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Summary

Subsequent to an increased mortality for malig-
nant pleural neoplasms in Biancavilla near the
Etna volcano (Sicily, Italy), 17 cases of pleural
mesothelioma were ascertained from 1980 to
1997. An occupational exposure to asbestos was
considered possible in 7 cases and an environ-
mental exposure for the other 10 cases. The
epidemiological study was carried out by the
Italian Superior Institute of Health (Rome, Italy).
On the basis of this finding, the Earth Sciences
Institute of “La Sapienza” University (Rome,
Italy) carried out a careful mineralogical and
environmental study in the area of Biancavilla,
where incohesive volcanic materials had been
widely used by the building industry and in road
paving, particularly in the 1960-70s. This
research brought to the identification of fluoro-
edenitic prismatic crystals composed of calcium

Riassunto

In conseguenza ad un incremento della mortalità
per neoplasie maligne della pleura a Biancavilla
nei pressi del vulcano Etna (Sicilia, Italia), sono
stati accertati 17 casi di mesotelioma maligno del-
la pleura tra il 1980 ed il 1997. In 7 casi è stata
considerata possibile un’esposizione professiona-
le ad asbesto, mentre negli altri 10 casi
l’esposizione è stata considerata di tipo ambienta-
le. Gli studi epidemiologici sono stati condotti dal-
l’Istituto Superiore di Sanità di Roma (Italia).
Sulla base di questi risultati, l’Istituto di Scienze
della Terra dell’Università “La Sapienza” di Ro-
ma ha eseguito un accurato studio mineralogico
ed ambientale nell’area di Biancavilla, dove ma-
teriali vulcanici non coesivi sono stati ampiamen-
te utilizzati dall’industria edilizia e nella pavi-
mentazione delle strade, in particolare negli anni
1960-70. Questa ricerca ha portato all’identifica-
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Introduction

In the framework of a national survey on mortality
from pleural mesothelioma in Italy, a cluster of cases
was detected in Biancavilla (Catania Province,
Sicily), a town of about 23,000 inhabitants situated
on the south-western slope of the Etna volcano (fig.
1), where 4 cases of pleural mesothelioma were
observed in the years 1988-1992 (1, 2). According to
statistical data calculated on the basis of Sicily’s
population, in the same period the expected cases in
Biancavilla were 0.9 (SMR=417; 95% CI: 142-954)
(3). Following this preliminary finding, an epidemi-
ological study was started, leading to the identifica-
tion of a total of 17 cases (10 men and 7 women) of
pleural mesothelioma, 16 of them with histolog-
ical/cytological confirmed diagnosis, among the
inhabitants of the town in the years 1980-1997 (2, 4,
5). For these cases an asbestos exposure was hypoth-
esized: in 9 cases no evidence of occupational expo-
sure was present, in 2 cases the exposure was

possible (1 building worker and 1 foundry worker),
and in the last 5 cases the occupational exposure was
not demonstrated. In a pilot study (6), performed on
hospitalized people from Biancavilla, suffering from
exacerbation of chronic obstructive pulmonary
disease symptoms, 6 out of 12 patients (2 men and 4
women) showed fluoro-edenite fibers in the sputum.
Because the data on professional exposure did not
indicate that the cluster of mesotheliomas should
have been correlated with the exposure to asbestos,
it was thought that the source might have been in the
general environment.

More recent epidemiological studies have shown
that, in the period 1998-2004, 19 more cases of
mesothelioma in Biancavilla (9 men and 10 women)
were observed. In this period the incidence rate of
mesothelioma in Biancavilla was 10 times higher
than the one of Sicily and was comparable to those
regions which had industrial activities related to the
use of asbestos. The age at diagnosis (less than 66
years) and the high number of women suffering from
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amphiboles with microgranular feldspars,
haematite and pyroxenes. In order to acquire
further information on the relationship between
the exposure to these fibres and the onset of
mesotheliomas, a long-term bioassay was
performed on Sprague-Dawley rats at the Cesare
Maltoni Cancer Research Center of the
Ramazzini Institute (CMCRC/RI). The prelimi-
nary results of this study, published in this
Journal in 2004, showed that fluoro-edenitic
fibres induce peritoneal and pleural mesothe-
liomas, with an incidence comparable to asbestos
fibres. In this article we reported the final results
of this study and the characterization of the types
of the observed mesothelioma. Once again the
CMCRC/RI experimental animal model demon-
strates to be an effective tool to predict or
confirm human risks. Eur. J. Oncol., 16 (4), 185-
195, 2011

Key words: asbestiform amphiboles, fluoro-
edenite, lava stone, long-term bioassays,
mesothelioma, rat

zione di cristalli di calcio con feldspati microgra-
nulari, ematite e piroxeni. Per acquisire ulteriori
informazioni sulla relazione tra l’esposizione a
queste fibre e l’insorgenza di mesoteliomi, è stato
condotto un saggio a lungo termine su ratti Spra-
gue-Dawley presso il Centro di Ricerca sul Can-
cro Cesare Maltoni dell’Istituto Ramazzini
(CRCCM/IR). I risultati dello studio, pubblicati
come preliminari in questa rivista nel 2004, han-
no dimostrato che le fibre di fluoroedenite indu-
cono mesoteliomi peritoneali e pleurici, con
un’incidenza paragonabile alle altre fibre asbe-
stiformi. In questo articolo vengono riportati i ri-
sultati finali dello studio e la caratterizzazione dei
tipi di mesotelioma osservati. Ancora una volta il
modello sperimentale animale utilizzato dal
CRCCM/IR dimostra essere un efficace strumen-
to nel predire o confermare il rischio per l’uomo.
Eur. J. Oncol., 16 (4), 185-195, 2011

Parole chiave: anfiboli asbestiformi, fluoro-edeni-
te, roccia lavica, saggi a lungo termine, mesotelio-
ma, ratto
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mesothelioma supported the environmental origin of
the exposure (7).

A careful mineralogical investigation was duly
started in the area of Biancavilla, where incohesive
volcanic materials have been widely used for the
building industry and for road paving, particularly in
the 1960s and 1970s. The studies carried out
detected prismatic, acicular and fibrous amphiboles
in the quarry material (8). The prismatic crystals
were later identified as fluoro-edenite
[NaCa2Mg5Si7AlO22(OH,F)2], a new end-member of
the calcium amphibole group, whose mineralogical
and crystal-chemical data were reported by
Gianfagna and Oberti. The fluoro-edenite of Bian-
cavilla is a calcium amphibole with a high fluorine
content (4% by weight), of transparent and intense
yellow colour; it has been found both as prismatic or
acicular crystals and as asbestiform fibres (9).
Gianfagna et al. (2003) reported mineralogical data
(based on optical, chemical and X ray investigations)
obtained from asbestiform amphiboles from Bian-
cavilla and showed them to be closely related to the

associated prismatic and acicular fluoro-edenite
(10).

In the framework of the Ramazzini Institute (RI)
cancer research programme, which is aimed at iden-
tifying carcinogenic agents of industrial and envi-
ronmental origin, a large and integrated project of
long-term bioassays on fibrous materials was started
in our laboratory at the end of 1970s. Among the
studied materials, asbestos of many types and
origins, various types of natural (sedimentary and
hydrothermal) zeolites including erionite, several
synthetic zeolites, and other organic, natural and
man-made solid compounds, such as silica, alumina,
talc, kaolin, man-made mineral fibres, propylene
fibres, etc. are present (Table 1). The aim of the
project was not only to verify the carcinogenicity of
the compounds, but also to provide information
regarding the relative carcinogenic potency. For this
purpose all the compounds were tested under the
same experimental conditions.

In order to acquire more detailed information on
the relationship between exposure to fluoro-edenite
compounds present in the area of Biancavilla and the
onset of mesothelioma, a long-term bioassay started
at the Cesare Maltoni Cancer Research Center
(CMCRC) of the RI in 2002.

After 109 weeks of biophase, preliminary results
were published in 2004 in order to make the popula-
tion and authorities aware of the probable risk Bian-
cavilla inhabitants were exposed to, and to promote
urgent measures of environmental and health
controls. The preliminary results showed indeed a
higher incidence of mesothelioma in treated animals
(11). The paper herein outlines the final results.

Materials and methods

Two samples of fluoro-edenite, fibrous (FFE) and
prismatic (PFE), were supplied by Dr. Gianfagna
(Hearth Sciences Institute, “La Sapienza” Univer-
sity, Rome; Italy). The FFE material contains 30-
35% fibrous fluoro-edenite, feldspars, hematite and
pyroxenes.

Male and female Sprague-Dawley rats from the
colony of the CMCRC/RI were used. These rats
have been employed in our laboratory for the last 30
years. Data are available on more than 17,000 histor-
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Fig. 1. Biancavilla is located on the south-western slope of
the Etna volcano (Sicily)
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Table 1 - Long-term bioassays on natural and man-made mineral fibres, performed at the CMCRC/RI

No. Compounds/agents No. of Animals Route of
bioassays Species No. exposurea

Natural and man-made mineral materials
Asbestos

1 - Crocidolite 5 Rat 860 Ing,Int,Ip,Ipl,Sc
2 - Chrysotile (Canada) 5 Rat, mouse 1,260 Int,Ip,Ipl,Sc
3 - Chrysotile (Rhodesia) 1 Rat 80 Ip
4 - Chrysotile (California) 1 Rat 80 Ip
5 - Amosite 1 Rat 80 Ip
6 - Anthophyllite 1 Rat 80 Ip
7 - Asbestos-cement 1 Rat 240 Ip,Ipl,Sc

Modified asbestos
8 - Compound 1 1 Rat 160 Ip, Ipl
9 - Compound 2 1 Rat 160 Ip, Ipl
10 - Compound 3 1 Rat 160 Ip, Ipl
11 - Compound 4 1 Rat 160 Ip, Ipl
12 - Compound 5 3 Rat, mouse 860 Ip, Ipl
13 - Compound 6 3 Rat, mouse 860 Ip, Ipl
14 - Compound 8 3 Rat, mouse 860 Ip, Ipl
15 Wollastonite 1 Rat 240 Ip,Ipl,Sc
16 Rock wool 3 Rat 640 Int,Ip,Ipl
17 Ceramic fibres 1 Rat 440 Ip,Ipl
18 Glass fibres 1 Rat 200 Int,Ip
19 Crystalline silica 1 Rat 160 Ip,Sc
20 Amorphous silica 1 Rat 160 Ip,Sc
21 Alumina 1 Rat 160 Ip,Sc
22 Talc (pure) 1 Rat 160 Ip,Sc
23 Talc (industrial) 1 Rat 240 Ip,Ipl,Sc
24 Kaolin 1 Rat 160 Ip,Sc
25 Bentonite 1 Rat 240 Ip,Ipl
26 Erionite 2 Rat, mouse 400 Ip,Ipl,Sc
27 Fluoro-edenite 1 Rat 270 Ip,Ipl

Other natural zeolites
28 - Mordenite (sed) 1 Rat 240 Ip,Ipl,Sc
29 - Phillipsite 1 Rat 240 Ip,Ipl,Sc
30 - Clinoptilolite 1 Rat 160 Ip,Sc
31 - Cabasite 1 Rat 160 Ip,Sc
32 - Ferrierite 1 Rat 160 Ip,Sc
33 - Mordenite (crystalline) 1 Rat 240 Ip,Ipl,Sc
34 - Heulandite 1 Rat 160 Ip,Sc
35 - Mesolite 1 Rat 160 Ip,Sc
36 - Natrolite 1 Rat 160 Ip,Sc
37 - Solecite 1 Rat 160 Ip,Sc
38 - Stilbite 1 Rat 160 Ip,Sc
39 - Thomsonite 1 Rat 160 Ip,Sc

Man-made zeolites and precursors
40 - TE-16460 1 Rat 360 Ip,Ipl,Sc
41 - TE-16461 1 Rat 360 Ip,Ipl,Sc
42 - TE-16462 1 Rat 360 Ip,Ipl,Sc
43 - WGB 1189-2-1 (catalyst) 1 Rat 360 Ip,Ipl,Sc

(continued)
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ical controls, kept under observation for their life
span and submitted to systematic necropsy and stan-
dardised histopathological examination. Data are
therefore available on the expected incidence of the
different types of tumours in control animals and on
its fluctuations: in particular, mesotheliomas are
extremely rare (mean <1% range 0-2%) among the
untreated rats of this colony. After weaning, at 4-5
weeks of age, the experimental animals were identi-
fied by ear punch, randomised in order to have no
more than one male and one female of each litter in
the same group and housed 5 per cage/sex. The
animals were 8 weeks old at the start of the experi-
ment. The fibrous fluoro-edenite was administered
to groups of 80 rats (40 males and 40 females)
through intraperitoneal or intrapleural injection, una
tantum, at the dose of 25 mg suspended in 1 cc of
water. The prismatic fluoro-edenite was adminis-
tered to 30 rats (15 males and 15 females) only
through intraperitoneal injection, una tantum, at the
dose of 25 mg suspended in 1 cc of water. A group

of 80 rats (40 males and 40 females), injected with
water alone, served as control. The animals were
kept under observation until spontaneous death.
During the experiment, the animals were clinically
examined every 2 weeks in order to detect and
record all gross changes, and weighed every 4
weeks. Animal status and behaviour were examined
3 times daily. A systematic necropsy was performed
on each animal. Histopathological examination was
carried out on all experimental animals and regarded
the tissue at the site of injection, and brain, thymus,
lung, heart, liver, spleen, pancreas, kidneys, adrenal
glands, stomach, uterus, gonads, subcutaneous,
mediastinal and mesenteric lymph nodes, and any
other organs with pathological changes. All organs
and tissues are preserved in 70% ethyl alcohol. The
specimens were trimmed and then processed as
paraffin blocks; 3-5 µm sections of every specimen
are obtained and routinely stained with haema-
toxylin-eosin. The experiment was performed
following the principle of Good Laboratory Practice
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Table 1 (continued) - Long-term bioassays on natural and man-made mineral fibres, performed at the CMCRC/RI

No. Compounds/agents No. of Animals Route of
bioassays Species No. exposurea

Man-made zeolites and precursors
44 - WGB 1189-2-1 (elutriated) 1 Rat 360 Ip,Ipl,Sc
45 - WGB 1190-2-1 (catalyst) 1 Rat 360 Ip,Ipl,Sc
46 - WGB 1190-2-1 (elutriated) 1 Rat 360 Ip,Ipl,Sc
47 - WGB 1191-2-1 (catalyst) 1 Rat 360 Ip,Ipl,Sc
44 - WGB 1189-2-1 (elutriated) 1 Rat 360 Ip,Ipl,Sc
45 - WGB 1190-2-1 (catalyst) 1 Rat 360 Ip,Ipl,Sc
46 - WGB 1190-2-1 (elutriated) 1 Rat 360 Ip,Ipl,Sc
47 - WGB 1191-2-1 (catalyst) 1 Rat 360 Ip,Ipl,Sc
48 - WGB 1191-2-1 (elutriated) 1 Rat 360 Ip,Ipl,Sc
49 - WGB 1192-1-1 1 Rat 360 Ip,Ipl,Sc
50 - WGB 1193-1-1 1 Rat 360 Ip,Ipl,Sc
51 - WGB 1194-1-1 1 Rat 360 Ip,Ipl,Sc
52 - Paulsboro (catalyst) 1 Rat 360 Ip,Ipl,Sc
53 - Paulsboro (catalyst fines) 1 Rat 360 Ip,Ipl,Sc
54 - Kaiser alumina 1 Rat 360 Ip,Ipl,Sc
55 - Mobil Joliet 1 Rat 360 Ip,Ipl,Sc
56 - Joliet fresh 1 Rat 360 Ip,Ipl,Sc
57 - MS 4A 1 Rat 160 Ip,Ipl,Sc
58 - MS 5A 1 Rat 160 Ip,Ipl,Sc
59 - MS 13X 1 Rat 160 Ip,Ipl,Sc
60 Carbon fibers (disks) 1 Rat 140 Imp
a Imp=subcutaneous implantation; Ing=ingestion; Int=intratracheal instillation; Ip=intraperitoneal injection; Ipl=intrapleural
injection; Sc=subcutaneous injection
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(GLP), with the Standard Operating Procedures of
the CMCRC/RI, in accordance with Italian govern-
mental Guiding Principles for the use of experi-
mental animals (12).

Results

In this study, survival was deeply affected by the
treatment with fibrous fluoro-edenite administered
with intraperitoneal injection, both in males and
females (figs. 2A and 2B respectively). This early
mortality was greatly due to the onset of mesothe-
liomas. The fluoro-edenite showed a mesothe-
liomatogenic effect (Table 2). Among 80 animals
treated with intraperitoneal injection, 66 cases (37 in
males and 29 in females) of mesothelioma have been
observed, with an average latency time of 63.7 weeks.
The first case was observed in a male rat only after 36
weeks from treatment. Among 80 animals treated
through intrapleural injection, 13 cases (6 in males
and 7 in females) of pleural mesothelioma have been
observed with an average latency time of 79.7 weeks.
The first case was observed in a male rat after 51
weeks from treatment. This study confirms that the
peritoneum is more responsive than the pleura, as
usually observed in our experimental model.

No cases of mesothelioma have been observed
among the 30 rats treated with prismatic fluoro-
edenite, and one case was observed in a female of
the control group with longer latency time (122
weeks). Macroscopically, the peritoneal tumours
involved the whole abdominal cavity, with whitish
and yellowish tissue on the surface of all the organs.
In some cases, a serosal effusion was present. The
pleural tumours involved the visceral and/or parietal
pleura. In 8 of the 13 pleural mesothelioma the
diaphragm was largely involved, with subsequent
extension of the tumour into the peritoneal cavity.
Microscopically, malignant mesothelioma in rats, as
in humans, are classified based on three types of
cells: epithelioid, sarcomatoid (or fibrous) and
mixed/biphasic. The mesotheliomas observed in this
study were polymorphic, with a predominance of
epithelial-solid and fibrous spindle cell patterns: the
different types of peritoneal and pleural mesothe-
lioma observed in this study are reported in Table 3.

In animals treated with FFE through peritoneal

injection the prevalent histotype was sarcomatous,
both in males and females. The pleural injection
prevalentely induced epithelial mesothelioma in
males; the mixed type was prevalent in females,
where no tumour of the epithelial type alone was
observed.

The epithelioid type lesion was composed of
papillary and/or tubular structures (figs. 3A and 3B),
similar to an adenocarcinoma; areas with a solid
pattern were more frequently present (fig. 3C). Solid
areas were composed of epithelial-like cells with
vacuolated to foamy cytoplasm and large nuclei.
Local invasion into underlying tissues (figs. 3D and
3E) and metastases were observed.

In the sarcomatoid or fibrous type, the following
mesenchymal components were observed: fibrosar-
comatoid, rhabdosarcomatoid, chondrosarcomatoid
and osteosarcomatoid. Secondary organs and tissues
were affected. Fibrous pattern consisted in bundles
of uniform spindle-shaped cells separated by thick
collagen fibres (fig. 4A). Metastases were some-
times observed (fig. 4B).

Mixed type was observed both in pleural and peri-
toneal mesothelioma. Epithelial and mesenchimal
components were present: pseudoglandular struc-
tures embedded in sarcomatoid spindle-shaped cells
were found (figs. 5A and 5B). Distant metastases of
the peritoneal tumours were detected in the medi-
astinal lymph nodes, mediastinum (fig. 5C), lung,
pleura and pericardium. The presence of the test
fibres has been detected in some neoplasms,
surrounded by inflammatory cells (fig. 6).

Conclusions

FFE showed to be mesotheliomatogenic in our
experimental model. The effect was strong on the
peritoneum and to a lesser extent on the pleura. Peri-
toneal and pleural mesotheliomas increased in inci-
dence and the exposure to FFE anticipated the
latency time. These results are comparable with
those obtained in our laboratory, under the same
experimental conditions on various types of fibrous
materials (11, 13) (Tables 4 and 5).

The lack of any mesotheliomatogenic effect by
prismatic fluoro-edenite is not surprising if
compared to the results of previous experiments
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Table 2 - Long-term carcinogenicity bioassay on FFE and PFE administered una tantum to 8-week-old male (M) and female
(F) Sprague-Dawley rats. Incidence and latency time of mesotheliomas at the site of injection.

