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Background: Hematological malignancies (HMs) represent a heterogeneous
group of diseases with diverse etiology, pathogenesis, and prognosis. HMs'
accurate registration by Cancer Registries (CRs) is hampered by the
progressive de-hospitalization of patients and the transition to molecular
rather than microscopic diagnosis.

Material and methods: A dedicated software capable of automatically identifying
suspected HMs cases by combining several databases was adopted by Reggio
Emilia Province CR (RE-CR). Besides pathological reports, hospital discharge
archives, and mortality records, RE-CR retrieved information from general and
biomolecular laboratories. Incidence, mortality, and 5-year relative survival (RS)
reported according to age, sex, and 4 HMs' main categories, were noted.

Results: Overall, 7,578 HM cases were diagnosed from 1996 to 2020 by RE-CR.
HMs were more common in males and older patients, except for Hodgkin
Lymphoma and Follicular Lymphoma (FL). Incidence showed a significant
increase for FL (annual percent change (APC)=3.0), Myeloproliferative
Neoplasms (MPN) in the first period (APC=6.0) followed by a significant
decrease (APC=-7.4), and Myelodysplastic Syndromes (APC=16.4) only in the
first period. Over the years, a significant increase was observed in 5-year RS for
Hodgkin -, Marginal Zone -, Follicular - and Diffuse Large B-cell-Lymphomas,
MPN, and Acute Myeloid Leukemia. The availability of dedicated software made it
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possible to recover 80% of cases automatically: the remaining 20% required
direct consultation of medical records.

Conclusions: The study emphasizes that HM registration needs to collect
information from multiple sources. The digitalization of CRs is necessary to
increase their efficiency.
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1 Introduction

Hematological malignancies (HMs) are a heterogeneous group
of neoplasms, including distinctive entities with different etiology,
pathogenesis, prognosis, and treatment (1). Various papers dealing
with different aspects of HM epidemiology have been published (2-
9), with the most systematic reports on incidence, survival, and
prevalence coming from the US Surveillance Epidemiology and End
Results (SEER) (10), the Cancer Registries (CR) in UK and Nordic
countries (11-14). Registration of HMs is somewhat problematic
(15) since the care of many of these diseases is not based anymore
on hospitalization, particularly in the initial phases of the disease,
and because their diagnosis is shifting increasingly to molecular
tests instead of only microscopic assessment (16). Thus, CRs
activity, traditionally based on the three characteristic data
sources, i.e., pathology, hospital, and mortality records, may miss
incident cases or register them several years after diagnosis. A
resulting strong suggestion was to include new data sources among
those commonly used to identify cases by CRs, such as molecular
laboratory and drug prescription databases (17).

In Italy, the most updated national epidemiological data
concerning HMs report incidence estimates for 2019 grouped into
four major classes, namely Hodgkin Lymphoma (HL), non-
Hodgkin Lymphoma (NHL), Plasma Cell Neoplasms (PCN), and
Leukemia (13). The estimates are based on cases registered by CRs
from 2010 to 2015. Although the regions of northern Italy had a
higher incidence for almost all types of solid tumors, the national
data concerning HMs were more homogenous, with the only
exception being NHLs, which showed a higher incidence in
Northern Italy. HM mortality was also comparatively
homogenous, excluding NHLs that showed a higher rate in also
in Northern Italy. Moreover, survival of the HMs four major groups
mentioned above showed a marked improvement for patients
diagnosed in 2005-2009 compared to patients diagnosed in 1990-
1994 for both genders (18). Italian patients affected by HMs showed
longer survival than the European average but shorter than what
was reported in the US (14). Incidence trends were stable for HL,
while they were decreasing for leukemia, myeloma, and NHL (for
the latter, mainly in females) (19).

This study aimed to describe the incidence, mortality, and
relative survival (RS) of patients diagnosed with HMs from 1996
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to 2020 in a northern Italy province using a CR-dedicated software
capable of automatically identifying suspected HMs cases by a
robust digital health tool combining several databases.

2 Materials and methods
2.1 Data sources

HMs incidence data from 1996 to 2020 were obtained from the
Reggio Emilia CR (RE-CR) (approved by the provincial Ethics
Committee of Reggio Emilia, Protocol no. 2014/0019740, on August
the 4th, 2014). HM cases were defined according to the
International Classification of Diseases for Oncology, Third
Edition (ICD-O-3) (20) and included ICD-O-3 codes. They were
classified into 14 main categories, as reported in Table 1. Diagnostic
groups were defined according to the main cell of origin. Groups
with a small number of cases were merged into larger groups
considering similarities in the pathology and biology of the
disease. For this reason, Nodular lymphocyte-predominant
Hodgkin lymphoma was lumped together with classical HL, and
Plasma cell Leukemias were lumped with Multiple Myeloma. The
remaining rare subtypes were merged and classified as “others”.

The primary information sources of the RE-CR were
histopathological reports, hospital discharge records, and
mortality data. The RE-CR covered a population of 531,891
inhabitants and was considered of high-quality data with 98% of
histopathological confirmations (compared with the national
median of 96%) and a low rate of Death Certificate Only (less
than 0.1%, compared with the national 1%) (21, 22). Furthermore,
RE-CR was the only Italian CR with published data on all tumors
and their most frequent sites updated to 2020 (23).

2.2 Digital health tools

Since HMs have different pathogenesis, behavior, and
classification compared to solid tumors, we have developed new
tools to register these specific neoplasms. New information flows have
been added to the traditional information sources and integrated with
laboratory tests, diagnostic reports, and information from general
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TABLE 1 Reggio Emilia Cancer Registry. Categories of hematological malignancies and respective morphological ICDO-3 codes.

Disease Classification

categories

Histotypes

ICD-0O-3 morphologic code

Lymphoid B-Cell/aggressive Hodgkin Lymphoma (HL) 9650/3-9667/3
B-Cell/indolent Chronic Lymphocytic Leukemia/Small 9670/3, 9823/3
Lymphocytic Lymphoma (CLL/SLL)
B-Cell/indolent Lymphoplasmacytic Lymphoma (LPL) 9671/3, 9761/3
B-Cell/indolent Marginal Zone Lymphoma (MZL) 9689/3, 9699/3
B-Cell/indolent Follicular Lymphoma (FL) 9690/3-9698/3
B-Cell/Aggressive Mantle Cell Lymphoma (MCL) 9673/3
B-Cell/Aggressive Diffuse Large B-Cell Lymphoma (DLBCL) 9675/3 9687/3
T-Cell/indolent and Mature T-cell and NK-cell neoplasms 9700/3, 9701/3,9702/3, 9705/3, 9709/3, 9714/3, 9708/3, 9717/3, 9716/3,
aggressive 9718/3, 9719/3, 9827/3, 9834/3
Plasma Cell Plasma Cell Neoplasms (PCN) 9731/3, 9732/3, 9733/3, 9734/3
B/T-cell/precursor B or T Cell Acute Lymphoblastic Lymphoma/ 9729/3, 9835/3, 9836/3, 9837/3
Leukemia (ALL)
Myeloid Myeloid/chronic Myeloproliferative Neoplasms (MPN) 9863/3, 9875/3, 9876/3, 9945/3, 9950/3, 9960/3, 9961/3, 9962/3, 9963/3,
9964/3, 9975/3
Myeloid/chronic Myelodysplastic Syndromes (MDS) 9980/3- 9989/3
Myeloid/acute Acute Myeloid Leukemia (AML) 9053/3, 9800/3, 9801/3, 9820/3, 9840/3, 9861/3-9867/3, 9871/3-9874/3,
9891/3-9897/3, 9910/3, 9920/3, 9930/3
Others 9590/3, 9831/3, 9832/3

