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Aims: To analyse the entity specific incidence and disease specific survival (DSS) of non-Hodgkin
lymphomas (NHLs) in Tyrol/Austria, 1991–2000.
Methods: Data from 1307 NHLs (excluding primary cutaneous lymphomas and monoclonal
gammopathies of undetermined significance) were obtained. Current status was available for all patients.
Except for 29 cases of small lymphocytic (CLL/SLL), lymphoblastic leukaemia (ALL), and myeloma (MM),
which were diagnosed cytologically, diagnoses were reclassified on paraffin wax embedded archival
material according to new World Health Organisation criteria. Sex specific age adjusted standardised
incidence rates were computed using Segi’s population weighting. Annual incidence changes were
calculated by weighted least square regression analysis. Survival was estimated by the Kaplan–Meier
method and compared by log rank test.
Results: NHL more frequently affected men (male/female ratio, 1.52). Mean age of occurrence was 61
and 66 years for men and women, respectively. The incidence rate of 14.3 remained constant. There was
a significant increase in diffuse large B cell lymphoma (DLBCL) and decrease in CLL/SLL in men, and a
decrease in MM in women. Overall DSS was 64% during the mean follow up (43 months). Age, T-NHL,
l light chain restriction in MM, and male sex in CLL/SLL were associated with poor prognosis. In B-NHL,
DSS decreased in the following order: hairy cell leukaemia, marginal zone lymphoma, follicular
lymphoma, Burkitt lymphoma, ALL, DLBCL, CLL, MM, and mantle cell lymphoma.
Conclusions: The incidence of NHL in Tyrol has changed in the past decade, with a significant increase in
DLBCL, decrease in CLL/SLL in men, and decrease in MM in women.

N
on-Hodgkin lymphomas (NHLs) are lymphopoietic
malignancies of B cell, T cell (B-NHL and T-NHL,
respectively), or natural killer cell origin.1

Epidemiological data on the incidence of NHL are multi-
faceted. Most studies have shown a rising incidence in the
highly aggressive subtypes during the past few decades.2–9

However, increased exposure to risk factors10—such as
immunosuppressive drugs,11 herbicides and solvents,12–16 viral
and Helicobacter pylori infections,11 17–22 tobacco abuse and fat
intake,23–25 hair dyes,26 27 and certain antibiotics28—can only
partly explain the observed epidemiological changes. The
increased survival of patients treated with cytotoxic regimens
for neoplastic diseases, the improved prognosis for patients
with inborn immunodeficiency syndromes,29–31 and the rising
incidence of autoimmune disorders32 33 may also play a role in
the altering incidence of NHL. Disturbed cellular interactions
and communications between B and T cells, as frequently
seen in older individuals,34 is probably also linked to NHL.
Indeed, age appears to be an important risk factor for the
development of NHL.2–8

‘‘Most studies have shown a rising incidence in the highly
aggressive subtypes of non-Hodgkin lymphoma during the
past few decades’’

Studies from Sweden described an average 3% annual
increase in the incidence of NHL during an observation
period between 1971 and 1990, and a decreased incidence
from 1991 to 2000.12 13 A population based registry from the
Netherlands showed that the incidence of NHL was stable
between 1981 and 1989.35 Other European studies showed an
annual increase in NHL of 4% between 1973 and 1992.2 4–6 In
Sardinia3 an average 6% annual increase in the rate of NHL

was found between 1974 and 1993. In the USA, overall age
adjusted incidence rates (http://seer.cancer.gov/) have stabi-
lised after a steady annual increase of 3–4% between 1970
and 1980.7 Groves et al showed high grade NHL to have the
most rapidly growing incidence, particularly among men, for
the observation period 1978–1995.8 However, patients with
multiple myeloma (MM), acute lymphoblastic leukaemia
(ALL), Burkitt lymphoma (BL), and chronic lymphocytic
leukaemia (CLL), recognised by the current World Health
Organisation (WHO) classification as NHL,1 were not
considered in these studies. Moreover, NHL classification
inconsistencies as a result of a variety of systems used, such
as Kiel (1974), Lukes/Collins (1974), WHO (1976), Working
Formulation (1982), REAL (1994), and WHO (1999),1 36

make direct comparisons between the studies difficult or
impossible.

