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Freycon (Rhône-Alpes Childhood Registry), P. Grosclaude (Tarn Cancer Registry), J. Estève (University of Lyon); Germany: P. Kaatsch
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(Warsaw Cancer Registry); Slovakia: I Pleško, A Obsitnı́ková (National Cancer Registry of Slovakia); Slovenia: V. Pompe-Kirn (Cancer
Registry of Slovenia); Spain: I. Izarzugaza (Basque Country Cancer Registry), C. Martinez-Garcia (Granada Cancer Registry), I. Garau
(Mallorca Cancer Registry), C. Navarro, M.D. Chirlaque (Murcia Cancer Registry), E. Ardanaz, C. Moreno (Navarra Cancer Registry), J.
Galceran (Tarragona Cancer Registry), A. Torrella (Childhood Tumor Registry of Valencia), R. Peris-Bonet (National Childhood Cancer
Registry and Instituto Lopez Pinero, Valencia); Sweden: L. Barlow, T. Möller (Cancer Registry of Sweden); Switzerland: G. Jundt (Basel
Cancer Registry), J.M. Lutz, M. Usel (Geneva Cancer Registry); The Netherlands: J.W.W. Coebergh (Eindhoven Cancer Registry), A. van der
Does-van den Berg (Dutch Childhood Oncology Group), O. Visser (Amsterdam Cancer Registry); UK, England: S. Godward (East Anglian
Cancer Registry), M.P. Coleman (London School of Hygiene and Tropical Medicine), E.M.I. Williams (Merseyside and Cheshire Cancer
Registry), D. Forman (Northern and Yorkshire Cancer Registry and Information Service), M.J. Quinn (Office for National Statistics), M.
Roche, S. Edwards (Oxford Cancer Intelligence Unit), C. Stiller (Childhood Cancer Research Group, Oxford), J. Verne (South West Cancer
Intelligence Services), H. Møller, J. Bell (Thames Cancer Registry), J.L. Botha (Trent Cancer Registry), G. Lawrence (West Midlands Cancer
Intelligence Unit); UK, Scotland: R. Black (Scottish Cancer Intelligence Unit); UK, Wales: J.A. Steward (Welsh Cancer Intelligence and
Surveillance Unit).lDr. Ettore Conti died on August 2, 2003.

mailto:claudia.allemani@istitutotumori.mi.it


580 E U R O P E A N J O U R N A L O F C A N C E R 4 4 ( 2 0 0 8 ) 5 7 9 – 5 8 7
gEpidemiology Unit and Girona Cancer Registry, Institut Català d’Oncologia, Girona, Spain
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We explored the influence of morphology on geographic differences in 5-year survival for

non-Hodgkin lymphoma (NHL) diagnosed in 1990–1994 and followed for 5 years: 16,955

cases from 27 EUROCARE-3 cancer registries, and 22,713 cases from 9 US SEER registries.

Overall 5-year relative survival was 56.1% in EUROCARE west, 47.1% in EUROCARE east and

56.3% in SEER. Relative excess risk (RER) of death was 1.05 (95% confidence interval (CI)

1.01–1.10) in EUROCARE west, 1.52 (95% CI 1.44–1.60) in EUROCARE east (SEER reference).

Excess risk of death was significantly above reference (diffuse B lymphoma) for Burkitt’s

and NOS lymphoma; not different for lymphoblastic and other T-cell; significantly below

reference (in the order of decreasing relative excess risk) for NHL NOS, mantle cell/centro-

cytic, lymphoplasmacytic, follicular, small lymphocytic/chronic lymphocytic leukaemia,

other specified NHL and cutaneous morphologies.