ICD-O, International Classification of Diseases; HL, Hodgkin Lymphoma; CLL/SLL, Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma; LPL, Lymphoplasmacytic Lymphoma;
MZL, Marginal Zone Lymphoma; FL, Follicular Lymphoma; MCL, antle Cell Lymphoma; DLBCL, Diftuse Large B-Cell Lymphoma; ALL, Acute Lymphoblastic Lymphoma/Leukemia; PCN,
Plasma Cell Neoplasms; MPN, Myeloproliferative Neoplasms; MDS, Myelodysplastic Syndromes; AML, Acute Myeloid Leukemia.

Others include: 9590/3 (Malignant lymphoma NOS: 94 cases).
9831/3-9832/3 T cell granular lymphocytic leukemia, prolymphocytic leukemia (22 cases).

practitioners. New sources of information for HMs that included
laboratory data reporting immunophenotypic, cytogenetic, and
genomic aberrations are mandatory to assure the completeness and
accuracy of case records.

In particular, the RE-CR algorithm identifies suspected cases by
combining the three traditional databases (pathological reports,
hospital discharge archives, and mortality records) with general and
biomolecular laboratory tests, according to a deterministic list of
diagnoses. All suspected cases are accompanied by a morphological
code that comes from a pathological laboratory (SNOMED and
ICD-O-3) or, when not present, from discharge records (ICD-9-
CM) or the cause of death (ICD-10). The presence of any issue (e.g.,
previous solid or hematological tumors, unclear residential history,
etc.) is highlighted so that the registrar can manually check for
possible errors. In recent years, the RE-CR has developed an
algorithm to further improve the quality of the cases by matching
the pathological reports with a library of specific diagnostic terms
thus improving the specificity of the SNOMED code indicated by
the pathologist. For each suspected case, the registrar has access to
all the current information in the Local Health Authority Data
Warehouse (LHADW) organized in order of relevance, by date, and
mention of oncological disease. In addition to the primary
information sources, the LHADW contains imaging tests,
outpatient visits, letters of discharge, and therapies provided by
the six hospitals of the Reggio Emilia province.
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Furthermore, every case proposed by the algorithm was
validated manually: the registrars can confirm the proposed
topography and morphology, change the date of diagnosis, or
other data. Moreover, the RE-CR algorithm lets us provide
detailed information on HMs, directly comparing RE-CR
epidemiological data with those from the US SEER program (10).

2.3 Statistical analyses

The units of analysis are new HMs (the principal ICD-O-3
codes were: C09, C16-18, C34, C38, C41-42, C44, C48, C77, C71,
C80) occurring from 1996 to 2020, second malignancies after non-
hematologic malignancies were included; second malignancies after
a registered HM were excluded. Descriptive analyses by age, sex, 14
HMs main categories (Table 1), and calendar period of a cancer
diagnosis are presented. For age groups, specific incidence and
mortality rates were calculated using the Province of Reggio Emilia
(recorded on January 1st of each year) as denominators. The direct
method was applied to standardize incidence rates, using the 2013
European Standard Population as a reference. Relative survival
estimates net survival without other causes of death. It is defined
as the ratio of observed in a cohort of cancer patients to the
proportion of expected survivors in a comparable set of cancer-
free individuals. For each HM group, relative survival was estimated
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with the Pohar Perme method; with this estimator, net survival for a
cohort is estimated by weighting by the inverse of the individual-
specific expected survival probabilities. The weights inflate the
observed person-time and number of deaths to account for
person-time and deaths not observed because of mortality due to
competing causes (24). To estimate the general population
mortality, we used calendar year-specific life tables for the
Province of Reggio Emilia, provided by ISTAT (25). Changes in
RS across the four 5-year periods (from 1996 to 2015) were tested
for trends using Poisson regression models with the period as the
independent continuous variable and the number of predicted
events from Pohar’s 5-year RS estimate for each period and the
period-specific incident cases as exposed population. Analyses were
performed using STATA 16.1 software. Trends over time were
analyzed by calculating the annual percent change (APC) in age-
standardized rates using Joinpoint Regression analysis (26).

3 Results

In the province of Reggio Emilia, the availability of dedicated
software, introduced in 2012, made it possible to automatically
record over 80% of the cases, while in the remaining 20%, it was
necessary to retrieve the information by directly consulting the
medical records. Overall, 7,578 HM incident cases were registered
(4,116 in males and 3,462 in females), showing a higher incidence

10.3389/fonc.2023.1182971

for males (male/female ratio = 1.2) with the only exception of
Follicular Lymphoma (FL) more represented in women (male/
female ratio = 0.9) (Table 2).

Considering all cases, PCNs were the most frequent HMs
(15.1% of all cases), followed by Myeloproliferative Neoplasms
(including Polycythemia Vera 221 cases; Myelofibrosis 215 cases,
Essential Thrombocythemia 209 cases; Chronic Myeloid Leukemia
BCR/ABL negative, 122 cases; and Chronic Myeloid Leukemia
BCR/ABL positive, 127 cases) (14.3%) and Diftuse Large B-Cell
Lymphoma (DLBCL) (12.3%).

The probability of being diagnosed with an HM increased
significantly with age (Table 3). In some groups of HMs, only a
limited number of cases have been recorded in patients younger
than 18 years. Conversely, in most cases, tumors affected patients
>65 years, except for the HL and FL, which were more frequent in
the age of 18-65 years (Table 3). In patients <18 years, in addition to
the 34 cases of HL, we recorded 93 cases of precursor B or T
lymphoblastic lymphoma/leukemia (45% of the ALL subgroup).
The overall median age at HM diagnosis was 70 years, being 40 and
21 years in HL and ALL, respectively.

Table 4 shows the numbers and age-standardized incidence
rates of HMs by quinquennium over the 25 years of the study. An
increase in incidence is appreciable for FL, MPN, and MDS groups.
However, it cannot be excluded that the low number of cases in the
1990s was caused by an under-registration due to the lack of
mandatory registration of myelodysplastic syndromes by cancer

TABLE 2 The number of cases of hematological malignancies and incidence age-Standardized Rates (European Standard Population 2013) per
100,000 person-years in registered in the Province of Reggio Emilia between 1996 and 2020 by sex.