In our present study, we analysed the epidemiology of NHL
in Tyrol, reclassifying all cases according to current WHO
criteria.1 We considered all nodal and extranodal NHLs
diagnosed between 1991 and 2000 in the demographically
well documented, previously unreported Tyrolean population
(http://www.tirol.gv.at/themen/zahlenundfakten/statistik).

Abbreviations: ALCL, anaplastic large cell lymphoma; ALL, acute
lymphoblastic leukaemia; BL, Burkitt lymphoma; B/T, B/T cell; CLL,
chronic lymphocytic leukaemia; DLBCL, diffuse large B cell lymphoma;
DSS, disease specific survival; FACS, fluorescent activated cell sorter
analysis; FL, follicular lymphoma; HCL, hairy cell leukaemia; LPL,
lymphoplasmacytic lymphoma; MCL, mantle cell lymphoma; MGUS,
monoclonal gammopathy of undetermined significance; MALT, mucosa
associated lymphoid tissue; MM, multiple myeloma; MZL, marginal zone
lymphoma; NHL, non-Hodgkin lymphoma; OS, overall survival; SLL,
small lymphocytic lymphoma; TCRBCL, T cell rich B cell lymphoma;
WHO, World Health Organisation
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MATERIALS AND METHODS
Patients
Incidence data in this cross sectional study were obtained
from the population based Cancer Registry of Tyrol and
compared with data from the database of the Institute of
Pathology at the Innsbruck Medical University, Austria. In
Tyrol, all biopsy NHL diagnoses (except primary cutaneous
NHL, isolated ALL, and monoclonal gammopathies of
undetermined significance (MGUS)) are performed at the
Institute of Pathology (Innsbruck Medical University) and
are encoded as ‘‘neoplastic diseases of the lymphopoietic
system’’. All lymphopoietic malignancies (except MGUS and
primary cutaneous NHL) with corresponding current patient
status data, such as date of first diagnosis, level of diagnostic
evidence (cytology, histology, molecular biology), address
(postal code), sex, and life status, including cause of death as
annually reported by the registry offices in Tyrol, are listed at
the population based cancer registry, provided the patients
are Tyrolean citizens or inhabitants, but the exact NHL
subtypes are not documented. Thus, comparison of both
databases allows accurate determination of the specific
incidence of different NHL entities.

Diagnostic tissue samples
With the exception of 29 (2%) patients with ALL, CLL, and
MM, in whom the diagnosis was established by cytological
examination and fluorescent activated cell sorter analysis
(FACS) only, all other 1278 diagnoses were histologically
established by morphological, immunohistochemical, and

molecular methods. All available 1278 NHL biopsy specimens
were revised morphologically by one of us (AT) and
reclassified according to the current WHO criteria.1 The 29
primary cytological or FACS ALL, CLL, and MM diagnoses
were not revised. In cases where the first diagnosis matched
the reviewer’s diagnosis morphologically, no further diag-
nostic methods were applied. In equivocal cases, ancillary
immunohistochemical stains were performed as recom-
mended.1 37 38

Statistics
Current status data from all patients, including cause of
death, were available at the Cancer Registry of Tyrol.
Incidence was calculated as sex specific and age adjusted
standardised incidence rate using Segi’s population weight-
ing39 for the Tyrolean population, which is reported annually
by the Tyrolean government (http://www.tirol.gv.at/themen/
zahlenundfakten/statistik). Statistical analysis was per-
formed using Statistical Software Package of Social
Sciences 10.0, applying descriptive methods, Pearson, x2,
and Mann–Whitney U tests. Time trend curves were
constructed using the curve estimation option. For investiga-
tion of the annual incidence changes a least square regression
analysis of the standardised incidence rate weighted by the
absolute number of cases was applied. Disease specific
mortality was defined as patient deaths caused by or with
symptomatic lymphoma. Relative five year survival was
defined as percentage of patients with NHL who did not die
as a result of NHL after an observation period of five years.

