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ABSTRACT: Malignant mesothelioma (MM) of the pleura or peritoneum is a universally fatal

disease attracting an increasing range of medical interventions and escalating healthcare costs.

Changes in survival and the factors affecting survival of all patients ever diagnosed with MM in

Western Australia over the past five decades and confirmed by the Western Australian

Mesothelioma Registry to December 2005 were examined. Sex, age, date and method of diagnosis,

site of disease and histological type were recorded. Date of onset of symptoms and performance

status were obtained from clinical notes for a sample of cases. Cox regression was used to examine

the association of the clinical variables and the 10-yr periods of disease onset with survival after

diagnosis.

Survival was inversely related to age, being worse for males (hazard ratio (HR) 1.4, 95% CI 1.2–

1.6), and those with peritoneal mesothelioma (HR 1.4, 95% CI 1.1–1.7). Patients with sarcomatoid

histology had worse prognosis than patients with epithelioid and biphasic histological subtypes.

Survival improved after the 1970s and has made incremental improvements since then. Median

(interquartile range) survival by decade, from 1960 until 2005, was 64 (0–198), 177 (48–350), 221

(97–504), 238 (108–502) and 301 (134–611) days; ,4 weeks of this apparent improvement can be

attributed to earlier diagnosis.

With increasing resources and treatment costs for MM over the past 40 yrs, there have been

modest improvements in survival but no complete remissions.
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M
alignant mesothelioma (MM) of the
pleura or peritoneum is an invariably
fatal disease attracting increasing med-

ical interventions and escalating healthcare costs
as novel treatments are tried. Since the first clinical
trial of gemcitabine and cisplatinum showing par-
tial response rates of 30–40%, and similar stable
disease rates [1, 2], and the demonstration of
significantly prolonged survival with pemetrexed
and cisplatinum [3] in selected patients with high
enough performance status to tolerate the che-
motherapy, as well as claims of improved survival
following radical surgery (with chemotherapy and
radiotherapy) [4, 5], more patients are submitting
to active treatment regimes. ‘‘Trimodality ther-
apy’’ with radical pleuropneumonectomy, radio-
therapy and chemotherapy still attracts some
people with ‘‘early’’ disease [6].

Most reports of survival of patients with MM
describe the experience of people referred to
secondary or tertiary referral centres for considera-
tion of treatment or for entry into treatment trials
[7–13]. As a result, selection of younger patients
with higher performance status who have a better

prognosis occurs. Analysis of survival of the first
81 cases on the Western Australian Mesothelioma
Registry to 1980 revealed a median survival from
the time of diagnosis of only 5.1 months [14]. Since
then, other registry-based studies have been pub-
lished that reveal longer survival times [15–22] and
various factors that influence survival. This study
is an extension of the earlier study using the
Western Australian Mesothelioma Registry [14].
Western Australia has among the highest inci-
dence and mortality rates for MM in industrialised
countries for both males and females [23]. The high
MM incidence is attributed to the mining of cro-
cidolite at Wittenoom, a now defunct asbestos
mining town in the north of the state [24], with
wide dissemination of the asbestos state-wide. All
cases of mesothelioma in Western Australia are
well documented on the registry, which includes
all known cases since the first was recognised in
1962. This study describes an improving survival
experience and factors influencing survival of all
cases of confirmed MM in a general population
sample over five decades. It also derives a
prediction equation for survival at the time of
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diagnosis for contemporary cases. The study aimed to examine
the effects of calendar period of diagnosis, age, sex, histological
subtype, performance status at time of diagnosis and possible
earlier diagnosis in recent years, when less invasive diagnostic
modalities and more aggressive treatment regimes have been
used, on the survival of all cases from Western Australia.