Interpretation of marked variation in survival with morphology is complicated by classi-

fication inconsistencies. The completeness and standardisation of cancer registry mor-

phology data needs to be improved.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Non-Hodgkin lymphomas (NHL) are a heterogeneous group of

lymphoid cancers. Various classifications have been used in

recent years, based on morphological and clinical features.1–3

The recent World Health Organization (WHO) classification uses

morphological, genetic immunohistochemical and clinicalchar-

acteristics to classify NHLaccording tocell lineage of origin.4 The

evolving classification for NHL complicates comparisons of dis-

ease incidence and survival over time and across regions.5

For incidence and survival estimates, population-based

cancer registries, particularly in Europe,6,7 have considered

NHL as a single disease entity, although some have taken

account of morphology.8 US population-based studies have

considered distinct morphological groups, exploiting the

morphological information available in the Surveillance,

Epidemiology and End Results (SEER) database.9

The aims of the present study were (a) to test the feasibil-

ity of using the information on NHL morphology available in

the EUROCARE dataset to evaluate the influence of NHL mor-

phology on prognosis and (b) to compare survival for distinct

morphologic subtypes across European countries and be-

tween Europe and the US.

2. Materials and methods

We analysed 16,955 NHL cases diagnosed in 1990–1994 in 27 of

the 67 population-based cancer registries participating in

EUROCARE-3,10 and 22,713 NHL cases diagnosed over the

same period in 9 US cancer registries (San Francisco-Oakland

SMSA, Connecticut, Detroit-Metropolitan, Hawaii, Iowa, New

Mexico, Seattle (Puget Sound), Utah and Atlanta-Metropoli-

tan) available in the SEER public use database.11 These data-
sets included 7982 cases (3785 in EUROCARE and 4197 in

SEER) of chronic lymphocytic leukaemia (CLL). This entity is

classified together with small lymphocytic NHL (SLL) in the

2001 WHO manual4 and subsequently referred to as SLL/

CLL. All cases were followed up for at least 5 years.

The EUROCARE-3 registries included in the study were those

that provided information on morphology according to the sec-

ond edition of the International Classification of diseases for

Oncology (ICDO-2)12 and had less than 40% of cases with not

otherwise specified (NOS) morphology. These registries were

grouped as EUROCARE west, consisting of registries from

France, Germany, Italy, the Netherlands, Spain, Switzerland

and the national registries of Iceland and Malta; and EURO-

CARE east, consisting of the national registries of the Czech

Republic, Estonia, Slovakia and Slovenia. The populations of

the SEER cancer registries were considered together.

Eight hundred and eighty cases (EUROCARE 554 (3.3%);

SEER 326 (1.4%)) known to registries by death certificate only

(DCO) or diagnosed only at autopsy were excluded from the

survival analyses. The ICDO-2 morphology codes were

grouped into 12 categories: diffuse B lymphoma (codes 9595,

9680–9684 and 9686); chronic lymphocytic leukaemia/small

lymphocytic lymphoma (SLL/CLL) (codes 9670 and 9823); lym-

phoplasmacytic lymphoma (codes 9671 and 9715); lympho-

blastic lymphoma (code 9685); Burkitt’s lymphoma (code

9687); follicular lymphoma (codes 9675, 9676 and 9690–9698);

cutaneous lymphoma (codes 9700, 9701 and 9709); mantle

cell/centrocytic lymphoma (codes 9672–9674 and 9677); other

T-cell lymphomas (codes 9702–9707, 9713, 9714 and 9720);

other specified NHL (codes 9711 and 9712), NOS NHL (codes

9591–9593); and NOS lymphoma (codes 9590 and 9594).

Age at diagnosis was grouped into four categories: 0–14,

15–49, 50–69 and 70–99 years.



