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Dr. Stella Koutros:

So today, as the others said, 'm going
to be talking about occupational -
exposures in bladder cancer. Like Dr. O Smoking

Patel, I should say, and | think we 0 Occupational exposures
always say that the number one risk e g
factor and the number one way you
can prevent bladder cancer is to quit
smoking. Smoking is really the most
important risk factor for bladder

cancer, but we've also recognized that St

occupational exposures are really important as well and can account for up to a quarter of
bladder cancer cases. So I'll be focusing in on those in my next few slides.
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Dr. Stella Koutros:

Il talk a little bit quickly and briefly
about some of the terms we use when
we think about occupational studies
and the different types of studies. And
then I'll dive into what key things we
know already about occupational risk
factors in bladder cancer, and then just
a few words at the end about Y
prevention.
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1

Exposure Assessment

® <

Types of Occupational Studies

What do we know about occupational bladder cancer?

Occupational cancer prevention




Dr. Stella Koutros:

So, one of the primary considerations
when reading an occupational study or
a study about an exposure is the

Exposure Assessment
|

assessment of that exposure. So we call - To obtain accurate, precise, and
that exposure assessment, and that is biologically relevant exposure
really just a fancy word for how you estimates in the most efficient and

obtain accurate and precise estimates cost-effective way

in the most efficient and cost-effective
way. So if a study's trying to look at a
relationship between an exposure in
bladder cancer, we really want to understand what they're doing to kind of characterize that
for a person and how they characterize it over that person'’s life.

Dr. Stella Koutros:

This has really important implications
for the quality of the study. So today 'l
talk about some of the exposures that
have some of the most evidence for
bladder cancer, but also if there's one

Exposure Assessment and Occupational Studies
[

o Type of Exposure Assessment/Study

o Occupation or Industry only

o Occupation/Industry and duration employed

thing | can leave you with is thinking o Ever/never for specific exposures

about if you end up reading a study on o Qualitative estimates

your own, what you might consider o Quantitative estimates EE
about the exposure assessment will ] :‘? g

really help you understand what is
really key about understanding the quality of that study.

So sometimes in occupational studies, we study sort of occupational groups like truck drivers,
and that's what we sort of call occupation or industry only. We sort of look at just a group of
people who are working in a certain type of job. It's even better if we have some more
information, like how long a person did that, like how many years they did that, but it's even
better when we have really more detailed information about specific exposures.

Like if you're a truck driver, were you exposed to engine exhaust, and if you were exposed to
engine exhaust, even better if we can sort of quantify that in a more quantitative way. So the
more we can do that, the sort of better the quality of the study tends to be and sort of the
better the inferences we can make about the risks for bladder cancer.



Dr. Stella Koutros:

So, one source of compiled information
about cancer comes from the
International Agency for Research on
Cancer. This table's a lot, but it's a little
bit of a summary about many of the
occupations and workplace exposures
that have been classified as bladder
carcinogens because there's been
decades of research in showing certain
positive links and the things that are in

Occupational
carcinogenic
agents
identified by
International
Agency

for Research

on Cancer

Occupational Group

Leather workers
Truck Drivers
Hairdressers

Metal workers

Dry cleaning

Textile manufacturing
Printing
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Fibers, dyes

Diesel engine exhau:
Hair dyes (+Aminobi
Metal-working fluids, PAHs

Chlorinated Solvents (Tetrachloroethylene)

Printing dyes

Paraphen lenediamine)

Heterogeneous exposures

the light blue are those with, which they have considered have sufficient evidence in humans.
And the little PDF link at the bottom is a link to a table where you can look at sort of what's
known about bladder cancer. I've just put some of the occupational things here, but they

include other things as well.

Dr. Stella Koutros:

One kind of key or commonality
between a lot of the chemicals that
were in that table are these group of
chemicals that have a similar chemical
structure. They're called aromatic
amines. And we know that these
particular chemicals are specifically
damaging to the bladder and have
largely been identified in studies of
workers who ended up developing very
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high rates of bladder cancer in sort of different occupational settings.

My group also has conducted some really large scale genetic studies where we've also
shown that important sort of inherited genetic variation and certain key genes that are
responsible for sort of metabolizing these chemicals and getting rid of them from the body
are important modifiers of risk. And many of the people affected by these exposures are
typically in industrial and manufacturing settings, which have become a little bit less
common over the last several decades. So next, I'll just talk about a few other exposures that
are more commonly reported among contemporary occupations.




Dr. Stella Koutros:

So metal-working occupations have
been associated with increased
bladder cancer in over 20 studies. So
some specific jobs that have these
exposures are precision metal workers
or metal-working or plastic-working
machine operators. And people who do
these jobs are using what are called
metal-working fluids. So they're used in
metal machining to lubricate cool and

Metal-working fluids (MWFs)
and bladder cancer risk

ORIGINAL ARTICLE
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remove debris from metal parts that are being drilled, ground or milled or some kind of type
of machining work. So these metal-working fluids contain some certain chemicals that are
suspected, some known and some suspected to be carcinogenic.