METHODS
All incident cases of cancer in Western Australia since 1980
(except nonmelanotic skin cancer) have been notifiable to the
state’s Cancer Registry. A separate mesothelioma registry was
established in 1962. Patients included in the current Western
Australian Mesothelioma Registry were identified from these
registries where date and method of diagnosis, site of disease,
and histological type have been recorded routinely for every
case. All incident cases of mesothelioma in Western Australia are
reviewed by a committee comprising the Western Australian
Cancer Registry Principal Medical Officer, a pathologist, an
occupational physician, a respiratory physician, an epidemiolo-
gist and a research assistant to document age, sex, dates and
methods of diagnosis, histological type, site of disease, date of
death, and available history of asbestos exposure. The written
report of the pathologist responsible for the cytological or
histopathological diagnosis of each case is considered and,
where necessary and if available, the original slides are reviewed
to confirm the diagnosis and to classify the disease type as
epithelioid, sarcomatoid, biphasic, other or ‘‘not specified’’. Date
of onset of symptoms and treatment received has been obtained
for a subset of patients in the first and last decades of the study
by review of all available clinical records. Performance status at
the time of diagnosis has also recorded from the clinical records
where sufficient information was available. The study was
approved by the Western Australian Department of Health
Human Research Ethics Committee (Perth, Australia).

Data in the registry has been supplemented from other sources.
These sources include a retrospective study of all cases of MM
Australia-wide, which was undertaken by canvassing all path-
ologists countrywide for MM diagnoses until 1980 [25] and
records of the Australian Mesothelioma Registry/Surveillance
Program [26]. In addition, the records of the Wittenoom worker
and resident cohorts, which were established in 1975 and
1985, respectively, record all employees of the Australian Blue
Asbestos Company and all township residents identifiable from
available public records, and have allowed identification and
complete follow-up of those who have developed MM [23]. A
cancer prevention programme for people with previous asbestos
exposure has also been conducted in Western Australia since
1990 (with .4,000 participants enrolled at some stage [27–29]).
This provides details of their past exposures to asbestos and
further improves the quality of the information available to the
registry committee.

Statistical analyses
Survival analysis was performed by Cox regression. Prognostic
factors used in the survival analysis included age at diagnosis,
sex, tumour site, histological type, Eastern Cooperative Oncology
Group (ECOG) performance status [30] and calendar year of
diagnosis.

Based on the Cox regression findings, a Weibull survival function
(accelerated failure time form) was developed using the same

variables, such that an algorithm for predicting survival in newly
diagnosed cases of malignant mesothelioma could be con-
structed. Weibull regression explicitly models the underlying
time variable, allowing prediction, whereas Cox regression treats
the underlying time variable as a nuisance factor. Both methods
assume proportional hazards.

RESULTS
There were 1,362 cases of MM between 1962 and 2005 (1,258
pleural and 102 peritoneal); 260 of these were exposed to asbestos
as workers in the Wittenoom asbestos mines and mill, 56 were
residents of the Wittenoom town site, 760 had known occupa-
tional exposure to asbestos other than in the Wittenoom mine or
mill, 87 had residential exposure and only 199 had undetermined
exposure. 64 (4.7%) had no known exposure to asbestos.

Survival analysis by age, sex, site, histological type, performance
status and calendar year of diagnosis showed that younger
females with pleural mesothelioma, epithelioid histology, better
performance status and more recent diagnosis have the longest
survival (table 1 and figs 1–4).

Survival improved after the 1970s and has made incremental
improvements since then. Median (interquartile range) survi-
val by decade from 1960 to 2005 was 64 (0–198), 177 (48–350),
221 (97–504), 238 (108–502) and 301 (134–611) days (fig. 1). The

TABLE 1 Survival times for malignant mesothelioma by
prognostic factors

Subjects Survival days

Overall 1362 241 (108–515)

Sex

Male 1181 235 (103–494)

Female 181 323 (137–640)

Calendar period

1960–1969 8 64 (0–198)

1970–1979 58 177 (48–350)

1980–1989 265 221 (97–504)

1990–1999 568 238 (108–502)

2000–2005 463 301 (134–611)

Age at diagnosis yrs

20–49 139 362 (195–626)