Table 1 – Numbers of NHL cases contributed by the SEER and EUROCARE databases (the latter according to registry and
geographic area) with quality indicators

Country/area Registry No. of cases Lost to
follow-up (%)

DCO/autopsy (%) Microscopically
verified (%)

All NOSd (%)

France Bas-Rhin 723 0.8 0.1 96.7 36.1

Calvados 364 0.0 0.0 92.9 11.3

Germany Saarland 834 0.0 4.2 93.7 23.5

Iceland ICELANDb 131 0.0 0.8 100.0 22.1

Italy Ferrara 477 1.1 1.7 98.5 37.1

Genoa 793 0.0 1.5 88.9 11.6

Latina 249 0.0 4.0 90.4 32.5

Modena 780 4.1 2.0 97.4 21.8

Parma 440 0.0 0.7 97.6 24.8

Ragusa 181 0.0 1.1 96.7 35.9

Sassari 197 1.5 0.0 95.9 11.7

Turin 872 1.6 2.5 96.1 29.0

Varese 776 0.4 0.9 97.6 34.4

Malta MALTAb 92 0.0 1.1 97.8 30.4

The Netherlands Amsterdam 2002 0.0 0.7 100.0 15.4

Eindhoven 563 0.0 0.0 98.2 19.4

Spain Basque Country 1311 0.0 5.9 94.1 28.6

Granada 188 1.6 1.1 96.8 25.5

Mallorca 357 1.1 0.6 97.5 32.8

Navarra 369 0.0 5.1 95.7 19.0

Tarragona 376 0.0 2.4 97.3 37.8

Switzerland Basel 214 2.3 0.0 100.0 25.2

Geneva 352 4.0 5.1 97.7 23.0

EUROCARE westa 12,652 0.7 2.0 96.4 24.5

Czech Republic CZECHb 542 0.0 8.1 95.7 19.6

Estonia ESTONIAb 674 0.5 3.0 99.1 19.7

Slovakia SLOVAKIAb 2020 0.0 10.5 95.9 20.5

Slovenia SLOVENIAb 1067 0.8 1.8 98.4 30.7

EUROCARE easta 4303 0.3 6.9 97.0 22.8

EUROCARE overall 16,955 0.6 3.3 96.5 24.1

USAc SEER 22,713 0.0 1.4 96.2 13.1

Abbreviations: DCO, death certificate only; NOS, not otherwise specified.
a Categories in bold incorporate the previously listed cancer registries.

b Registries in capital letters cover the whole country.

c USA SEER registries of San Francisco-Oakland SMSA, Connecticut, Detroit-Metropolitan, Hawaii, Iowa, New Mexico, Seattle (Puget Sound),

Utah and Atlanta-Metropolitan.

d Includes NOS known to be NHL and NOS known to be lymphoma.
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Five-year relative survival was estimated by the Hakulinen

method13 with 95% confidence intervals (CI) calculated from

the standard error according to Greenwood’s method.14 Rela-

tive survival is an estimate of the probability of cancer survival

after adjusting for competing causes of death determined

from general population life tables, specific for each country

or registry. For Europe, general population life tables, specific

for each country or registry area, were used. For the USA, only

race/ethnicity-specific national life tables were available in

the SEER dataset. To obtain a national life table for all races/

ethnicities, we weighted the race/ethnicity-specific national

life tables according to the proportions of Whites, Blacks and

Others (SEER terminology) present in the SEER NHL cases.

Differences in 5-year relative survival by geographical area

were modelled using a multiple regression approach based on

generalised linear models and adopting the Poisson assump-

tion for the observed number of deaths.15 The relative excess

risks (RERs) of death derived from these models quantified the

extent to which the risk of death in a given group differed
from that in the reference category, after taking into account

the background risk of death in the general population of

each country or region.

3. Results

Table 1 shows the total number of US cases, and the total

number of European cases by registry and geographic area,

with quality indicators as percentages: lost to follow-up, dis-

covered at autopsy/DCO, microscopically confirmed and NOS

(NHL or lymphoma). Lost to follow-up cases were 0.7% (range

0.0–4.1%) in EUROCARE west, 0.3% (range 0.0–0.8%) in EURO-

CARE east, 0.6% in EUROCARE overall and 0.0% in SEER.

Autopsy/DCO cases were 2.0% (range 0.0–5.9%) in EUROCARE

west, 6.9% (range 1.8–10.5%) in EUROCARE east, 3.3% in EURO-

CARE overall and 1.4% in SEER.