Table 1 Age adjusted standardised NHL incidence rate (Tyrol 1991–2000)

NHL entity M/F ratio Sex

Standardised NHL incidence rate N

1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 p Value

B-ALL 0.90 F 1.01 1.25 1.15 1.21 0.67 2.76 1.57 0.60 0.86 0.72 0.6933 28
M 1.00 0.53 0.42 1.05 1.48 1.00 0.69 2.03 1.90 0.51 0.3031 27

B-CLL 2.10 F 2.14 3.46 3.28 3.23 3.21 2.57 2.72 2.46 1.08 2.42 0.1171 176
M 5.86 8.54 7.49 5.66 5.38 5.39 4.37 3.80 5.58 3.63 0.0111 232

LPL 1.13 F 0.54 0.29 0.12 0.14 0 0 0.07 0.08 0.20 0.15 –* 9
M 0 0.19 0.53 0 0.51 0.30 0 0.27 0 0 –* 7

MCL 3.97 F 0.18 0.09 0 0 0.06 0.32 0 0.36 0 0.08 –* 8
M 0 1.19 0.26 0 0 0.67 1.62 0.38 0.21 0 0.6604 18

FL 0.99 F 1.05 1.46 1.17 1.38 1.00 2.02 1.49 1.06 1.91 1.06 0.5871 67
M 1.19 0.88 1.16 1.56 1.13 1.91 1.98 0.65 0.90 2.16 0.4093 56

Nodal MZL 0.53 F 0 0 0 0 0 0.57 0 0 0 0 –* 2
M 0 0 0 0 0 0 0 0.30 0 0 –* 1

MZL of MALT 1.36 F 0.95 0.92 0.36 0.29 0.27 0.28 0.16 0.16 0.54 0.62 0.2042 25
M 0.82 0.58 0.52 0.98 0.37 0.55 0.29 0.75 0.69 0.64 0.6889 26

HCL 5.92 F 0 0.25 0 0 0 0 0 0 0.47 0.29 –* 4
M 0.28 1.14 1.17 1.07 0.49 0.75 0.29 0.17 0.21 0.41 0.0835 23

MM 1.34 F 2.61 2.69 2.07 1.97 3.17 2.34 1.66 1.56 1.81 1.26 0.0220 123
M 3.24 4.71 3.72 1.81 3.59 1.36 1.94 3.23 2.66 1.98 0.1206 118

DLBCL 1.39 F 2.05 2.56 1.51 2.05 1.39 2.35 2.32 2.66 2.45 2.89 0.1330 131
M 2.13 1.89 3.08 1.53 3.46 4.40 3.50 3.32 3.35 4.14 0.0215 130

Mediastinal
DLBCL

0.12 F 0.18 0.2 0.46 0.6 0.08 0.2 0 0.29 0.21 0 –* 10
M 0 0 0 0 0 0.26 0 0 0 0 –* 1

BL 2.37 F 0 0.55 0 0.12 0.30 0 0 0.44 0 0.46 –* 7
M 0 0.27 0.21 0 0.67 1.16 0.47 0.57 0.38 0.71 0.7940 12

T-ALL 2.59 F 0.41 0.32 0.31 0.70 0.23 0 0 0 0.30 0 0.7269 9
M 0.79 0.70 0.76 0.25 0 0.95 1.00 0.78 0.46 0.20 0.4329 17

Mature T-NHL 1.53 F 0 0.47 0.27 0.26 0 0.26 0.07 0.08 0.08 0.29 –* 9
M 0 0.32 0 0.74 0.75 0.45 0 0 0.21 0.26 0.3031 11

NK lymphoma/
leukaemia

0.50 F 0 0.32 0 0 0 0 0 0 0 0.08 –* 2
M 0 0 0 0 0 0 0 0 0 0.20 –* 1

Nodal ALCL 1.28 F 0 0 0.15 0.14 0 0 0.65 0 0.21 0.64 –* 9
M 0.3 0 0.29 0 0.26 0.29 0.29 0.65 0 0.21 –* 8

All NHL 1.52 F 11.14 14.83 9.92 12.08 10.37 13.68 10.70 9.75 10.12 10.96 0.2607 619
M 15.63 19.95 19.61 14.65 18.08 18.43 16.44 17.91 16.53 15.03 0.3704 688