50–64 454 300 (151–570)

65–74 406 241 (98–537)

o75 362 147 (49–350)

Histology subtype

Epitheloid 455 340 (173–622)

Sarcomatoid 113 113 (45–189)

Biphasic 221 221 (101–461)

Site

Pleural 1258 256 (113–532)

Peritoneal 102 134 (73–262)

ECOG performance status

f1 91 335 (219–595)

.1 30 188 (71–404)

Data are presented as n or median (interquartile range). ECOG: Eastern

Cooperative Oncology Group.
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time from presentation to diagnosis has not improved over the
past 40 years. However, the time from onset of symptoms to
diagnosis has decreased from 63 days in the decade 1971–1979
to 32 days in the period 2000–2005.

Patients who were younger at the time of diagnosis had longer
survival. Median survival time ranged from 362 (195–626) days
for cases diagnosed before they turned 50 yrs of age to 147 (49–
350) days for those diagnosed after the age of 75 yrs (table 1).
Females had longer survival time compared with males (table 2
and fig. 2). Patients with ECOG performance status .1 had a
hazard ratio of 3.4 (95% CI 1.4–8.7). Patients with MM of the
epithelioid histological subtype had a better prognosis for sur-
vival than those with biphasic histology who, in turn, had a
better prognosis than those with sarcomatoid histology (fig. 3),
and peritoneal mesotheliomas had the worst survival for the
different sites (fig. 4). There were no significant differences in
survival (p50.25) between different exposure groups (Witte-
noom, other occupational, residential, none and unknown).

Using the same variables as in table 2, the Weibull survival
function indicated that survival in newly diagnosed cases of
MM (in weeks) could be predicted as follows.

Survival5exp(-t0.97exp((-1.04)(2.36+0.004(a/10)3-0.002(a/10)3

ln(a/10)+0.41f-0.40p-0.15l-0.16r-0.52s+0.22e–0.17b+
0.51d1980s+0.61d1990s+0.76d2000s)))

where a is age in years and t is time after diagnosis in months,
and the following variables are either 1 (if true) or 0 (if untrue): f
(female sex), p (peritoneal MM), l (left pleural MM), r (right
pleural MM), s (sarcomatoid subtype), e (epithelioid subtype), b
(biphasic subtype), d1980s (diagnosed in 1980s), d1990s (diag-
nosed in 1990s) and d2000s (diagnosed in 2000s).

An example indicating contrasting expected outcomes is
shown (fig. 5).

DISCUSSION
The Western Australian Mesothelioma Registry has collected
comprehensive data on all cases of MM in the state over the
past 40 yrs, including the first diagnosed case, in 1962. Using
these data, this study demonstrates the survival experience of
patients with MM from a geographically defined general
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FIGURE 1. Change in survival with mesothelioma by decade of diagnosis.
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FIGURE 2. Difference in survival with mesothelioma between males and

females.
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FIGURE 3. Difference in survival for different mesothelioma histological types.
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FIGURE 4. Difference in survival according to site of primary mesothelioma.
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Australian population without biases resulting from selection of
those who may be fit for some form of treatment or other, or
where referral to a tertiary health institution is dependent on age
and performance status. It thereby permits an estimate of
prognosis to be made at the time of diagnosis, an especially
important issue for patients themselves, their families and legal
representatives, and compensating authorities.

Survival has improved for each decade from the 1960s to the
2000s. Most other registry-based studies have been conduct-
ed since the late 1980s and survival times were longer than
reported in our earlier study from the Western Australian
registry [14]. Survival times from other registry-based studies
were similar for the corresponding decades in the current study.
Although we found progressive improvements in survival time
for successive decades from the 1960s, calendar period has not
been associated with improved prognosis for most studies
starting from the late 1980s [16, 17, 19]. However, MONTANARO

et al. [19] did report a significantly greater proportion of long-
term survivors in the period 1999–2001 (8%) compared with the
period 1990–1992 (3.7%).