Males

Females Male:

All N
Female (95%Cl)
n (%) SR (95%Cl) n (%) SR (95%Cl) n (%) ratio
Hodgkin Lymphoma (HL) 282 (57.3) 3.9 (1.6-6.4) 210 (42.7) 4.5 (1.8-7.3) 492 (6.5) 1.3 4.2 (2.4-6.0)
Chronic Lymphocytic Leukemia/Small
495 (56.1 2.7 (0.7-4.6 388 (43.9 2.2 (0.7-3.8 883 (11.7 1.3 24 (1.2-3.6

Lymphocytic Lymphoma (CLL/SLL) (56-1) ( ) (439) ( ) a17) ( )
Lymphoplasmacytic Lymphoma (LPL) 112 (58.3) 0.8 (0.1-1.6) 80 (41.7) 1.6 (0.2-2.9) 192 (2.5) 14 1.2 (0.3-2.0)
Marginal Zone Lymphoma (MZL) 184 (54.0) 2.0 (0.4-3.6) 157 (46.0) 1.0 (0.1-2.2) 341 (4.5) 1.2 1.4 (0.5-2.4)
Follicular Lymphoma (FL) 199 (47.8) 3.3 (1.1-5.6) 217 (52.2) 52 (2.7-7.7) 416 (5.5) 0.9 44 (2.7-6.1)
Diffuse Large B-Cell Lymphoma (DLBCL) 489 (52.2) 8.0 (4.6-11.5) 447 (47.8) 5.8 (3.0-8.7) 936 (12.3) 1.1 6.8 (4.6-9.2)
Mature T-cell NK-cell

ature T-cell and NK-ce 180 (63.8) 1.0 (02-2.2) 102 (36.2) 2.8 (0.9-4.7) 282 (3.7) 18 1.9 (0.8-3.1)
neoplasms
Mantle Cell Lymphoma (MCL) 78 (74.3) 1.9 (0.2-3.5) 27 (25.7) 02 (0.1-0.6) 105 (1.4) 29 1.0 (0.2-1.8)
Plasma Cell Neoplasms (PCN) 581 (50.7) 8.5 (5.0-11.9) 565 (49.3) 7.4 (4.4-10.3) 1,146 (15.1) 1.0 7.8 (5.6-10.0)
A Lymphoblastic Lymph leukemi
(ACEtLe) ymphoblastic Lymphoma/leukemia 118 (57.0) 3.1 (1.0-5.3) 89 (43.0) 0.8 (0.1-1.9) 207 (2.7) 13 1.9 (0.7-3.1)
Myeloproliferative Neoplasms (MPN) 588 (54.2) 8.6 (5.1-12.2) 496 (45.8) 5.5 (2.9-8.2) 1,084 (14.3) 1.2 6.9 (4.7-9.0)
Myelodysplastic Syndromes (MDS) 378 (53.3) 4.2 (1.8-6.6) 331 (46.7) 3.0 (1.2-4.9) 709 (9.4) 1.1 3.4 (2.0-4.9)
Acute Myeloid Leukemia (AML) 375 (56.0) 5.1(2.4-7.8) 294 (44.0) 6.0 (3.3-8.6) 669 (8.8) 1.3 5.5 (3.6-7.3)
Others 57 (49.1) 0.4 (0.1-1.1) 59 (50.9) 0.6 (0.1-1.4) 116 (1.5) 1.0 0.5 (0.0-1.1)
Total 4,116 (54.3) 3,462 (45.7) 7,578 (100) 1.2

SR, age-Standardized Rates (European Standard Population 2013).
Frontiers in Oncology 04 frontiersin.org
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TABLE 3 The number of cases of hematological malignancies and incidence age-Standardized Rates (European Standard Population 2013) per
100,000 person-years registered in the Province of Reggio Emilia between 1996 and 2020 by age groups.

<18 years 18-65 years >65 years Age at.
diagnosis

n (%) SR (95%Cl) n (%) SR (95%Cl) n (%) SR (95%Cl) M(Tg:;n
Hodgkin Lymphoma (HL) 34 (6.9) 0.4 (0.0-1.2) 358 (72.8) 5.8 (2.9-8.7) 100 (20.3) 0.8 (0.1-1.7 40 (35)
f;;f;:zczsli};;:ﬁi:;zuféﬁzigau 0 (0.0) - 284 (32.2) 1.0 (0.1-2.2) 599 (67.8) 20 (0.8-3.2) 71 (17)
Lymphoplasmacytic Lymphoma (LPL) 0 (0.0) - 55 (28.6) 1.1 (0.0-2.2) 137 (71.3) 0.9 (0.0-1.9) 71 (15)
Marginal Zone Lymphoma (MZL) 1(0.3) - 143 (41.9) 0.6 (0.0-1.5) 197 (57.8) 2.4 (0.6-4.2) 69 (21)
Follicular Lymphoma (FL) 3(0.7) - 222 (53.4) 2.8 (1.1-4.5) 191 (45.9) 2.8 (1.3-4.2) 63 (18)
Diffuse Large B-Cell Lymphoma (DLBCL) 11 (1.2) 359 (38.3) 3.7 (1.7-5.7) 566 (60.5) 4.1 (2.4-5.8) 70 (24.)
Mature T-cell and NK-cell neoplasms 2(0.7) - 137 (48.6) 2.0 (0.5-3.6) 143 (50.7) 0.9 (0.0-1.9) 65.5 (21)
Mantle Cell Lymphoma (MCL) 0 (0.0) - 34 (32.4) 0.4 (0.0-1.1) 71 (67.6) 1.7 (0.2-3.2) 71 (17)
Plasma Cell Neoplasms (PCN) 0 (0.0) - 330 (28.8) 3.5 (1.6-5.3) 816 (71.2) 5.2 (3.3-6.9) 73 (17)
XES Lymphoblastic Lymphoma/leukemia 93 (44.9) 13 (0.1-2.5) 79 (38.2) 0.7 (0.0-1.7) 35 (16.9) 1.1 (0.0-2.4) 21 (47)
Myeloproliferative Neoplasms (MPN) 3(0.3) - 457 (42.2) 3.7 (1.6-5.8) 624 (57.6) 6.2 (3.6- 68 (24)
Myelodysplastic Syndromes (MDS) 0 (0.0) - 79 (11.1) 1.0 (0.0-2.2) 630 (88.9) 3.3 (1.7-4.9) 79 (13)
Acute Myeloid Leukemia (AML) 15 (2.2) - 241 (36.0) 2.0 (0.6-3.4) 413 (61.7) 4.0 (2.4-5.7) 72 (24)
Others 0 (0.0) - 39 (33.6) 0.4 (0.0-1.1) 77 (66.4) 0.6 (0.0-1.4) 72 (22.5)
Total 162 (2.1) 2,817 (37.2) 4,599 (60.7) 70 (2)

SR, age-Standardized Rates (European Standard Population 2013); IQR, Interquartile range.

registries in those years. An increasing incidence trend was
generally observed for all groups except for Chronic Lymphocytic
Leukemia/Small Lymphocytic Lymphoma (CLL/SLL), which
showed a decreasing trend in the last period.