Total number 107 133 167 112 132 142 131 128 130 125 1307

*Weighted least square regression analysis not performed because of too few cases.
ALCL, anaplastic large cell lymphoma; ALL, acute lymphoblastic leukaemia/lymphoma; B-/T-, B/T cell; BL, Burkitt lymphoma/leukaemia; CLL, chronic lymphocytic
leukaemia; DLBCL, diffuse large B cell lymphoma; FL, follicular lymphoma; HCL, hairy cell leukaemia; LPL, lymphoplasmacytic lymphoma; MALT, mucosa
associated lymphoid tissue; MCL, mantle cell lymphoma MM, multiple myeloma; MZL, marginal zone lymphoma; NHL, non-Hodgkin lymphoma; NK, natural killer
cell.
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Survival was estimated by the Kaplan–Meier method and
compared by the log rank test; p values , 0.05 were
considered significant.

RESULTS
Patients, lymphoma diagnoses, and equivocal
diagnoses
During the observation period 1 January 1991 to 31
December 2000, 1612 new NHLs were diagnosed at the
Institute of Pathology (Innsbruck Medical University,
Austria), 1278 (79%) of them in Tyrolean citizens or
inhabitants as assessed by the patients’ home postal codes.
Including the 29 cases of Tyrolean citizens diagnosed with
NHL by cytology alone (ALL, CLL, MM), our present study
encompassed a total of 1307 NHLs. Of these, 173 were
primary extranodal lymphomas and 603 lymphomas diag-
nosed on trephine bone marrow biopsies (table 1). Except for

23 (2%) cases, all the other 1255 primary and revised
diagnoses matched substantially (data not shown in detail).

Cumulative proportions of NHL entit ies and incidence
Figure 1 and table 1 show the relative proportions and
absolute numbers, in addition to the standardised incidence,
of all NHL entities diagnosed between 1991 and 2000 in
Tyrolean citizens. During the observation period, the Tyrolean
population increased from 630 145 to 672 209, mainly as a
result of immigration (average annual increase, 0.72%; http://
www.tirol.gv.at/themen/zahlenundfakten/statistik); how-
ever, no significant change was seen in the incidence or sex
specificity of all NHLs (fig 2). NHL affected men more
frequently, and at an earlier age, than women (men:
n = 688; mean age, 61 years; median, 65; women:
n = 619 (47%); mean age, 66 years; median, 70;
p , 0.0001). Fifty seven per cent of all NHLs were detected
in individuals older than 65 years (52% in men and 63% in
women). Taking into consideration the standard population
and the standardised incidence rates, the male to female ratio
for NHL in Tyrol was 1.52, with hairy cell leukaemia (HCL;
p = 0.017), mantle cell lymphoma (MCL), T-ALL, BL, and B-
CLL/small lymphocytic lymphoma (CLL/SLL) most commonly
affecting male patients and sclerosing (mediastinal) diffuse
large B cell lymphoma (DLBCL; p = 0.007), B-ALL, and
follicular lymphoma (FL) more commonly affecting female
patients (the sex specific distribution differences of entities,
for which p values are not indicated were not significant).
The mean age at diagnosis of NHL was specific for the
different disease entities (fig 3), but did not change from
1991 to 2000.

However, significant frequency changes were seen within
the specific NHL entities. The incidence of primary DLBCL
increased in both male and female patients; the increase
reaching significance in men (p = 0.0215, fig 4A). A
significant decline was noted in CLL/SLL in male patients
(p = 0.0111; fig 4B) and MM in female patients
(p = 0.0220; fig 4C). The incidence of HCL decreased in
male patients, but this was not significant (p = 0.0835). The
incidence of marginal zone lymphomas (MZLs) of the
mucosa associated lymphoid tissue (MALT) type decreased
significantly in female patients (p = 0.009) between 1991
and 1997, and increased (p = 0.066; fig 4D) between 1998

Figure 1 Overall proportions of the different NHL entities (left) and of nodal NHLs only (right) in Tyrol, pooled data 1991–2000; ALCL, anaplastic
large cell lymphoma; ALL, pooled lymphoblastic lymphomas and acute lymphoblastic (pooled B and T cell) leukaemias; BL, Burkitt lymphoma; CLL,
chronic lymphocytic leukaemia; DLBCL, diffuse large B cell lymphoma; FL, follicular lymphoma; HCL, hairy cell leukaemia; LPL, lymphoplasmacytic
lymphoma; MCL, mantle cell lymphoma; MALT, mucosa associated lymphoid tissue; MM, multiple myeloma; MZL, marginal zone lymphoma; NHL,
non-Hodgkin lymphoma; NK, natural killer cell; SLL, small lymphocytic lymphoma.