The improved prognosis with time is probably due to earlier
presentation and diagnosis, and improved treatment. A review
of a subset of cases in the first and last decades of this study
showed that, although the time between first presentation and
diagnosis of MM did not change, time between reported onset of
symptoms and diagnosis did reduce significantly (63 days in the
1970s to 31 days in the 2000s). This suggests that earlier diagnosis
is due to patients’ greater awareness of their symptoms, leading
to earlier presentation in primary care or speedier referral by
general practitioners to specialists. Studies involving cases
recorded since the late 1980s have often not reported a difference
in prognosis between treatment modalities or between treatment
and no treatment [16, 19, 31], although in one study of cases from
1973 to 1984, treatment (surgery) was associated with an im-
proved outcome [21]. It is possible that since the early 1990s, there
has been little change in treatment efficacy, that treatment effects
are restricted to small subgroups of patients [17] or even that
treatments have a deleterious effect on almost as many patients as
they benefit. However the results are also consistent with there
being a treatment effect in the past two decades, attributable to
the use of gemcitabine and cisplatinum, which improve partial
reference rate [1], and pemetrexed and cisplatinum, which
improved survival in a randomised trial [3].

The registry does not have access to treatment information.

This study again shows that patients with MM of epithelioid
histological subtype have a better prognosis for survival than
those with either biphasic or sarcomatoid histology [15, 17, 19,
20]. This raises the issue of there being different types of
genetic damage, resulting in the different histological forms of
disease or different cells of origin of the different mesothelioma
cell types. It is also consistent with their being greater chemo-
resistance in patients with sarcomatoid mesothelioma.

In recent years, subjects with the sarcomatoid subtype of MM
have tended to be excluded from published clinical trials of
active treatment because they do not respond as well as those
with epithelioid or biphasic subtypes. Exclusion of these and
older patients from clinical trials tends to bias the overall
survival of any study’s participants and gives the impression
that the prognosis of MM is improving to a greater extent than
can be attributed to the increased use of chemotherapy,
surgery and radiotherapy.

This study also confirms the better prognosis associated with
being female, which was not explained by differences in
category of exposure, as well as being younger at time of
diagnosis, better performance status and pleural site of disease.
Longer survival times for females have been reported pre-
viously [18, 20, 31, 32]. Biological reasons for the sex difference
are not known and some authors have proposed that some of
the difference may be due to misclassification as peritoneal MM
of other abdominal neoplasms in females, e.g. ovarian cancer,
which has a better prognosis [18, 31]. The analysis of the Italian
National Mesothelioma Register [18] reported increased survi-
val times in females with peritoneal, but not pleural, MM. In the
current study, however, the improved survival time for females
was independent of the site of the cancer as well as the other
prognostic factors investigated.

Despite increasing resources and treatment costs of MM there
have been only modest improvements in survival over the past

TABLE 2 Determinants of survival using Cox regression

HR (95% CI) p-value

Female 0.75 (0.63–0.89) 0.001

Peritoneal 1.53 (1.21–1.94) ,0.0005

Left pleural 1.14 (0.96–1.34) 0.14

Right pleural 1.15 (0.99–1.34) 0.07

Sarcomatoid 1.81 (1.48–2.22) ,0.0005

Epithelioid 0.80 (0.69–0.92) 0.001

Biphasic 1.12 (0.95–1.33) 0.18

1970s 0.61 (0.22–1.71) 0.35

1980s 0.47 (0.17–1.27) 0.14

1990s 0.46 (0.17–1.24) 0.13

2000s 0.41 (0.15–1.09) 0.08

HR: hazard ratio.
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FIGURE 5. Predicted survival for two example ‘‘patients’’.
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40 yrs. The present population-based study shows that median
survival overall is still limited to ,1 yr from the time of
diagnosis. Therefore, primary prevention remains the most
urgent priority for MM. The use of asbestos by Australian
industry has been declining since the 1980s, and importation and
production of all forms has been banned since 2003. Removal,
renovation and disposal of in situ asbestos are also now tightly
regulated (but not well complied with [33]). As a result, the in-
cidence of MM in Western Australia has ceased to rise since the
middle of the last decade, reflecting these provisions and the
known long latency period characteristic of the disease [23]. In
countries where the production and use of asbestos continues, the
epidemic of MM will continue unless effective primary pre-
ventative measures are enforced or secondary preventative
measures discovered [28, 29], and until better cancer treatments
emerge for this disease, substantial reductions in mortality will
not be made.