Microscopically verified cases were 96.4% (range 88.9–

100.0%) in EUROCARE west, 97.0% (range 95.7–99.1%) in EURO-

CARE east, 96.5% in EUROCARE overall and 96.2% in SEER.
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Most autopsy/DCO cases were autoptic and hence microscop-

ically verified.

Cases with NOS morphology (NHL or lymphoma) consti-

tuted 24.5% (range 11.3–37.8%) of EUROCARE west, 22.8%

(range 19.6–30.7%) of EUROCARE east, 24.1% of EUROCARE

overall and 13.1% of SEER cases.

Table 2 shows the total number of cases in each country

and geographic grouping, together with the distribution (per-

centages) of morphological categories. The proportion of NOS

NHL cases differed markedly between EUROCARE (14.7%) and

SEER (1.8%); there was also a marked variation across Europe,

ranging from 2.9% in France to 25.4% in Slovenia. By contrast,

the proportions of NOS lymphoma cases differed much less

(9.3% in EUROCARE versus 11.3% in SEER). All NOS cases

formed 24.1% and 13.1%, respectively, of the EUROCARE and

SEER datasets (Table 1).

Another major difference between the EUROCARE and

SEER datasets concerned the proportions of diffuse B and

lymphoplasmacytic morphologies. Diffuse B lymphoma was

considerably less common in EUROCARE than in SEER

(17.5% versus 32.6% of total cases; 23.0% versus 37.0% of cases

with specified morphology), while lymphoplasmacytic was

more common in EUROCARE than in SEER (5.5% versus 0.7%

of total cases; 7.0% versus 0.8% of cases with specified mor-

phology). Furthermore, while the variation in the frequency

of diffuse B lymphoma across Europe was contained (range

14.4–22.7%; except Estonia with only 1.3%), the frequency of

lymphoplasmacytic lymphoma varied considerably in the

range from 0.0% (Malta) to 9.4% (Switzerland).

Overall frequencies of follicular lymphoma were similar in

EUROCARE and SEER (15.0% versus 18.2% of total cases; 20.0%

versus 21.0% of cases with specified morphology), with higher

percentages (closer to SEER) in EUROCARE west (17.0%) than

in EUROCARE east (9.3%), and with Slovenia (5.1%) and Esto-

nia (4.0%) showing markedly lower percentages of this mor-

phology than other countries. SLL/CLL frequency was

similar in EUROCARE overall and SEER (26.3% versus 24.8%

of total cases) but higher in EUROCARE east (37.1%).

The frequencies of less common NHL such as lymphoblas-

tic and Burkitt’s were similar in EUROCARE and SEER, and did

not vary greatly between European countries. Mantle cell

lymphoma also had similar frequencies in EUROCARE overall

and SEER (5.9% versus 4.4% of total cases), but a much higher

frequency in Estonia (20.3%). The frequency of cutaneous

lymphoma was similar in EUROCARE and SEER (2.1% versus

2.9% of total cases), and had a uniform distribution across

Europe, where most frequencies were below 4.0% (the excep-

tion of Malta is based on four cases). Likewise, the frequencies

of the category other specified NHL were similar in SEER and

EUROCARE, and there was no major variation across EURO-

CARE countries, except that Slovenia had a high frequency

(3.2%) of this disease type.