Group Treatment/dose (mg/1 cc H2O) Animals examined Animals bearing mesotheliomasa

Sex No. No. % Average latency
time (weeks)

I FFE 25 mg/1 cc H2O M 40 37 92.5 61.6
Intraperitoneal injection F 40 29 72.5 66.4

M+F 80 66 82.5 63.7

II FFE 25 mg/1 cc H2O M 40 6 15.0 82.3
Intrapleural injection F 40 7 17.5 77.4

M+F 80 13 16.3 79.7

III PFE 25 mg/1 cc H2O M 15 0 - -
Intraperitoneal injection F 15 0 - -

M+F 30 0 - -

IV 1 cc H2O (control) M 40 0 - -
Intraperitoneal injection F 40 1 2.5 122.0

M+F 80 1 1.3 122.0
a Percentage referred to the examined animals

Table 3 - Mesotheliomas in experimental animals treated with FFE distributed by histotype

Route of administration Animals examined Mesotheliomas (%)
(injection) Sex No. Totala Epithelialb Mixedb Sarcomatousb

Peritoneal M 40 92.5 2.7 37.8 59.5
F 40 72.5 3.5 44.8 51.7

Pleural M 40 15.0 50.0 33.3 16.7
F 40 17.5 - 57.1 42.9

a Percentage referred to the number of animals examined
b Percentage referred to the number of total mesotheliomas

Fig. 2. Survival in Sprague-Dawley rats: (A) males; (B) females
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Fig. 3. Different pattern of epithelioid mesothelioma in rats
treated with FFE. (A) Pleural epithelioid mesothelioma with
papillary pattern, 400x; (B) pleural epithelioid mesothe-
lioma with tubular pattern, 400x; (C) peritoneal epithelioid
mesothelioma with solid pattern composed by vacuolated
cells, 400x; (D) peritoneal epithelioid mesothelioma invad-
ing both the liver and the diaphragm, 25x; (E) same case,
200x
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Fig. 4. Sarcomatoid or fibrous type mesothelioma in rats treated with FFE. (A) Peritoneal sarcomatous mesothelioma with
bundles of uniform spindle-shaped cells, 200x; (B) same case: metastases in the pleura, 100x

Fig. 5. Mixed type mesothelioma in rats treated with FFE.
Epithelial and mesenchimal components are observed. (A)
Pleural mixed mesothelioma, 100x. (B) peritoneal mixed
mesothelioma invading the liver 200x; (C) same case:
metastases in the mediastinum and mediastinal lymph node,
25x
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performed in our laboratory on a series of non-
fibrous materials, such as natural and man-made
zeolites, which have proved to have limited or no
effect. Our results are important for different
reasons: 1) in only 36 weeks our experimental model

showed a mesotheliomatogenic effect as observed in
human population; 2) the different pattern of
mesotheliomas observed are the same as those of
humans; 3) this confirms that our model of long-
term carcinogenicity bioassays on rodents is a valu-
able tool to predict human risks. If appropriately
planned and carried out, carcinogenesis studies may
provide information that allows not only the qualita-
tive identification of carcinogenic risks, but also the
quantitative extrapolation of such risks to humans.
Furthermore, the observation of the same histo-
type/pattern of mesothelioma observed in humans,
confirms that our model could be used for the assess-
ment of adequate therapy against this tumour, nowa-
days still far from having success.
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Summary

Aim: To study cancer mortality and extremely
low frequency electro-magnet fields (ELF-EMFs)
association among young people (under 18 yrs).
Methods: A case-control study. Recruited all
cancer deaths till 18 years of age in Bologna
province in the 1993-2008 period. Three controls
were matched for each case by sex, year of birth,
and last city of residence. Using Geographical
Information System (GIS) the residence distances
from ELF-EMFs sources were measured. A
conditional logistic regression was used. Results:
80 cases were divided into three groups (brain
cancer, hematologic neoplasms, other cancers).
An inverse association between hematologic
neoplasms in young males and Aerial Power
Lines (ALs) distances from residences with OR=
0.38 (CI 95%=0.19-0.74) was found. Conclusion:
Due to the small numbers of cases, it is only
possible to state that male leukemia cases lived
closer to aerial transmission lines. No association
between brain cancer or other cancers and ELF-

Riassunto

Finalità: Studiare l’associazione tra esposizione a
campi elettromagnetici a bassa frequenza (ELF-
EMFs) e mortalità per tumori in giovani. Metodi:
Studio caso-controllo. Vengono reclutati tutti i ca-
si di decessi per tumori in giovani di età fino a 18
anni nel periodo 1993-2008 in provincia di Bolo-
gna. Ad ogni caso sono accoppiati tre soggetti di
controllo per sesso, anno di nascita e comune di
residenza al decesso. Mediante Geographical
Information System (GIS) vengono calcolate le di-
stanze delle residenze dalle fonti di ELF-EMFs.
Viene effettuata una regressione logistica condi-
zionale. Risultati: 80 casi vengono suddivisi in 3
categorie (tumori al cervello, tumori al sistema
linfoematopoietico, altri tumori). Risulta signifi-
cativa solo l’associazione inversa tra tumori al si-
stema linfoematopoietico e distanza dagli elettro-
dotti aerei (ALs) con un OR di 0,38 (CI 95%=0,19-
0,74) nei maschi. Conclusione: A causa dei pochi
casi si può affermare solo che i maschi deceduti
per leucemia vivano più vicini agli elettrodotti dei
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Introduction

Since the 70s of the last century several individual
studies (1-4), reviews and meta-analysis (5, 6) have
tried to find an association between Extreme Low
Frequency Electromagnetic Fields (ELF-EMFs) and
cancer in young people. In 2001 the International
Agency for Research on Cancer has included expo-
sure to ELF as “possibly carcinogenic to humans”
(Group 2B) (7) on the basis of limited epidemiolog-
ical evidence and inadequate evidence in experi-
mental animals. With the new studies a possible
association between exposure to ELF-EMFs and
leukaemia (8) has been found. Recently the World
Health Organization declared “new human, animal
and in vitro studies, published since the 2002 IARC
monograph, do not change the overall classification
of ELF magnetic fields as a possible human
carcinogen” (9). In addition to leukaemia, also brain
cancers in young people were studied to evaluate the
association with ELF-EMFs (10). Up to now, partly
because of the few cases, this association was not
traceable (11). In order to evaluate exposure assess-
ment several methods have been tried (wire-code,
spot measures, distance) (12). Some studies used the
residential distances from ELF-EMFs as a proxy of
exposure level, to find correlations with the develop-
ment of cancer (13, 14). The precise measure of
distance and residential mobility from the different
sources is a major problem. The use of Geographical
Information System (GIS) could be a solution (15).
The aim of this case-control study is to investigate
whether there is an increased risk of cancer death
associated with the distances from ELF measured by
GIS. Although the number of cases is small, lifetime
addresses were available, thus allowing to assess

risks associated with living close to ELF sources at
any time in life.

Materials and methods

Many companies manage electricity transmission
lines (voltage from 50 kV to 380 kV). The Regional
Prevention and Environment Agency (ARPA)
provided the number of Medium-Voltage Stations
(MVSs) in the Bologna province area (16); the
website of Bologna Provincial Administration
provided the geographical maps (in shape format) of
aerial electric power lines (ALs), underground lines
(ULs) and MVSs (17). For each element, the starting
and closing year and operating parameters were
recorded.
The Bologna mortality register, held at the Local

Health Unit (AUSL), includes all death cases from
1993 to 2008; these deaths are coded according to
the rules of International Code Diseases (ICD) IX
rev.. We selected all cancer death cases of young
people aged till 18 years. The cases were grouped by
type of cancer: brain (ICD IX rev.=191-192),
lymphatic and hematopoietic tissue (ICD IX
rev.=200-208), others (single ICD codes). For each
case date of birth and death, cause of death, last resi-
dence address were recorded. Moreover, for each
case three control subjects were randomly drawn
from Bologna AUSL’s health register of residents on
30 June 2009. Matching was by gender, year of birth
and last residence city. Any subject with even a short
period of residence outside the Bologna province
was discarded.
Through queries from the municipal registers, for

each case and controls, all the residence places from
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EMFs distances was found. More confounders
need to be studied. Eur. J. Oncol., 16 (4), 197-202,
2011

Key words: hematologic neoplasms, brain
cancers, EMF, case-control study, GIS

rispettivi controlli. Non è stata individuata nessu-
na associazione tra distanze da ELF-EMFs e de-
cessi per tumori cerebrali o di altro tipo. È neces-
sario studiare meglio ulteriori possibili fattori
confondenti. Eur. J. Oncol., 16 (4), 197-202, 2011

Parole chiave: neoplasie ematologiche, tumori ce-
rebrali, campi elettro-magnetici, studio caso-con-
trollo, GIS
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birth to end of follow-up have been retrieved. The
period of follow-up ended for the cases at the time of
death and for controls at the time of death of the
matched case. All addresses were codified in
geographic coordinates and mapped on the territory
of the Bologna province. By GIS for each case and
controls the minimum distances from each address
to each source (AL, UL, MVS) and the days of resi-
dence were calculated. In case of multiple addresses
for each subject the average distance in meters was
calculated. Due to the non-normality distributions of
the distances and days of residence (skewness e
kurtosis tests p<0.0001), a logarithmic transforma-
tion was made.
A conditional logistic regression was carried out

having as outcome cancer group type and as
continue variables the logarithms of distances from
the sources (AL, UL, MVS). As adjustment covari-
ates gender was used and, as categorical variables
for equal numbers, age years (0-7; 7.1-13.8; 13.9-18)
and the logarithmic of exposure days (0-3.33; 3.34-
3.67; 3.68-3.84) were chosen. Odds Ratios (OR) and
confidence intervals at 95% probability (95% CI)
were calculated.
The software used for statistical analysis was

STATA v. 10 (18); for distance calculation ESRI’s
ArcGIS 9 (19) was used.

Results

The distribution in km as a function of voltage,
both for aerial and underground lines, is shown in
Table 1. Most kilometers (over 813 Km) are repre-
sented by aerial lines at 132 kV. There are over 150

Km at 380 kV for a single operator. The under-
ground lines are mostly at 132 kV and do not reach
40 Km. The MV stations, distributed in all munici-
palities of the province in 2007, are 9.040.
A total of 80 deaths from cancer (49 males and 31

females) were identified: 20 cases of cancers in the
nervous system, 33 cases of various types of
lymphatic and hematopoietic tissue neoplasms
(LHT) (mostly Lymphocytic and Myelocytic
leukaemias) and 27 cases of cancers of other types
(Table 2). The differences of average distances from
residences to each ELF-EMFs source between cases
and controls are shown in Table 3.
The results of conditional logistic regression for

each cancer type by ELF-EMFs sources are shown
in Table 4. An inverse significant association
between log(distances) from the aerial electrical
power lines (ALs) and LHT neoplasms with Odds
Ratios = 0.49 (95% CI: 0.29-0.84) was found; such
association was not found between LHT neoplasms
and other EMF-ELFs sources (ULs or MVSs). No
significant association was found for brain cancers
or for other cancers with the log(distances) from any
source of electromagnetic field.
Entering covariates in the model and performing

the analysis only for aerial power lines (ALs), the
results presented in Table 5 were obtained. Once
again the LHT neoplasms are significantly associ-
ated but only for males with OR = 0.38 (95% CI:
0.19-0.74). The second age category (7.1-13.8) has a
OR=0.31 (95% CI:0.09-1.00) at limit of statistical
significance. All other cancers do not appear to be
significantly associated with any source. No partic-
ular trend can be seen in various tests.

199

Cancer mortality and ELF-EMFs exposure: a case control study

Table 1 - Companies, length (Km) and voltage (kV) of aerial and underground electric power lines in Bologna province area

Companies Aerial (Km) Buried (Km)
Voltage (kV) Voltage (kV)

50 132 220 380 50 132

AMI 10.264
ENEL 2.138 361.044 3.357 7.020 30.551
GRTN 0.072
RFI 333.495 4.256
TERNA 108.308 135.724 153.542 4.256

Total Km 2.138 813.183 139.081 153.542 7.020 39.063
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Conclusions

We investigated the possible association between
deaths from LHT neoplasms, brain cancers and other
cancers in 80 deaths in the Bologna province, in
people aged 0-18 years and exposed to different

sources of ELF-EMFs; the exposures were measured
by distances as proxy. We followed all residential
movements of the subjects and measured the
minimal distance from each residence to each source
of ELF-EMFs, using GIS.
Through the GIS and conditional logistic regres-
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Table 2 - Numbers and average age (standard deviation) of cases and controls stratified for cancer type with International
Code Diseases IX rev., at the end of follow-up

Cancer type ICD IX rev. Cases Controls
No. Av.Age (sd) No. Av.Age (sd)

Brain 191 17
other and unspecified parts of nervous system 192 3
Total Cancer type 1 20 8.9 (5.1) 60 8.8 (4.9)

Lymphosarcoma and reticulosarcoma 200 3
Hodgkin’s disease 201 2
non-Hodgkin lymphomas 202 4
Multiple myeloma 203 1
Lymphocytic leukaemia 204 13
Myelocytic leukaemia 205 10
Total Cancer type 2 33 12.1 (5.5) 99 12.1 (5.5)

Nasopharynx 147 1
Liver 155 1
Peritoneum 158 1
Bone and articular cartilage 170 2
Connective and other soft tissue 171 4
Eye 190 1
Endocrine glands 194 8
Other and ill-defined sites 195 5
Hemangioma 228 2
Uncertain behavior of endocrine glands and 237 1
nervous system

Uncertain behavior of other and unspecified sites 238 1
and tissues

Total Cancer type 3 27 9.4 (5.8) 81 9.5 (5.6)

Total cases and controls 80 10.4 (5.6) 240 10.4 (5.6)

Table 3 - Average distances (standard deviation) and range in meters from residences to ELF-EMFs source for cases and
controls

Cases Controls
Sources Average (sd) Range Average (sd) Range

ALs 1,248 (1133) 42 - 6,281 1,319 (1257) 47 - 8,028
ULs 4,143 (4913) 129 - 19,282 4,068 (4736) 13 - 20,903
MVSs 190 (199) 15 - 1,206 191 (165) 19 - 901

Abbreviation: ALs, Aerial power Lines, ULs, Underground power Lines; MVSs, Medium-Voltage Stations; sd, standard
deviation
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sion a reliable inverse association between the
distances from the aerial electric power lines and
LHT neoplasms mostly in males was found.
Several authors have investigated the possible

association between childhood leukaemia and poten-
tial environmental and territorial factors, including
the electromagnetic fields produced by current
carrying lines. A recent meta-analysis on studies
completed after 2000 confirmed this association
(20), albeit with some methodological reservations.
For some time even the hypothesis of a possible viral
aetiology as leukaemia origin was considered (21).
Recently, using GIS S. Schmiedel et al. (22) studied
the possible presence of cluster products based on
the assumption of the presence of infectious

leukaemia in Germany. His conclusion did not
provide support for this hypothesis in leukaemia
aetiology in childhood.
Regarding the possible association between child-

hood brain cancers and ELF-MFs, a recent meta-
analysis by Kheifets et al. (23) has confirmed little
or no association, as evidenced also by our results.
The province of Bologna is situated in Northern

Italy at the crossing of several power lines and elec-
trical railroads. Many people potentially exposed to
ELF live near them. Epidemiological studies have
long noted an association between childhood
leukemia and residential exposure to magnetic fields
(1). The scientific evidence was judged as “limited“
by IARC (7) and by WHO (9), as it is not possible to
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Table 4 - Odds Ratios (and 95 % Confidential Interval) for association among cancer types and distances from residences
in log(m) to EMF-ELFs sources

Cancers ALs ULs MVSs
OR (95% CI) OR (95% CI) OR (95% CI)

Brain Cancers 1.11 (0.53-2.30) 1.23 (0.66-2.29) 1.38 (0.64-2.97)
LHT neoplasms 0.49 (0.29-0.84)* 1.02 (0.56-1.85) 0.84 (0.42-1.70)
Other Cancers 1.07 (0.59-1.94) 1.06 (0.57-1.99) 0.72 (0.38-1.37)

* p<0.01
Abbreviations: ALs, Aerial power Lines; ULs, Underground power Lines; MVSs, Medium-Voltage Stations; LHT,
lymphatic and hematopoietic tissue neoplasms; OR, Odds Ratio; CI, Confidence Interval

Table 5 - Numbers of cases and Odds Ratios (with 95% CI) for cancer types and distances in log(m) from residences to Aer-
ial Power Lines (ALs), stratified by gender, age at the end of follow-up and Log(exposure days)

No. Brain Cancers No. LHT neoplasms No. Other Cancers
OR (95% CI) OR (95% CI) OR (95% CI)

Gender
Males 12 1.97 (0.77-5.02) 21 0.38 (0.19-0.74)* 16 1.43 (0.55-3.71)
Females 8 0.59 (0.21-1.69) 12 0.89 (0.32-2.43) 11 0.85 (0.37-1.95)

Age (years)
0 - 7 9 0.99 (0.36-2.77) 7 0.75 (0.24-2.34) 10 1.07 (0.45-2.51)
7.1 - 13.8 6 2.27 (0.25-2.11) 10 0.31 (0.09-1.00) ** 11 0.82 (0.29-2.33)
13.9 - 18 5 0.63 (0.19-2.11) 16 0.60 (0.23-1.60) 6 3.32 (0.27-41.6)

Log (exposure days)
0 – 3.33 9 1.40 (0.36-5.42) 11 0.67 (0.21-2.15) 11 1.05 (0.45-2.48)
3.34 – 3.67 7 1.58 (0.45-5.51) 8 0.36 (0.09-1.36) 9 0.63 (0.17-2.26)
3.68 – 3.84 4 0.83 (0.17-3.96) 14 0.58 (0.21-1.62) 7 2.48 (0.38-16.3)

* p<0.005; ** p=0.051
Abbreviations: ALs, Aerial Power Lines; LHT, lymphatic and hematopoietic tissue neoplasms; OR, Odds Ratio; CI, Confi-
dence Interval
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rule out other explanations for the observed associa-
tion, such as possible additional confounding
factors, bias related to the recruitment of subjects
(selection bias), or problems in exposure assessment
that often occurred in the years before the study
development. In our study, selection bias is almost
non-existent, since we recruited all cases and
controls identification was randomly performed.
A limit of our study is the small number of cases.

Confounding factors could currently be considered:
absence of precise measures of exposure at the resi-
dences, absence of information on lifestyles and
socioeconomic status of parents, previous exposure
of the mothers, absence of information on electric
power transmission and timing.
Analysis of other factors impacting on subjects’

lifestyle could prove further results for the onset of
the disease. Therefore, this study should be consid-
ered as a preliminary investigation that may provide
a small contribution to the solution of a complex
issue. More investigations are needed.
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Summary

Aim: The effect of p53 Arg72Pro, and X-ray cross
complementing 1 Arg399Gln allelic polymor-
phisms on the risk of colorectal cancer was
studied in a case control study. The results were
combined with the data from a previous study
(polymorphisms of metabolizing enzymes), and a
combined analysis for the joint effect of 7 allelic
polymorphisms was also performed. Materials
and methods: Five hundred colorectal cancer
patients and 500 cancer- free controls were geno-
typed for the p53 Arg72Pro polymorphism by an
allele-specific PCR, and by a PCR-RFLP for the
XRCC1 polymorphism. Genotype frequencies
were compared between cases and controls.
Results: The number of p53 codon 72 Pro
homozygotes and heterozygotes was higher
among colorectal cancer patients than in the
control group (53 vs. 28 and 188 vs. 123, respec-

Riassunto

Finalità: Lo studio caso-controllo descritto pren-
de in esame la relazione tra i polimorfismi allelici
dei geni p53Arg72Pro e X-Ray Cross Comple-
menting 1 (XRCC1)Arg399Gln ed il rischio di
cancro colon-rettale. I risultati sono stati associa-
ti ai dati ottenuti da un precedente studio (relati-
vo a polimorfismi di enzimi metabolizzanti) ed è
stata effettuata un’analisi combinata relativa ad
un totale di 7 polimorfismi allelici.Materiali e Me-
todi: 500 casi di pazienti affetti da cancro colon-
rettale e 500 pazienti di controllo non affetti da
cancro sono stati genotipizzati per il polimorfi-
smo del gene p53Arg72Pro mediante PCR allele-
specifica e del gene XRCC1 Arg399Gln mediante
PCR-RFLP. Le varianti genotipiche sono state
confrontate tra casi e controlli. Risultati: Il nume-
ro di omozigosi ed eterozigosi del codone 72Pro
del gene p53 è risultato più alto tra i pazienti af-
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Introduction

Cancer is the second most important cause of
deaths in developed countries (1). Cancer is a multi-
factorial disease, several environmental and genetic
factors play a part in human carcinogenesis.
Concerning genetics, a huge variety of different
factors may affect the carcinogenetic process and
thus possibly influence the risk of tumour formation.
The so- called high-penetrance susceptibility factors
are responsible for hereditary tumours and cancer
syndromes. Since the familial aggregation of these
tumours can be easily identified, studies on heredi-
tary cancers had already been carried out several
decades ago, and the majority of such genes were
identified (2-5). Because of their relatively weak
effect, studies on low-penetrance susceptibility
factors started later, and today these investigations
are in the focus of cancer molecular epidemiology.