Dr. Stella Koutros:

Another sort of exposure that's been
linked to bladder cancer is exposure to
diesel exhaust because of several
studies of specific occupational groups
who have high levels of exposure that
have had increased bladder cancer
risk, in particular truck drivers and bus
drivers, but not a lot of studies really
could go beyond that and get to those
more quantitative estimates of
exposure.

Diesel exhaust and bladder cancer

|
o Studies of occupation:

o Truck drivers, bus drivers, heavy equipment operators, railroad
workers, shipyard workers, mechanics

o Meta-analyses
o RR among truck drivers: 1.17 (1.06 —1.29)
o RR among bus drivers: 1.33 (1.22-1.45)
o Lack of quantitative estimates, limited mechanistic studies

o IARC- Group 1, sufficient evidence for lung cancer, BUT
“limited evidence for bladder carcinogenicity”

And initially, when IARC reviewed some of the literature, they said, "Well, we're not really sure
there's not really enough good data about this for bladder cancer yet.



Dr. Stella Koutros:

One thing that | have been involved in is
a combination of two case control
studies that were conducted around
the same time period, and they were
similar in size.

One was in Spain, and another one is
here in New England, which is the study
that Dr. Patel had mentioned. Both of

Comparison of two case-control studies

Spanish Bladder
Cancer Study

New England Bladder
Cancer Study

Time: 1998-2001
Size: 1219 cases
1271 controls
Place: 18 hospitals in 5 areas of
Spain
Interview: Lifetime occupational

histories
Exposure-oriented job
modules

2001-2004

1213 cases
1418 controls

Maine, New Hampshire,
Vermont

Lifetime occupational
histories
Exposure-oriented job
modules

these studies had identical
questionnaires. We collected really

detailed information about a person’s lifetime occupational history, as well as these job
modules to get really detailed information on different exposures.

And we pulled the data from these two studies.

Dr. Stella Koutros:

And in 2020, we published results that
found that workers had elevated levels
of diesel exhaust exposure had a higher
risk for bladder cancer compared to
people who were not exposed.

And so this was, | think, a study where
we were able to provide some of that
quantitative exposure data, which was
sort of an element that had been
missing on this topic before.

Dr. Stella Koutros:

Another set of exposures of interest that
we've been sort of studying lately are
organic solvents. So many of the
occupational groups that have been
noted to have higher bladder cancer
rates happen to also have exposure to
solvents, including people in dry
cleaning and rubber textile
manufacturing, painting.

And there's sort of a diverse sort of set

Diesel exhaust and bladder cancer risk
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Organic Solvents: Background
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Several high-risk occupations with likely solvent exposure linked to bladder cancer
Dry-cleaning
Rubber, Textile Manufacturing
Painting /
Uses include: L/
Production of industrial chemicals d /
Degreasing and cleaning o
Present in gasoline 2%
Glues/adhesives, paints, lacquers, etc. {]
Perchloroethylene (dry-cleaning) probable evidence for bladder carcinogenicity

Cancer risk is unclear for other commonly used solvents

b %

of tasks and chemicals that would sort of include the use of solvents, including degreasing



and cleaning. It's also present in gasoline and a lot of paints and glues. So there are a lot of
different sort of sources for potential exposure to solvents.

Dr. Stella Koutros:

So a few years ago, there was this really
large study from the Nordic countries
that showed that there was some
suggestion of an association between
certain organic solvents and bladder
cancer risk. And two of the solvents in
this group seemed to be associated
with a risk at the highest levels of
exposure.

And another one of these chemicals,

Nordic Occupational Cancer
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one at the bottom there, trichlorethylene is something that's used very similar to a chemical
that's used in, it's a dry cleaning solvent, which has been also linked to bladder cancer before.
So there was some initial sort of signal here there might be something going on for bladder

cancer.

Dr. Stella Koutros:

And a little after this study, there was a
large prospective case cohort study of
Norwegian offshore petroleum workers,
which showed an increasing exposure
to benzene after adjusting for smoking
and other factors and an increased risk
of bladder cancer, sort of building on
this literature for linking solvents in
bladder cancer.

Dr. Stella Koutros:

So to follow up on these findings, my
colleagues and | at the NCI looked at
the relationship between solvents and
in the general population of people
who developed bladder cancer in the
New England region where our study
was conducted.