Table 3 shows the distribution of morphological groups by

age in the EUROCARE and SEER datasets. Lymphoblastic lym-

phoma was much less common in EUROCARE than in SEER

(5.0% versus 24.5%) in the 0–14 year age category and to a les-

ser extent (1.1% versus 2.2%) in the 15–49 age category. Diffuse

B lymphoma was less common in EUROCARE than in SEER in

all age groups, the most remarkable difference being for age

0–14 (8.6% versus 23.7%). Mantle cell/centrocytic was much



Table 3 – Distribution (%) of morphological groups by age in the EUROCARE and SEER datasets

Morphological group Age (years)

0–14 15–49 50–69 70–99

EUROCARE SEER EUROCARE SEER EUROCARE SEER EUROCARE SEER

Lymphoblastic 5.0 24.5 1.1 2.2 0.3 0.3 0.3 0.2

SLL/CLL 2.7 1.8 9.7 8.5 29.0 27.4 32.1 32.2

Lymphoplasmacytic 0.0 0.9 3.7 0.6 5.9 0.7 6.1 0.7

Follicular 3.9 3.6 19.6 18.0 16.3 21.3 11.9 15.7

Mantle cell/centrocytic 15.6 0.4 6.3 2.6 6.1 5.4 5.2 4.6

Diffuse B 8.6 23.7 22.2 42.0 17.0 29.4 16.1 30.4

Burkitt’s 28.4 29.0 3.4 2.4 0.5 0.4 0.3 0.1

Cutaneous 0.0 0.9 2.7 3.6 2.1 3.2 1.9 2.2

Other T-cell 10.9 4.5 2.4 1.8 1.2 1.1 1.0 1.1

Other specified NHL 1.2 0.0 0.4 0.2 0.3 0.3 0.2 0.1

NOS NHL 16.3 2.2 18.6 2.5 12.7 1.5 15.0 1.7

NOS lymphoma 7.4 8.5 9.9 15.6 8.6 9.0 9.9 11.1

Totals 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Total number of cases 257 224 3062 5145 7024 8325 6612 9019

Abbreviations: NHL, non-Hodgkin lymphoma; SLL/CLL, chronic lymphocytic leukaemia/small lymphocytic NHL; NOS, not otherwise specified.
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commoner in the youngest (0–14 year) EUROCARE age group

than in the corresponding SEER age group (15.6% versus

0.4%). Follicular lymphoma and SLL/CLL had similar frequen-

cies at each age in both datasets, with SLL/CLL increasing in

frequency with advancing age in both datasets. Burkitt’s also

had similar frequencies in both data sets, and was common-

est in the youngest age group, to decrease in frequency with

advancing age. Cutaneous lymphoma was slightly less com-

mon in EUROCARE than in SEER at all ages, while other T-cell

lymphomas were much more common in EUROCARE than in

SEER in the youngest (0–14 years) age group (10.9% versus

4.5%). NOS NHL was more common in EUROCARE than in

SEER in all age groups, whereas NOS lymphoma was slightly

more common in SEER in all age categories.

Fig. 1 shows 5-year relative survival and 95% CI, in the

EUROCARE groupings and SEER, for all NHL combined and

for each morphological group. Overall survival was 56.1% in

EUROCARE west, 47.1% in EUROCARE east and 56.0% in SEER.

The morphologies with the highest survival were cutane-

ous lymphoma, and other specified lymphoma, followed by

SLL/CLL, follicular lymphoma and lymphoplasmacytic

lymphoma.

Morphologies with low survival were lymphoblastic, dif-

fuse B, other T cell, Burkitt’s and mantle cell/centrocytic. Sur-

vival for NOS NHL and NOS lymphoma was on the lower side,

close to that of the morphologies with poorer prognoses.

For each morphological group, survival did not usually dif-

fer significantly between the three geographic groupings.

Exceptions were cutaneous lymphoma, follicular lymphoma,

SLL/CLL and mantle cell/centrocytic lymphoma, for which

5-year survival in EUROCARE east was significantly lower

than in SEER; for follicular lymphoma, survival was also

significantly lower in EUROCARE west than in SEER.

Table 4 shows 5-year RERs of death by geographic area

adjusted by years since diagnosis, age at diagnosis and

sex (model 1), and by morphology (model 2), with SEER as

reference category. From model 1, the excess risk of death

was significantly higher than reference for EUROCARE east
(1.38; 95% CI 1.32–1.46) and was indistinguishable from ref-

erence for EUROCARE west (1.03; 95% CI 0.99–1.07). The RER

of death was highest in the first year after diagnosis (refer-

ence category) and decreased to 0.18 (95% CI 0.17–0.20) in

the fifth year.