The approximately 3-billion-base pairs in the
human genome show a very high interindividual
similarity, 99-99.9% of our genome has the same
sequence, while the only 0.1-1% difference is respon-
sible for the huge diversity of the numerous human
populations and individuals (6). The most frequent
and thus probably the most important such interindi-
vidual genetic differences are caused by single
nucleotide polymorphisms (SNPs), which represent
the major form of allelic polymorphisms. According
to our present knowledge, SNPs are present in the
human genome at a density of 1 SNP per 0.3-1 kilo-
base. SNPs in oncogenes, tumour suppressor genes,
metabolizing enzymes, DNA repair enzymes may
slightly alter the properties of the encoded proteins
and thus have an influence on the risk of malignant
transformation and tumour formation. The p53
tumour suppressor gene is known to take part in the
regulation of cell cycle and apoptosis (7), and its
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tively). Having the Pro homozygous genotype
(OR: 2.00, 95% CI: 1.25-3.21) or carrying the
Pro allele (OR: 2.15, 95% CI: 1.66-2.79) was
associated with an elevated risk for colorectal
cancer. The occurrence of XRCC1 heterozygotes
(236 vs. 216) and Gln homozygotes (78 vs. 65) was
higher among cases than in controls. Gln-
carriers occurred more frequently among
patients than in cancer-free controls (OR: 1.32,
95% CI: 1.02-1.69). Combined analysis of 7 poly-
morphisms showed that carrying at least 6 high-
risk alleles substantially increases the risk of
colorectal cancer (OR: 6.39, 95% CI: 2.73-14.92).
Conclusions: The p53 Arg72Pro and XRCC1
Arg399Gln polymorphisms affect the risk of
colorectal cancer. Accuracy of risk estimation
can be increased by a simultaneous analysis of
several allelic polymorphisms. Eur. J. Oncol., 16
(4), 203-210, 2011

Key words: p53, X-ray cross complementing 1,
polymorphism, colorectal cancer

fetti da cancro colon-rettale rispetto al gruppo di
controllo (53 vs 28 e 188 vs 123, rispettivamente).
Il genotipo portatore di omozigosi Pro (OR: 2.00,
95% CI: 1.25-3.21) o avente un solo allele Pro
(OR: 2.15, 95% CI: 1.66-2.79) è stato associato ad
un elevato rischio di cancro colon-rettale. La pre-
senza di eterozigosi e di omozigosi Gln del gene
XRCC1 è risultata più alta nei pazienti malati ri-
spetto al gruppo di controllo (236 vs 216 e 78 vs
65, rispettivamente). Nei pazienti con cancro co-
lon-rettale è stata rilevata una maggiore frequen-
za di variazioni dell’allele Gln rispetto al gruppo
di controllo. L’analisi combinata di 7 polimorfi-
smi ha evidenziato che i portatori di almeno 6
polimorfismi allelici ad alto rischio hanno un
maggiore rischio di sviluppare il cancro colon-
rettale (OR: 6.39, 95% CI: 2.73-14.92). Conclu-
sioni: I polimorfismi di p53Arg72Pro e XRCC1
Arg399Gln aumentano il rischio di sviluppare
cancro colon-rettale. L’analisi combinata di di-
versi polimorfismi allelici può incrementare
l’accuratezza della stima del rischio. Eur. J. On-
col., 16 (4), 203-210, 2011

Parole chiave: p53, X-Ray Cross Complementing
1, polimorfismo, tumore colon-rettale
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allelic polymorphism at codon 72 has been described
as a risk modifier in human carcinogenesis (8-10).
The X-ray cross complementing 1 gene (XRCC1) is
an important component of the DNA repair system, it
plays an important part in base excision and single-
strand break repair (11, 12). Functional and regula-
tory SNPs of the XRCC1 gene (e.g. the Arg399Gln
polymorphism) have been studied in order to iden-
tify their possible cancer risk modifying effect. One
goal of the present study was to characterize the
effect of p53 Arg72Pro and XRCC1 Arg399Gln
polymorphisms on colorectal carcinogenesis in the
Hungarian population. Colorectal cancer is the
second most common cancer in Hungary, with a
mortality rate of 49.4 per 100.000. Baranya County,
the location of our study, shows similar colorectal
cancer mortality (49.1/100.000). The incidence and
mortality figures for other types of cancer are also
similar to the overall Hungarian data.
The effect of one SNP alone is generally

moderate, but carrying several “high-risk” alleles
interacting with each other might cause a more
pronounced risk increase. In the present study we
also tested the combined effect of allelic polymor-
phisms on the risk of colorectal cancer, by evalu-
ating the p53 and XRCC1 allelic distributions
together with the results of our previous studies on
polymorphisms of glutathione-S-transferase (GST)
and N-acetyltransferase (NAT) enzymes.

Materials and methods

Patients

Five hundred colorectal cancer patients and five
hundred cancer-free controls (non-cancer patients
from in- or outpatient wards and volunteers for
health status examination) primarily from the area
of Baranya County, Hungary, were included in the
study. Patients with genetic conditions affecting
colorectal cancer risk (familial adenomatous poly-
posis, hereditary non-polyposis colorectal cancer,
ulcerative colitis, etc.) were excluded. The cases
and controls were matched according to age, sex,
smoking habits, and red meat consumption. Partic-
ipation was voluntary, and a written informed
consent was obtained from all the participants.

Molecular investigation

Determination of GST and NAT genotypes was
earlier performed, and the methods and results were
published previously (13). Genotypings were made
from peripheral blood or healthy tissue samples. The
DNA isolation was carried out with the phenol-
chlorophorm method, and the samples were stored at
-70°C.

PCR-ARMS (Polymerase Chain Reaction-Amplifica-
tion Refractory Mutation System)

The p53 Arg72Pro genotyping was made using an
allele-specific amplification. Two simultaneous
PCR reactions were performed for each sample.
Both tubes contained the same 3’ primer
(GCAACTGACCGTGCAAGTCA), but different
5’ primers. The 5’ primers differed only in their
last base: ATGCCAGAGGCTGCTCCCCC or
ATGCCAGAGGCTGCTCCCCG. The amplifica-
tion took place only in the tube containing the
exactly matching 5’ primer. The reaction mix
contained 0.1 µg DNA template, 20 mM Tris-HCl,
50 mM KCl, 2.0 mM MgCl2, 0.2 mM each dNTP,
0.3 µM each primer and 0.5 U Taq DNA poly-
merase (Promega), in 20 µl total volume. The PCR
reaction with 30 cycles of 60 s 94°C, 60 s 60°C, 60
s 72°C was performed in a Techne Genius thermal
cycler (14).

PCR-RFLP (Polymerase Chain Reaction-Restriction
Fragment Length Polymorphism)

Genotyping of the XRCC1 Arg399Gln polymor-
phism was performed using a PCR-RFLP method.
The reaction mix was the same as described for the
p53 polymorphism, but 40 cycles of 94°C for 15 s,
57°C for 45 s, 72°C for 45 s were performed in the
thermal cycler. The amplification product was
digested overnight with MspI restriction endonu-
clease at 37°C, and subsequently run in 2% agarose
gel. The Arg allele was characterized by 269 and
133 bp fragments, while the undigested 402 bp
fragment indicated the presence of the Gln allele.
The primer sequences were as follows: TCTCC-
CTTGGTCTCCAACCT and AGTAGTCTGCTG-
GCTCTGG (15).
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Statistics

Odds ratios and 95% confidence intervals (CIs)
were calculated to express the effects of genotypes
on cancer susceptibility. Simultaneous occurrence
of high-risk genotypes in cases and controls was
compared with the same method. A multivariate
analysis was also performed by logistic regression
analysis, in order to describe the interaction
between the polymorphisms studied/SPSS for
Windows statistical package (SPSS Inc., Chicago,
IL, USA).

Results

Five hundred colorectal patients and 500 controls
were genotyped for p53 Arg72Pro and XRCC1
Arg399Gln polymorphisms. The genotype distribu-
tions of the cases and controls are shown in Table 1.
At the p53 allelic polymorphism, the number of Arg
homozygous individuals was higher in the control
group than among cases [349 (69.8%) vs. 259
(51.8%)], while there were less heterozygotes [123
(24.6%) vs. 188 (37.6%)] and Pro homozygotes [28
(5.6%) vs. 53 (10.6%)] in this group. Having the Pro
homozygous genotype (OR: 2.00, 95% CI: 1.25-
3.21) or carrying the Pro allele (Pro homozygotes
and heterozygotes, OR: 2.15, 95% CI: 1.66-2.79)
was statistically and significantly associated with an
elevated risk for colorectal cancer.
The distribution of XRCC1 genotypes also

showed a statistically significant difference between
cases and controls. Occurrence of heterozygotes
[216 (43.2%) vs. 236 (47.2%)] and Gln homozy-
gotes [65 (13.0%) vs. 78 (15.6%)] was lower among
controls than in the case group (Table 2). Carrying
the Gln allele, either in heterozygous or in homozy-
gous form, was statistically and significantly more
frequent among colorectal cancer patients than in
cancer free participants (OR: 1.32, 95% CI: 1.02-
1.69).
In order to test the interaction between the p53 and

the XRCC1 polymorphisms, the number of individ-
uals carrying both high-risk alleles in the patients’
group was compared to that in the control group. In
the case group 169 (33.8%) patients carried both
high-risk alleles (XRCC1 Gln and p53 Pro), while

only 72 (14.4%) individuals had this allelic combi-
nation among controls (OR: 3.04, 95% CI: 2.20-
4.19). These results demonstrate that carrying both
the p53 Pro and the XRCC1 Gln alleles causes a
more intensive risk increase, compared to having
only one high-risk allele.
Since the analysis of allelic combinations

suggested a possible interaction between the studied
polymorphisms, we extended this type of investiga-
tion to further allelic polymorphisms. In an earlier
study we tested the effect of certain metabolizing
enzymes (GSTM1, GSTT1, GSTP1, NAT1, NAT2)
on the risk of colorectal cancer, using the same
group of patients and controls as in the present study.
By combining the genotype data from the present
study (p53 and XRCC1) with our previous results
(GSTM1, GSTT1, GSTP1, NAT1, NAT2), two
tables were constructed with the number of putative
high-risk alleles per person among cases and
controls (Tables 3 and 4). The tables illustrate that
simultaneous presence of several high-risk alleles in
a person is a more frequent state of affairs among
colorectal cancer patients than in the control group
(OR: 6.39, 95% CI: 2.73-14.92, for carrying at least
6 high risk alleles). The distribution, as illustrated by
fig. 1, is shifted to the right for the colorectal cancer
patients, compared to the control group (p<0.001,
chi-square goodness of fit).
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Table 1 - Distribution of p53 codon 72 genotypes among
colorectal cancer patients and controls

Colorectal cancer patients Controls

Arg/Arg 259 (51.8%) 349 (69.8%)
Arg/Pro 188 (37.6%) 123 (24.6%)
Pro/Pro 53 (10.6%) 28 (5.6%)

Table 2 - Distribution of XRCC1 Arg399Gln genotypes
among colorectal cancer patients and controls

Colorectal cancer patients Controls

Arg/Arg 186 (37.2%) 219 (43.8%)
Arg/Gln 236 (47.2%) 216 (43.2%)
Gln/Gln 78 (15.6%) 65 (13.0%)
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Discussion

Human carcinogenesis is a complex, multistep
process involving several environmental and genetic
factors. In spite of the several mechanisms
(including genetic and epigenetic components)
taking part in the process of malignant transforma-

tion, the DNA repair has been considered to be one
of the most important anticancer defense mecha-
nisms by protecting the integrity of the cellular
genetic material. Well-working DNA repair mecha-
nisms keep the risk of unrepaired DNA damage low,
thus preventing the malignant transformation of the
cells. Efficacy of DNA repair pathways shows an
interindividual variation, measured by different
phenotyping methods (16). Recently, genetic factors
have been demonstrated to play an important role in
the variability mentioned. SNPs have been found in
almost all of the repair-related genes, causing alter-
ations in the amino acid sequence of the encoded
proteins (17, 18).
Our study focused on polymorphisms in two

genes, XRCC1 and p53. XRCC1 is a DNA repair
gene, taking part in the base excision repair. The p53
tumour suppressor gene, often called as “the
guardian of the genome”, possesses several func-
tions including cell cycle control, apoptosis induc-
tion, and it also has a very strong connection to DNA
repair (19). Previous studies on the XRCC1
Arg399Gln polymorphism and the risk of cancer in
humans failed to determine the effect of this poly-
morphism (20-24). One possible cause of the contro-
versial results was that the populations studied were
not always comparable; they had different genetic
background and different environmental or occupa-
tional exposures. The phenotype-genotype relation-
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Table 3 - Distribution of GSTM1, GSTT1, GSTP1, NAT1
and NAT2 genotypes among healthy controls

+ 0 Ile/Ile Ile/Val Val/Val Slow Rapid

GSTM1 258 242 - - - - -
GSTT1 392 108 - - - - -
GSTP1 - - 214 212 74 - -
NAT1 - - - - - 305 195
NAT2 - - - - - 318 182

Table 4 - Distribution of GSTM1, GSTT1, GSTP1, NAT1
and NAT2 genotypes among colorectal cancer patients

+ 0 Ile/Ile Ile/Val Val/Val Slow Rapid

GSTM1 209 291 - - - - -
GSTT1 369 131 - - - - -
GSTP1 - - 200 212 88 - -
NAT1 - - - - - 289 211
NAT2 - - - - - 267 233

Fig. 1. Number of high-risk
alleles per person among
colorectal cancer patients and
controls
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ship in this allelic polymorphism is not completely
understood, however, most of the studies suggest a
possibly less effective repair function of the protein
encoded by the Gln allele (25, 26). Our results are in
accordance with these data, confirming the associa-
tion between elevated cancer risk and occurrence of
the Gln allele. The results provide a mechanistic link
between the slower DNA repair in individuals
carrying the Gln allele, and their elevated colorectal
cancer risk.
Several studies have investigated the biological

properties of the p53 alleles. Differences were
observed in the electrophoretic mobility (27), apop-
totic potential (28, 29) according to genotypes.
These data are in agreement with the results of mole-
cular epidemiological studies on the effect of p53
Arg/Pro polymorphism on lung cancer (30-32). In
the case of other tumours, however, the relationship
between the allelic polymorphism and risk of cancer
is not fully established (33-36). The present study
found quite a strong connection between the Pro
allele and an elevated risk of colorectal tumours
(OR: 2.15). Our results underline the importance of
DNA repair functions and cell cycle control in
human carcinogenesis. These findings are in accor-
dance with the results of similar studies: Ivkovic et
al. found that an allelic polymorphism in the H-ras
oncogene significantly affected the risk of colorectal
cancer (37). These studies also confirm the risk-
modifying rôle of low-penetrance genetic factors
like allelic polymorphisms of oncogenes and tumour
suppressor genes.
The so-called low-penetrance genetic factors

typically cause a risk increase of 1.2-2. These allelic
polymorphisms cannot be directly used for indi-
vidual risk assessment, since their effect on the
absolute risk of a particular cancer is relatively low.
However, they have a much stronger impact at a
population level, because of their high population
attributable risk (PAR), due to their frequent occur-
rence, in contrast to the hereditary tumours. A
possible approach to “bringing down” low pene-
trance cancer susceptibility genes from the popula-
tion level to the individual risk assessment is to
study them in combination with each other. While
the strength of the effect of XRCC1 and p53 genes
alone was moderate (OR: 1.32 and OR: 2.00,
respectively), their combined analysis resulted in a

stronger effect (OR: 3.04). Combining our present
results with those of our previous studies demon-
strated the possibilities of further improving this
approach.
In an earlier study we examined the effect of

glutathione-S-transferase and N-acetyltransferase
enzymes on the risk of colorectal cancer. GST
enzymes belong to the so-called phase II metabo-
lizing enzymes, they take part in the detoxification
of carcinogenic molecules by conjugating their
substrates (e.g. polycyclic aromatic hydrocarbons,
epoxides, halomethanes) with glutathione. Simi-
larly, the N-acetyltransferase enzymes also metabo-
lize known carcinogenic molecules (e.g. aromatic
and heterocyclic amines) thus influencing the
amount of active carcinogenic molecules in our
body. Since these polymorphisms may also have an
influence on the risk of colorectal cancer, we
combined these earlier results with our present find-
ings, because studying several allelic polymor-
phisms might improve the accuracy of the risk
assessment, and, hopefully already in the near
future, can even lead to individual risk characteriza-
tion. Our combined analysis contained 7 allelic
polymorphisms, 4 of them (XRCC1, p53, GSTM1,
NAT2) were found to be statistically and signifi-
cantly associated with an increased colorectal
cancer risk when analyzed separately. Our results
suggest (OR: 6.39, 95% CI: 2.73-14.92 for at least 6
high-risk alleles) that this approach is a promising
possibility to identify high-risk individuals.
The main limitation of our study is the involve-

ment of only 7 allelic polymorphisms in the
combined analysis, while there are possibly
hundreds or thousands of similar factors which have
an influence on cancer susceptibility. All the poly-
morphic genes directly or indirectly involved in the
malignant transformation might contribute to the
actual risk status. At present, however, no direct
individual risk estimation can be given, and the
practical implementation of the research results
requires more time and work in this field. However,
with the development of our knowledge concerning
the effect of low-penetrance genetic factors, after
cost-benefit analyses screening or pre-screening
programs will be worked out, and hopefully the
allelic status will more directly contribute to cancer
risk assessment.
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Summary

Background: Liver diseases including hepatitis C
are an important health problem in Egypt. There
are few available studies about their burden and
mortality rates. Objectives: We carried out this
study to address the magnitude of liver diseases
in Egypt by measuring their mortality rates and
number of years of life lost (YLL) over the period
1986-2005. Methods: The data were obtained
from mortality records of both the Central
Agency of Public Mobilization and Statistics (for
years 1986-1999) and the National Information
Center for Health and Population of Ministry of
Health and Population (for years 2000-2005). The
age adjusted death rates for four major liver
diseases were measured (hepatitis B and C virus
infection, liver cirrhosis and liver cancer). The
YLL due to these diseases were calculated.
Results: The study showed little variations in the
total mortality rates for the total liver diseases
and mortality rates due to hepatitis B alone and
their number of YLL during the period 1986-
1999 then started to increase from year 2000 up
to year 2005. No deaths due to hepatitis C infec-

Riassunto

Contesto: Le malattie epatiche compresa l’epatite
C sono un importante problema sanitario in Egit-
to. In questo contesto e per quanto riguarda gli
indici di mortalità, esistono pochi studi disponibi-
li. Obiettivi: Lo studio è stato condotto per affron-
tare la vastità delle malattie epatiche in Egitto at-
traverso la misurazione degli indici di mortalità e
del valore AVP (anni di vita persi) nel periodo
esaminato 1986-2005) Metodi: I dati sono tratti
dai registri di mortalità dell’Agenzia Centrale
per la Mobilitazione Pubblica e la Statistica (per
gli anni 1986-1999) e dal Centro Nazionale di
Informazione sulla Salute e la Popolazione del
Ministero della Salute e della Popolazione (per gli
anni 2000-2005). Sono stati misurati i tassi di
mortalità aggiustati per età per quattro principa-
li malattie epatiche (infezione da virus di epatite
B e C, cirrosi epatica e cancro del fegato). È stato
calcolato il numero di anni di vita persi (AVP) a
causa di queste malattie. Risultati: Lo studio ha
mostrato variazioni minime negli indici di morta-
lità totale per tutte le malattie epatiche, negli in-
dici di mortalità dovuti alla sola epatite B e nel lo-

07-hassan:07-hassan 3-05-2012 11:10 Pagina 211



Introduction

Very little scientifically based information is avail-
able on the causes of specific mortality rates for many
developing countries. What information does exist is
often out of date, applicable only to major urban
areas, and not sufficiently disaggregated to differen-
tiate between important population sub-groups (1).
Although liver diseases are important health problem
in Egypt, few studies about their burden and
mortality rates are available. In Egypt, it has been
estimated that liver diseases could contribute to more
than 10% of over-all mortality and is the second most
common cause of death after heart diseases in Egypt
(2). It has been estimated that 7% of all Egyptian died
annually were suffering from either liver cirrhosis or
hepatocellular carcinoma (HCC); 75-85% of persons
with these conditions present either chronic hepatitis
B virus infection or hepatitis C virus infection as a
contributing cause (3). Exposure to hepatitis viruses
is extensive among the rural population in Egypt.
Antibodies against hepatitis A virus (HAV) are

detected in nearly 100% of both children and adults.
Antibodies to hepatitis B virus (HBV) are present in
40-65% in most community based studies (4). Hepa-
titis C virus (HCV) related mortality (due to hepato-
cellular carcinoma and liver cirrhosis) is expected at
least to double in the next 20 years (5). HCC was
reported to account for about 4.7% of chronic liver
disease patients (6). More than 80% of the risk of
HCC is attributable to chronic infections with
hepatitis B and C viruses worldwide (7). We carried
out this study to address the magnitude of liver
diseases in Egypt by measuring their mortality rates
and the years of life lost (YLL) over the period 1986-
2005. These informations are necessary to evaluate
the impact of health policies regarding liver diseases
and to justify the adoption of new ones.