Norwegian Offshore Petroleum Workers

Benzene
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Dr. Stella Koutros:

And we were able to use these lifetime
job histories and specific details again
about the tasks and chemicals that
people used on the job and found that
there was also, we did find these
increasing risks with exposure to sort of
benzene, toluene and xylene. And then
the three is a group, which is called BTX
because they kind of often co-occur.
And an important additional element of

Ever exposure

Benzene
Toluene
Xylene
Styrene

BTX

bladder cancer.

Solvents

Mononuclear aromatic hydrocarbons

“Adusled for age. race, smoking status, state, race, sthnicity (Hispanic) and non-solvent exposed high-isk occupations for

Odds Ratio, 95% CI
1.84 (1.16, 2.91)
1.63 (1.14, 2.32)
1.60 (1.06, 2.43)
1.67 (1.13, 2.48)
0.94 (0.57, 1.55)
1.63 (1.20, 2.21)

(e, Friesen,_ Siverman, Keutras; 2024)

this is that we've also been able to really carefully adjust for smoking and also other types of
occupational exposures because there are many that have been linked to bladder cancer as

well.

Dr. Stella Koutros:

This chart just shows some of the jobs
that were reported to have the highest
levels of exposure to BTX. And you can
sort of see here, they're color coded.
Several types of machine operators in
different industries can be exposed in
shoes and textiles, but also auto
mechanics and workers involved in
autobody repair.

This group was particularly interesting

Top five jobs with the highest exposure to
benzene, toluene and xylene

Benzene

Toluene

Xylene

Shoe machine operators and
tenders

Miscellaneous textile machine
operators and tenders

Automobile mechanics

Assemblers

Cementing and gluing machine
operators and tenders

Shoe machine operators and
tenders

Miscellaneous textile machine
operators and tenders

Carpet and soft tile installers
Automotive body and related
repairers

Cementing and gluing machine
operators and tenders

Automotive body and related
repairers

Shoe machine operators and
tenders

Miscellaneous textile machine
operators and tenders

Assemblers

Miscellaneous machine operatars.
and tenders, NEC

because they ended up reporting a lot of gasoline use as a solvent. It turns out it's fairly
common for people to use gasoline as sort of a cheap solvent for degreasing and cleaning

parts.

Dr. Stella Koutros:

And shortly after our study, IARC
summarized sort of the overall cancer
literature on gasoline and found that
there was enough sufficient evidence in
the literature in human studies that
exposure to gasoline was shown to
increased the risk for bladder cancer.
And this is the summary of those
findings which are online.

Who Is exposed

Gasoline: Sufficient evidence in humans

IARC Monographs Vol. 138
Oxyge &




And it includes several... This would impact and sort of cover several working populations,
including service station attendance, mechanics and workers in sort of production and
transportation of gasoline. So potentially a lot of occupational groups exposed.

Dr. Stella Koutros:

So as | mentioned earlier, there's
evidence that some occupational
groups have these higher rates of
bladder cancer and recently evidence
had also been synthesized about
firefighters and the increased risk for
bladder cancer observed in this
population.

Carcinogenicity of occupational exposure as a firefighter

And sometimes we can observe these
higher rates in working populations, but
we sort of have to do more work to understand what are the underlying specific exposures
causing these elevations and risk. And so firefighters are exposed to a really wide range of
things, including combustion products, diesel exhaust, asbestos, other building materials, and
several other really heterogeneous exposures.

Dr. Stella Koutros:

Another group of interest are those who

serve in the military. Like firefighters, this Carinuganain Milary

group is exposed toa reqlly wide range « Known or suspected carcinogenic exposures
. X oAsbestos
of suspected carcinogens depending oPFAS & other persistent pollutants

oFuel emissions (Diesel engine exhaust, jet propellant)

on the timing and location of military GOpen bor pits
service and occupation. So there's still a oResliciaos

. oRadiation
lot more work needing to sort of help us oSolvents

. o Shift work
understand what the direct oLead & other metals
connections are between exposures
(D) namiona cancer iNsTiTuTE 2

and military service and potential risks
for bladder cancer.




Dr. Stella Koutros:

Ultimately, the studies we sort of really

quickly covered today are important for Occupational Cancer Prevention

identifying sort of occupational o Identification of occupational carcinogens necessary for action
carcinogens in the workplace so that o Setting of permissible exposure limits (PELs)
we can take some action to minimize o May lead to changes in industrial processes that reduce exposure

these exposures and decrease any to other chemicals

exposures when we can. For example,
over time, diesel technology has o Improved ventilation
changed really significantly to - Screening exposed workers
drastically reduce emissions compared
to engines decades ago.

o Use of personal protective equipment

And our education about the risks from workplace exposures and how we can protect
ourselves is also really an important strategy for reducing the burden of these exposures. In
the future, we may even be able to develop some strategies for screening high risk
populations for early detection as those kind of methods improve in the clinic and to try to
prevent the development of bladder cancer altogether.
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