Annual age-standardized incidence and mortality rates were
used to describe HMs trends from 1996 to 2020 (Figure 1). A
significant increase in the incidence rate was registered for FL
(Annual Percent Change, APC: 3.0%; 95%CI 1.4, 4.6). On the
contrary, MPN showed an initial increase until 2013 (APC: 6.0%;
95%CI 3.4, 8.7), followed by a significant decrease (APC: -7.4%; 95%
CI -14.0, -0.0). An increasing trend was also observed for MDS but
only in the first period 1997-2011 (APC: 16.4%; 95%CI 8.6, 24.7)
and for the MZL only in the earlier years 1996-2003 (APC: 35.6%;
95%CI 11.7, 64.8), followed by a significant decrease in the
subsequent years 2003-2020 (APC: -3.8; 95%CI -6.4,-1.2). For
CLL/SLL incidence a decreasing trend was appreciable since 2012
(APC: —15.0%; 95%CI -20.5, -9.1).

The mortality trend showed a significant increase for HL until
2008 (APC: 13.1%; 95%CI 3.8, 23.1), followed by a substantial
decrease in the last period (APC: -9.8%; 95%CI -15.7, -3.5)
(Figure 1). The mortality also decreased for DLBCL (APC: -0.9%;
95%CI -2.3, 0.4), showing an increasing trend for Mature T-cell and
NK-cell neoplasms (APC: 7.8%; 95%CI 2.7, 13.1). Furthermore,
mortality increased for MPN (APC: 6.7%; 95%CI 4.3, 9.2), MDS
only until 2015 (APC: 11.1%; 95%CI 5.4, 17.1), and increased for
LPL in the entire period (APC: 11.9%; 95%CI 3.4, 21.1). CLL/SLL
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mortality, after a strong increase from 1996 to 2003 (APC: 30.1%;
95%CI 2.6, 64.8), was rather stable.

Concerning the 5-year Relative Survival (RS) (Figure 2), HL
showed an increase from 81.3% in 1996-2000 to 92.4% in 2011-
2015. The 5-year RS also increased for FL from 88.4% to 98.0%,
DLBCL from 38.8% to 67.3%, Acute Myeloid Leukemia (AML)
from 17.5% to 33.2%, and MPN from 66.3% to 84.4%. A decrease in
5-year RS was observed for Mature T-cell and NK-cell neoplasms,
from 47.8% to 39.4%, for MDS from 41.8% to 32.5%, and for LPL
from 91.8% to 69.4%.

Table 5 compares incidence, mortality, and survival recorded in
RE-CR with those recorded in the US Surveillance, Epidemiology,
and End Results (SEER) program. In general, when comparable, the
incidence rates recorded in our study are slightly higher than those
in the US, except for CLL/SLL. The mortality data align with those
from the US registry, whereas survival shows higher values except
for CLL/SLL and PCN.

4 Discussion

HM:s represent a heterogeneous group of neoplasms with many
challenges in the diagnostic pathway. Our work aimed to describe
HMSs’ behaviors over 25 years of registration by RE-CR from 1996
to 2020 through new dedicated software that automatically
identified suspected HMs cases by combining several databases.
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TABLE 4 Reggio Emilia Cancer Registry. Distribution of hematological malignancies registered in the Province of Reggio Emilia by periods of diagnosis.

1996-2000 2001-2005 2006-2010 2011-2015 2016-2020

n (%) SR (95%Cl) n (%) SR (95%Cl) n (%) SR (95%Cl) n (%) SR (95%Cl) n (%) SR (95%Cl)
Hodgkin Lymphoma (HL) 86 (175  38(3.046) | 92(187)  38(2946) | 105(213) = 43(3551) | 106 (215) | 41(3349) 103 (209) 40 (3.2-4.8)
g‘;’nic Lymphocytic Leukemia/Small Lymphocytic Lymphoma (CLL/ 146 (165) | 65(557.6) | 221(250) | 93 (81-106) = 202(229) = 7.9(689.1) | 209(237) = 76(66:86) | 105(119) 35 (28-42)
Lymphoplasmacytic Lymphoma (LPL) 33(172)  14(1020) | 35(182)  15(1020) | 38(198)  15(1.120) | 37(193) | 14(09-18) = 49(255) 16 (1.2-21)
Marginal Zone Lymphoma (MZL) 20(59)  09(0513) | 90(264) | 38(30-46) | 85(249)  33(2640) | 77(226)  28(2234)  69(202) | 26(19 (30)
Follicular Lymphoma (FL) ©2101) | 19(1325 | 72(173) | 30(2338) | 77(185)  32(2439) | 100 (240) = 37(3.0-44)  125(300) 44 (36-52)
Diffuse Large B-Cell Lymphoma (DLBCL) 131 (140) | 58(4.868) | 169(18.1) | 7.0(60-81) = 232(248) 90 (7.9-102) = 202(21.6) = 73(63.84)  202(216) 7.0 (6.1-8.0)
Mature T-cell and NK-cell neoplasms 41145 | 18(1324) | 40(142) | 17(1223) | 68(41) | 27(2133) | 71(252) | 26(2032)  62(QL0)  22(1627)
Mantle Cell Lymphoma (MCL) 15(143) | 07(0310) | 14(133) | 06(0309) = 22(209)  09(0513) | 29276 | 10(07-14) 25238 09 (0512)
Plasma Cell Neoplasms (PCN) 172 (150) | 7.7 (6689) | 235(205) | 98 (8511.0) = 230 (20.1) 89 (7.8-101) | 262(229) | 95(83-106) = 247 (216) 85 (7.4-9.6)
Acute Lymphoblastic Lymphoma/leukemia (ALL) 35(169)  19(1325) | 38(184)  18(1223) | 38(184)  15(1020) | 46(222) | 18(1223)  50(241) 19 (14-24)
Myeloproliferative Neoplasms (MPN) 91 (84) | 40 (32-49) | 195(180) | 81(7.0-93)  236(21.8) 9.4 (82-10.6) = 306 (28.2) 11'102_(39)'8' 256 (23.6) 9.0 (7.9-10.1)
Myelodysplastic Syndromes (MDS) 6(08)  03(0105) | 88(124) | 36(2843) | 148(209) = 55(46-64) | 251 (354) | 86(7596)  216(307) 69 (6.0-7.9)
Acute Myeloid Leukemia (AML) 131 (196) | 58(4868) | 115(172) | 47(3855) = 122(182) = 47(3956) | 145(L.7) 53 (4461) 156 (233) 52 (44-6.1)
Others 543 02(0004) | 13(112) 0.5(0.2-0.8) 52(448)  20(1525 25216  09(0512) | 125(2L5)
Total 954 1,417 1,655 1,866 1,686

(12.6) (18.7) (21.8) (24.6) 222)

SR, age-Standardized Rates (European Standard Population 2013).
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FIGURE 1

Reggio Emilia Cancer Registry. Incidence and mortality age-Standardized Rates (European Standard Population 2013) per 100,000 person-years (p-y)

in the Province of Reggio Emilia in the period 1996-2020 by HMs categories.