Aim of work

The aim of the study was to calculate mortality
rates of some conditions related to liver disease in
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tion during the period 1986-1999 and also in year
2003 were recorded. On the other hand from
year 2000, an upward trend for mortality rates
and number of YLL due to hepatitis C infection
was observed. Mortality rates and number of
YLL due to liver cancer and liver cirrhosis
showed a gradual increase from year 1986 up to
year 2005. Males showed higher mortality from
liver diseases than females. Also the rates were
higher in old age groups than in the young ones.
Conclusions: The study showed that the total
mortality rates and YLL for liver diseases are
steadily increasing with time with higher
mortality from liver diseases among males than
females all through the study period. Eur. J.
Oncol., 16 (4), 211-220, 2011

Key words: mortality, liver diseases, Egypt

ro numero di AVP durante il periodo 1986-1999,
dopo il quale si è registrato un incremento a par-
tire dal 2000 fino al 2005. Non si sono registrate
morti per l’infezione da epatite C durante il pe-
riodo 1986-1999 ed anche nell’anno 2003. D’altra
parte, dal 2000, c’è stata una tendenza al rialzo
degli indici di mortalità e del numero di anni di
vita persi dovuti all’infezione da epatite C. Gli in-
dici di mortalità e il numero di AVP dovuti al
cancro del fegato e alla cirrosi epatica hanno mo-
strato un graduale aumento dal 1986 fino al 2005.
Per le malattie epatiche la mortalità maschile si è
dimostrata maggiore rispetto a quella femminile.
Inoltre gli indici erano più alti in gruppi di perso-
ne anziane rispetto a quelle giovani. Conclusioni:
Lo studio ha dimostrato che gli indici di mortalità
totale e gli anni di vita persi per malattie epatiche
stanno progressivamente aumentando col passare
del tempo, con una più alta mortalità tra i maschi
rispetto alle femmine durante tutto il periodo di
studio. Eur. J. Oncol., 16 (4), 211-220, 2011

Parole chiave:mortalità, malattie epatiche, Egitto
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Egypt and their trend over the period 1986-2005 and
to calculate YLL due to some liver diseases in Egypt.

Subjects and methods

Mortality study was performed using mortality
records of Egypt during the period 1986-2005 from
two main sources; the first source was mortality
records of the Central Agency of Public Mobiliza-
tion and Statistics (CAPMAS) for years 1986-1999.
In CAPMAS, coding of death follows ICD-9. The
second source was mortality records of the National
Information Center for Health and Population of
Ministry of Health and Population (NICHP-MOHP)
for years 2000-2005 in which coding of death
follows ICD-10.
These death records include different items (e.g.

sex of dead person, job of dead person, date of occur-
rence of the event, etc). Census data obtained from
CAPMAS are as follows: 1986 and 1996 censuses,
annual estimates of population age-sex composition
for the years in-between census years and the
projected estimates from year 1997 up to year 2005.
In estimation of cause specific death rate according to
age and sex, burden of disease list for causes of death
of WHO was used (replacing ICD-9 and ICD-10
codes by codes of burden of disease). Cause specific
death rates for the causes of death related to liver
diseases (hepatitis B, hepatitis C, liver cancer and
liver cirrhosis), direct standardization of cause
specific death rates was done using the population of

year 2005 (the most recent year) as the standard popu-
lation, moreover the trend of mortality due to liver
diseases over this period was observed. This method
was performed for each year from 1986 up to 2005.
YLL are the mortality component of Disability

Adjusted Life Years (DALY). They determined by
the average life expectancy at age of death while
discounting future years by three per cent. The mean
life expectancy for each age category and sex was
estimated from the observed mean age at death in the
age interval and the life expectancy figures at the
exact ages defining the age interval. The mean life
expectancy in each age interval was then discounted
at three per cent using the formula: YLL=(1-exp
(-0.03L)/ 0.03); where L is the life expectancy. Thus,
YLL time discounted were calculated for each age
group and sex then was multiplied by the observed
deaths to derive the YLL by cause, age and sex (8).

Ethical considerations

The study was carried out after the consent of both
Ministry of Health and Population and Central
Agency for Public Mobilization and Statistics.

Results

As shown in fig. 1, age adjusted death rates of
liver diseases in Egypt during the period 1986-1999
were fluctuating between 5.76/100,000 and
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Fig. 1.Mortality trend of liver
diseases, Egypt 1986-1999
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34.85/100,000. But from year 2000 up to year 2005,
the mortality rates markedly increased and fluctu-
ating to reach highest level 73.09/100,000 in year
2001 (fig. 2). The liver specific death rates were
higher in males than females.
Figs. 3 and 4 compare the mortality trends of the

four liver diseases (hepatitis B, hepatitis C, liver
cancer and liver cirrhosis) in Egypt during the period
1986-2005. It shows that liver cirrhosis had the
highest mortality rates among liver diseases in Egypt
during this period, followed by liver cancer, hepatitis
B infection and hepatitis C infection.
Figs. 5, 6, and 7 describe liver diseases specific

death rates for different age groups in both males and
females for years 1986, 1996 and 2005. It is obvious
that old age groups showed higher mortality from

liver diseases than young ones during the three years
and the highest rate was at age group above 75 years
in both males and females.
Fig. 8 represents YLL due to all liver diseases for

different age groups for both males and females in
year 2005. The pattern is the same for all studied
liver diseases and for males and females with a
maximum of YLL at age group 50-54 in males and
55-59 in females.
Table 1 represents YLL due to liver diseases

(hepatitis B, hepatitis C, liver cancer and liver
cirrhosis) for different age groups for both males and
females in year 2005. The pattern was the same in
males and females with a maximum of YLL at age
group 50-54 in males and 55-59 in females in all
liver diseases.
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Fig. 2.Mortality trend of liver
diseases, Egypt 2000-2005

Fig. 3. Comparative pattern
for mortality trend of
different liver diseases, Egypt
1986-1999
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Fig. 4. Comparative pattern
for mortality trend of
different liver diseases, Egypt
2000-2005

Fig. 5. Liver diseases specific
death rates for different age
groups (per 100,000), Egypt
1986

Fig. 6. Liver diseases specific
death rates for different age
groups (per 100,000), Egypt
1996
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Discussion

Marked increase in mortality rates started from
year 2000 may be due to increased number of deaths
from liver cirrhosis and liver cancer due to accumu-
lation of elder people who had old hepatitis infec-
tion. This indicates poor management and treatment
of these diseases in Egypt. Also, better methods for
diagnosis introduced may share in the spurious
increase of the number of deaths due to liver diseases
in this period.
It could be also explained by the change in coding

system of deaths from ICD-9 to ICD-10 which started
in Egypt in year 2000 with more details about the
actual cause of death. Change of the source of the
analyzed data from CAPMAS (1986-1999) to NICHP
of MHOP (2000-2005) mortality records may also

explain the upward trend of mortality rates related to
liver diseases from year 2000 up to year 2005.
Although bilharziasis is considered as one of the

most endemic liver diseases in Egypt for a long time,
deaths due to bilharziasis couldn’t be identified. This
is explained by the fact that bilhariziasis is a very
common disease especially in rural Egypt, in case of
death due to bilharziasis, the cause of death is not
registered as bilharizsiasis in death records, but
instead the complications of bilharziasis like
bleeding oseophagial varices, liver cell failure, liver
cell carcinoma or bladder cancer are recorded in
death certificates as the cause of death. So mortality
rates due to bilharziasis alone couldn’t be measured
and included in this study.
Males showed higher mortality from liver diseases

than females all over the period 1986-2005. This
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Fig. 7. Liver diseases specific
death rates for different age
groups (per 100,000), Egypt
2005

Fig. 8. Years of life lost due
to liver diseases for different
age groups, Egypt 2005
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means that the exposure to different liver diseases is
more common among males than females (as
bilharziasis, viral hepatitis and subsequent liver
cirrhosis and liver cancer). This may be due to
increased high risk behaviors among males (as drug
abuse and contaminated sharps like shaving blades).
Similar results were noticed in England, where

mortality rates for chronic liver diseases more than
doubled during the period 1979-2005 and this
increase in mortality rates may be due to increased
amount of alcohol-induced liver diseases in England
(9).
However, in the United States, mortality due to

chronic liver diseases during the period 1979-1989
declined by about 22% for both sexes (10), and
during the period 1990-1994 declined by about
5% (12.1 to 11.6/100,000). But during the period
1995-1998, the rates remained unchanged and were
higher among males (47.6/100,000) than females
(32.2/100,000) (11).
In the current study, it is obvious that old age

groups showed higher mortality from liver diseases
than young ones and the highest rate was at age
group above 75 years in both males and females.
This age distribution of liver diseases mortality

could be attributed to the fact that mortality in
general is higher among old age groups than young

ones and not specific only for liver diseases. Also,
deaths due to hepatitis B and C occur as a result of
its long term complications which usually occur at
old ages.
It is obvious that liver cirrhosis had the highest

mortality rates among liver diseases in Egypt during
this period, followed by liver cancer, hepatitis B
infection and then hepatitis C infection.
This could be attributed to the fact that liver

cirrhosis is the most common complication
following hepatitis B and C infection in Egypt.
Similar results between the periods 1987-1991

and 1997-2001, were observed in Scotland where
cirrhosis mortality in men more than doubled (104%
increase) and in England and Wales rose by over
two-thirds (69%). Mortality in women increased by
almost half (46% in Scotland and 44% in England
and Wales) (12). This increase in rates of mortality
due to liver cirrhosis in these countries was mainly
due to increase in alcohol consumption and the
subsequent alcoholic cirrhosis.
In contrast to these results, liver cirrhosis

mortality in United States declined during the period
1970-2002 by 46.1 percent (from 17.8 to
9.6/100,000) and the mortality was higher in males
than females during this period (13). This decrease
in liver cirrhosis mortality rates in United States may
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Table 1 - Years of life lost due to liver diseases for different age groups, Egypt 2005

Hepatitis B Hepatitis C Liver cancer Liver cirrhosis
Age group Males Females Males Females Males Females Males Females

<1 440 692 0 0 0 0 2041 1462
1-4 316 192 39 0 0 0 592 538
5-9 69 69 0 0 113 147 733 805
10-14 136 71 0 0 182 151 750 532
15-19 168 234 33 0 328 183 1007 906
20-24 387 398 32 0 548 214 1321 1427
25-29 253 191 31.62 0 527 310 1898 1816
30-34 332 482 60 30 769 587 3104 1930
35-39 1276 701 311 112 1368 1107 8187 3200
40-44 2999 879 286 51 3926 1954 21621 7966
45-49 5090 1480 564 211 7064 3044 35967 11331
50-54 7126 2922 585 317 10361 4297 51205 20549
55-59 6562 2976 742 280 9650 4166 47608 22375
60-64 4533 2377 354 258 7084 2760 32853 18590
65-69 3270 1881 310 155 5905 2473 24943 15079
70-74 2012 1553 188 145 3428 1856 17101 11589
75+ 2288 1863 141 51 2828 1579 17379 14988
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be due to decrease in its risk factors, improvement in
the diagnostic tools and treatment options of viral
infections than in developing countries and
successful management of cirrhotic patients.
As regards mortality due to hepatitis C virus infec-

tion, there were no deaths recorded due to hepatitis
C infection during the period 1986-1999 and also in
year 2003. This does not mean that there were no
deaths due to hepatitis C during this period but this
may be due to the fact that death due to hepatitis C
infection occurs mainly as a result of its long term
complications (as liver cirrhosis and liver cancer)
and rapid fulminant liver failure associated with
HCV infection is a rare event (14). Also the absence
of deaths due to hepatitis C in year 2003 may be due
to false data entry in death records in this year.
From year 2000 up to year 2005 (except for year

2003), the age adjusted death rates of hepatitis C
gradually increased. The start of recording hepatitis
C as a cause of death from year 2000 may be due to
more awareness about hepatitis C virus and its
complications. This increase in hepatitis B and C
mortality from year 2000 up to year 2005 may be
due to increased exposure to the virus (as transfusion
of infected blood, contaminated sharps, drug abuse
using contaminated syringe, perinatal transmission,
tattooing, hospitalization, surgical operations,
suturing for cut wounds and dental care). Also, past
history of injection treatment for schistosomiasis as
a potential risk factor for previous episode of
hepatitis C infection (15).
The compulsory vaccination for hepatitis B was

introduced in Egypt in 1996 (16). The age of vacci-
nated cohorts now is about 13 years, so the impact of
these efforts on YLL and mortality rates related to
hepatitis B will be delayed for more years till the
vaccinated children become adults.
In Canada, hepatitis B mortality rates increased

from 0.03/100,000 in 1979 to 0.26/100,000 in 1997
and from 0.12/100,000 to 0.41/100,000 for hepatitis
C. Males also show higher mortality than females
(17). These rates are to some extent similar to the
rates in Egypt during this period 1979-1997 which
indicates that the exposure rate to the virus was
nearly the same in both countries. During this period
no deaths due to hepatitis C in Egypt were recorded,
this may be explained by the little awareness and
lack of diagnostic tools during this period.

In the United States, hepatitis C virus mortality
rates increased 220% from 1993 to 1998 (0.57 to
1.67/100,000) (11), and during the period 1995-2004
increased from 1.09/100,000 to 2.44/100,000 (18).
Although hepatitis C is more prevalent in Egypt

than in the United States, the mortality rates are
higher in the United States. This is mainly due to
improved awareness of and testing for HCV infec-
tion among chronic liver disease patients in the
United States (11), and due to under estimation of
hepatitis C mortality in Egypt as mentioned before.
As regard mortality due to liver cancer in Egypt,

the age adjusted death rates for liver cancer nearly
doubled from year 1986 up to year 2005. This may
be attributed to increased risk factors for liver cancer
in Egypt which include several biological (e.g.
hepatitis B and C virus infection) and environmental
factors (e.g. aflatoxin). Other factors such as ciga-
rette smoking, occupational exposure to chemicals
such as pesticides, and endemic infections in the
community, such as schistosomiasis, may have addi-
tional roles in the etiology or progression of the
disease (19). This increase in liver cancer death rates
may be also due to false recording of deaths with
secondaries in liver as deaths due to liver cancer. On
the other hand, these increased rates of hepatocel-
lular carcinoma may be related to better detection
due to technologically improved diagnostic testing,
such an effectwould be expected to plateau at some
point in the future (20).
A study carried out in Egypt in year 2004 by

NICHP found that, during the period 1987-2000
liver cancer death rates showed a significant increase
from 2.4/100,000 up to 5.2/100,000 and the rates
were higher in males than in females (8). These find-
ings are consistent with the findings of the current
study.
Similar results were recorded in the United States,

Maryland (21) and in Australia (22) where mortality
from hepatocellular carcinoma increased, and also it
was higher in males than in females.
While simple death rates represent an important

measure of public health, deaths at younger ages
may be considered of greater public health concern
than deaths at older ages. YLL, the mortality
component of the DALY, give greater value to
deaths of young people, thus emphasizing the
concept of premature death (23). For this reason
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YLL was used in the current study as a sensitive
measure of the magnitude and importance of liver
diseases in Egypt.
The number of YLL due to liver diseases was fluc-

tuating during the period 1986-1999 except for year
1995 where the number of YLL markedly increased.
But from year 2000 up to year 2005, it markedly
increased to reach 543,867 in year 2005. The
number of YLL was higher in males than in females
all over the period 1986-2005. YLL are gradually
increasing with the peak at age group 50-54 in males
and 55-59 in females then gradually declined; the
pattern was the same in males and females.
This upward trend of the number of YLL due to

liver diseases reflects the increasing magnitude of
liver diseases in Egypt over this period and indicates
priorities for interventions against life threatening
liver diseases through the implementation of
universal precautions and safe injection practices,
screening of blood donation and blood products and
modification of certain personal risky behaviors.
Also, prevention and intervention approaches
directed to risk factors of liver cancer as viral
hepatitis infection and prevention of exposure to
aflatoxins may be achieved either at community (via
good agriculture practices) or individual levels
(treatment or dietary interventions) (19).
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Summary

Hyperleukocytosis is a leukemia-related condi-
tion characterized by an extremely high white
blood cell count. Symptomatic leukostasis repre-
sents a medical emergency which needs to be
promptly recognized and adequately managed in
order to prevent early mortality and severe
morbidity. Any organ may be affected, but intra-
cranial hemorrhage and respiratory failure are
the most frequent life-threatening complications
of leukostasis. Since there are not clear guidelines
on hyperleukocytosis treatment, this condition
remains a challenge for physicians. Our review
focuses on clinical manifestations of hyperleuko-
cytosis and possible therapeutic approaches in
order to provide a practical guide for early diag-
nosis and proper management of hyperleukocitic
leukemia. Eur. J. Oncol., 16 (4), 221-231, 2011

Key words: hyperleukocytosis, leukostasis,
leukemia, children

Riassunto

L’iperleucocitosi è una possibile complicanza del-
la leucemia e può rappresentare la sintomatologia
d’esordio. La leucostasi, quadro clinico derivante
dalla iperleucocitosi, è da considerarsi un’emer-
genza medica e necessita, pertanto, di un precoce
riconoscimento e di un adeguato e pronto inter-
vento. Ogni organo o apparato può essere colpito
ma, più frequentemente, le manifestazioni clini-
che sono a carico dell’apparato respiratorio e del
sistema nervoso centrale. Nonostante la gravità
clinica di questa condizione, non sono, ad oggi, di-
sponibili linee guida condivise riguardo la gestio-
ne di questi pazienti. La nostra review analizza gli
strumenti essenziali per un pronto riconoscimen-
to e le possibilità terapeutiche per un adeguato
trattamento della sindrome da leucostasi così da
poter prevenire sia la mortalità che la severa
morbidità imputabili a questa condizione. Eur. J.
Oncol., 16 (4), 221-231, 2011

Parole chiave: iperleucocitosi, leucostasi, leuce-
mia, bambini
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Introduction

Hyperleukocytosis is a leukemia related condition
defined as circulating blast count >100,000
blasts/mm3. It is a negative prognostic indicator in
children with acute leukemia. Several authors have
found a significant association between hyperleuko-
cytosis and age <1 year, T cell immunophenotype,
cell ploidy ≤50 chromosomes, central nervous
system (CNS) leukemia at diagnosis and some clin-
ical features like hepatosplenomegaly, high serum
levels of lactic dehydrogenase and presence of a
mediastinal mass (1, 2). Moreover, some cytogenetic
abnormalities are often found in patients with hyper-
leukocytic acute lymphoblastic leukemia (ALL),
like 11q23 rearrangements and t(9;22, Philadelphia
chromosome) (1, 3).

Even if a significant relationship between white
blood cell (WBC) count and clinical manifestations
is recognised, the number of blasts is neither the
only, nor the most important element that enter in the
determination of leukostasis risk. Clinical manifesta-
tions of acute hyperleukocitic leukemia depend, first
of all, on the cell lineage of the leukemic blasts.
Acute myeloid leukemia (AML) has a higher inci-
dence of symptomatic hyperleukocitosis if compared
to ALL, despite a higher incidence and degree of
hyperleukocytosis in ALL vs AML (from 10% to
30% and from 5% to 13%, respectively).

Inaba et al. described how more than 50% of
patients with AML and hyperleukocytosis were FAB
M4 and M5 where these two FAB subtypes proved
to be at higher risk of early complications, such as
early death, respiratory, renal or bleeding events and
coagulopathy (4).

