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Asbestos and mesothelioma: why continuing research and 

debate?

• Very few carcinogens were studied as extensively as asbestos: huge 
number of epidemiological studies investigating the relationship with 
lung cancer and mesothelioma (or with pleural and peritoneal cancers)

• Still large number of “high quality” studies on the quantitatively aspects 
of the relationship

• My presentation will focus on malignant mesothelioma (MM) as a 
neoplasm caused uniquely by asbestosneoplasm caused uniquely by asbestos

• My points:

– A large proportion of MM cases in Italy today are still neither compensated 
nor receive settlement in trials

– Interpretations of the scientific evidence by researchers helped to develop 
the current state of affairs, but they are wrong

– This creates a social problem and undermines the enforcement of 
regulations on the protection of workers from asbestos and other 
carcinogens
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Compensation of mesothelioma cases

• Fourth Report of the (Italian) National Mesothelioma Registry (ReNaM) 
http://www.inail.it/internet_web/wcm/idc/groups/internet/documents/document/ucm_085815.pdf

– incidence in Italy, 1993-2008 (data up to 2012 are being processed)

– About 1,400 new cases a year in 2005, 2006, 2007 and 2008

– Exposure assessment (personal interview) available for 75% of cases

– Occupational exposure to asbestos in 70%, non-occupational in 10%– Occupational exposure to asbestos in 70%, non-occupational in 10%

– Expected number of cases eligible for compensation: about 1000/year

• About 300 cases were compensated per year from 2000 to 2004 by the 

Italian Insurance Institute, INAIL (Marinaccio et al, BMC Public Health 

2012)

• Compensation is limited to loss of wages and of earning ability
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Settlement of mesothelioma cases

• The principle that employers have a special duty of care towards their 

workers’ health was embedded in Italian regulations as far back as 1934 

=> death from cancer acquired after failure to comply is manslaughter

• This is a criminal offence and is (or should be) dealt with in criminal 

Courts, which, however, would also allow for a preliminary compensation 

of full damageof full damage

• Further, criminal justice may also boost compensation by INAIL

• There are no statistics on the number of cases settled in Courts, but 

evidence from a number of trials that were followed by the national 

press (like Breda, Montefibre and ENEL) show that acquittal is not as 

uncommon as it might be expected
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Only early exposures cause mesothelioma

• Key to the acquittals was the claim that MM cases would be caused only 
by exposures occurring early in their occupational history, as:

– Cases usually had multiple and/or prolonged exposures

– Employers in charge in the 1950s or 1960s are rarely alive and in case of 
death their potential responsibilities can not be challenged

– Those in charge in later periods are almost always the only ones remaining to 
withstand charges in Courtswithstand charges in Courts

– The burden of proving that also recent exposures played a role is on the 
public prosecutor, if the claim is considered by the Court to be one of the 
plausible theories for MM causation, albeit not necessarily the correct one

• This strategy was followed by defendants in the Montefibre trials held in 
Verbania and Turin in 2011, and in the ENEL trial in Turin in 2012

• It was put forward by a number of expert witnesses, among whom Carlo 
La Vecchia and Paolo Boffetta, who sought to endorse the claim by 
submitting a paper in September 2011, published early in 2012 
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The paper by La Vecchia and Boffetta

• Classified as a review, this article summarized in a very selective way a 

few results from a few studies

• Conclusions: “for workers exposed in the distant past, the risk of • Conclusions: “for workers exposed in the distant past, the risk of 

mesothelioma is not appreciably modified by subsequent exposures” and 

“stopping exposure does not materially modify the subsequent risk of 

mesothelioma”

• This statement is at variance with our knowledge of the dose-response

relationship of asbestos with mesothelioma

• But before showing that, we must discuss whether the dose-response

relationship can be considered to be valid
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Dose-response relationship

• The dose-response relationship I will refer to is taken from the first and 

third reference in La Vecchia and Boffetta 2012:

• For instantaneous (or no more than “brief”) exposures, MM incidence I(t)

at any time t after exposure at time t1 to fibre concentration f equals:

I (t) = k ⋅ f ⋅ (t − t
1
)

3
(1)

• For exposures of duration d spanning from t1 to t2, the integration over t1

to t2 gives:

• The latter may be rewritten as:
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I (t) = k ⋅ f ⋅ (t − t
1
)

I (t) =1/ 4 ⋅k ⋅ f ⋅[(t − t
1
)

4 − (t − t
2
)

4
]

I (t) =1/ 4 ⋅k ⋅ f ⋅ d ⋅ (4 ⋅ L3 − 6 ⋅ L2d + 4 ⋅ Ld2 − d3
)

(1)

(2)

(3)



The role of cumulative exposure

• The product f d is the cumulative exposure. Do we have any evidence 

that mesothelioma incidence is proportional to cumulative exposure (or, 

in common parlance, cumulative dose)?