STATEMENT OF INTEREST
None declared.

ACKNOWLEDGEMENTS
J. Hui (PathWest Laboratory Medicine WA, Nedlands, Australia)
provided assistance with document formatting and preparation.

REFERENCES
1 Byrne MJ, Davidson JA, Musk AW, et al. Cisplatin and

gemcitabine treatment for malignant mesothelioma: a phase II
study. J Clin Oncol 1999; 17: 25–30.

2 Kalmadi SR, Rankin C, Kraut MJ, et al. Gemcitabine and cisplatin
in unresectable malignant mesothelioma of the pleura: a phase II
study of the Southwest Oncology Group (SWOG 9810). Lung
Cancer 2008; 60: 259–263.

3 Vogelzang NJ, Rusthoven JJ, Symanowski J, et al. Phase III study of
pemetrexed in combination with cisplatin versus cisplatin alone in
patients with malignant pleural mesothelioma. J Clin Oncol 2003;
21: 2636–2644.

4 Rusch VW, Piantadosi S, Holmes EC, et al. The role of extrapleural
pneumonectomy in malignant pleural mesothelioma. A Lung
Cancer Study Group trial. J Thorac Cardiovasc Surg 1991; 102: 1–9.

5 Sugarbaker DJ, Garcia JP, Richards WG, et al. Extrapleural
pneumonectomy in the multimodality therapy of malignant
pleural mesothelioma. Results in 120 consecutive patients. Ann
Surg 1996; 224: 288–294.

6 Hasani A, Alvarez JM, Wyatt JM, et al. Outcome for patients with
malignant pleural mesothelioma referred for trimodality therapy
in Western Australia. J Thorac Oncol 2009; 4: 1010–1016.

7 Curran D, Sahmoud T, Therasse P, et al. Prognostic factors in
patients with pleural mesothelioma: the European Organization
for Research and Treatment of Cancer experience. J Clin Oncol

1998; 16: 145–152.
8 Flores RM, Zakowski M, Venkatraman E, et al. Prognostic factors

in the treatment of malignant pleural mesothelioma at a large
tertiary referral center. J Thorac Oncol 2007; 2: 957–965.

9 Harvey JC, Fleischman EH, Kagan AR, et al. Malignant pleural
mesothelioma: a survival study. J Surg Oncol 1990; 45: 40–42.

10 Herndon JE, Green MR, Chahinian AP, et al. Factors predictive of
survival among 337 patients with mesothelioma treated between
1984 and 1994 by the Cancer and Leukemia Group B. Chest 1998;
113: 723–731.

11 Huncharek M, Kelsey K, Mark EJ, et al. Treatment and survival in
diffuse malignant pleural mesothelioma; a study of 83 cases from the
Massachusetts General Hospital. Anticancer Res 1996; 16: 1265–1268.

12 Neragi-Miandoab S, Richards WG, Sugarbaker DJ. Morbidity,
mortality, mean survival, and the impact of histology on survival
after pleurectomy in 64 patients with malignant pleural mesothe-
lioma. Int J Surg 2008; 6: 293–297.

13 Viallat JR, Boutin C, Rey F, et al. [Malignant mesothelioma: study
of prognostic factors in a series of 188 cases]. Arch Anat Cytol Pathol

1993; 41: 205–211.
14 Musk AW, Woodward SD. Conventional treatment and its effect

on survival of malignant pleural mesothelioma in Western
Australia. Aust NZ J Med 1982; 12: 229–232.

