagnosis
(and age at death for cases that had passed away due to these MN)), site of the tumor, ICD10 code of
the malignant neoplasm, confirmation of diagnosis by [a histological biopsy (nodal and/or extra-
nodal) and/or a bone marrow biopsy at the time of diagnosis], stage at diagnosis, personal medical
history, family history (cancer and/or other diseases), clinical characteristics and two lifestyle risk
factors (smoking and alcohol use).

From all cancer data of the CRC, subset analyses on HM were conducted; all records were
classified into the four main categories of hematologic MN based on their ICD10 code and the ICDO-
2 classification for cancer registries: (1) C81: HL; (2) C82 to C88: NHLs; (3) C90: MM; (4) C91 to C95:
All leukemias: [(a) C91: Lymphoid (chronic and acute); (b) C92: Myeloid (chronic and acute); (c) C93:
Monocytic (chronic and acute); (d) C94: Other leukemias of specified cell type; (e) C95: Leukemia of
unspecified cell type].

In order to add a new case into the analysis, an identification of a positive bone marrow biopsy
and/or a positive histological biopsy (nodal and/or extra-nodal) was prerequisite as inclusion criteria.
The histological report of each case indicated its type and subtype and based on its corresponding
ICD-10 code, all cases were classified as aforementioned, based on the ICD-O-2 [34].

Data mining techniques were performed automatically (by the CMS) and manually (by the
administrator of the CMS) in order to proofread the quality of the data. Duplicate and multiple
records were subsequently corrected and merged. Additionally, quality controls were conducted by
oncologists, who randomly inspected half of all entries (50%) recorded by each registrar. After 118
(2.2%) registrations were excluded, due to inclusion, and/or exclusion criteria, and/or missing data,
and/or invalid information, a total of 5432 records (3380 new cases and 2052 deaths) were included
in the final analyses.

The direct standardization method was utilized, based on the population pyramids of: [(1) the
Cretan population (2011), and (2) the European (2011) standard population]. Annual, gender specific,
age standardized incidence and age standardized mortality rates per 100.000 (ASIR/100,000/year;
ASMR/100,000/year) were extracted for each one of the four main disease categories and for all MN
in total. Spatial analysis depicted the ASIRs and ASMRs, for each municipality, and overall for all the
region of Crete.

Additionally, survival analysis was performed for each one of the four disease groups, using the
Kaplan-Meier estimator, which calculated ten-year net-survival (NS) curves. All statistical analyses
and spatial tests were performed using STATA (version 12) and ArcGIS (version 10.3.1.) softwares,
and had the level of significance set at 95%.
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3. Results

3.1. Demographic and Clinical Characteristics of Patients Diagnosed with HM in Crete

Demographic and clinical characteristics of all 3380 confirmed cases of the study [(1) NHL:
n=1,152; (2) HL: n=254; (3) MM: n=496; (4) Leukemias: n=1,478] are summarized in Table 1. A male
predominance was highlighted in all four categories (overall n for men=1990; 58.8% of all cases).
Mean age at diagnosis was: (1) 73 years (SD+12.7) for NHLs; (2) 46 years for HL (SD+8.1); (3) 73 years
(SD+7.6) for MM; (4) 72 years (SD+9.4) for leukemias. Most cases had a positive family history (1) 75%
of NHLs; (2) 74% of HL; (3) 78% of MM,; (4) 80% of leukemias), had one (or more) 1st and/or 2nd degree
relative diagnosed with any malignancy and/or any disease of the hematopoietic system.

Table 1. Demographic and clinical characteristics of new cases diagnosed with Hematologic Malignancies
in Crete, Greece (1992-2013).