• In the framework of the Second Italian Consensus Conference on Pleural 

Mesothelioma, we conducted a systematic review of cohort and case-

control studies on the quantitative relation between cumulative exposure control studies on the quantitative relation between cumulative exposure 

to asbestos and mesothelioma (Pinto et al. Cancer Treat rev 2013; 

Magnani et al. Med Lavoro 2013)

• Based on results from 13 studies where MM mortality or incidence was 

assessed according to (external) exposure to asbestos and 7 studies 

where the lung fibre burden had been used, we found clear and 

consistent evidence of the relationship between cumulative exposure 

and MM occurrence
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The role of latency

• The term in brackets is approximately equal to the third power of latency, 

L3. Do we have any evidence that mesothelioma incidence is proportional 

to the third power of latency (all other characteristics of exposure being 

equal)?

• Evidence that this relationship holds for latency times ranging between 

10 and 40 years was given first by Peto et al (Brit J Cancer 1982)10 and 40 years was given first by Peto et al (Brit J Cancer 1982)

• Some studies extending observations beyond 45 years suggested that the 

rate of increase in incidence may eventually level off (Berry et al Occup

Environ Med 2004; Barone-Adesi et al Int J Cancer 2008), but were based 

on few observed cases at very long latency 

• A pooled analysis of cohorts follow up beyond 40 years provided more 

robust evidence that pleural MM incidence after 45 years increases at a 

lower power of latency (Reid et al, Thorax 2014)
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Validity of the dose-response relationship

• The validity of the dose-response relationship can be thus confirmed in 

broad terms and equations (1), (2) and (3) may be used to assess the 

effect of changing exposure characteristics

• By applying equation (2) to prolonged exposures, it derives that:

– all subsequent increments in cumulative asbestos exposure will entail an 

increase in the mesothelioma incidence that will be oserved at any time t weincrease in the mesothelioma incidence that will be oserved at any time t we

may choose to assess exposure effects

– all other parameters being equal, the amount of such increase in incidence

depends on the time when the corresponding increment in dose was

delivered, as a power of time elapsed since exposure weighs its contribution

to incidence

26/10/2014 10Mirabelli



Plots of incidence and duration, at fixed latency

Incidenza MM, per durata di esposizione, a diversa latenza (vedi 

legenda), livello di esposizione 10 particelle/ml (0.3 fibre/ml). Peto et al. 

1985
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Plots of incidence and latency, at fixed duration

Incidenza MM per latenza, in esposizioni di diversa durata (in anni, vedi 

legenda) a livello di esposizione costante di 10 particelle/ml (0.3 

fibre/ml). Peto et al. 1985

30.00

35.00

40.00

45.00

0
0
/a

n
n

o
)

26/10/2014 12Mirabelli

0.00

5.00

10.00

15.00

20.00

25.00

20 25 30 35 40 45 50 55 60

Latenza (anni)

In
c
id

e
n

z
a
 (

p
e
r 

1
0
0
.0

0

1

10

20

30



Implications on time to event: a graphic approach

Incidenza MM per latenza, in esposizioni di diversa durata (in anni, vedi 

legenda) a livello di esposizione costante di 10 particelle/ml (0.3 

fibre/ml). Peto et al. 1985
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Implications on time to event

• Why time to event (failure time, in survival analysis jargon) is important?

• Prediction of MM incidence at some time t after a specific, additional

exposure predicts the additional risk of developing MM at t for an 

individual who survived disease-free up to time t-τ , provided that this

individual will not fail due to a competitive cause of death (which can be 

ignored if τ -> 0)ignored if τ -> 0)

• But if an individual is diagnosed with MM at t, what meaning may

assume the knowledge that a specific exposure increased MM risk by a 

certain amount over that already entailed by other exposures?

• We may conclude that, in the absence of the causal contribution by the 

exposure of interest, the MM case would not have occurred at time t, 

even if it might have occurred later. But just how long would it be 

postponed, in that case?
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Incidence and time to event

• The interchangeability of incidence and the average time to event is a 

fundamental epidemiologic concept1:

time to event =  1 / incidence rate

• Accelerated failure time models should then be applicable to the analysis 

of longitudinal studies just as proportional hazard models are, providing of longitudinal studies just as proportional hazard models are, providing 

direct estimates of how long occurrence would be postponed

• However, this simple relationship holds only:

– if events are unavoidable, which is never the case when the outcome of 

interest is cause-specific mortality, due to competitive mortality

– And if the cohort if followed to extinction, i.e. there is no administrative 

censoring

1 See, for instance, Chapter 3 in Rothman K, Greenland S, Lash T. Modern Epidemiology, Third Edition 
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An example of incorrect analysis (1)

• Ignorance of these fundamental limitations to the use of failure time as a 

measure of exposure effect may lead to misleading data analyses and 

incorrect conclusions
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An example of incorrect analysis (2)
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• The distribution of time to event among cases is limited by administrative

censoring (only a small portion of cohort members had died) and by 

censoring from competitive mortality (over 95% of decedents died from a 

competitive cause)

• The observation time experienced by individuals belonging to the same

exposure groups into which cases were divided, but who survived or died

from competitive causes, was simply ignored



An example of incorrect analysis (3)

• How can person-time among exposed cases be compared to person-time 

of unexposed cases without knowledge of the distribution of person-time 

among all exposed and unexposed individuals?