The excess risk of death was lowest in the 0–14 year age

group (0.60; 95% CI 0.50–0.71) and highest in the 15–49 year

(1.23; 95% CI 1.18–1.29) and 70–99 year (1.73; 95% CI 1.67–

1.80) age groups compared to the 50–69 year age group (refer-

ence category). The excess risk of death was 20% lower in

females (0.80; 95% CI 0.78–0.83) than in males.

When morphological groups were included in the model

(model 2), the RERs of death increased in EUROCARE east

and increased slightly in EUROCARE west to become just sig-

nificant. The RER of death for years since diagnosis and sex

were similar to those obtained with model 1. The RER of death

for patients aged 15–49 years in model 1 reduced in model 2 to

become non-significant, and changed little in the other two

age groups (0–14 and 70–99 years). Model 2 revealed signifi-

cantly higher excess risk of death for Burkitt’s and NOS lym-

phoma compared to diffuse B lymphoma (the commonest

NHL chosen as reference) and significantly lower excess risk

for the SLL/CLL, follicular lymphoma, mantle cell/centrocytic

and cutaneous morphologies, as well as for other specified

NHL and NHL NOS.

4. Discussion

We found that the survival of NHL patients diagnosed in 1990–

1994 in EUROCARE west was similar to that in SEER patients,

and higher than that in EUROCARE east. In the multivariable

analysis adjusted by age and sex, differences in overall death

risk between the three geographic areas were modest, but be-

came more pronounced after adjustment for morphology,

suggesting that not adjusting for morphology results in

underestimation of differences. We found similar geographic

variations in survival in our study of Hodgkin’s lymphoma.16

The significantly higher risk of death in EUROCARE east
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5-year relative survival (%)

SEER (USA) EUROCARE west EUROCARE east5-year RS 95% CI 
Lymphoblastic 36.2 13.6-58.8

 38.5 25.3-51.7
 54.8 47.4-62.2

SLL/CLL 50.5 47.1-53.9
 68.8 66.4-71.2
 72.3 70.7-73.9

Lymphoplasmacytic 53.9 44.3-63.5
 60.8 56.4-65.2
 61.3 51.5-71.1

Follicular  55.4 49.4-61.4
 63.2 60.8-65.6
 69.4 67.6-71.2

Mantle cell/centrocytic 42.7 36.1-49.3
 51.6 47.2-56.0
 56.0 52.2-59.8

Diffuse B 43.8 39.0-48.6
 43.6 41.2-46.0
 42.4 41.0-43.8

Burkitt's 43.7 29.1-58.3
 48.2 40.6-55.8
 39.1 32.5-45.7

T-cell cutaneous 58.7 42.7-74.7
 87.1 81.1-93.1
 84.0 79.8-88.2

Other T cell  31.9 18.3-45.5
 46.7 38.5-54.9
 44.2 37.4-51.0

Other specified NHL 64.1 44.1-84.1
 73.0 43.6-100.0
 94.7 80.9-100.0

NOS NHL 42.8 38.0-47.6
 49.6 46.8-52.4
 45.3 39.5-51.1

NOS lymphoma 35.5 28.9-42.1
 44.0 40.6-47.4
 38.3 36.1-40.5

Overall 47.1 45.1-49.1
 56.1 55.1-57.1
 56.3 55.5-57.1

Abbreviations: NHL, non-Hodgkin lymphoma; SLL/CLL, chronic lymphocytic leukemia/small lymphocytic NHL; 
NOS, not otherwise specified.

Fig. 1 – Five-year relative survival (RS) by morphological group in EUROCARE west, EUROCARE east and SEER.
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may be due to inadequate access to or availability of appropri-

ate treatments in the eastern European countries considered.