22

20

18

0
2000

Year

St
an

da
rd

is
ed

 in
ci

de
nc

e 
ra

te

1991

16

14

12

8

6

4

2

10

1992 1993 1994 1995 1996 1997 1998 1999

NHL (males)
NHL (females)

Figure 2 Incidence of non-Hodgkin lymphoma (NHL) in male and
female patients in Tyrol 1991–2000.
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and 2000, primarily as a result of the increased incidence of
non-gastric MZL of MALT after 1997 (data not shown in
detail).

Survival analysis
The mean follow up period in our study was 43 months
(range, 1–137; median, 33). Table 2 shows the mean, median,
relative five year overall (OS), and disease specific survival

(DSS). We found significant correlations between age and OS
and DSS (p , 0.005 for both; fig 5A), and between B-NHL
versus T-NHL lineage origin and DSS (64% and 56% OS,
respectively; p = 0.0145). Different DSS values were seen for
the different B-NHLs (p , 0.0001; fig 5B). Bone marrow
infiltration (corresponding to Ann-Arbor stage IV disease)
was, as expected, a risk factor for worse DSS in DLBCL
(p , 0.01). CLL/SLL and true lymphoplasmacytic lymphomas

Figure 3 Age adjusted incidence of
selected non-Hodgkin lymphomas
(NHLs) in Tyrol; pooled data 1991–
2000. ALL, acute lymphoblastic
leukaemia; CLL, chronic lymphocytic
leukaemia; DLBCL, diffuse large B cell
lymphoma; FL, follicular lymphoma;
MCL, mantle cell lymphoma; MM,
multiple myeloma; MZL, marginal zone
lymphoma; PTCL, peripheral T cell
lymphoma; SLL, small lymphocytic
lymphoma; T-NHL, T cell non-Hodgkin
lymphoma.
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Figure 4 (A) Increasing incidence of
primary diffuse large B cell lymphoma
in male Tyroleans 1991–2000;
p = 0.0215. (B) Declining incidence of
B chronic lymphocytic leukaemia/small
lymphocytic lymphoma in male
Tyroleans 1991–2000; p = 0.0111.
(C) Declining incidence of multiple
myeloma in female Tyroleans 1991–
2000; p = 0.0220. (D) Changes in
marginal zone lymphoma (MZL) of
mucosa associated lymphoid tissue
(MALT) type incidence in Tyrol 1991–
2000; male and female patients.
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had an identical prognosis and were further analysed
together. In these lymphomas, male sex appeared to be a
poor prognostic indicator (p = 0.05). In MM, patients
expressing the k light chain had better DSS (p = 0.0217;
fig 5C). Within the specific DLBCL subtypes and variants, T
cell rich B cell lymphomas (TCRBCLs) had the best DSS,
followed by primary extranodal DLBCL (54% gastric DLBCL)
and sclerosing (mediastinal) DLBCL; the worst DSS was
found in intravascular DLBCL (p = 0.0003, fig 5D).

Considering other causes of death, the highest mortality as
a result of secondary malignancies (9–18%) was seen, in
declining order, in: HCL, anaplastic large cell lymphoma
(ALCL), ALL, CLL, and DLBCL, compared with 0–4% in all
other NHLs (p = 0.071). Cardiovascular mortality was most
frequently seen, in declining order, in: CLL/SLL, MM, HCL,
and DLBCL (p = 0.0049). Increasing age was associated
with increased mortality as a result of both secondary
malignancies and cardiovascular emergencies.