Acute hyperleukocytosis and leukostasis should
be considered a medical emergency and their clinical
implications are extremely relevant for patient’s
prognosis, both in terms of morbidity and mortality.
Leukostasis – which is not only caused by hyper-
leukocitosis but also by adhesive interactions
between leukemic blasts and endothelial cells, as
well as by the expression of adhesion molecules on
lymphoblast cell surface – may lead to vascular
occlusion, perivascular leukemic cell infiltration,
vascular damage and reduction of blood flow which,
in turn, can result in multi-organ failure (pulmonary
failure, intra-cranial bleeding, renal failure), severe

coagulopathy, metabolic abnormalities and tumor
lysis syndrome. All these conditions often occur in
hyperleukocitic leukemia determining the high early
mortality and morbidity rate (20-40%) observed in
these patients (1, 5-8). However, the best manage-
ment of patients with acute leukemia and hyper-
leukocytosis is still unclear and, for this reason,
represents a challenge for physicians.

Pathogenetic mechanism of leukostasis

Litchmann et al. studied leukostasis mechanism in
depth with a view to explaining this difference
between AML and ALL (9). They suggest that – in
addition to cell number – the mean corpuscular
volume (MCV) is crucial for determining a critical
“leukocrit” (fractional leukocytes volume) that
would result in an increased blood viscosity.
Myeloblasts have larger volume than lymphoblasts
and this leads to a different incidence of leukostasis
in AML and ALL for the same degree of leucocy-
tosis.

Blood viscosity is not the only element deter-
mining leukostasis. As described by Steinberg et al.
(10) in hyperleukocitic leukemia WBC number
usually does not reach such high levels to determine
a sensible increase in the whole blood viscosity and
lead to leukostasis. Moreover, in leukemias, as
leukocytes rise, erythrocytes usually decrease and
protect from hyperviscosity. In any case, leukocytes
are less deformable than red blood cells (RBC), thus
leukocrit has a higher impact on blood viscosity than
haematocrit.

It is important to point out that in these patients
RBC transfusion should not be performed with
haemoglobin values higher than 7-8 g/dl, if not
symptomatic. A transfusion, in fact, may increase
the risk of leukostasis.

What is interesting to notice is that blast aggre-
gates and blast thrombi are not equally distributed
throughout the circulation. They are more frequent
in brain, lungs and heart, which suggests some organ
specificity. It is not yet completely clear what is the
mechanism regulating blasts adhesion to micro-
vascular endothelium and the formation of micro-
thrombi but, what is known, is that several elements
cooperate together. Local released chemoattractant
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factors seem to play a role in determining distribu-
tion and severity of the damage (11-12). On the other
hand, several adhesion molecules on leukemic cells,
like ICAM-1 and selectins, have been investigated
and seem to be part of the mechanism leading to
leukostasis. In a recent study Stucki et al. (13) show
how myeloblasts, through the secretion of tumor
necrosis factor-α and interleukin-1β, are able to
induce the expression of several adhesion molecules,
such as intracellular adhesion molecule-1, vascular
cell adhesion molecule-1, CD54, CD62E, CD62P,
CD106, E-selectin, in endothelial cells and that this
up-regulation is associated with an increased number
of blasts attached to the endothelium. According to
this theory, in a short time, a self-perpetuating loop
among cells could be activated and it is clear why a
prompt and rapid cytoreduction should be performed
to reduce the risk of early morbidity and mortality.

Even if the molecular mechanism that regulate
cell adhesion and leukostasis is not completely
understood, it seems clear that there are some differ-
ences among different subsets of leukemia. A corre-
lation between CD56/NCAM expression and devel-
opment of leukostasis has been described in
myelomonocitic subtypes of AML. Novotny et al.
suggest that detection of CD56 at baseline may help
to identify patients at higher risk of developing fatal
leukostasis in AML (FAB M4 and M5) (14). Not
only CD56 expression seems to be a good predictor
of leukostasis but also a predictor of bad response to
leukoapheresis. All these molecular data could have
important clinical and therapeutic implications: the
management of blocking antibodies against TNF-α,
anti-IL-1β, and against CD54, CD106, CD62E may
lead to a block of this time-dependent accumulation
of myeloblasts on the endothelium and could be a
valid weapon against leukostasis.

Clinical manifestations of hyperleukocytosis

Leukostasis is the pathological mechanism under-
lying the development of clinical manifestations in
hyperleukocytic leukemia. However, there are not
clinical criteria to define this syndrome, thus it is
often empirically diagnosed when patients present
with acute leukemia, hyperleukocytosis, and respira-
tory or neurological symptoms (1,7). Acute hyper-

leukocytosis and leukostasis should be considered as
a medical emergency since mortality rate may be up
to 40% if it is not recognized and quickly treated
(15).

Despite a higher incidence and degree of hyper-
leukocytosis in ALL vs AML (from 10% to 30% and
from 5% to 13%, respectively), symptomatic hyper-
leukocytosis is not commonly observed in ALL. The
clinical picture at presentation includes metabolic
abnormalities, coagulopathy and multiple organ
failure, and it often mimics infectious and hemor-
rhagic complications of acute leukemia (16).
Although leukostasis may affect any organ, the most
dramatic and frequent symptoms arise from the
involvement of respiratory and central nervous
systems, and the earliest deaths are due to respiratory
failure and intra-cranial hemorrhage (17) (Table 1).

Respiratory complications are largely described in
clinical studies (18, 19), and the risk of pulmonary
involvement increases with leukocyte count, thus
suggesting that together with infection, edema and
hemorrhage, leukostasis is also responsible for the
respiratory symptoms experienced by patients.

The sludging of leukemic blasts into the
pulmonary microcirculation determines pulmonary
leukostasis syndrome, which may include respira-
tory distress, hypoxemia, as well as diffuse intersti-
tial or alveolar infiltrates on chest radiographs (20).
However, due to a very rapid leukocytic oxygen
consumption, extreme leukocytosis might be associ-
ated with fictitious hypoxemia. Therefore, refrigera-
tion on ice of blood samples should be promptly
performed to reduce the risk of pseudohypoxemia
(21, 22). Diagnosis of hypoxemia in patients without
obvious respiratory symptoms and pulmonary
pathology needs caution and careful evaluation, with
pulse oximetry able to asses oxygenation status
more accurately in this setting (23). Tachypnea and
exertional dyspnea are not specific symptoms of
pulmonary leukostasis and clinical presentation can
range from mild to severe respiratory impairment
which require, in extreme cases, mechanical ventila-
tion.

Cerebral microvasculature is also prone to
leukostasis, and hemorrhage represents one of the
most important causes of early deaths in acute
leukemia. Since it was first described more than 40
years ago, CNS hemorrhage is the most threatening
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and feared complication in the management of chil-
dren with hyperleukocytosis (24, 25). Even though
intra-cerebral hemorrhage may occur in either ALL
or AML, the incidence of this condition is much
higher in patients with AML, especially with leuko-
cyte count ≥300,000/mm3, and its frequency is esti-
mated to be 5-33% in AML with hyperleukocytosis
(8). Extremely high white blood counts, increased
blood viscosity and decreased blast deformation lead
to leukocyte thrombosis followed by hemorrhage.
Postmortem examinations in patients with hyper-
leukocytosis who died in the acute phase of their
diseases showed hemorrhagic lesions limited to the
white matter of the brain, centered at intravascular

microscopic leukemic nodules. Studies demon-
strated that leukemic cells accumulate in the capil-
laries of the white matter leading to leukostasis,
leukemic nodule formation, capillary wall disrup-
tion, and ultimately petechial hemorrhage. Coales-
cence of such microhemorrhages results in the larger
hemorrhages observed and in the massive and
refractory cerebral swelling. Brain magnetic reso-
nance imaging (MRI) may be useful to identify
progressive white matter pathology. Serial imaging
demonstrates features of hemorrhagic lesions and
edema followed by rapidly progressive cerebral
atrophy and ventricular enlargement. Differential
diagnoses include cytotoxic edema secondary to
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Table 1 - Clinical manifestations of leukostasis

Site Signs and symptoms

Respiratory system Tachypnea
Exertional dyspnea
Respiratory distress
Hypoxemia
Diffuse interstitial or alveolar infiltrates on chest X rays

Central nervous system CNS hemorrhage
Confusion, somnolence, stupor, delirium and coma
Headache, dizziness, tinnitus, gait instability
Blurred vision and visual field defects
Cranial nerve defects and neck stiffness

Cardiovascular system ECG signs of right ventricular overload
Neck vein distention
Gallop rhythm
Myocardial ischemia
Priapism
Acute limb ischemia
Bowel infarctions
Renal vein thrombosis

Eyes Papilledema
Retinal vein distention and retinal hemorrhages

Blood Coagulopathy
Thrombocytopenia
CID

Systemic and metabolic alterations Hyperkalemia
Hyperphosphatemia
Hypocalcemia
High fever (>39°C)
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ischemia, vasogenic edema secondary to leukemic
infiltration, leukoencephalopathy secondary to
chemotherapy, or diffuse effects of central nervous
system infections (26).

Clinicians should know that higher blood
viscosity is directly related to an increased risk of
adverse events, such as CNS hemorrhage (27). This
consideration presents important clinical implica-
tions because red cell transfusions and high hemo-
globin concentrations have been associated with
increased morbidity and mortality, which should be
avoided (28).

Confusion, somnolence, stupor, delirium and coma
are all conditions related to important CNS involve-
ment. Nevertheless, patients may present with more
subtle neurological symptoms, such as headache,
dizziness, tinnitus, gait instability, blurred vision or
visual field defects. Cranial nerve defects and neck
stiffness may also be found at the physical examina-
tion. Continuous monitoring of neurological status of
the patient is essential to recognize subtle and preco-
cious signs of ongoing leukostasis and clinicians
should always perform careful clinical history and
physical examination (29). Neurological signs and
symptoms of hyperleukocytosis in children are not
largely described, and most of reports come from
adult cases. However it has been demonstrated that
incidence of CNS complications is 3.6% in children
with initial WBC <400,000/mm3 and 17.9% for chil-
dren with WBC counts >400,000/mm3 (19).

Vascular and rheological alterations due to hyper-
leukocytosis create a prothrombotic state which
occasionally may lead to neck vein distention, gallop
rhythm and ECG signs of right ventricular overload,
myocardial ischemia, priapism, acute limb ischemia,
bowel infarctions, and renal vein thrombosis (30-
32). In addition, the correlation has been studied
between hematological and ocular findings, such as
papilledema, retinal vein distention and retinal
hemorrhages, thus highlighting the importance of
opthalmological evaluation of patients with acute
leukemia (33).

Another common problem is coagulopathy
induced by procoagulant substances in the cyto-
plasm of leukemic blast cells. This leads to thrombin
activation and complicates thrombocytopenia with
acute hemorrhage or thrombosis. Disseminated
intravascular coagulation occurs in 30% to 40% of

patients with AML and in 15% to 25% of patients
with ALL. Though more common in promyelocytic
leukemia, disseminated intravascular coagulation
(DIC) may occur in all subtypes of acute leukemia.
Careful assessment for thrombocytopenia and coag-
ulopathy must be included in laboratory evaluation;
platelets should be manually counted, since a
spurious elevation of the automated platelet count
may occur due to the presence of fragments of white
and red blood cells, underestimating thrombocy-
topenia (34).

Other observed complications that may be related
to hyperleukocytosis are metabolic abnormalities
such as hyperkalemia, hyperphosphatemia and
hypocalcemia with tetany (19).

High fever (>39°C) of not infectious origin is very
common, showing how leukostasis syndrome repre-
sents a generalized systemic condition of great
impact on the organism.

Patients with high WBC are also especially prone
to tumor lysis syndrome (TLS) as chemotherapy is
started. TLS is caused by an excessive release of
purine metabolites with consequent hyperuricemia,
hyperkalemia, hyperphosphatemia and uremia. This
is life-threatening and may lead to renal failure in
10% to 15% of AML whereas in ALL only rarely.

Management of acute hyperleukocytosis

Correlation between the degree of leukocytosis
and long-term survival is very strong in pediatric
ALL. High WBC counts (>50,000/mm3) are associ-
ated with poor prognosis, shorter duration of remis-
sion and overall survival (2, 35, 36). On the other
hand, prognostic value of hyperleukocytosis in AML
has not been entirely defined, even though studies
report lower complete remission rate, and shorter
disease-free and overall survival in patients with
WBC higher than 100,000/mm3 (37).

Prompt leukocitoreduction is mandatory to
prevent leukostasis in patients with acute hyper-
leukocytosis and to treat patients who have already
experienced symptoms of leukostasis, even if all the
complications, including death, may occur despite
significant reduction in leukemic blast cell count.

However, the optimal management of children
with leukemia and hyperleukocytosis is not
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completely clear. Though a prompt initiation of
chemotherapy remains a mainstay of treatment of
acute hyperleukocytic leukemia, several physicians
manage urgent leukapheresis to induce a rapid
cytoreduction while planning for the administration
of chemotherapy.

Leukapheresis, consisting in the removal of circu-
lating WBC with reinfusion of leukocytes-poor
plasma, leads to a rapid blast reduction. Neverthe-
less, there are not evidence-based guidelines for its
use and there is only a paucity of data demonstrating
the real efficacy of a prompt cytoreduction in chil-
dren with acute leukemia (1, 17, 19, 29). This lack of
data on leukapheresis usefulness is probably due to
the fact that it is usually started after clinical presen-
tations of leukostasis and, for this reason, it does not
prevent hyperleukocytosis complications. In addi-
tion, it is not clear if it may actually reverse the clin-
ical consequences of leukostasis, once established,
or if it may prevent early deaths. Eguiguren et al. (2)
reported that the difference in the occurrence or
severity of complications between patients treated
with leukapheresis and those who did not receive it
is not significant. On the other hand, Maurer et al.
(17) observed a significant lower incidence of meta-
bolic abnormalities in patients who were treated with
leukapheresis.

Hematological disorder, such as coagulation
abnormalities, are less frequent in patients who
received leukapheresis because it also allows the
infusion of blood products (eg platelets or coagula-
tion factors) in order to correct these alterations. As
Koenig et al. (26) reported, an early leukapheresis,
in association with other interventions such as
cranial radiotherapy, could be useful to prevent
intracranial hemorrhage (ICH) in patients with
already known signs of leukostasis. However, the
debate on this point is still open: a retrospective
study on 75 adult patients with hyperleucocytic
AML treated with leukapheresis or prophylactic
cranial irradiation did not show any benefit in
reducing the incidence of ICH or early death (38).
All the authors agree in suggesting a different
management of patients with ALL or AML
according to the fact that the incidence of leukostasis
is higher in patients with myeloid leukemia. In AML
leukapheresis is usually started with WBC count
more than 100,000/mm3 or in presence of symptoms

of leukostasis irrespective of the blasts count (39,
40). In ALL leukapheresis should be, instead,
reserved for symptomatic patients or for those with
blast count exceeding 300,000/mm3 (19, 29, 39, 41).
A single session of this procedure may reduce the
WBC count by 20-50%; however, by removing
circulating blasts, it could recruit marginated blasts
into the intravascular space, determining a sort of
rebound effect (1). Therapeutic effects of leuka-
pheresis are only temporary and a daily repetition of
the procedure is often needed until manifestations of
hyperviscosity resolve or the initial WBC count is
substantially reduced (1, 42). Moreover, the place-
ment and maintenance of a central venous catheter to
perform the procedure may cause complications and
sometimes is an insurmountable obstacle to the
execution of leukapheresis. In patients with exces-
sive weight loss (more than 10 Kg) or in patients
with an inadequate venous access exchange transfu-
sion could be preferred to leukapheresis (2) but, as
reported by Eguiguren et al. (2), with less brilliant
results (62% of WBC reduction with leukapheresis
vs 52% with exchange transfusion). In any case, the
administration of exchange transfusion has been
recently reduced because of the risk of contamina-
tion or transfusion related complications for patients
who receive several transfusion cycles (2, 43).

Cytoreduction through leukapheresis is a good
option in case of hyperleukocitosis because it allows
a prompt reduction of blasts count (20-50% of WBC
count) and a correction of hematological disorder.
However, it is an invasive procedure, time
consuming, expansive, with considerable risks since
it could cause a delay in chemotherapy initiation. For
these reasons, leukapheresis should be reserved for
patients with extremely high WBC count or for those
with clinical manifestations of leukostasis at presen-
tation (19).

Besides leukapheresis, cytoreduction may be
achieved by induction chemotherapy and hydrox-
yurea.

Induction chemotherapy represents the most
important step in the management of hyperleukocy-
tosis and it should be started as soon as possible.
Leukapheresis should never interfere with or delay
the initiation of therapy, because while a few hours
may not be clinically significant for some patients,
they could be critical for others, especially for those
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with a mediastinal mass. Reduction of the number of
circulating leukemic blast cells must be accompa-
nied by supportive measures in order to prevent
tumor lysis syndrome and renal complications.
Vigorous hydration with intravenous fluids must be
included, though with a careful monitoring of the
fluid balance, especially in patients with coexisting
cardiopulmonary comorbidities. Hydration should
also guarantee alkalinization of the urine through
sodium bicarbonate. Allopurinol orally or intra-
venously administered, with a dosage of 10-20
mg/Kg body weight/day up to a maximum of 400
mg/day (44), should be given to prevent hyper-
uricemia. The alternative drug for patients who
cannot tolerate allopurinol is recombinant urate
oxidate (rasburicase), which converts uric acid to
allantoin, which is 5 to 10 times more soluble than
uric acid and therefore is rapidly excreted by the
kidneys. The European Medicines Agency recom-
mends that rasburicase be administered once a day in
a 30-minute intravenous (IV) infusion at 0.2 mg/
kg/day for both adults and children (44). Conserva-
tive management based on supportive measures has
been suggested as an alternative to cytoreduction in
patients with no very high WBC count (mostly
>200,000/mm3). However, the relatively small
number of patients treated only with conservative
approach does not allow any definitive conclusion.

Some authors proposed treatment with 24-hour
continuous infusion of low-dose prednisone. This
treatment is both a cytoreductive and an induction
chemotherapy. It is cheap, simple and noninvasive
and requires only infusion and close monitoring.
Twenty four hours continuous infusion allows the
body’s metabolism to have sufficient time for the
clearance of metabolic products and catabolism, thus
avoiding risk of tumor lysis syndrome. Low-dose
prednisone continuous infusion may be chosen
instead of more invasive cytoreductive procedures in
ALL patients presenting with WBC counts between
100,000 and 400,000/mm3 (5).

Efficacy of hydroxyurea has also been described
in the management of hyperleukocytosis. Hydrox-
yurea 50-100 mg/kg/day, orally given in 3-4 divided
doses, reduces the WBC count by 50% to 80%
without causing tumor lysis pneumopathy or wors-
ening the DIC (45, 46). However, nowadays
hydroxyurea is not routinely administered, mostly

because leukapheresis is generally preferred for its
presumed advantages.

The association of blastic crisis, hyperleukocy-
tosis and intra-cranial hemorrhage is a rare compli-
cation in children with acute leukemia, but due to its
high probability of mortality it requires an adequate
and sometimes aggressive clinical intervention. First
of all, diagnosis of brain leukostasis should be
promptly performed as soon as neurological involve-
ment is suspected. Although brain MRI features of
blastic hyperleukocytosis have not been described,
retrospective studies have shown that sequential
images correlate with the progression of blastic
hyperleukocytosis. Initially imaging demonstrates
multifocal, nonhemorrhagic areas of FLAIR T2
intensity without contrast enhancement, afterwards
progression with new gaudolinium enhancement of
these lesions and development of diffusion restric-
tion in adjacent tissues and finally multiple hemor-
rhagic lesions and edema followed by progressive
cerebral atrophy and ventricular enlargement.
Because of the early abnormalities detectable with
MRI, it is argued whether MRI of the brain should
be part of the initial staging for ALL patients
presenting with blastic hyperleukocytosis. Brain
MRI defines focal pathology for prognostic and
management decisions in blastic hyperleukocytosis.
It allows clinicians to observe the presence of
leukostasis prior to administration of chemotherapy
as well as to early identify patients at risk of intracra-
nial hemorrhage (26).

Cranial irradiation with 400-600 rads has been
suggested on an emergency basis to control neuro-
logical complications due to leukostasis (47, 48).
However, lack of controlled trials demonstrating the
real benefit and the significant toxicity related to
whole-brain irradiation precludes its routine use in
children with hyperleukocytosis (49).