It is an accepted notion that the consultation of the three
historical archives (anatomy, hospital discharge records, and
mortality) is sufficient for solid tumors CRs, in which two
variables (topography and morphology) are mandatory (27).
Concerning HMs, we have previously shown that including
additional information sources improves the completeness of
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cases by 4.2% in these neoplasms (17). The use of our algorithm
allowed us to enhance the collection, coding, and classification
quality of HM registration. Artificial Intelligence (AI) applications
should facilitate this approach in terms of timeliness and sensitivity
(28-30). Learning algorithms are, for example, applicable to
produce stochastic estimators (e.g. positive predictive value for
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Reggio Emilia Cancer Registry. 5-yr Relative Survival, test for trends using Poisson models, by HMs categories and calendar period.

the HM) and could increase the automatism of our current process.
Attempts have been made in our Institute to use Al for diagnostics
(31-34), the treatment of some neoplasms (35-37), or screening
programs (38-40). Even if the present study is limited to only one
Italian CR, it may contribute to a proper CR classification for
hematologists in their clinical practice.

Our study reports 7,578 cases of HMs; they affected mainly
males (except for Follicular Lymphoma) and elderly patients with a
median age of 70 years except for HL (median age of 40 years), and
ALL (median age of 21 years).

Concerning single malignancies, HL incidence rates registered
in our study (3.9 and 4.5 cases x 100,000, respectively, in males and
females) are very similar to those reported in Northern Italy (4.1
and 3.4 cases per 100.000 in males and females, respectively) (18)
and close to data from other western countries (41). Five-year RS
has increased compared to the early study periods (92.4% in 2011-
2015 vs. 81.3% in 1996-2000), with similar findings to a previous
Italian study (42), confirming the high curability of HL. Our data
did not confirm the higher mortality rates reported in a recent
population-based study (Excess Mortality Ratio = 1.26; 95% CI
1.04-1.54) (11).

For NHL, the US and Italian data report a stable incidence trend in
recent years with a significant drop in mortality and increase in
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survival, which is mainly observed for B cell NHL because of the
introduction of immunotherapy in the late “90s (3, 43-48). Our study
described incidence, mortality, and survival for each primary NHL
subtype. With some limitations due to the small number of rarer
histotypes, we showed a significant drop in the incidence rates of CLL/
SLL and MZL and an increase in FL. All other NHL subtypes had stable
rates. Mortality rates had similar trends compared to incidence, despite
survival increased during the study period for B-cell Lymphomas,
achieving statistical significance for DLBCL patients. Similar to our
results a Swedish study reported a 47% increase in the 5-year
prevalence of NHL overall in 2016 compared to 2004: these results
shall be used to better evaluate the burden of disease and to improve
healthcare planning and resource allocation (12). The observation of a
notable improvement in DBCL survival is an expected finding that is
mainly due to the introduction of antiCD20 monoclonal antibodies in
addition to the polychemotherapy treatment since the early 2000s (49)
and might also have been the consequence of healthcare
improvements, including increasing access to effective treatments for
elderly patients (50).0f note, consistently due to their indolent nature
and to the availability of treatments, the 5-year RS was close to 100% in
both MZL and FL. Conversely, peripheral T-cell lymphoma (PTCL)
was confirmed as the lymphoma subtype with relatively worse outcome
reflecting the lack of effective therapies.
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TABLE 5 Incidence and mortality age-standardized rates, and 5-year survival rates of the hematological malignancies: comparison between the
Reggio Emilia Cancer registry and the US SEER (Surveillance, Epidemiology and End Results) data.

Incidence Mortality 5-year Relative Survival
RE-CR SEER (=@ SEER RE-CR SEER

SR (95%Cl) SR SR(95%Cl) SR % (95%Cl) %
Hodgkin Lymphoma (HL) 4.2 (2.4-6.0) 24 0.4 (0.0-1.0) 0.2 92 (84-97) 89
Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma (CLL/SLL) 2.4 (1.2-3.6) 3.8 24 (1.1-3.7) 80 (72-87) 88
Lymphoplasmacytic Lymphoma (LPL) 1.2 (0.3-2.0) 0.3 (0.0-0.8) 69 (49-85)
Marginal Zone Lymphoma (MZL) 1.4 (0.5-2.4) 0.5 (0.0-1.2) 99 (91-100)
Follicular Lymphoma (FL) 44 (2.7-6.1) 23 1.8 (0.7-3.0) 0.4 98 (88-100) 90
Diffuse Large B-Cell Lymphoma (DLBCL) 6.8 (4.6-9.2) 53 3.0 (1.6-4.4) 1.5 67 (59-75) 65
Mature T-cell and NK-cell neoplasms 1.9 (0.8-3.1) 0.7 (0.1-1.5) 59 (47-73)
Mantle Cell Lymphoma (MCL) 1.0 (0.2-1.8) 0.9 (0.2-1.7) 52 (31-72)
Plasma Cell Neoplasms (PCN) 7.8 (5.6-10.0) 7.1 4.1 (2.4-5.7) 3.1 49 (42-56) 58
Acute Lymphoblastic Lymphoma/leukemia (ALL) 1.9 (0.7-3.1) 1.7 0.8 (0.2-1.7) 0.4 59 (42-72) 65
Myeloproliferative Neoplasms (MPN) 6.9 (4.7-9.0) 47 (2.9-6.4) 84 (78-90)
Myelodysplastic Syndromes (MDS) 3.4 (2.0-4.9) 3.7 (2.2-5.2) 32 (26-40)
Acute Myeloid Leukemia (AML) 5.5 (3.6-7.3) 4.1 3.9 (2.3-5.4) 2.6 33 (25-41) 31

RE-CR, Reggio Emilia Cancer Registry; SR, age-Standardized Rates

Regarding RE-CR the following data are presented: Incidence 2020, Mortality 2020, Survival 2011-2015.
Regarding SEER the following data are presented: Incidence estimate 2022, Mortality estimate 2022, Survival 2012-2018. https://seer.cancer.gov/statfacts/html/hodg.html, consulted on 16-02-

2023.

The incidence of PCN reported in our study is in line with that
reported in northern Italy, with 11.2 and 8.1 cases per 100,000 per
year, in males and females, respectively (18). Interestingly, the
incidence decreased in both sexes while mortality was stable. The
5-year RS in Italy is 53%, slightly better than the 49% recorded in our
analysis. Mortality also decreased (2); in particular, the introduction
of proteasome inhibitors in 2003 and immunomodulators in 2006 led
to a net increase in survival. For example, the increase of 5-year RS
from 37% to 48% comparing cases diagnosed from 1994-2000, with
those diagnosed between 2001-2006, was similar to the increase
observed at the Mayo Clinic in the same periods (from about 35%
to 45%) (7).

Concerning myeloid malignancies, they are generally more
frequent in Western countries, with predominance in the male
sex (6, 51), probably related to different exposures to risk factors
and occupational exposures (52) and aging (13). However, since the
group includes a considerable variety of subtypes, incidence and
survival can present different values even within the same category:
for example, the 5-year survival of AML varies from 5% for
aggressive entities like therapy-related AML to 85% for indolent/
treatable conditions like chronic myeloid leukemia; again males
usually experience worse survivals than females (48.8% vs. 60.4%,
respectively) (13).