However, the results of our analyses according to morpho-

logical subtype revealed a number of anomalies. These were

expected because of the known problem of poor comparabil-

ity of population-based morphology data, particularly for a

heterogeneous entity like NHL.5,17–19 It is for this reason that

an important aim of the present study was to assess whether

it is possible to use the morphology data available in EURO-

CARE to evaluate its influence on prognosis.

Morphology registration by cancer registries is not always

accurate18 and this problem is compounded by the evolution

of NHL classification in recent decades.1–3,5 An additional

problem may arise as a result of uncritical conversion from

an older coding system to a newer coding system (e.g. from
ICDO-1 to ICDO-2). In an attempt to overcome some of these

problems, we grouped the ICDO-2 codes, provided by cancer

registries, as far as possible according to the WHO classifica-

tion4 – based on ICDO-320 – and on the proposals of the InterL-

ymph consortium.21 However, it was not possible to perform a

centralised pathological revision for reasons of cost.17

Other measures we took to improve data comparability

were to include only cancer registries that coded according

to ICDO-2 and those that had <40% of cases with unspecified

morphology. These conditions resulted in the exclusion of

approximately half the EUROCARE-3 registries, immediately

uncovering an urgent need to improve standardisation within

EUROCARE. Adoption of ICDO-3 codes together with the

implementation of coding checks for haematological malig-

nancies should improve data standardisation and quality.



Table 4 – Relative excess risks (RERs) of death by country adjusted by years after diagnosis, age at diagnosis, sex (model 1)
and morphological group (model 2)

Model 1 Model 2

RER 95% CI RER 95% CI

Area

USA SEER 1 1

EUROCARE west 1.03 0.99–1.07 1.05 1.01–1.10

EUROCARE east 1.38 1.32–1.46 1.52 1.44–1.60

Follow-up

Up to 1 year 1 1

1–2 years 0.33 0.32–0.35 0.35 0.33–0.36

2–3 years 0.23 0.22–0.25 0.24 0.22–0.25

3–4 years 0.19 0.18–0.20 0.19 0.17–0.20

4–5 years 0.18 0.17–0.20 0.18 0.16–0.19

Age (years)

0–14 0.60 0.50–0.71 0.32 0.26–0.39

15–49 1.23 1.18–1.29 1.02 0.98–1.07

50–69 1 1

70–99 1.73 1.67–1.80 1.75 1.68–1.82

Sex

M 1 1

F 0.80 0.78–0.83 0.79 0.77–0.82

Morphological group

Lymphoblastic 1.02 0.86–1.21

SLL/CLL 0.32 0.30–0.34

Lymphoplasmacytic 0.45 0.41–0.51

Follicular 0.40 0.38–0.42

Mantle cell/centrocytic 0.59 0.55–0.64

Diffuse B 1

Burkitt’s 1.66 1.46–1.89

Cutaneous 0.16 0.13–0.20

Other T-cell 0.97 0.86–1.10

Other specified NHL 0.25 0.15–0.42

NOS NHL 0.81 0.76–0.86

NOS lymphoma 1.10 1.05–1.16

Abbreviations: NHL, non-Hodgkin lymphoma; SLL/CLL, chronic lymphocytic leukaemia/small lymphocytic NHL; NOS, not otherwise specified.
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Turning now to examine the results of our analyses by

morphology, we found that NOS NHL were much more com-

mon in EUROCARE than in SEER (15.0% versus 2.0%), suggest-

ing at first sight that diagnostic accuracy is lower, or diagnosis

reporting less complete, in EUROCARE. However, EUROCARE

had a much lower frequency of diffuse B lymphoma than in

SEER (18.0% versus 33.0%) suggesting that much of the differ-

ence in NOS NHL frequency may be attributable to differences

in classification practice, and specifically that many cases

considered NOS NHL in EUROCARE are considered diffuse by

SEER. A recent population-based study emphasised the diffi-

culties in diagnosing high grade lymphomas (including the

diffuse B subtype), reporting only moderate agreement of re-

corded diagnoses with expert pathological review.19

Similar differences in classification practice between

EUROCARE and SEER may also explain the greater frequency

of the rarer lymphoplasmacytic lymphoma in the EUROCARE

dataset (Table 2).