Moreover, it has been established that, since CNS
complications arise from involvement of microvas-
culature without leukemic cells transgressing the
blood-brain barrier, intrathecal chemotherapy is not
necessary for the management of this condition, and
that systemic chemotherapy appears to be the treat-
ment of choice (26) .

Aggressive measures, such as decompressive
craniectomy or ventriculoperitoneal shunt place-
ment, should be performed to control the massive
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and refractory cerebral swelling due to multiple
intraparenchymal hemorrhages, and may be life-
saving, thus increasing the chances of cure and
survival of these children (29).

DIC or thrombocytopenia, if present, should be
corrected and platelet transfusions should be

reserved when platelet count falls under 50x109/l
(27).

Transfusions should be avoided unless the patient
presents symptoms of anemia and the hemoglobin is
less than 7 to 8 g/dl. Increasing the erythrocyte (frac-
tional erythrocyte volume) and, consequently, the
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whole blood viscosity may lead to the development
and worsening of leukostasis if the leukocrit is
already high in patients with acute hyperleukocy-
tosis.

Future therapies for leukostasis will specifically
target cytokines and cell membrane adhesion mole-
cules that mediate bast-blast and blast-endothelium
interactions. It has been demonstrated how anti-
TNF-α and anti-IL-1β antibodies can inhibit upreg-
ulation of several adhesion molecules (CD54,
CD62E, CD62P, CD106) in endothelial cells.
Furthermore, exposure to blocking antibodies to
CD54, CD106, and CD62E may block time-depen-
dent accumulation of myeloblasts on the endothe-
lium. Therefore, future therapies may improve the
outcome in patients with acute hyperleukocytosis.
They will also allow experimental validation to the
clinical principle that leukocytoreduction must be
very rapidly obtained because the longer leukemic
blasts interact with the endothelium, the stickier they
become (1).

Conclusions

Hyperleukocytosis secondary to acute leukemia is
a medical emergency that requires prompt clinical
intervention. Although different therapeutic
approaches are available, evidence-based guidelines
for the management of hyperleukocytosis have not
been defined. Moreover, there has been very little
improvement in the treatment of this syndrome in
the last 20-30 years, both in terms of morbidity and
mortality. The involvement of respiratory and CNS
is responsible for the majority of clinical manifesta-
tions of leukostasis and early deaths are mainly due
to intra-cranial hemorrhages. Standard care for acute
hyperleukocytosis should aim to cytoreduction and
prevention of tumor lysis syndrome. In most ALL
patients cytoreduction can be achieved through
quick initiation of induction chemotherapy and
supportive care as intravenous fluids, urine alkalini-
sation and allopurinol or rasburicase. If patients are
symptomatic or when WBC >300,000/mm3 in ALL
and >100,000/mm3 in AML, leukapheresis, if avail-
able, should be performed, but without delaying
chemotherapy and the other treatment measures
(Table 2). Early diagnosis of brain hemorrhage and

edema through serial imaging is important to enable
a prompt intervention. The management of cranial
irradiation or of aggressive measures, such as
decompressive craniectomy or ventriculoperitoneal
shunt placement, could be necessary in case of
severe and refractory cerebral swelling due to
multiple intraparenchymal hemorrhages. Haemato-
logical abnormalities, if present, should be promptly
corrected, too.

Clinicians should be aware of the fact that
adequate management and, when needed, aggressive
therapies are essential in the cure of these critically
ill patients in order to prevent late-morbidity and
early death as a result of acute hyperleukocytosis.
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Riassunto

Finalità: Nei pazienti affetti da metastasi polmo-
nari, al fine di rendere possibili resezioni polmo-
nari con il massimo risparmio parenchimale, sono
stati sviluppati laser che permettono di effettuare
multiple resezioni anche a livello polmonare
profondo, di ottenere un risparmio parenchimale
e la riduzione degli interventi maggiori. Materiali
e metodi: Lo studio ha valutato i risultati a lungo
termine del trattamento chirurgico resettivo me-
diante Nd:YAG laser 1318 nm in 77 pazienti af-
fetti da metastasi polmonari sottoposti a tratta-
mento chirurgico dal 2005 al 2010. Il tumore pri-
mitivo era una neoplasia intestinale in 49 casi, un
tumore del rene in 18, un sarcoma extratoracico
in 5, una neoplasia mammaria in 3, un tumore
maligno della lingua ed una neoplasia del laringe
nei restanti due casi. 16 pazienti presentavano al-
la TAC torace una singola neoformazione, 40 2-3
noduli polmonari e 21 erano affetti da 3 o più no-
duli (range 3-15), di diametro medio 2,1 cm (ran-
ge 0,7-5,5 cm). La resezione è stata effettuata in 73
casi (94,8%) mediante l’utilizzo del laser Nd:YAG
1318 nm con potenza 40W, in 4 (5,2%) casi è sta-
to necessario eseguire una resezione maggiore. Ri-

Summary

Aim: In order to permit multiple resections and
to improve lung-sparing in people affected by
lung metastases, different wavelength surgical
lasers have been developed. Some of them
achieved multiple radical lung resections and
parenchymal-sparing efficacy, reducing major
lung resections.Material and methods: This study
evaluated long term results of surgical resection
in 77 patients affected by lung metastases, treated
from 2005 to 2010. The primary tumour was
intestinal in 49 of them, kidney in 18, extratho-
racic sarcoma in 5, breast in 3, tongue and larynx
in the last two. At CT scan 16 patients had only 1
lung nodule, 40 had 2-3 lung neoplasms and 21
had 3 or more nodules (range 3-15) with an
average diameter of 2.1 cm (range 0.7-5.5 cm).
Resection was performed by means of Nd:YAG
laser 1318 nm with a power of 40 W in 73 (94.8%)
patients, with a major resection in 4 (5.2%) of
them. Results: 168 lung nodules have been
removed, 127 of them were lung metastases, 41
were benign nodules. We had no mortality.
Major complications were a pleural empyema
treated surgically; minor complications were
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Introduzione

L’efficacia terapeutica della metastasectomia pol-
monare si è gradualmente affermata in questi ultimi
20 anni ed attualmente rappresenta una procedura
chirurgica universalmente accettata ed eseguita in
numerosi centri con indicazioni ben precise (1). Fin
dagli albori della chirurgia toracica, circa 100 anni
fa, si è sempre ricercata la migliore procedura reset-
tiva per il parenchima polmonare, utilizzando varie
metodiche, il più delle volte efficaci nella resezione
ma deficitarie per ciò che riguarda l’areostasi e
l’emostasi (2, 3). L’avvento delle suturatrici mecca-
niche ha sopperito in gran parte a tali carenze. Tutta-
via il loro utilizzo nel trattamento delle metastasi
polmonari multiple o centroparenchimali richiede un
importante sacrificio di tessuto sano (4) e non ha mo-

dificato il ricorso alle resezioni maggiori che nelle
varie casistiche risultano necessarie nel 20-30% dei
casi (1, 4). A tale limitazione hanno cercato risposta
gli studi condotti da Rolle et al. (4, 5) alla fine degli
anni ’90 sull’utilizzo del Nd:YAG laser 1318 nm
nelle resezioni polmonari per lesioni metastatiche.
Questi studi hanno dimostrato che è possibile aspor-
tare con la tecnica laser metastasi multiple e/o
profonde con importante risparmio parenchimale ed
identica radicalità oncologica. Da ciò deriva anche la
possibilità di trattare pazienti non eleggibili per la
chirurgia maggiore e quella di eseguire interventi
reiterati in caso di recidiva di malattia (4-6).

Scopo di questa pubblicazione è quello di presen-
tare la nostra esperienza nell’utilizzo della metasta-
sectomia polmonare laser valutando i risultati a lun-
go termine di tale trattamento.
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sultati: Sono stati asportati completamente 168
noduli polmonari, 127 dei quali sono risultati isto-
logicamente delle metastasi polmonari, 41 delle
lesioni benigne. Non abbiamo osservato morta-
lità. Tra le complicanze maggiori abbiamo osser-
vato un caso di empiema trattato con toilette chi-
rurgica. Complicanze minori sono state perdite
aeree persistenti in 15 pazienti; un solo caso ha
necessitato di revisione chirurgica per via video-
toracoscopica. La degenza media è stata di 5,5
giorni (range 4-11). Tutti i pazienti sono inseriti in
un programma di follow-up trimestrale mediante
controllo clinico e radiologico. La sopravvivenza
attuariale globale dei pazienti inseriti nello studio
è stata del 82%, 67% e 32% a 1, 3 e 5 anni rispet-
tivamente. Conclusioni: Il nostro studio dimostra
che la metastasectomia polmonare con LASER è
un trattamento sicuro ed efficace poiché permette
di eseguire resezioni polmonari multiple, anche in
caso di noduli profondi con indubbio risparmio
parenchimale. Tale tecnica per gli indubbi van-
taggi esposti sembra quindi destinata a divenire
un trattamento specifico e standardizzato nei pa-
zienti affetti da metastasi polmonari. Eur. J. On-
col., 16 (4), 233-240, 2011

Parole chiave: metastasectomia, resezione, laser
Nd:YAG, sopravvivenza

prolonged air leak in 15 patients; one patient
required videothoracoscopic surgical correction
of the air leakage. Mean hospital stay was 5.5
days (range 4-11). All patients are part of a
program of three-monthly follow-up under a clin-
ical and radiological control. Patients treated
have reached 82%, 67% and 32% overall
survival after 1, 3 and 5 years respectively.
Conclusions: Our study has demonstrated that
LASER-assisted lung metastasectomy is safe and
effective in terms of lung and parenchyma-
sparing resections, reducing major lung resec-
tions. This technique could become a specific and
standardized treatment for patients affected by
lung metastases. Eur. J. Oncol., 16 (4), 233-240,
2011

Key words: metastasectomy, lobe sparing resec-
tion, laser Nd:YAG, survival
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Materiali e metodi

Nel quinquennio 2005-2010 presso il nostro Isti-
tuto sono stati selezionati, per essere sottoposti a
trattamento chirurgico resettivo, 77 pazienti affetti
da metastasi polmonari, 46 maschi e 31 femmine di
età media 60,5 anni (range 37-78). Tutti i pazienti
soddisfacevano ai criteri di eligibilità per la chirurgia
delle metastasi evidenziati dall’International Regi-
stry of Lung Metastases del 1996 (assenza del tumo-
re primitivo e di metastasi extratoraciche, assenza di
N2 bilaterale) (1, 4). In 33 pazienti le metastasi era-
no bilaterali, 44 presentavano interessamento mono-
laterale. In 49 di essi il tumore primitivo era una neo-
plasia intestinale, in 18 una neoplasia renale, in 5 un
sarcoma, in 3 casi una neoplasia mammaria; una
neoplasia della lingua ed una del laringe erano pre-
senti nell’anamnesi dei 2 rimanenti casi. La mediana
dell’intervallo libero da malattia era di 21 mesi (ran-
ge 10-35). Tutti i pazienti sono stati sottoposti a stu-
dio funzionale respiratorio e cardio-vascolare per va-
lutarne l’operabilità e le riserve funzionali e ad uno
specifico staging della malattia di base comprenden-
te una TAC total body, una PET in 50 casi ed una co-
lonscopia di controllo nei pazienti precedentemente
affetti da neoplasia intestinale.

16 pazienti presentavano alla TAC del torace una
metastasi singola, 40 da 2 a 3 noduli polmonari, men-
tre i restanti 21 pazienti erano affetti da più di 3 me-
tastasi (range 3-15) (fig. 1). Il diametro medio dei
noduli polmonari era di 2,1 cm (range 0,7-5,5 cm).

In 60 pazienti una diagnosi pre-operatoria di neo-
plasia metastatica è stata ottenuta mediante agobio-
psia TC guidata od agobiopsia trans-bronchiale. 17
pazienti sono andati all’intervento senza una diagno-
si di natura delle neoformazioni, che erano risultate
PET positive in 10 casi. Il riscontro PET ha eviden-
ziato una neoformazione polmonare captante in 40
pazienti ed una captazione linfonodale N1 in 10 ca-
si. Non erano evidenti captazioni linfonodali delle
stazioni N2. Tutti i pazienti sono stati sottoposti ad
anestesia generale con intubazione selettiva a doppio
lume. L’accesso utilizzato è stato sempre quello to-
racotomico laterale con incisione ascellare, bilatera-
le e sequenziale in 31 casi, con intervallo tra la pri-
ma e la seconda procedura di circa 30-40 giorni. At-
traverso tale accesso si è provveduto all’accurata
palpazione bimanuale del parenchima polmonare. In

73 casi (94,8%), mediante Nd:YAG laser di lun-
ghezza d’onda 1.318 nm, abbiamo asportato tutti i
noduli polmonari rinvenuti, utilizzando una potenza
laser di 40 W e mantenendo un margine libero dalla
neoplasia superiore ai 10 mm (fig. 2).

In 4 di essi ci siamo serviti di un ausilio, un repe-
re metallico in 2 casi, un filo di seta negli altri 2, per
esteriorizzare noduli particolarmente profondi. Nello
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Fig. 1. Scansione TC torace che evidenzia metastasi multi-
ple da neoplasia del colon

Fig. 2. Resezione con 1.318 nm Nd:YAG laser di una
neoformazione metastatica
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specifico abbiamo resecato 168 noduli polmonari, di
cui 97 a carico del polmone destro, 71 a carico di
quello sinistro. 91 lesioni erano periferiche, 77 cen-
tro-parenchimali. Una volta eseguita l’asportazione
delle metastasi abbiamo sempre provveduto a com-
pletare l’emostasi e l’areostasi mediante sutura ma-
nuale della breccia parenchimale con pleurizzazione
della superficie polmonare e, in presenza di perdite
aeree persistenti, abbiamo associato l’utilizzo di si-
gillanti biologici o sintetici (fig. 3).

In 4 casi (5,2%) è stato necessario eseguire una lo-
bectomia per la presenza di un interessamento neo-
plastico peribronchiale prossimale (2 casi di lobecto-
mia inferiore) o per le dimensioni importanti della
neoplasia (5 e 4,5 cm) che interessava il lobo medio
(2 casi).

Alla fase resettiva è sempre seguito un sampling
linfonodale mediastinico con un numero medio di
stazioni linfonodali asportate di 3 (range 1-5). Il

tempo operatorio medio per la procedura laser è sta-
to di 152 minuti (range 100-248) ed è stato determi-
nato in gran parte dal numero delle metastasi piutto-
sto che dall’esecuzione della procedura; quello dei
casi sottoposti a resezione maggiore è stato di 210
minuti (range 170-260).

Abbiamo anche voluto valutare, prima di comin-
ciare la nostra esperienza, il costo reale di questa
nuova metodica e l’eventuale risparmio ottenibile,
utilizzando una simulazione che prendeva in consi-
derazione un pool virtuale di 100 pazienti trattati con
tecnica laser vs stapler nell’arco di un quadriennio.
Dall’analisi dei dati di tale simulazione abbiamo ri-
scontrato un risparmio utilizzando la tecnologia laser
di circa il 95% rispetto all’esecuzione di resezioni
meccaniche con stapler, con ammortizzamento del
costo di acquisto dell’apparecchio laser (150.000 €)
nell’arco di un triennio (Tabella 1).

Risultati

In tutti i pazienti l’intervento è stato macroscopi-
camente radicale. I margini di resezione chirurgica
non sono stati sempre facilmente valutabili dal pun-
to di vista istologico per la presenza di lesioni coa-
gulative determinate dall’azione del laser. Delle 168
lesioni asportate, 127 sono risultate essere metastasi
polmonari attive, mentre 41 noduli sono risultati le-
sioni non neoplastiche (28 linfonodi antracotici in-
traparenchimali, 7 amartomi condroidi, 6 noduli flo-
gistici), 28 delle quali erano associate ad almeno una
lesione neoplastica. 70 noduli presentavano un mar-
gine libero da neoplasia di 11 mm, 23 di 9 mm, 20 7-
8 mm e nelle restanti 14 neoformazioni 5-6 mm.
L’esame istologico dei linfonodi ha evidenziato che
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Fig. 3. Dopo la resezione laser si completa l’emostasi e
l’areostasi con biosigillante

Tabella 1 - Simulazione virtuale su 100 pazienti trattati in un quadriennio con resezione laser a diodi vs stapler (i valori so-
no in euro)

Periodo N. Costo fibre Fibre/anno Costo N. medio Costo Costo Costo totale Costo
pazienti ottiche (5 interventi/ totale/anno/ cariche x ricarica pistola stapler totale/anno

fibra) fibra/laser procedura stapler

1° anno 25 120 5 600 3 100 350 650 16250
2° anno 25 120 5 600 3 100 350 650 16250
3° anno 25 120 5 600 3 100 350 650 16250
4° anno 25 120 5 600 3 100 350 650 16250

Totale 100 480 20 2400 2600 65000
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58 pazienti sono risultati N0, 14 N1 e 5 N2. Non ab-
biamo riscontrato mortalità intra e post-operatoria a
30 giorni. La durata media dei drenaggi toracici è
stata di 4,5 giorni (range 2-10) sia per le resezioni la-
ser che per quelle maggiori, così come la degenza
media si è attestata sui 5,5 giorni (range 4-11) per
entrambi i gruppi. Le complicanze minori sono state
le perdite aeree prolungate osservate in 15 casi, so-
prattutto all’inizio della nostra esperienza in pazien-
ti sottoposti a resezione di numerose metastasi; un
solo caso ha richiesto la revisione chirurgica in vi-
deotoracoscopia. Fra quelle maggiori annoveriamo
un caso di empiema pleurico post-operatorio risolto
con toilette videotoracoscopica. Tutti i pazienti sono
stati inseriti in un programma di follow-up mediante
controllo clinico trimestrale e strumentale-radiologi-
co con TC torace ogni 6 mesi. Abbiamo osservato
un’incidenza di ripresa di malattia nel 35% dei pa-
zienti in assenza di recidiva locale. La sopravviven-
za attuariale globale della nostra casistica è del 82%,
67% e 32% rispettivamente a 1, 3 e 5 anni.

Discussione

Dopo un lungo periodo di scetticismo, a partire dal
report dell’International Registry of Lung Metasta-
ses (1), la metastasectomia polmonare si è affermata
universalmente come il trattamento che permette un
significativo miglioramento della sopravvivenza a
distanza soprattutto in gruppi selezionati di pazienti
(1, 3, 4).

Argomento di discussione rimane invece la miglio-
re tecnica di resezione delle metastasi polmonari, nel
rispetto della radicalità oncologica e del risparmio
parenchimale per la possibilità di recidive locali e
quindi di interventi reiterati (1, 4, 6). La rimozione
chirurgica delle metastasi polmonari mediante sta-
pler viene considerata la procedura standard normal-
mente utilizzata, indicata soprattutto nei pazienti con
lesioni periferiche (circa 1/3 dei casi), ma condizio-
nata dalla necessità della presenza di un numero li-
mitato di metastasi e dalla difficoltà nel resecare i no-
duli intraparenchimali profondi (7). In tali casi, ascri-
vibili circa al 20% dei pazienti (1, 4), in era pre-laser
era necessario sacrificare l’intero lobo polmonare o
l’intero polmone. Nel tentativo di riuscire a perfezio-
nare una tecnica resettiva efficace e che comportasse

un risparmio parenchimale, negli anni ’80 ed inizio di
quelli ’90 numerosi Autori proposero l’utilizzo del
laser Nd:YAG con una lunghezza d’onda di 1.064
nm (fig. 4, 5). Tale strumento era in grado di rimuo-
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Fig. 4. Laser Nd:YAG 1.064 nm (Elettronica Valseriana)

Fig. 5. Monitor e fibra ottica della strumentazione laser
Nd:YAG 1.064 nm (Elettronica Valseriana)
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vere, con moderata istolesività, le metastasi, pur non
soddisfacendo in termini di emostasi ed areostasi po-
st-resezione (2, 3, 6, 9). Gli Autori riportavano però
che l’utilizzo del laser Nd:YAG non modificava la
sopravvivenza se paragonato ai trattamenti conven-
zionali e confermavano che in termini di risparmio
tissutale il laser produceva eccellenti risultati (3, 6,
9).