The completeness and the accuracy of the clinical and
pathological information is a strength of our study. Also, ours is
the only Cancer Registry in Italy that explored what number of
additional cases could be detected through accessing information
sources other than those routinely feeding Cancer Registries. Our
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results suggest that such procedure would be important, as well-
informed population studies are required to inform aetiological
hypothesis, healthcare planning, and to assess the impact of new
therapies (17).. Furthermore, it is a population-based study, so there
is not only information from hospital centres or patients enrolled in
clinical trials, and today more than ever we need population-based
longitudinal data to inform aetiological hypothesis, healthcare
planning, and impact assessment of the introduction of new
therapies (13, 14).

The lack of individual information, on treatments that
substantially impacted survival in recent years and comorbidities,
which can influence the choice of treatments and, therefore, the
outcome limits the interpretation of our results. Moreover, some of
the categories that were clinically based and may not fully correspond
to conventional classifications, Finally, the small numbers observed in
some predefined groups made it impossible to analyze them
separately and we had to merge them with pathologically close
groups. These choices might affect the precision of some of our
observations but wouldn’t affect the study’s main message.

In conclusion, we provided updated about HM incidence and
outcomes based on the Cancer Registry of Reggio Emilia province, a
highly productive and industrialized territory representative of
Northern Italy. More importantly, our study could provide the
basis for future programs on HM control, patient care, and cancer
research programs. This goal can be reached by offering, for the
future, well-structured databases including biomolecular information
as suggested by the WHO classification to allow also the cross-
validation of new prognostic indicators for HM.

frontiersin.org


https://seer.cancer.gov/statfacts/html/hodg.html
https://doi.org/10.3389/fonc.2023.1182971
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mangone et al.

Data availability statement

The raw data supporting the conclusions of this article will be made
available by the corresponding author, without undue reservation.

Ethics statement

This population-based cohort study uses data from the Reggio
Emilia Cancer Registry, approved by the Provincial Ethics
Committee of Reggio Emilia (ref. no. 2014/0019740 of 4 August
2014). The Ethics Committee authorized, even in the absence of
consent, the processing of personal data, including those suitable for
revealing the state of health of patients who are deceased or
untraceable for the execution of the study.

Author contributions

Conceptualization, investigation, writing—original draft,
visualization, and supervision: LM. Conceptualization,
investigation, and writing—original draft: DP. Formal analysis,
visualization, and supervision: FMa. Investigation, supervision,
and visualization: FR. Writing—review and editing, and
visualization: IB. Supervision: FMo. Supervision: AR. Supervision:
BG. Supervision: AT. Supervision: RV. Supervision: LA.
Supervision: MI. Visualization and supervision: PG. Visualization
and supervision: CV. Visualization and supervision: FM.
Visualization and supervision: AN. Conceptualization, writing—
original draft, investigation, and supervision: SL. All authors have

References

1. Taylor J, Xiao W, Abdel-Wahab O. Diagnosis and classification of hematologic
malignancies on the basis of genetics. Blood (2017) 130(4):410-23. doi: 10.1182/blood-
2017-02-734541

2. Binder M, Nandakumar B, Rajkumar SV, Kapoor P, Buadi FK, Dingli D, et al.
Mortality trends in multiple myeloma after the introduction of novel therapies in the
United States. Leukemia (2022) 36(3):801-8. doi: 10.1038/s41375-021-01453-5

3. Clarke CA, Glaser SL. Changing incidence of non-Hodgkin lymphomas in the
United States. Cancer (2002) 94(7):2015-23. doi: 10.1002/cncr.10403

4. Miranda-Filho A, Pifieros M, Ferlay J, Soerjomataram I, Monnereau A, Bray F.
Epidemiological patterns of leukaemia in 184 countries: a population-based study.
Lancet Haematol (2018) 5(1):e14-24. doi: 10.1016/52352-3026(17)30232-6

5. Dores GM, Devesa SS, Curtis RE, Linet MS, Morton LM. Acute leukemia
incidence and patient survival among children and adults in the United States, 2001-
2007. Blood (2012) 119(1):34-43. doi: 10.1182/blood-2011-04-347872

6. Sant M, Allemani C, Tereanu C, De Angelis R, Capocaccia R, Visser O, et al.
Incidence of hematologic malignancies in Europe by morphologic subtype: results of

the HAEMACARE project. Blood (2010) 116(19):3724-34. doi: 10.1182/blood-2010-
05-282632

7. Kumar SK, Rajkumar SV, Dispenzieri A, Lacy MQ, Hayman SR, Buadi FK, et al.
Improved survival in multiple myeloma and the impact of novel therapies. Blood (2008)
111(5):2516-20. doi: 10.1182/blood-2007-10-116129

8. Cordoba R, Eyre TA, Klepin HD, Wildes TM, Goede V. A comprehensive
approach to therapy of haematological malignancies in older patients. Lancet Haematol
(2021) 8(11):e840-52. doi: 10.1016/52352-3026(21)00241-6

9. Ocias LF, Larsen TS, Vestergaard H, Friis LS, Abildgaard N, Frederiksen H.
Academy of geriatric cancer research (AgeCare). trends in hematological cancer in the

Frontiers in Oncology

10

10.3389/fonc.2023.1182971

read and agreed to the published version of the manuscript. All
authors contributed to the article.

Funding

This study was partially supported by the Italian Ministry of
Health - Ricerca Corrente Annual Program 2024.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2023.1182971/
full#supplementary-material

elderly in Denmark, 1980-2012. Acta Oncol (2016) 55 Suppl 1:98-107. doi: 10.3109/
0284186X.2015.1115124

10. National Cancer Institute. Surveillance, epidemiology, and end results program .
SEER. Available at: https://seer.cancer.gov/statfacts/html/hodg.html (Accessed
February 16, 2023).