DISCUSSION
In the study presented here, we considered all NHL entities
recognised by the new WHO classification,1 with the
exception of primary cutaneous NHL and MGUS, which
were diagnosed in Tyrol between 1991 and 2000. We collected
our data from two databases (one population based at the
Cancer Registry of Tyrol and one case based at the Institute of
Pathology) applying only the date of first diagnosis and the
patient’s postal code as selection conditions, thus keeping
selection bias low. All biopsies were revised and reclassified
according to the currently used criteria.1 One part of the
primary diagnosis was performed before the introduction of
the REAL classification in 1994,36 so that direct comparison
with the revision diagnoses appeared difficult, but not
impossible because of the previous use of the Kiel classifica-
tion in Austria. The high proportion of over 95% matching or
reproducible (Kiel/REAL/WHO) diagnoses indicates the relia-
bility of our present data. Admittedly, our study encompassed
a relatively low number of cases compared with others.2–8

Thus, some observations could be the result of chance and
should be interpreted carefully. Nevertheless, this is the first
epidemiological study on NHL applying the new WHO
classification1 that has been performed on a previously
unreported, well documented population.

The average annual standard incidence rate for all NHLs of
14.3 in Tyrol is comparable to that reported in similar
populations.1–8 The overall frequency of NHL did not change

significantly within the observation period, which might
indicate that the introduction of advanced diagnostic
technologies, at least between 1991 and 2000 in Tyrol,
probably had a minor impact on the observed incidence time
trends for the specific NHL entities. As expected, our data are
at variance with observation periods before 1990, which
showed an increasing incidence of NHL, but agree with data
from observation periods after 1990.2–8 35 Because of the use of
different classification systems, a detailed comparison with
the cited studies is not possible.

The mean age at diagnosis of NHL in our study was similar
to that reported in other European studies.2–6 35 Male Tyrolean
patients had a higher risk for NHL (male to female ratio,
1.52), which is in agreement with other reports,1 2 8 and were
younger than women at diagnosis. One of several possible
explanations for these differences might be that men are
more frequently exposed to risk factors such as pesticides,
herbicides, and chemical solvents,12–15 are more likely to
smoke cigarettes,23 24 are more frequently infected by human
immunodeficiency virus in Europe16 and, particularly in
Tyrol, more often infected by hepatitis C virus (ER
Bitterlich. Epidemiology of hepatitis C in western Austria.
Thesis at the Medical Faculty of the Leopold-Franzens-
University. Innsbruck, 1999). Nevertheless, considering the
low absolute risk of these factors and the small differences in
exposure between the two sexes, it seems unlikely that the
influence of risk factors is crucial for the observed sex ratios.
Differential susceptibility to common infectious agents
recognised to be of certain or probable oncogenic potential
in both sexes could be another intriguing explanation for the
detected sex specific NHL ratios.40

‘‘Within B cell non-Hodgkin lymphoma, hairy cell
leukaemia, followed by marginal zone and follicular
lymphoma appeared to be associated with the best
prognosis’’

We found a significantly rising incidence of DLBCL,
particularly in male patients. An increase in the incidence
of DLBCL has also been reported in other studies.2–8 35

Because the median age at diagnosis of DLBCL did not
increase within the observation period, we propose that a
simple demographical shift within the aging Tyrolean
population is probably not the primary reason for this
increase. DLBCL is the most frequent disease entity in

Table 2 Mean, median, and 5 year overall and disease specific NHL survival in Tyrol 1991–2000

NHL entity

Disease specific survival Overall survival

Median (months) Mean (months) Relative* Median (months) Mean (months) Relative*

Marginal zone lymphoma of MALT Not reached 115 88% 128 98 78%
Follicular lymphoma Not reached 105 80% Not reached 98 75%
B lymphoblastic leukaemia/lymphoma Not reached 88 74% Not reached 77 63%
T cell rich B cell lymphoma Not reached 62 71% 83 62 71%
Hairy cell leukaemia Not reached 111 69% Not reached 92 73%
Burkitt lymphoma/leukaemia Not reached 82 69% Not reached 82 69%
Anaplastic large cell lymphoma 87 68 69% 55 57 49%
B chronic lymphocytic leukaemia 105 90 65% 79 73 57%
Extranodal diffuse large B cell lymphoma Not reached 84 65% 60 66 50%
T lymphoblastic leukaemia/lymphoma Not reached 83 63% 16 63 45%
Mediastinal diffuse large B cell lymphoma 18 54 47% 18 54 47%
Nodal diffuse large B cell lymphoma 31 59 42% 22 41 25%
Mature T/NK NHLs 17 51 36% 14 37 25%
Multiple myeloma 33 54 35% 24 43 26%
Diffuse large B cell lymphoma of CNS 14 29 24% 9 25 18%
Mantle cell lymphoma 23 44 20% 22 42 19%