Gli studi di A. Rolle et al. (4, 5) sull’utilizzo di un
laser Nd:YAG a lunghezza d’onda di 1.318 nm han-
no determinato una svolta decisiva nel progresso
della chirurgia laser del parenchima polmonare (fig.
6, 7). Questa lunghezza d’onda si è dimostrata parti-
colarmente efficace nell’ottenere una buona aerosta-
si ed emostasi, mantenendo l’efficacia resettiva e la
radicalità oncologica (10). Rolle ha presentato una
serie di 328 pazienti affetti da metastasi polmonari
ed operati dal Gennaio 1996 al Dicembre 2003, de-
scrivendo la rimozione di 3267 noduli (una media di
10 noduli/paziente); 2546 di essi risultarono essere
delle metastasi all’esame istologico definitivo (8/pa-
ziente). Nel 15% dei pazienti la resezione è risultata
incompleta, non per un difetto di tecnica chirurgica
quanto per la presenza inaspettata di metastasi a svi-
luppo miliariforme o di carcinosi pleurica. Nono-
stante il 40% dei noduli fosse localizzato a livello
centrale ed avessero dimensioni comprese tra i 3 e
gli 80 mm, è stato possibile eseguire una resezione
efficace nel 93% dei casi, riducendo la necessità di
una lobectomia a solo il 7% dei pazienti (5).

Anche nella nostra esperienza seppur limitata co-
me numero di pazienti abbiamo trattato con resezio-
ne laser il 94,8% dei pazienti, dovendo ricorrere alla
resezione maggiore nel 5,2% dei casi. Non abbiamo
osservato casi di resezione incompleta, probabil-
mente per l’esiguità della casistica.

L’utilizzo del Nd:YAG laser a lunghezza d’onda
di 1318 nm dunque permette di eseguire una rese-
zione di precisione difficilmente ottenibile mediante
sutura con stapler, che richiede il sacrificio di gran
parte del parenchima contiguo compreso nella rese-
zione meccanica ed ancor più difficile risulta con ta-
le metodica aggredire lesioni centro-parenchimali
che quindi devono essere trattate con una resezione
maggiore (4, 5, 8, 10). Altri vantaggi della tecnica la-
ser a 1318 nm sono la capacità emostatica che giun-
ge fino a 4 mm dal margine di resezione ed il potere
aero-sigillante nei bronchioli <3 mm di diametro, de-

terminato dal collasso dei setti alveolari e dalla crea-
zione di una sottile membrana multistrato a tenuta
aerea. Nei bronchi di maggiori dimensioni rimane
invece indicato eseguire una sutura tradizionale di
rinforzo (10).
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Fig. 6. Laser Nd:YAG 1318 nm

Fig. 7. Fibre ottiche della strumentazione laser
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Il vantaggio principale della resezione laser è dato
dal risparmio parenchimale, fondamentale soprattut-
to nei pazienti non eleggibili a chirurgia maggiore per
le scadute condizioni respiratorie o portatori di mul-
tifocalità della patologia, a cui resterebbe solo
l’opzione terapeutica palliativa (3-5). Rolle e colla-
boratori hanno dimostrato nella loro estesa serie co-
me con tale tecnica si possa eseguire una resezione
completa della neoplasia e ridurre l’incidenza delle
lobectomie per malattia polmonare metastatica, al so-
lo 7% contro il 22% delle precedenti casistiche (4, 5).

Proprio la completezza della resezione viene de-
scritta in alcune serie come il fattore prognostico
fondamentale. Rolle evidenzia una differenza di so-
pravvivenza statisticamente significativa nei pazien-
ti sottoposti a resezione completa rispetto a quelli
trattati con resezione incompleta (41% vs 7% a 5 an-
ni) (5).

L’International Registry of Lung Metastases nel
1996 evidenziava altri fattori prognostici: l’interval-
lo libero da malattia, il numero delle metastasi, il ti-
po istologico, la bilateralità della patologia, l’impe-
gno linfonodale (1).

Gli studi più recenti evidenziano come vi sia stata
una riduzione d’importanza di tali fattori, fatta ecce-
zione per l’intervallo libero da malattia, se conside-
rati nell’ottica di una resezione completa. Rolle co-
me altri Autori dimostra come la sopravvivenza di
pazienti con 4 metastasi completamente resecate sia
sovrapponibile a quella di pazienti affetti da 20 o più
metastasi (36 vs 32%) (5, 11).

La resezione laser rende inoltre possibile
l’esecuzione di interventi reiterati in caso di recidiva
metastatica. Tale evento ha un’incidenza che oscilla
fra il 34 ed il 60% nelle varie casistiche (4, 5, 7, 10).
Il trattamento chirurgico delle recidive in alcuni tipi
istologici determina una sopravvivenza compresa tra
il 20 ed il 59 % a 3 anni che ne giustifica l’utilizzo
(3-5, 8).

In generale quindi la sopravvivenza dopo resezio-
ne completa di metastasi polmonari è da considerar-
si buona, variando nelle maggiori serie dal 70
all’85% ad un anno fino al 20-45% a 5 anni (4, 5, 11)
e raggiungendo il 67% in casi selezionati (11). Nel-
la nostra esperienza di 73 casi trattati con tecnica la-
ser abbiamo ottenuto un valore di sopravvivenza a 5
anni del 32% in linea con le maggiori casistiche in-
ternazionali.

Sono di recente stati proposti un laser a diodi a
lunghezza d’onda sovrapponibile a quella del
Nd:YAG laser ed uno al Thulium di lunghezza
d’onda superiore (2010 mm) che sembrano, dalle
prime osservazioni, possedere i medesimi requisiti
d’efficacia terapeutica del precedente modello, ma
una maggiore maneggevolezza, rapidità e potenza,
potendo giungere fino a 120 Watt contro i 40 Watt
dello Nd:YAG. Saranno comunque necessari ulte-
riori studi anche su base multicentrica per valutarne
le effettive potenzialità ed vantaggi rispetto al
Nd:YAG laser.

Conclusioni

In conclusione, il laser Nd:YAG a 1.318 nm ha
rappresentato una importante innovazione tecnologi-
ca e permette attualmente di eseguire qualunque tipo
di resezione parenchimale polmonare. Facilita la re-
sezione completa anche di metastasi multiple, cen-
tro-parenchimali e recidive con importante risparmio
parenchimale. La metastasectomia laser o laser assi-
stita rappresenta un trattamento efficace, diffuso ed
ormai standardizzato che arricchisce l’arsenale tera-
peutico del chirurgo toracico ad un costo di gestione
del tutto vantaggioso.

Bibliografia

1. Pastorino U, Buyse M, Friedel G, et al. The International
Registry of Lung metastases: Long-term results of lung
metastasectomy: prognostic analyses based on 5206 ca-
ses. J Thorac Cardiovasc Surg 1997; 113: 37-49.

2. Minton JP, Andrews NC, Jesseph JE. Pulsed laser energy
in the management of multiple metastases. J Thorac Car-
diovasc Surg 1967; 54: 707-13.

3. Branscheid D, Krysa S, Wollkopf G, et al. Does Nd:YAG
laser extend the indictions for resection of pulmonary me-
tastases? Eur J Cardiothorac Surg 1992; 6: 590-7.

4. Rolle A, Koch R, Alpard SK, et al. Lobe-sparing resec-
tion of multiple pulmonary metastases with a new 1318-
nm Nd:YAG laser--first 100 patients. Ann Thorac Surg
2002; 74 (3): 865.

5. Rolle A, Pereszlenyi A, Koch R, et al. Is surgery for mul-
tiple lung metastases reasonable? A total of 328 consecu-
tive patients with multiple-laser metasatasectomies with a
new 1318-nm Nd:YAG laser. J Thorac Cardiovasc Surg
2006; 131: 1236-42.

239

Metastasi polmonari e laser

09-sanna:09-sanna 4-05-2012  15:08  Pagina 239



6. Kodama K, Doi O, Higashiyama M, et al. Surgical mana-
gement of lung metastases. J Thorac Cardiovasc Surg
1991; 101: 901-8.

7. Venuta F, Rolle A, Marco A, Martucci N, Bis B, Rocco
G. Techniques used in lung metastasectomy. J Thorac
Oncol 2010; 5 (Suppl 2): S145-50.

8. Borasio P, Gisabella M, Billé A, et al. Role of surgical re-
section in colorectal lung metastases: analysis of 137 pa-
tients. Int J Colorect Dis 2011; 26 (2): 183-90.

9. Mineo TC, Ambrogi V, Pompeo E, et al. The value of the

Nd:YAG laser for the surgery of lung metastases in a
randomized trial. Chest 1998; 113: 1402-7.

10. Rolle A, Pereszlenyi A, Koch R, et al. Laser Resection
Technique and results of Multiple Lung Metastasecto-
mies Using a New 1,318 nm Nd:YAG Laser System.
Lasers in Surgery and Medicine 2006; 38: 26-32.

11. Rosenberg C, Puls R, Hegenscheid K, et al. Laser abla-
tion of metastatic lesions of the lung: long-term outco-
me. AJR 2009; 192: 785-92.

240

S. Sanna, M. Monteverde, M. Taurchini, et al.

09-sanna:09-sanna 4-05-2012  15:08  Pagina 240



Case reports/Casi clinici
Peritoneum/Peritoneo (C48.2)

Eur. J. Oncol., vol. 16, n. 4, pp. 241-246, 2011
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Riassunto

Viene descritto un caso di mesotelioma in un la-
voratore esposto ad amianto, addetto ai computer
di processo in uno stabilimento petrolchimico. Il
tempo di latenza, periodo intercorso fra l’inizio
dell’esposizione e la comparsa dei primi sintomi e
segni della neoplasia, è stato di 36 anni. Questo è
il secondo caso di mesotelioma, di una serie di set-
te, pervenuto alla nostra attenzione su segnalazio-
ne dell’Unità Operativa di Chirurgia dell’Ospe-
dale di Bentivoglio, trattato con chirurgia citori-
duttiva e chemioipertermia intraoperatoria (HI-
PEC). Il paziente, a tre anni circa dall’intervento,
gode di buona salute. L’iniziale diagnosi clinico-
strumentale di carcinosi peritoneale è stata perfe-
zionata in mesotelioma peritoneale in seguito ad
esame istologico e caratterizzazione immunoisto-
chimica. Eur. J. Oncol., 16 (4), 241-246, 2011

Parole chiave: mesotelioma, amianto, industria
petrolchimica, chirurgia citoriduttiva con che-
mioipertermia

Summary

This work reports a case of mesothelioma in a
worker exposed to asbestos, attending the
computer process in a petrochemical facility. The
latency time, i.e. the period elapsing between the
start of exposure and the onset of early symptoms
and signs of the neoplasia, was 36 years. This is
the second case of seven which was brough to our
attention by a report by the Operational Unit of
Surgery of the Hospital of Bentivoglio, treated
with cytoreductive surgery and with hyper-
thermic intraperitoneal chemotherapy (HIPEC).
After two years from the surgical treatment, the
patient is still in good health. Following histology
and immunohistochemical characterization, the
initial clinical diagnosis of peritoneal carcinosis
was optimized in peritoneal mesothelioma. Eur.
J. Oncol., 16 (4), 241-246, 2011

Key words:mesothelioma, asbestos, petrochemical
plant, cytoreductive surgery with chemo-hyper-
thermia
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Introduzione

Il mesotelioma è un tumore che origina dal me-
sotelio, lo strato di cellule che costituisce le mem-
brane sierose: pleura, peritoneo, pericardio, tunica
vaginale del testicolo. La neoplasia origina quasi
esclusivamente in seguito ad esposizione a fibre di
amianto, con una latenza temporale (cioè il periodo
che intercorre tra l’inizio della esposizione e la dia-
gnosi clinica) particolarmente elevata, che va dai 15
ai 50 anni e più. La prognosi è infausta; caratteriz-
zata da aggressività e resistenza alle comuni terapie,
questa neoplasia comporta una sopravvivenza me-
dia di 11 mesi (range da 4 a 18) dal momento della
diagnosi (1). In uno studio di Peto et al. (1999) si
stima che circa 250.000 nuovi casi di mesotelioma
correlati all’esposizione ad amianto insorgeranno
nell’Unione Europea entro il 2035 (2). La quasi to-
talità dei casi rilevati è costituita da mesoteliomi
della pleura. In Italia, dal 1993 al 2004 sono stati re-
gistrati 9.166 casi di mesotelioma di cui 8.485 del-
la pleura, 614 del peritoneo, 36 del pericardio e 31
della tunica vaginale del testicolo (3). I casi di me-
sotelioma della pleura con diagnosi certa registrati
sono aumentati dal 1993 al 2001, passando da 52 a
176 casi l’anno nelle donne e da 115 a 507 casi
l’anno negli uomini (4). In un lavoro di Marinaccio
et al. del 2005 è stato previsto, sulla base del con-
sumo di amianto pro-capite dal 1970 al 1999 in Ita-
lia, un incremento di mesoteliomi negli uomini con
un picco di circa 800 casi l’anno fra il 2012 e il
2024 (5). Per quanto riguarda il mesotelioma peri-
toneale dal 1993 al 2001, nelle donne i casi regi-
strati sono passati da 9 a 16 e negli uomini da 8 a 41
(4). Il mesotelioma peritoneale è più raro di quello
pleurico ed il rapporto tra il numero di casi osser-
vati di queste due forme di neoplasia sembra essere
in relazione al grado di esposizione. Dodson et al.
hanno riportato che il 10-15% dei mesoteliomi ori-
gina nel cavo peritoneale perchè fibre di amianto
possono migrare in questo distretto, così come con-
fermato da casi clinici di pazienti affetti da mesote-
lioma peritoneale nei quali il tessuto tumorale con-
tiene fibre di amianto. Ciò si verifica soprattutto
nelle situazioni in cui l’esposizione ad amianto è
molto elevata (6).
Data la rarità di questa neoplasia e le incertezze

correlate alla reale efficacia dei trattamenti chirurgi-

ci e chemioterapici, appare di grande interesse il ca-
so qui descritto che riguarda un paziente vivo a più
di tre anni dall’intervento ed in buona salute; si trat-
ta del secondo dei 7 casi di mesotelioma peritoneale
pervenuti alla nostra osservazione attraverso l’Unità
Operativa di Chirurgia dell’Ospedale di Bentivoglio.
In questo presidio infatti, fin dal 2001, si è creata
un’equipe dedicata alla cura delle carcinosi perito-
neali di varia origine. In particolare in questa Unità
Operativa sono pervenuti 338 pazienti affetti da car-
cinosi, di cui 223 sono stati trattati con chirurgia
citoriduttiva e chemioipertermia intraoperatoria
(HIPEC), una moderna metodica codificata da Su-
garbacker (7) che prevede, oltre all’asportazione chi-
rurgica, anche un ciclo intraoperatorio di chemiote-
rapia associato al calore. Questa combinazione agi-
sce in maniera sinergica per eliminare il residuo mi-
croscopico, non visibile dal chirurgo, causa di reci-
diva di malattia. I rimanenti 115 pazienti sono stati
trattati esclusivamente con chirurgia citoriduttiva,
senza HIPEC, per l’impossibilità di raggiungere una
citoriduzione ottimale. La casistica di mesoteliomi
peritoneali del centro chirurgico di Bentivoglio, uno
dei principali centri di riferimento d’Italia per questo
tipo di patologia, include 7 casi, provenienti sia dal-
l’Emilia Romagna che da altre regioni del sud e del
nord Italia, tutti trattati con chirurgia citoriduttiva as-
sociata ad HIPEC. L’esperienza e il razionale del-
l’U.O. di Chirurgia sono state riportate da Virzì et al.
nel 2009 (8).

Resoconto del caso

R.E., nato nel 1948 in provincia di Foggia dove ri-
siede.
Ex fumatore. Ha fumato circa 10-15 sigarette al

giorno dall’età di 14 anni all’età di 57 anni.
Beve vino ai pasti.

Anamnesi familiare

- Padre, coltivatore diretto, deceduto a 77 anni per
leucemia acuta.
- Madre, casalinga, deceduta a 80 anni per causa sco-
nosciuta.
- 2 sorelle e 2 fratelli viventi ed in buona salute.
- Coniugato, con 2 figli in buona salute.
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Anamnesi lavorativa

- Ha lavorato per 8 mesi, fra il 1970 e il 1971, pres-
so l’azienda GBF Costruzioni Meccaniche di
Bresso (MI). Riferisce che effettuava impianti elet-
trici su presse idrauliche, e che l’ambiente di lavo-
ro era pulito e privo di polveri, gas o vapori e che
non erano presenti strutture o coibentazioni conte-
nenti amianto.
- Dal 1972 al 1998, per ben 26 anni, ha lavorato
presso l’azienda ANIC S.p.A. IV Centro Petrolchi-
mico Puglia, zona industriale Monte S. Angelo
(FG), come addetto ai computer di processo. Da
queste sale computer venivano monitorate le varie
fasi di produzione di composti destinati al settore
agricolo, al settore fibre artificiali e tecnopolimeri
ed al settore degli intermedi aromatici. Ogni im-
pianto di produzione aveva una sala di controllo
dove erano collocati i computer. Gli impianti, dove
il sig. R.E. prestava servizio, erano massivamente
coibentati con amianto, i tetti erano costituiti da co-
perture in eternit, gli ascensori avevano pareti e tet-
to coibentati con amianto.
- Dal 1998 in mobilità protetta fino al 01/04/05.

Storia clinica

- In data 16/06/08, in seguito a comparsa di gonfiore
addominale senza ulteriore sintomatologia, il pa-
ziente esegue ecografia addominale presso
l’Ospedale di Manfredonia che evidenzia: “abbon-
dante liquido ascitico diffuso in tutto l’addome.
Microcalcoli della colecisti”.
- In data 18/06/08 EGDS presso Ospedale di Man-
fredonia: “Gastrite acuta erosiva antrale”; panco-
lonscopia: polipo sessile del discendente (esame
istologico: adenoma tubulare con displasia di gra-
do moderato).
- In data 19/06/08 presso Ospedale di Manfredonia
esegue TC addome da cui risulta: “Massiva ascite
diffusa. In sede peritoneale si apprezza la presenza
di formazioni pseudo nodulari a maggiore localiz-
zazione mesenteriale che orientano per carcinosi
peritoneale. Ispessimento della parete della coleci-
sti e piccola lacuna (subcentimetrica) persistente-
mente ipodensa in sede epatica a livello del V-VI
segmento. Piccole aree lacunari ipodense in sede
renale bilaterale, alcune francamente liquide”.

- In data 27/06/2008 ricovero presso Ospedale San
Grado di Monza; esame citologico di liquido peri-
toneale: “presenza di aggregati di elementi epitelia-
li con atipie. Quadro suggestivo per adenocarcino-
ma”.
- In data 26/07/08 si ricovera presso l’ospedale di
Bentivoglio con diagnosi di carcinosi peritoneale
di n.d.d., in data 28/07/08 viene sottoposto a lapa-
roscopia diagnostica: “ Si aspirano circa 4000 cc di
liquido ascitico e si ispeziona il cavo addominale
rilevando una carcinosi diffusa a tutti i settori con
interessamento anche del meso e della matassa
ileale. Si effettua prelievo di omento interessato
dalla malattia che viene inviato per esame istologi-
co e di chemiosensibilità”.
- In data 01/08/08 referto esame istologico della bio-
psia omentale: “tessuto adiposo omentale con dif-
fusa infiltrazione di adenocarcinoma scarsamente
differenziato con aspetti solidi e cistico-papillari”;
referto aggiuntivo del 19/08/08: “L’indagine im-
munoistochimica ha evidenziato positività intensa
e diffusa degli elementi proliferanti per calretinina,
CK 5/6 e CK 7 e negatività per CK 20. Il reperto
morfologico ed immunoistochimico è compatibile
con mesotelioma maligno”.
- Test di chemio sensibilità eseguito presso l’IRST
di Meldola: tessuto neoplastico resistente a 5-fluo-
rouracile, irinotecan, mitomicina c, taxotere, oxali-
platino, alimta, cisplatino.
- 16/09/08 intervento chirurgico presso l’ospedale
di Bentivoglio: “Laparotomia mediana xifo-pubi-
ca. Aperto il peritoneo riscontro di carcinosi peri-
toneale diffusa micronodulare che interessa anche
il colon in toto ed il peritoneo del meso ileale. Iso-
lamento degli ureteri bilateralmente, resezione an-
teriore del retto con Cointour. Resezione del co-
lon traverso con GIA 80, asportazione in blocco di
milza, omento, colon sinistro, peritoneo pelvico,
parietale e diaframmatico sinistro. Emicolectomia
destra con asportazione del peritoneo parietale de-
stro. Completamento della citoriduzione con:
asportazione del piccolo omento e del legamento
rotondo epatico, colecistectomia, linfoadenecto-
mia iliaco-otturatoria bilaterale. … HIPEC con
140 mg di cisplatino, 80 di Adriblastina per 90
min a 42,5°C. Relaparotomia. Confezionamen-
to di ileostomia di protezione dell’anastomosi”
(fig. 1).
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- 16/09/08 esame istologico c/o U.O. di Anatomia e
Istologia Patologica Policlinico S. Orsola-Malpighi,
Bologna: mesotelioma maligno di tipo epiteliale
diffuso con pattern tubulo-papillare, moderatamen-
te differenziato (fig. 2). La lesione è in forma di no-
duli multipli, confluenti e diffusi a livello della sie-
rosa peritoneale, della sierosa intestinale, dell’ap-
pendice vermiforme, della capsula splenica, del me-
so ileale e del ligamento rotondo del fegato; la neo-
plasia infiltra diffusamente il tessuto fibro-adiposo
omentale e peripancreatico. Liberi da neoplasia il
parenchima splenico, la mucosa intestinale e la sua
tonaca muscolare. L’indagine immunoistochimica
ha evidenziato positività degli elementi proliferanti
per citocheratina (CK5/6), calretinina (fig. 3) ed
EMA di membrana e negatività per CEA. Linfono-
di reattivi, colecistite cronica litiasica con focolai di
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Fig. 1.Mesotelioma peritoneale, prima (A) e dopo (B) cito-
riduzione

A

B

Fig. 2. Immagini istopatologiche del mesotelioma perito-
neale con caratteristiche tubulo-papillari, a diversi ingrandi-
menti (A, B, C)

A

B

C
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adenomiosi e noduli neoplastici a livello della sie-
rosa; due linfonodi del colletto reattivi.
- Immediato decorso post operatorio regolare.
- Decorso post operatorio tardivo complicato da
ascesso endoaddominale, trattato con drenaggio
chirurgico presso la chirurgia d’urgenza degli
Ospedali Riuniti di Foggia.
- Controlli di follow up del 16 settembre 2009 e 30
novembre 2009: PET negativa.
- Controllo follow up gennaio 2011 incremento di
accumulo del radiofarmaco nel contesto del mu-
scolo obliquo interno e traverso di destra.
- Controllo ecografico della zona ipercaptante se-
gnalata alla PET nel gennaio 2011: due aree ipoe-
cogene di 1 cm e di 0,5 cm di diametro massimo
nel contesto del muscolo.
- Intervento chirurgico di rimozione delle lesioni nel
maggio 2011 (esame istologico: mesotelioma mali-
gno epiteliale).
- Giugno 2011 inizia terapia sistemica adiuvante.