11. Radkiewicz C, Bruchfeld JB, Weibull CE, Jeppesen ML, Frederiksen H, Lambe
M, et al. Sex differences in lymphoma incidence and mortality by subtype: a population-
based study. Am ] Hematol (2023) 98(1):23-30. doi: 10.1002/ajh.26744

12. Ekberg S, Smedby K E, Glimelius I, Nilsson-Ehle H, Goldkuhl C, Lewerin C,
et al. Trends in the prevalence, incidence and survival of non-Hodgkin lymphoma
subtypes during the 21st century - a Swedish lymphoma register study. Br ] Haematol
(2020) 189(6):1083-92. doi: 10.1111/bjh.16489

13. Roman E, Smith A, Appleton S, Crouch S, Kelly R, Kinsey S, et al. Myeloid
malignancies in the real-world: occurrence, progression and survival in the UK’s
population-based haematological malignancy research network 2004-15. Cancer
Epidemiol. (2016) 42:186-98. doi: 10.1016/j.canep.2016.03.011

14. Smith A, Crouch S, Lax S, Li J, Painter D, Howell D, et al. Lymphoma incidence,
survival and prevalence 2004-2014: sub-type analyses from the UK’s haematological
malignancy research network. Br ] Cancer. (2015) 112(9):1575-84. doi: 10.1038/bjc.2015.94

15. Leinonen MK, Rantanen M, Pitkdniemi J, Malila N. Coverage and accuracy of
myeloproliferative and myelodysplastic neoplasms in the Finnish cancer registry. Acta
Oncol (2016) 55(6):782-6. doi: 10.3109/0284186X.2015.1127416

16. van der Willik KD, Ruiter R, van Rooij FJA, Verkroost-van Heemst J,
Hogewoning SJ, Timmermans KCAA, et al. Ascertainment of cancer in longitudinal
research: the concordance between the Rotterdam study and the Netherlands cancer
registry. Int ] Cancer. (2020) 147(3):633-40. doi: 10.1002/ijc.32750

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2023.1182971/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2023.1182971/full#supplementary-material
https://doi.org/10.1182/blood-2017-02-734541
https://doi.org/10.1182/blood-2017-02-734541
https://doi.org/10.1038/s41375-021-01453-5
https://doi.org/10.1002/cncr.10403
https://doi.org/10.1016/S2352-3026(17)30232-6
https://doi.org/10.1182/blood-2011-04-347872
https://doi.org/10.1182/blood-2010-05-282632
https://doi.org/10.1182/blood-2010-05-282632
https://doi.org/10.1182/blood-2007-10-116129
https://doi.org/10.1016/S2352-3026(21)00241-6
https://doi.org/10.3109/0284186X.2015.1115124
https://doi.org/10.3109/0284186X.2015.1115124
https://seer.cancer.gov/statfacts/html/hodg.html
https://doi.org/10.1002/ajh.26744
https://doi.org/10.1111/bjh.16489
https://doi.org/10.1016/j.canep.2016.03.011
https://doi.org/10.1038/bjc.2015.94
https://doi.org/10.3109/0284186X.2015.1127416
https://doi.org/10.1002/ijc.32750
https://doi.org/10.3389/fonc.2023.1182971
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Mangone et al.

17. Roncaglia F, Mancuso P, Vicentini M, Vitiello A, Vecchia L, Luminari S, et al.
New information flows for cancer registries: testing the use of laboratory data in the
province of reggio Emilia, Italy. Eur ] Cancer Prev (2020) 29(6):548-55. doi: 10.1097/
CEJ.0000000000000585

18. AIOM, AIRTUM, PASSI, PASSI D’ARGENTO and SIAPEC-.IAP. I Numeri del
cancro in italia 2019. Brescia: Intermedia editore (2019). p. 369.

19. AIOM, AIRTUM and PASSI. I Numeri del cancro in italia 2018. Brescia:
Intermedia Editore (2018). p. 341.

20. Fritz A, Percy C, Jack A, Shanmugaratnam K, Sobin L, Parkin DM, et al.
International classification of disease for oncology. 3rd edition. World Health
Organization (2013), printed in Malta.

21. Mangone L, Borciani E, Michiara M, Vicentini M, Carrozzi G, Mancuso P, et al.
I Tumori nelle province dell’Area vasta Emilia nord: Piacenza, Parma, Reggio Emilia e
Modena: anni 2013-2014. I Registri Tumori (2015), Reggio Emilia.

22. Coviello V, Buzzoni C, Fusco M, Barchielli A, Cuccaro F, De Angelis R, et al.
AIRTUM Working Group. Survival of cancer patients in Italy. Epidemiol Prev. (2017)
41(2 Suppl 1):1-244. doi: 10.19191/EP17.2S1.P001.017

23. Mangone L, Marinelli F, Bisceglia I, Pinto C. The incidence of cancer at the time
of COVID-19 in Northern Italy. Ann Oncol Res (2022) 2(2). doi: 10.48286/ar0.2022.41

24. Dickman PW, Coviello E. Estimating and modeling relative survival. Stata J
(2015) 15:186-215. doi: 10.1177/1536867X1501500112

25. ISTAT. Available at: https://demo.istat.it/app/?i=TVM&l=it (Accessed June 13, 2023).

26. Joinpoint regression program, version 4.9.0.0. Bethesda, MD, USA: Statistical
Research and Applications Branch, National Cancer Institute (2021).

27. European Network of Cancer Registries (ENCR). Available at: https://www.encr.
eu/ (Accessed February 16, 2023).

28. Alawad M, Gao S, Qiu JX, Yoon HJ, Blair Christian J, Penberthy L, et al.
Automatic extraction of cancer registry reportable information from free-text
pathology reports using multitask convolutional neural networks. J Am Med Inform
Assoc (2020) 27(1):89-98. doi: 10.1093/jamia/ocz153

29. Gao S, Alawad M, Schaefferkoetter N, Penberthy L, Wu XC, Durbin EB, et al.
Using case-level context to classify cancer pathology reports. PloS One (2020) 15(5):
€0232840. doi: 10.1371/journal.pone.0232840

30. Yoon HJ, Klasky HB, Gounley JP, Alawad M, Gao S, Durbin EB, et al.
Accelerated training of bootstrap aggregation-based deep information extraction
systems from cancer pathology reports. J BioMed Inform. (2020) 110:103564. doi:
10.1016/4.jb1.2020.103564

31. Lippi M, Gianotti S, Fama A, Casali M, Barbolini E, Ferrari A, et al. Texture analysis
and multiple-instance learning for the classification of malignant lymphomas. Comput
Methods Programs Biomed (2020) 185:105153. doi: 10.1016/j.cmpb.2019.105153

32. Feliciani G, Fioroni F, Grassi E, Bertolini M, Rosca A, Timon G, et al. Radiomic
profiling of head and neck cancer: 18F-FDG PET texture analysis as predictor of patient
survival. Contrast Media Mol Imaging. (2018) 2018:3574310. doi: 10.1155/2018/3574310

33. Cagni E, Botti A, Micera R, Galeandro M, Sghedoni R, Orlandi M, et al.
Knowledge-based treatment planning: an inter-technique and inter-system feasibility
study for prostate cancer. Phys Med (2017) 36:38-45. doi: 10.1016/j.ejmp.2017.03.002

34. Mancosu P, Lambri N, Castiglioni I, Dei D, Iori M, Loiacono D, et al.
Applications of artificial intelligence in stereotactic body radiation therapy. Phys Med
Biol (2022) 67(16). doi: 10.1088/1361-6560/ac7e18

35. Ciammella P, Cozzi S, Botti A, Giaccherini L, Sghedoni R, Orlandi M, et al.
Safety of inhomogeneous dose distribution IMRT for high-grade glioma reirradiation: a
prospective phase I/II trial (GLIORAD TRIAL). Cancers (Basel). (2022) 14(19):4604.
doi: 10.3390/cancers14194604

36. Orlandi M, Botti A, Sghedoni R, Cagni E, Ciammella P, Iotti C, et al. Feasibility
of voxel-based dose painting for recurrent glioblastoma guided by ADC values of