Characteristics NHLs! HI? MM Leukemias
n=1152 n= 254 n=496 n=1478
Sex
Males, n* (%) 632 (55) 139 (54) 303 (61) 916 (62)
Females, n* (%) 520 (45) 115 (46) 193 (39) 562 (38)
Age at diagnosis, Mean (SD%) 73 (12.7) 46 (8.1) 73 (9.6) 72 (5.4)
Stage at diagnosis
Stage I, n* (%) 219 (19) 56 (22) 159 (32) N/A®
Stage II, n* (%) 115 (10) 96 (37.8) 191 (38.5) N/A®
Stage 111, n* (%) 173 (15) 37 (14.7) 76 (15.4) N/A”
Stage IV, n* (%) 553 (48) 33 (13) - N/A”
Unknown stage, n* (%) 92 (8) 32 (12.5) 70 (14.1) -
Family history
Yes, n* (%) 864 (75) 188 (74) 387 (78) 1183 (80)
No, n* (%) 173 (15) 30 (12) 40 (8) 177 (12)
Unknown, n* (%) 115 (10) 36 (14) 69 (14) 118 (8)

NHLs: non-Hodgkin’s lymphomas; 2HL: Hodgkin’s lymphoma; 3MM: multiple myeloma; ‘n: number of cases;
55D: standard deviation; *N/A: not applicable.

3.2. Incidence (ASIRs) and Mortality (ASMRs) Statistics for HM in Crete

Extracted time trends of ASIRs for each group of diseases are illustrated in Figure 1. Gradual
continuous increase was documented for all ASIRs (overall, HL, NHLs, MM and leukemias) for both
genders, starting at their lowest rate (20.1, 1.5, 5.9, 3.1 and 9.6 new cases/100,000, respectively) in 1992,
and reaching their peak value (32.1, 2.6, 13.1, 4.7 and 11.7 new cases/100,000, respectively), in 2013.
ASIRs for males were inter-temporally higher for all four groups of diseases.

All deaths, due to these MN were 2,052 [of which 1,257 (61.2%) were males]. All four ASMRs
showed statistically significant increasing time trends (p-value<0.05), from 1992 to 2013 (Figure 1).
ASMRs for HL, NHLs, MM, leukemias and for all four MN were (0.1, 4.4, 2.1, 5.2 and 11.8
deaths/100,000 for both genders, respectively), in 1992 and (1.1, 8.3, 4.0, 7.2 and 20.7 deaths/100,000,
respectively) in 2013.

d0i:10.20944/preprints202407.1835.v1
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Figure 1. Time trends of Age Standardized Incidence Rates (ASIRs) and Age Standardized Mortality
Rates (ASMRs), per gender, per category and per year of hematologic malignancies, in Crete, Greece,
1992-2013: A) Hodgkin’s Lymphoma (HL); B) Non-Hodgkin’s Lymphomas (NHLs); C) Multiple
Myeloma (MM); D) Leukemias.

3.3. Geographical Variation of ASIRs and ASMRs among Municipalities of Crete

Overall mid-year ASIRs for 2012-2013 per municipality are depicted geographically in Figure
2A for males and 2B for females. The highest ASIRs of the study [males (35-40 new cases/100,000) and
females (25-30/100,000)] were observed in five municipalities (codes no: 7, 9, 11, 12 and 20), with the
addition of code no 18 for males. On the contrary, the lowest ASIRs were found in two municipalities
for males (codes no: 2 and 13; ASIR<25 new cases/100,000/year) and six for females (codes no: 2, 3, 5,
6, 13 and 19; ASIR<15 new cases/100,000/year).

Moreover, the spatial distribution for the overall mid-year ASMRs (2012-2013), among Crete’s
municipalities is illustrated in Figures 2C (males) and 2D (females). The highest ASMRs [males (20-
25/100,000/year); females (12-15/100,000/year)] were seen in four municipalities (codesno 7, 9, 11 and
20) for both genders. On the other hand, the lowest mid-year ASMRs (2012-2013) were recorded in
four municipalities for males (codes no: 2, 3, 6 and 13; ASMR<10/100,000/year) and in nine for females
(codesno: 2, 3, 4, 5,13, 15, 16, 19 and 22; ASMR<6/100,000/year).
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Figure 2. Geographical variation of gender-specific mid-year Age Standardized Incidence Rates
(ASIRs/100,000) and Age Standardized Mortality Rates (ASMRs/100,000) for hematologic malignant
neoplasms in Crete, Greece, for 2012-2013. A) ASIR/100,000 males; B) ASIR/100,000 females; C)
ASMR/100,000 males; D) ASMR/100,000 females.