Mean follow up was 42 months (median, 32; range, 1–132).
*Relative 5 year survival.
CNS, central nervous system; MALT, mucosa associated lymphoid tissue; NHL, non-Hodgkin lymphoma; NK, natural killer cell.
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patients suffering from primary or secondary immunodefi-
ciency,11 17 19 29 and in those exposed to chemical agents.12–15

We speculate that the increasing frequency of DLBCL could
be at least partially associated with the agricultural use of
herbicides and pesticides, especially in the rural regions of
Tyrol (http://ta1.umweltbundesamt.at/umwelt/land-
wirtschaft/pflanzenschutz/psm/), and with the rise in iatro-
genic immunosuppression,11 human immunodeficiency virus
infection,19 and autoimmune disorders.32 33 Improved survival
in patients with Hodgkin lymphoma,30 31 the broad applica-
tion of polychemotherapy regimens for other neoplastic
diseases, and the improved prognosis for those with inborn
immunodeficiency syndromes may also have an effect.
Indeed, in 104 newly diagnosed Tyrolean patients suffering
from classic Hodgkin lymphoma between 1991 and 2000, two
metachronous DLBCLs were seen (calculated average crude
rate 192/100 000 patients with Hodgkin lymphoma/year),
and the average DLBCL incidence for this period was 2.7/
100 000 individuals/year.

A decreasing incidence of CLL/SLL was found in male
patients. Because almost all Tyrolean patients in whom
absolute lymphocytosis is detected undergo FACS analysis
and, in cases where pathological phenotypes are detected, a
trephine bone marrow biopsy, the proportion of under-
diagnosed CLL/SLL should be low, so that the observed rate
changes probably reflect true incidence modification.

Furthermore, changes in diagnostic practice41 and classifica-
tion systems1 36 are unlikely to be the sole explanation for the
observed changes, because the proportion of CLLs/SLLs
diagnosed as splenic MZL or MCL and vice versa was low
after revision of our collection of samples. There are no well
established risk factors for the development of CLL/SLL, so
that the reasons for the observed changes are not clear. An
association between allogeneic blood transfusion and CLL/
SLL is assumed by some authors,42 43 but large studies have
failed to support this hypothesis.44 It is possible that the
introduction of pre-transfusion blood irradiation between
1991 and 2000, which destroys all donor nucleated cells,45

might be one reason for the observed decline of CLL/SLL in
male patients, but this would not explain the sex specificity.

‘‘The decreasing incidence of marginal zone lymphoma
between 1991 and 1994 probably results from the
introduction of efficient eradication treatments’’

We detected a decreasing incidence of MM in female
patients within the observation period, an observation also
made in Connecticut (USA) and Vaud (Switzerland) between
1970 and 1987.46–48 In our case, one of the reasons for this
decrease could be the differentiated diagnostic ascertainment
in MM after 1994, taking into consideration all plasmocytosis

Figure 5 (A) Disease specific survival in different age groups; p = 0.0011. (B) Disease specific survival in specific non-Hodgkin lymphomas;
p , 0.0001. (C) Disease specific survival in k and l expressing myeloma; p = 0.0217. (D) Disease specific survival in different diffuse large B cell
lymphoma (DBLC) subtypes and variants; p = 0.0003. BL, Burkitt lymphoma; CLL, chronic lymphocytic leukaemia; CNS, central nervous system;
FL, follicular lymphoma; HCL, hairy cell leukaemia; MCL, mantle cell lymphoma; MM, multiple myeloma; MZL, marginal zone lymphoma; SLL, small
lymphocytic lymphoma; TCRBCL, T cell rich B cell lymphoma.
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of bone marrow, presence of M gradients, and free light
chains as assessed by immunofixation of blood and urine and
radiological examination, which segregate plasma cell dys-
crasias into aggressive (MM) and indolent (MGUS, smolder-
ing myeloma) forms. Cases of MGUS were not reported to the
Cancer Registry after 1994 but were probably previously
considered to be MM because of the bone marrow
plasmocytosis.1