15 Chapman A, Mulrennan S, Ladd B, et al. Population based
epidemiology and prognosis of mesothelioma in Leeds, UK.
Thorax 2008; 63: 435–439.

16 Gorini G, De Gregorio G, Silvestri S, et al. Survival of malignant pleural
mesothelioma cases in the Tuscan Mesothelioma Register, 1988–2000:
a population-based study. Eur J Cancer Prev 2005; 14: 195–199.

17 Magnani C, Viscomi S, Dalmasso P, et al. Survival after pleural
malignant mesothelioma: a population-based study in Italy.
Tumori 2002; 88: 266–269.

18 Marinaccio A, Nesti M. Analysis of survival of mesothelioma cases
in the Italian register (ReNaM). Eur J Cancer 2003; 39: 1290–1295.

19 Montanaro F, Rosato R, Gangemi M, et al. Survival of pleural
malignant mesothelioma in Italy: a population-based study. Int J

Cancer 2009; 124: 201–207.
20 Neumann V, Rutten A, Scharmach M, et al. Factors influencing

long-term survival in mesothelioma patients–results of the
German mesothelioma register. Int Arch Occup Environ Health
2004; 77: 191–199.

21 Spirtas R, Connelly RR, Tucker MA. Survival patterns for
malignant mesothelioma: the SEER experience. Int J Cancer 1988;
41: 525–530.

22 Van Gelder T, Damhuis RA, Hoogsteden HC. Prognostic factors
and survival in malignant pleural mesothelioma. Eur Respir J 1994;
7: 1035–1038.

23 Musk AW, de Klerk NH. Epidemiology of malignant mesothe-
lioma in Australia. Lung Cancer 2004; 45: Suppl. 1, S21–S23.

24 Musk AW, de Klerk NH, Eccles JL, et al. Wittenoom, Western
Australia: a modern industrial disaster. Am J Ind Med 1992; 21:
735–747.

25 Musk AW, Dolin PJ, Armstrong BK, et al. The incidence of
malignant mesothelioma in Australia, 1947–1980. Med J Aust 1989;

150, 242–243: 246.
26 Ferguson DA, Berry G, Jelihovsky T, et al. The Australian

Mesothelioma Surveillance Program 1979–1985. Med J Aust 1987;
147: 166–172.

27 Alfonso HS, Reid A, de Klerk NH, et al. Retinol supplementation
and mesothelioma incidence in workers earlier exposed to blue
asbestos (Crocidolite) at Wittenoom, Western Australia. Eur J

Cancer Prev, 19: 355–359.
28 De Klerk NH, Musk AW, Ambrosini GL, et al. Vitamin A and

cancer prevention II: comparison of the effects of retinol and b-
carotene. Int J Cancer 1998; 75: 362–367.

29 Musk AW, de Klerk NH, Ambrosini GL, et al. Vitamin A and cancer
prevention I: observations in workers previously exposed to asbestos
at Wittenoom, Western Australia. Int J Cancer 1998; 75: 355–361.

30 Oken MM, Creech RH, Tormey DC, et al. Toxicity and response
criteria of the Eastern Cooperative Oncology Group. Am J Clin
Oncol 1982; 5: 649–655.

31 Mirabelli D, Roberti S, Gangemi M, et al. Survival of peritoneal
malignant mesothelioma in Italy: a population-based study. Int J
Cancer 2009; 124: 194–200.

32 Kanazawa N, Ioka A, Tsukuma H, et al. Incidence and survival of
mesothelioma in Osaka, Japan. Jpn J Clin Oncol 2006; 36: 254–257.

33 Safe Work Australia. Asbestos Exposure and Compliance Study of
Construction and Maintenance Workers. Canberra, Commonwealth
of Australia, 2009.

THORACIC ONCOLOGY A.W. MUSK ET AL.

1424 VOLUME 38 NUMBER 6 EUROPEAN RESPIRATORY JOURNAL