3.4. Ten-Year Net-Survival Curves

Ten-year net-survival (NS) curves for each one of the four disease categories are illustrated in
Figure 3. NS for NHLs, HL, MM and leukemias in Crete were: [5-year NS (79%, 85%, 54% and 56%)
and 10-year NS (65%, 80%, 38% and 48%) for males]; [5-year NS (85%, 89%, 50% and 53%) and 10-
year NS (75%, 81%, 31% and 45%) for females], respectively.

A) Net-Survival of patients with Hodgkin's lymphoma in Crete B) Net-Survival of patients with Non-Hodgkin's lymphomas in Crete
w00 100
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Figure 3. Ten year net-survival curves of patients with hematologic MN per disease category, in Crete,
Greece. A) Hodgkin’s lymphoma; B) Non-Hodgkin’s lymphomas; C) Multiple myeloma; D)
Leukemias.

4. Discussion

4.1. Three Major Key Findings of the Study

Three key points need to be discussed: (1) The statistical significant increase, which was depicted
for all 4 ASIRs and all 4 ASMRs throughout all the study period, (2) The geographical variation, which
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was recorded highlighting differences in the distribution of the incidence and the mortality rates
among municipalities of Crete (3) The higher rates, which were documented for leukemias in Crete,
in comparison with Catalonia-Spain (2003-2007) and Italy (2005) [35-37].

4.2. Comparisons with Evidence from the Literature

A male predominance was observed for all four groups of ASIR in accordance with data from
France, United Kingdom and Europe [3,4,9,14,16,38-41]. Furthermore, the rising trends in the burden
of these MN in Crete are consistent: a) with rates from the USA: for NHLs (which were rising from
1970 to 2000, but not for 2000 to 2021), for MM (which were rising for 2000 to 2021, but not for 1970
to 2000), but not for leukemias (which were stable from 2000 to 2021), and also not for HL (which
were mostly stable from 1970 to 2021) [24,42,43], and b) with Europe mainly regarding the data for
NHL'’s patients, which were showing increasing trends in Europe and Eastern Europe [4-29].

The main differences are the following two: a) the incidence rates for NHL in Crete were still
increasing, at least until the end of the study period (2013), in contrast with rates of most European
countries, which seem to have leveled off for some years, and also b) the three ASIRs (except of those
for NHLs) of the study which were rising for all the 22 years of the study, while rates in most
European countries were mostly relatively stable through these years [4-29].

Furthermore, comparisons were conducted between the ASIRs of Crete, and the corresponding
rates from other countries (Table 2) [35-37]. Higher rates were documented for leukemias in Crete,
in comparison with Catalonia-Spain (2003-2007) and Italy (2005) [35-37]. All other comparisons
showed relatively equal or lower rates for Crete, except of the ASIR for MM, which was higher in this
study, than in Catalonia-Spain (2003-2007). All the rates of Crete, Italy, Catalonia and Spain were
standardized based on the European Standard population.

Table 2. Comparisons between the Age Standardized Incidence Rates (ASIRs) of: a) Crete, and b) Italy
(2005), c) Catalonia [Spain (2003-2007)], and d) Spain (2003-2007) [35-37].

ASIR® Crete Italy Crete Catalonia Spain
(2005) (2005) (2003-2007) (2003-2007) (2003-2007)

M+ F5 M F M F M F M F

HI? 2.4 2.0 3.7 3.3 2.4 2.0 2.8 2.0 3.4 2.4
NHI? 10.6 8.8 17.8 13.0 10.8 8.9 11.8 8.2 14.2 10.2
MM3 5.2 3.6 6.3 47 5.2 3.6 3.5 2.5 49 33
Leukemias 14.2 9.4 11.8 8.3 14.1 9.4 10.0 6.8 13.1 7.7

"ASIR: Age Standardized Incidence Rates; 'HL: Hodgkin’s lymphoma; 2NHLs: non-Hodgkin’s lymphomas; S MM:
multiple myeloma; ‘M: Males; °F: Females; All above rates were standardized based on the European Standard
population.

4.3. Strengths and Limitations

First of all, this study is offering valuable data for the Cretan and the Greek health authorities
and scientific community. All data have undergone several quality controls (reliability=97.5%:
completeness=97%; continuity=98%) and follow the International Standards and Laws on disease
coding, data collection, data protection and data analysis and interpretation.