• The person-time of exposed and unexposed individuals may differ

because of reasons that are completely independent of any exposure

effect: historical reasons are an example that may well apply to this case, 
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effect: historical reasons are an example that may well apply to this case, 

as insulators stopped using asbestos in the early 1980s, while removal

workers started stripping asbestos almost at the same time

• This fact would lead insulators to show on average longer times to event

and time ratios would be lower for removal workers even if they had

lower incidence rates

• Traditional cohort analyses based on the comparison of mortality (or 

incidence) rates do not suffer from these pitfalls whereas accelerated

failure-time analyses do



From incidence to time to event

• Berry (Stat Med 2007) showed that it is possible to estimate the 
acceleration of time to the occurrence of an event from incidence rates, 
in particular for diseases whose incidence follows a Weibull distribution, 
i.e. most adult non-hormone dependent cancers

• As a Weibull process can be described by applying a proportional hazard
as well as an accelerated failure time model, a relationship can be
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as well as an accelerated failure time model, a relationship can be
established between the rate ratio, λ , in the former and the acceleration
factor, φ, in the latter:

φ=λ1/γ λ = φγ

where γ is the shape parameter of the Weibull distribution

• According to equations (1), (2) and (3) MM incidence follows a Weibull
distribution, so this relationship may be applied to estimate the average
acceleration of time to MM development following any exposure whose
effect can be primarily quantified as a relative increase in incidence



Acceleration of time of mesothelioma occurrence

• According to Berry (2007) some parameters must be estimated first:

– γ , equalling 1 + the power of latency according to which incidence increases in the 

population

– The power of latency, equalling the regression slope between the natural logarithms of 

latency and incidence (I used data from the mesothelioma registry)

– Latency, equalling age at incidence minus the average age at first exposure and the 
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– Latency, equalling age at incidence minus the average age at first exposure and the 

average duration of the pre-clinical phase (I will call it Age – lag)

– The average age at first exposure in the population (I assumed age 20)

– The duration of the pre-clinical phase of cancer (I assumed 10 years)

• After which this simple relationship can be applied:

• AcceIeration will depend on age at incidence, age at start of the exposure

of interest, and the relative increase in incidence due to the expoure of 

interest

Acceleration = (Age− lag) ⋅ (λ1/γ −1)



Acceleration of time of mesothelioma occurrence

�

 
Lambda 

1,1 1,2 1,5 2 5 10 15 
Acceleration (years) 

 

Age at 
exposure 

start 
(years): 

35 

Lag 
(years): 

45      
Age        

50 0,145 0,281 0,648 1,157 3,108 4,985 6,279 
55 0,290 0,563 1,295 2,315 6,217 9,970 12,557 
60 0,436 0,844 1,943 3,472 9,325 14,956 18,836 
65 0,581 1,126 2,590 4,630 12,433 19,941 25,114 
70 0,726 1,407 3,238 5,787 15,542 24,926 31,393 
75 0,871 1,689 3,886 6,944 18,650 29,911 37,671 
80 1,017 1,970 4,533 8,102 21,758 34,897 43,950 
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80 1,017 1,970 4,533 8,102 21,758 34,897 43,950 

        

 

Age at 
exposure 

start 
(years): 

40 

Lag 
(years): 

50      
Age        

50 
       55 0,145 0,281 0,648 1,157 3,108 4,985 6,279 

60 0,290 0,563 1,295 2,315 6,217 9,970 12,557 
65 0,436 0,844 1,943 3,472 9,325 14,956 18,836 
70 0,581 1,126 2,590 4,630 12,433 19,941 25,114 
75 0,726 1,407 3,238 5,787 15,542 24,926 31,393 
80 0,871 1,689 3,886 6,944 18,650 29,911 37,671 

�



Conclusions

1. The risk of developing MM depends on cumulative exposure to asbestos

2. Exposures that increase MM risk accelerate time to MM occurrence

3. Distiguishing between increasing incidence (more onset) and anticipating

disease occurrence (earlier onset) is futile, as they are the same

phenomenon

4. Failure to appreciate these facts is a social issue, leading to under-
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4. Failure to appreciate these facts is a social issue, leading to under-

compensation of MM cases and inability to provide fair settlement

5. It is also a potential public health issue, as a lesson that might be drawn

from the acquittal of persons who had the duty of applying safety

regulations is that these regulations can be overlooked without

consequences

6. Should this be the lesson, the enforcement of safety regulations would

be jeopardized
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