Frontiers in Oncology

11

10.3389/fonc.2023.1182971

diffusion-weighted MR imaging. Phys Med (2016) 32(12):1651-8. doi: 10.1016/
j-€jmp.2016.11.106

37. Tori F, Botti A, Ciammella P, Cozzi S, Orlandi M, Iori M, et al. How a very large
sarcomatoid lung cancer was efficiently managed with lattice radiation therapy: a case
report. Ann Palliat Med (2022) 11(11):3555-3561. doi: 10.21037/apm-22-246

38. Piro R, Fontana M, Casalini E, Taddei S, Bertolini M, Iori M, et al. Cone beam
CT augmented fluoroscopy allows safe and efficient diagnosis of a difficult lung nodule.
BMC Pulm Med (2021) 21(1):327. doi: 10.1186/512890-021-01697-y

39. Donini B, Rivetti S, Lanconelli N, Bertolini M. Free software for performing
physical analysis of systems for digital radiography and mammography. Med Phys
(2014) 41(5):051903. doi: 10.1118/1.4870955

40. Iotti V, Giorgi Rossi P, Nitrosi A, Ravaioli S, Vacondio R, Campari C, et al.
Comparing two visualization protocols for tomosynthesis in screening: specificity and
sensitivity of slabs versus planes plus slabs. Eur Radiol (2019) 29(7):3802-11. doi:
10.1007/500330-018-5978-x

41. Morton LM, Wang SS, Devesa SS, Hartge P, Weisenburger DD, Linet MS.
Lymphoma incidence patterns by WHO subtype in the United States, 1992-2001. Blood
(2006) 107(1):265. doi: 10.1182/blood-2005-06-2508

42. Luminari S, Cesaretti M, Rashid I, Mammi C, Montanini A, Barbolini E, et al.
Incidence, clinical characteristics and survival of malignant lymphomas: a population-
based study from a cancer registry in northern Italy. Hematol Oncol (2007) 25(4):189—
97. doi: 10.1002/hon.826

43. Sandin S, Hjalgrim H, Glimelius B, Rostgaard K, Pukkala E, Askling J. Incidence
of non-hodgkin’s lymphoma in Sweden, Denmark, and Finland from 1960 through
2003: an epidemic that was. Cancer Epidemiol Biomarkers Prev (2006) 15(7):1295-300.
doi: 10.1158/1055-9965.EPI-05-0958

44. van de Schans SAM, Issa DE, Visser O, Nooijen P, Huijgens PC, Karim-Kos HE,
et al. Diverging trends in incidence and mortality, and improved survival of non-
hodgkin’s lymphoma, in the Netherlands, 1989-2007. Ann Oncol (2012) 23(1):171-82.
doi: 10.1093/annonc/mdr055

45. Bosetti C, Levi F, Ferlay J, Lucchini F, Negri E, La Vecchia C. Incidence and
mortality from non-Hodgkin lymphoma in Europe: the end of an epidemic? Int J
Cancer (2008) 123(8):1917-23. doi: 10.1002/ijc.23722

46. Devesa SS, Silverman DT, Young JLJr, Pollack ES, Brown CC, Horm JW, et al.
Cancer incidence and mortality trends among whites in the United States, 1947-84. |
Natl Cancer Inst (1987) 79(4):701-70.

47. Miranda-Filho A, Pifieros M, Znaor A, Marcos-Gragera R, Steliarova-Foucher E,
Bray F. Global patterns and trends in the incidence of non-Hodgkin lymphoma. Cancer
Causes Control. (2019) 30(5):489-99. doi: 10.1007/s10552-019-01155-5

48. Hester LL, Park SI, Wood WA, Stiirmer T, Brookhart MA, Lund JL. Cause-
specific mortality among Medicare beneficiaries with newly diagnosed non-Hodgkin
lymphoma subtypes. Cancer (2019) 125(7):1101-12. doi: 10.1002/cncr.31821

49. Coiffier B, Lepage E, Briere ], Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP
chemotherapy plus rituximab compared with CHOP alone in elderly patients with
diffuse large-b-cell lymphoma. N Engl J Med (2002) 346(4):235-42. doi: 10.1056/
NEJMo0a011795

50. Merli F, Luminari S, Tucci A, Arcari A, Rigacci L, Hawkes E, et al. Simplified
geriatric assessment in older patients with diffuse Large b-cell lymphoma: the
prospective elderly project of the fondazione italiana linfomi. J Clin Oncol (2021) 39
(11):1214-22. doi: 10.1200/JCO.20.02465

51. Bray F, Colombet M, Mery L, Pifieros M, Znaor A, Zanetti R, et al. Cancer
incidence in five continents volume XI. IARC scientific publication no. 166. Lyon:
International Agency for Research on Cancer (2021).

52. Thun MJ, Linet MS, Cerhan JR, Haiman CA, Schottenfeld D. Schottenfeld and
fraumeni cancer epidemiology and prevention. 4th ed. New York, NY: Oxford
University Press (2017).

frontiersin.org


https://doi.org/10.1097/CEJ.0000000000000585
https://doi.org/10.1097/CEJ.0000000000000585
https://doi.org/10.19191/EP17.2S1.P001.017
https://doi.org/10.48286/aro.2022.41
https://doi.org/10.1177/1536867X1501500112
https://demo.istat.it/app/?i=TVM&l=it
https://www.encr.eu/
https://www.encr.eu/
https://doi.org/10.1093/jamia/ocz153
https://doi.org/10.1371/journal.pone.0232840
https://doi.org/10.1016/j.jbi.2020.103564
https://doi.org/10.1016/j.cmpb.2019.105153
https://doi.org/10.1155/2018/3574310
https://doi.org/10.1016/j.ejmp.2017.03.002
https://doi.org/10.1088/1361-6560/ac7e18
https://doi.org/10.3390/cancers14194604
https://doi.org/10.1016/j.ejmp.2016.11.106
https://doi.org/10.1016/j.ejmp.2016.11.106
https://doi.org/10.21037/apm-22-246
https://doi.org/10.1186/s12890-021-01697-y
https://doi.org/10.1118/1.4870955
https://doi.org/10.1007/s00330-018-5978-x
https://doi.org/10.1182/blood-2005-06-2508
https://doi.org/10.1002/hon.826
https://doi.org/10.1158/1055-9965.EPI-05-0958
https://doi.org/10.1093/annonc/mdr055
https://doi.org/10.1002/ijc.23722
https://doi.org/10.1007/s10552-019-01155-5
https://doi.org/10.1002/cncr.31821
https://doi.org/10.1056/NEJMoa011795
https://doi.org/10.1056/NEJMoa011795
https://doi.org/10.1200/JCO.20.02465
https://doi.org/10.3389/fonc.2023.1182971
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Incidence, mortality, and survival of hematological malignancies in Northern Italian patients: an update to 2020
	1 Introduction
	2 Materials and methods
	2.1 Data sources
	2.2 Digital health tools
	2.3 Statistical analyses

	3 Results
	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