On the other hand the following study limitations should be discussed. Data derived from all
eight public hospitals of the island and all registry offices of the 23 municipalities, covering
approximately the 95% of the real burden of these MN in Crete. It is expected that the missing cases
do not exceed a 5%, which is the estimated number of patients who are managed in private clinics in
Crete or in medical centers outside of Crete. Furthermore, we may have overestimated the disease
burden, due to the small population in some Cretan municipalities. The authors used standardization
techniques in order to assess and manage such diversities.

Also, two important limitations of the study are: (1) on the one hand we used the ICD-O-2
coding, and (2) on the other hand that we did not at least separate the 4 different types of leukemias
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in our analyses (we studied them all together); The aforementioned was conducted this way because
a great part of the data was already classified and coded by the means of this classification (regarding
the time period: 1992-2004). Although the use of the ICD-O-2 is a methodologically correct approach,
it has 3 major problems: a) it is difficult to have a clear picture of the real burden of these MN, because
different diseases are studied together, b) it does not study all myeloproliferative syndromes (MPS),
all myelodysplastic syndromes (MDS) and some myelodysplastic/myeloproliferative neoplasms
(MDS/MPN), because they were not considered as malignant based on the ICD-O-2 [44], and c) it is
incompatible to make comparisons with most of the other registries in Europe, which use the ICD-O-
3. Future data analyses and upcoming reports from the CRC will be conducted using the ICD-O-3,
which is a classification system for diseases for cancer registries, which extracts a detailed view of the
real burden and studies only similar disease entities together (which are divided mainly to Lymphoid
and Myeloid lineage).

Last, it is important to note that this research although pioneering for Greece, does not have a
novelty at the European level, because cancer registration has been established in most European
countries already; although the cancer burden is not 100% covered in all countries of Europe [2-29].
In fact, Greece is among the last countries in Europe to have a consistent recording mechanism, which
studies population-based rates for adults for approximately the 6% of its population (the Cretan
population). However, it is of paramount importance to monitor the burden of cancer in every
country and every area of the world; at the turn of the previous decade (2010), the 24% of the global
cancer burden was being recorded and monitored, using a population based registration system [2,3].
Therefore, this study adds a small step towards the gradual increasing coverage and monitoring of
the global cancer burden.

4.4. Implications of the Study

Our study depicted the overall burden, the time trends and the geographical distribution of
these MN for a relatively long time period in Crete, covering an important information gap for the
adult population. These population-based data are expected to add knowledge to researchers of
cancer and to inform clinical medical doctors, public health authorities and the Greek Ministry of
Health, by providing detailed data on the cancer burden of the area. Also, this article may contribute
to the enhancement of cancer registration and cancer research in Crete and Greece. Our findings may
guide the implementation of targeted preventive interventions and health promotion policies
towards cancer control.

Additionally, the fact that many patients with NHL and HL and MM were diagnosed at an
advanced stage of disease highlights the need for educational and screening programs for at least the
at risk populations; this approach may lead to earlier diagnosis and consequently to better
management of cases, increased survival and cost reduction.

4.5. The context of Crete. Future Research Hypotheses

The context of Crete and its daily lifestyle, which were characterized by the Mediterranean diet,
had a gradual transition to a Western pattern of life, during the last decades. This transition may have
affected the cancer burden by increasing the exposure to risk factors. For example, there occurred
many changes in Crete: (a) substitution of the Cretan-Mediterranean diet and lifestyle by a more
Westernized pattern, (b) which is associated with higher rates of consumption of red meat, fast food
and sweets, (c) contributing to high prevalence of obesity, (d) which are combined with high rates of
smoking/passive smoking, (e) physical inactivity and (f) in some cases heavy alcohol consumption
from an early age [45-52]. These lifestyle exposures may represent probable risk factors, which may
are associated with the aforementioned three main key points of the study and may partly explain
the rise of the rates [53-60].

5. Conclusions
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The major findings and the key points, in combination with the changes in the lifestyle of the
Cretans during the last decades may indicate the existence of potential risk factors, which may are
associated with these disease entities in Crete. The identification of these potential risk factors and
mechanisms, which may partly explain the spatio-temporal variation found in this research on
hematologic MN in Crete, is an open field for research and needs to be studied in the future.
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