The much greater frequency of mantle cell/centrocytic

lymphoma in EUROCARE children aged 0–14 years than SEER

children (15.6% versus 0.4%; Table 3) indicates an anomaly

in the EUROCARE data since mantle cell lymphoma is known

to be rare in children.8,22 Examination showed that the prob-
lem was mainly confined to Estonia, Slovakia and Spain, and

could be due to uncritical coding conversion: the old ICDO-1

code 9630 included lymphoblastic lymphoma (quite common

in children) as well as various types of mantle cell/centrocytic

lymphoma.

The distinctive Burkitt’s lymphoma had similar frequen-

cies in the EUROCARE and SEER datasets, and was more

frequent in the youngest age class than in the older classes,

in accordance with the literature data.8,22 By contrast, the

much lower frequency of lymphoblastic lymphoma in EURO-

CARE in the age category 0–14 years (5.0% versus 24.5%),

together with the low frequency in the 15–49 year age cate-

gory, suggests that this morphology was generally distin-

guished from acute lymphoblastic leukaemia in EUROCARE

during the study period (1990–1994) but not in SEER. Lympho-

blastic lymphoma and lymphoblastic leukaemia are consid-

ered to have the same lineage.4

With regard to data comparability within the EUROCARE

dataset, for Estonia we found low frequencies of diffuse and

follicular types, very high frequency of mantle cell/centrocy-

tic lymphoma and relatively high frequency of NOS lym-

phoma. These results show that classification or coding in

Estonia differs markedly from that in the rest of EUROCARE,
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either because of low reporting accuracy or low diagnostic

accuracy. Similar considerations apply to the low frequency

of follicular lymphoma in Slovenia.

It is therefore evident that the comparability of diagnosis

of some NHL subtypes was low. Nevertheless, for morphol-

ogies where comparability was satisfactory, the results of

the survival analyses were largely in agreement with the

existing literature data. In particular, cutaneous lym-

phoma,23 SLL/CLL and follicular lymphoma24,25 had the best

prognoses. By contrast, lymphoblastic lymphomas (which

are often T-cell rather than B-cell derived)4 had poor

prognoses.22,26

The greater excess risk of death in men compared to wo-

men diagnosed with NHL is consistent with the well-docu-

mented finding that survival for many cancers is better in

women than in men,27 and may be due to earlier diagnosis,

less comorbidity or better tolerance of treatment in wo-

men.27,28 Since smoking and alcohol consumption have been

associated with worsened prognosis for lymphoid malignanc-

es,29 the lower prevalence of these habits in women may in

part explain the phenomenon. It has also been suggested that

the higher prevalence of HIV infection in men could contrib-

ute to their worse survival.30 However, recent studies indicate

that prognosis is similar in HIV positive and negative patients,

for the same treatment, anatomical site localisation and

stage.30,31

Tumour stage at diagnosis, which influences treatment re-

sponse,32 was not uniformly available or standardised across

EUROCARE registries, and could not be taken into account in

the present study. Similarly, treatment was not uniformly

available, and when it was, it consisted only of summary

information (such as whether chemo- or radiotherapy was gi-

ven). Other prognostic factors known to influence NHL prog-

nosis (performance status, B symptoms, bone marrow

involvement, serum lactate dehydrogenase)32,33 were not

specified by the study protocol.

To conclude, although our study shows that cancer regis-

tries have the potential to provide morphology data to permit

population-based evaluation of the influence of morphology

on survival, the availability and standardisation of morphol-

ogy data are insufficient, and it is important that EUROCARE

registries adopt updated classifications of haematological

malignancies consistent with those used in clinical and re-

search settings.
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