Discussione e conclusioni

Un esame superficiale del mesotelioma peritonea-
le descritto, insorto in un lavoratore addetto ai com-
puter di processo in uno stabilimento petrolchimico,
avrebbe potuto ignorare la correlazione con
l’esposizione ad amianto. Una precisa ed attenta
anamnesi lavorativa ha invece messo in evidenza
una esposizione consistente e prolungata nel tempo.
Tutti gli impianti, dove il sig. R.E. prestava servizio,
erano massivamente coibentati con amianto, i tetti
delle strutture erano costituiti da coperture in eternit,
gli ascensori avevano pareti e tetto coibentati con
amianto; le bocche di aspirazione dell’aria condizio-
nata si trovavano sopra o erano attigue agli impianti
di produzione. Va considerato che le sale di control-
lo non erano separate dalle sale di lavorazione; inol-
tre erano luogo di passaggio obbligato per il perso-
nale addetto agli impianti come i manutentori (mec-
canici, elettricisti, edili, strumentisti, ecc.) che porta-
vano le fibre di amianto all’interno dei locali con gli
attrezzi o gli indumenti di lavoro contaminati. Pos-
siamo quindi ritenere che vi sia stata una forte espo-
sizione ad asbesto per l’elevata contaminazione am-
bientale dovuta all’utilizzo massivo di amianto nelle
varie strutture degli impianti.
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Mesotelioma peritoneale in lavoratore petrolchimico

Fig. 3. Immagini immunoistochimiche che evidenziano posi-
tività degli elementi proliferanti per citocheratina 5/6 (A) e
calretinina (B, C), diagnostici per mesotelioma peritoneale
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Il tempo di latenza, cioè il tempo intercorso fra
l’inizio dell’esposizione e l’osservazione dei primi
segni e sintomi, è stato di 36 anni. La latenza osser-
vata nel caso qui descritto è coerente con quanto ri-
portato in letteratura (2, 9-11). L’intervento chirurgi-
co secondo il protocollo adottato dalla Unità Opera-
tiva di Chirurgia dell’Ospedale di Bentivoglio ha
avuto un esito favorevole, essendo il paziente in vita
ed in buona salute a circa tre anni dall’intervento. I
controlli effettuati negli ultimi mesi hanno messo in
evidenza una ripresa di malattia, con due piccoli no-
duli localizzati esclusivamente a livello muscolare
della parete addominale, che è stata prontamente
trattata con un intervento di minima. Ricordiamo a
tale proposito che la sopravvivenza media per il me-
sotelioma peritoneale è di 7-17 mesi (12). Date le
buone condizioni cliniche del paziente, gli oncologi
hanno ritenuto opportuno iniziare una chemioterapia
a scopo “prudenziale” dopo l’escissione dei piccoli
noduli risultati positivi per mesotelioma. Il compor-
tamento biologico abbastanza lento e poco aggressi-
vo permette inoltre di ipotizzare un second look chi-
rurgico nel caso la malattia si ripresenti, nonostante
la chemioterapia adiuvante. È inoltre importante ri-
cordare come la caratterizzazione immunoistochimi-
ca sia stata utile per ottimizzare la diagnosi differen-
ziale fra carcinosi peritoneale e mesotelioma epite-
liomorfo, favorendo così la correlazione della neo-
plasia peritoneale con l’esposizione ad amianto.
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Dr. Yasunosuke Suzuki, a world wide leader in
the research of asbestos and environmental carcino-
genesis and a friend of workers, died on August 9,
2011 at the age of 82. Dr. Suzuki received his
medical degree from Keio University School of

Medicine in Tokyo in 1953 and completed a one
year internship in Tokyo at the Setagaya National
Hospital. He was licensed in 1954 by the Japanese
Government. In 1954 he was appointed Assistant of
Pathology in the Keio University School of Medi-
cine. He was awarded a Doctorate of Medical
Sciences in Pathology in 1959 and received a post
doctoral research fellowship from the National Insti-
tutes of Health (NIH) for training at the New York
University School of Medicine under Professor
Johannes Rhodin in 1960.
After completing his NIH fellowship, he joined

the Renal Pathology Division under Professor Churg
at the Mount Sinai Hospital School of Medicine
where he studied pathology of renal disease in 1961.
The following year, he returned to Keio University
as a faculty member. He returned to Mount Sinai
School of Medicine as a Research Associate
working with Dr. Churg in renal pathology and with
Dr. Irving Selikoff on asbestos-caused diseases.
In 1973, Dr. Suzuki returned to Japan as Chairman

and Professor of Anatomy at Fujita-Gakuen Univer-
sity School of Medicine. He returned to Mount Sinai
School of Medicine as a Research Professor of
Community Medicine and Research Associate
Professor of Pathology. From 1975 to 2006 when he
retired, he devoted his time primarily to the investi-
gation of the pathology of asbestos related diseases.
He worked with Irving Selikoff and examined slides
from pathological autopsy and biopsy material taken
from about 5,000 cases of insulation workers and
confirmed the diagnosis of asbestos-caused diseases.
He was promoted to Professor of Pathology in 1989,
and in 1991 to Professor of Community and Preven-
tive Medicine.
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He was elected as a Fellow of the Collegium
Ramazzini in 1983 and, in 1993 he received the
coveted Ramazzini Award for his significant contri-
butions to the scientific knowledge of the pathology
of mesotheliomas among asbestos-exposed workers.
In 2006, the Collegium Ramazzini again honored
Dr. Suzuki with the Irving J. Selikoff Award for his
many years of work on diseases caused by asbestos.
This award was presented by Professor Philip
Landrigan, present Chair of the Department of
Community and Preventive Medicine of the Mount
Sinai School of Medicine.

During his career, Dr. Suzuki published 171 scien-
tific papers and examined over 538,000 individual
slides of tissue from workers who were exposed to
asbestos.
The research findings of Dr. Suzuki place him in a

select group of scientists dedicated to health in the
workplace. This group includes Irving J. Selikoff,
Cesare Maltoni, and Bernardino Ramazzini. Dr.
Suzuki will long be remembered.

Myron A. Mehlman
Philip J. Landrigan
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stile nella rivista. Editoriali e riviste critiche possono essere richiesti dalla
Direzione della rivista, o essere inviati senza richiesta. In ogni caso devono
essere preparati secondo le istruzioni per gli Autori, e verranno sottoposti ai
revisori come tutti gli altri contributi.
Le pubblicazioni accettate diventano di proprietà della rivista. I lavori, o

parti sostanziali di essi, non potranno essere pubblicati in altre riviste o li-
bri, senza permesso scritto dell’Editore.
Il Giornale Europeo di Oncologia non assume alcuna responsabilità per

affermazioni ed opinioni enunciate nel giornale dagli Autori.

ISTRUZIONI PER I MANOSCRITTI
Invio

I testi completi devono essere inviati alla Redazione (presso il Centro
di Ricerca sul Cancro, Bentivoglio), via e-mail a events@ramazzini.it.
I testi devono essere in Word 6 (o versione inferiore) per Windows o Mac.
Devono essere specificate le relazioni che possono porre conflitti di in-

teresse per gli Autori in riferimento al contenuto dell’articolo.

Stesura
I testi devono essere dattilografati o stampati, a doppio o triplo spazio, su car-

ta bianca di buona qualità, di cm 29,5 x 21, con un margine di almeno cm 2,5.
Le pagine devono essere numerate sequenzialmente.

EDITORIALI, RIVISTE GENERALI E STUDI E RICERCHE
ORIGINALI

Pagina con titolo. La prima pagina del manoscritto deve contenere le se-
guenti informazioni: 1) titolo del lavoro, in italiano e in inglese; 2) nome per
esteso degli autori; 3) nome dell’istituzione in cui la ricerca è stata fatta; 4)
riconoscimenti per le collaborazioni e per i supporti economici della ricer-
ca; 5) nome e indirizzo dell’autore a cui vanno indirizzate le comunicazioni
relative al lavoro, e a cui vanno richiesti gli estratti; e 6) titolo abbreviato di
testa che non deve superare i 45 caratteri.

Riassunto. Alla pagina con titolo segue un riassunto di massimo 250
parole, con i seguenti titoli: 1) finalità; 2) materiali e metodi o casistica
e metodi, ecc; 3) risultati; 4) conclusioni. Per tutti gli articoli, il riassunto va
preparato sia in lingua italiana che in lingua inglese, in pagine successive,
mettendo per prima versione quella nella lingua in cui è scritto il testo.

Parole chiave. Vanno indicate dopo i riassunti nelle due versioni in misu-
ra non superiore a 5, in italiano ed in inglese.

Testo. Il lavoro deve avere chiaramente identificate le varie sezioni, e cioè
nell’ordine: introduzione, materiali e metodi o equivalenti, risultati, discus-
sione, conclusioni. Questa suddivisione non è necessaria per gli editoriali e
le riviste generali.

Bibliografia. Le voci bibliografiche dovranno essere numerate in ordine di
citazione ed il numero riportato nel testo tra parentesi. Tutta la bibliografia
citata dovrà essere dattiloscritta su fogli separati e numerata secondo
l’ordine di citazione, secondo gli esempi riportati di seguito.

Stile della bibliografia

Articolo in rivista, fino a 3 autori:
Sheibani K, Battifora H, Burke J. Antigenic phenotype of malignant me-
sotheliomas and pulmonary adenocarcinomas. Am J Pathol 1986;
123: 212-9.

Articolo in rivista, più di 3 Autori:
Fisher B, Costantino JP, Redmond CK, et al. Endometrial cancer in ta-
moxifen-treated breast cancer patients: findings from the National
Sur-gical Adjuvant Breast and Bowel Project (NSABP) B-14. J Natl
Cancer Inst 1994; 86: 527-37

Il Giornale Europeo di Oncologia, Organo Ufficiale della
Società Italiana Tumori (SIT)/Prevenzione, Diagnosi e Terapia, è promosso dalla:
Istituto Ramazzini
via Libia, 13/a - 40138 Bologna, Italia
telefono: per l’Italia 051/302252; per l’estero 0039/051/302252
fax: per l’Italia 051/302245; per l’estero 0039/051/302245
e pubblicato presso la:
Mattioli 1885 - Casa Editrice
Strada di Lodesana 649/sx, Loc. Vaio - 43036 Fidenza (PR) - Italia
telefono: per l’Italia 0524/530383; per l’estero 0039/0524/530383
fax: per l’Italia 0524/82537; per l’estero 0039/0524/82537
Tutta la corrispondenza editoriale deve essere indirizzata a:
Redazione Giornale Europeo di Oncologia
Centro di Ricerca sul Cancro,
Castello di Bentivoglio, Via Saliceto 3, 40010 Bentivoglio (Bologna), Italia
telefono: per l’Italia 051/6640460; per l’estero 0039/051/6640460
fax: per l’Italia 051/6640223; per l’estero 0039/051/6640223
Tutta la corrispondenza amministrativa va invece inviata alla Mattioli 1885 - Casa Editrice.
Il Giornale Europeo di Oncologia viene inviato gratuitamente ai Soci della SIT in
regola con le quote associative.
La rivista esce con periodicità trimestrale
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Libro completo:
Selikoff IJ, Lee DHK. Asbestos and disease. New York: Academic
Press, 1978.

Capitolo di libro:
Freedman AS, Nadler LM. Non-Hodgkin’s lymphomas. In Holland JF,
Breast RC J, Morton DL, et al. Cancer Medicine, IV Ed, 2. Balti-
more: Williams and Wilkins, 1997, 2757-95.

Capitolo di libro che costituisce gli atti di un convegno:
Lipkin M. Current knowledge of the cancer latent period. Chemopre-
vention strategies during colonic cancer development. In Maltoni C,
Soffritti M, Davis W. International Forum, The Scientific Bases of
Cancer Chemoprevention, Amsterdam: Excerpta Medica, 1996, 61-
71.

Abstract:
Abeloff MD, Gray R, Tarmey DC, et al. Randomized comparison of
CMFPT versus CMFPT/VATHT and maintenance versus no main-
tenance tamoxifen in premenopausal, node positive breast cancer.
An ECOG study. Proc Am Soc Clin Oncol 1991; 10, 43: abstr 47.

Supplemento:
Elison LO, Ekberg L. Ifosfamide, doxorubicin, vincristine, and etoposi-
de in small cell lung cancer. Semin Oncol 1995; 22 suppl 2: 15-7.

Editoriale:
MorrowM. The natural history of ductal carcinoma in situ: implications
for clinical decision making. Cancer 1995; 76: 1113-5 (editorial).

Lettera all’Editore:
Peat IM, Madden FJF. Neurological assessment of high grade astrocy-
tomas following high dose radiotherapy as sole treatment. Clin On-
col 1995; 7: 273 (letter).

Resoconto scientifico o tecnico:
Akutsu T. Total heart replacement device - Bethesda (MD): National In-
stitute of Health, National Heart and Lung Institute; 1974 Apr. Re-
port No.: NIH-NHLI-69-2185-4

Articolo di giornale:
Rensberger B, Specter B. CFCs may be destroyed by natural process.
The Washington Post 1989 Aug 7; Sect. A:2 (col. 5).

Tabelle. Le tabelle devono essere dattiloscritte o stampate, ciascuna in un
foglio o più fogli separati, e vanno numerate progressivamente, in alto a si-
nistra, con numeri arabi (e come tali citate nel testo). Ogni tabella va illu-
strata con un titolo che deve comparire in testa a fianco del numero di iden-
tificazione. Eventuali legende, che devono comprendere anche la specifica-
zione delle abbreviazioni, vanno posizionate ai piedi della tabella, e identi-
ficate con lettere minuscole. Le tabelle vanno inserite nel lavoro dopo il te-
sto e la bibliografia.

Figure. I grafici, gli schemi, i disegni, le foto (microfoto o macrofoto) van-
no denominati come figure, e vanno identificate con numeri arabi, pro-
gressivamente, come un’unica categoria. Le loro dimensioni devono tene-
re conto di quelle della rivista, pur considerando l’eventualità di riduzioni.
Le fotografie devono essere di alta qualità tecnica, e vanno inviate non
montate nè ritoccate. In ciascuna fotografia sul retro, leggermente a mati-
ta, vanno scritti il nome dell’Autore ed il numero progressivo, e indicata la
base. Le legende delle figure vanno riportate, in un foglio o più fogli a par-
te, dattilografate o stampate a doppio spazio, sotto il titolo di pagina
FIGURE. Tutte le legende delle figure e le figure stesse vanno inserite do-
po le tabelle.
Per quanto concerne il supporto informatico, i files devono essere salvati
su dischetto, CD o ZIP formattati PC o MAC. Le immagini vanno salvate
come singolo file in formato di 10x15 cm. I DISEGNI-GRAFICI-DIA-
GRAMMI (tratti bianco/nero) devono avere una risoluzione di 800 dpi ed
essere salvati in formato BMP (bit map) o TIFF. Le RADIOGRAFIE (sca-
la di grigio) e le immagini digitali (colore) devono avere una risoluzione di
300 dpi ed essere in formato JPEG con compressione media.

RESOCONTI SU CASI CLINICI

I testi devono essere preparati secondo le indicazioni fornite per gli ar-
ticoli su studi e ricerche originali. Il resoconto deve avere chiaramente
identificate le varie sezioni, e cioè: introduzione, materiali e metodi, dati
generali sulla casistica, illustrazione della casistica, discussione e conclu-
sioni.

COMUNICAZIONI BREVI

Le comunicazioni devono riguardare contributi di particolare novità ed
attualità. Devono essere dattiloscritte o stampate in doppio spazio, e non de-
vono essere più lunghe di 3 pagine, escludendo bibliografia, tabelle e figu-
re. La sequenza delle sezioni (che tuttavia non vanno evidenziate), la bi-
bliografia, le tabelle e le figure devono uniformarsi alle stesse istruzioni for-
nite per gli articoli su studi e ricerche originali. Se accettate, le comunica-
zioni brevi avranno una speciale priorità nella pubblicazione.

LETTERE ALL’EDITORE

Le lettere all’Editore sono ben accette e, se il loro contenuto è interes-
sante, vengono pubblicate. Le lettere devono essere dattiloscritte o stam-
pate in doppio spazio, non devono essere più lunghe di due pagine.
L’Autore deve proporre un titolo, e deve sottoscriversi, indicando anche
l’istituzione di appartenenza. La lettera può fare riferimento a voci biblio-
grafiche, che devono essere contenute nel numero ed essere assolutamen-
te specifiche.

CORREZIONE DELLE BOZZE
Gli Autori riceveranno le bozze per la lettura e la correzione degli erro-

ri di stampa. In sede di bozze sono ammesse soltanto minime modifiche del
dattiloscritto: gli Autori che apporteranno eccessive modificazioni devono
sostenerne il costo. Le bozze corrette devono essere inviate alla Redazione
entro 5 giorni dal loro ricevimento.

ESTRATTI
Gli estratti dei lavori devono essere richiesti con l’apposito modulo, che

viene inviato insieme alle bozze. Nello stesso modulo è indicato il costo de-
gli estratti a seconda del numero delle pagine e del numero di copie. Colo-
ro che desiderano avere estratti di un articolo comparso sul Giornale Euro-
peo di Oncologia devono richiederlo all’Autore di riferimento, all’indirizzo
indicato nella prima pagina del testo.

ANNUNCI
Gli annunci di convegni, congressi e simili, che possono interessare i

Lettori del Giornale Europeo di Oncologia, possono essere inviati alla Re-
dazione, almeno quattro mesi prima dell’evento. Gli annunci sono pubbli-
cati a pagamento, ed il costo varierà a seconda della lunghezza dell’annun-
cio. Per ulteriori dettagli rivolgersi alla Casa Editrice Mattioli.

PUBBLICITÀ
Il Giornale Europeo di Oncologia pubblica inserzioni pubblicitarie ine-

renti a settori di interesse per i Lettori. La pubblicazione degli annunci pub-
blicitari è sottoposta ad approvazione dei Direttori della rivista. Per gli
aspetti economici ed amministrativi rivolgersi alla Mattioli 1885 - Casa
Editrice.

TRASFERIMENTO DEL COPYRIGHT
Si prega di accludere al manoscritto una dichiarazione di cessione del

copyright al Giornale Europeo di Oncologia. Citare il titolo dell’articolo, la
data di invio e il nome di tutti i co-autori con le firme autografe.
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