The incidence of MZL fluctuated during the observation
period; 88% of cases were gastric MZL of MALT. Notably,
these variants of MZL are almost always associated with
H pylori gastritis and can be cured by H pylori eradication.21 22

Therefore, the decreasing incidence of MZL between 1991
and 1994 probably results from the introduction of efficient
eradication treatments.49 The observed rise after 1997 may
partially be explained by the increasing resistance of H pylori
to antibiotics,50 but is, at least in our small population sample,
primarily the result of the rising incidence of non-gastric
MZL of MALT. However, this could be a chance finding as a
result of the small number of cases.

As expected,51 age was associated with worse DSS,
probably because of higher rates of co-morbidity that restrict
the use of potentially curative treatments in elderly indivi-
duals.52 53 Bone marrow involvement was associated with
worse DSS in DLBCL, stage IV diseases being a well known
risk factor.51 MM with l light chain restriction had a worse
prognosis, probably because these forms of MM are more
likely to be associated with amyloidosis and extramedullary
spread.1 54 Many studies have shown that T cell lymphomas
are more aggressive than B cell ones and that they have
decreased treatment response and OS rates,55 which is also
consistent with our results. Within B-NHL, HCL, followed by
MZL and FL appeared to be associated with the best
prognosis. These findings might be explained by the good
response rates to treatment with cladribine56 in HCL, by the
benefits of H pylori eradication in gastric MZL,21 22 49 and by
the improved treatment options in FL, especially the
introduction of rituximab in the past few years.57 MCL was
associated with the worst prognosis in our study, consistent
with published data.1 MCLs are intermediate growth fraction
lymphomas accompanied by the typical translocation
t(11;14)(q13;q32); this results in both apoptotic resistance
and lost cell cycle control because of overexpression of cyclin
D1 and decreased expression of the cyclin dependent kinase
inhibitor, p27.58 Within DLBCL, the best DSS was seen in
TCRBCL, a disease entity that may be closely related to the
indolent nodular lymphocyte predominant Hodgkin lym-
phoma,59 60 and in sclerosing DLBCL, which is probably
related to classic Hodgkin lymphoma.61 Primary extranodal
DLBCL in our group (54% located in the stomach) also
showed a better prognosis. Indeed, bone marrow involve-
ment was seen in only 5.4% of patients with extranodal

DLBCL, whereas the average bone marrow involvement in
primary nodal DLBCL was 36% (p = 0.003). As in other
studies,62 63 central nervous system and intravascular DLBCL
were associated with the worst prognosis. Intravascular
DLBCL is characterised by the presence of lymphoma cells
in the lumina of small blood vessels as a result of a defect in
their homing receptors.1 At the time of presentation, this
disorder is typically disseminated to a wide variety of
extranodal sites and responds poorly to chemotherapy.63

When we analysed other causes of death, patients suffering
from CLL/SLL and HCL had an increased risk for cardiovas-
cular events, probably because of the older age at diagnosis
and the long observation periods as a result of intermediate
to good DSS, with the attendant risk of increased probability
for cumulating events. The multiple lines of treatment given
to patients with CLL/SLL may represent an additional
cardiovascular risk.64 MM and DLBCL were also associated
with higher cardiovascular mortality, both of which are
usually treated by anthracyclin based polychemotherapy
regimens, which have well known cardiotoxicity and
endotheliotoxicity.65

Although encompassing a limited number of cases because
of the small population of Tyrol, this is the largest single
institution study on the incidence and prognosis of NHL in
which all cases have been reclassified according to the new
WHO classification. Our findings indicate distinct epidemio-
logical changes in NHL, especially an increasing incidence in
DLBCL and a decreasing incidence in CLL/SLL in male
patients, in addition to a decreasing incidence of MM in
female patients.
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