
ASBESTOS - RELATED LUNG 
CANCER: AN UNRECOGNIZED 

HEALTH HAZARD

L. CHRISTINE OLIVER, MD, MPH, MS

OEH SEMINAR SERIES

NOVEMBER 23, 2018



ASBESTOS-RELATED LUNG CANCER: 
AN UNRECOGNIZED HEALTH HAZARD

• CONFLICT OF INTEREST STATEMENT

• I HAVE TESTIFIED IN MEDICAL-LEGAL PROCEEDINGS 
ON BEHALF AND AT THE REQUEST OF INDIVIDUALS 
INJURED BY ASBESTOS EXPOSURE AND THEIR 
FAMILIES.



ASBESTOS AND 
LUNG CANCER: 
BACKGROUND

• DE MORBIS ARTIFICUM 
DIATRIBA 1713

• PNEUMOCONIOSES

• CANCER



ASBESTOS AND 
LUNG CANCER: 
BACKGROUND

“WE MAY BE SURE THAT 
THERE ARE MANY 
THINGS IN GENERAL USE 
THAT ARE SUPPOSED TO 
BE HARMLESS BECAUSE 
THEY INTRODUCE THEIR 
POISONS GRADUALLY 
AND WITH STEALTHY 
FOOT, UNTIL SOME 
ACCIDENT PLAINLY 
SHOWS THEIR HIDDEN 
HARMNESS.”



ASBESTOS-RELATED LUNG CANCER



ASBESTOS

• A MAGNESIUM-IRON SILICATE FIBER

• FIBER TYPES IN COMMERCIAL USE:

• AMPHIBOLES

• AMOSITE

• CROCIDOLITE

• TREMOLITE

• SERPENTINE

• CHRYSOTILE



ASBESTOS: FIBER TYPES



ASBESTOS: 
FIBER TYPES

• CROCIDOLITE



ASBESTOS: 
FIBER TYPES

• CHRYSOTILE



ASBESTOS FIBER 
TYPES: SIMILARITIES

• MINED FROM THE EARTH’S SURFACE



ASBESTOS 
FIBER TYPES: 
DIFFERENCES

• AMPHIBOLE: 
AMOSITE



ASBESTOS FIBERS: DIFFERENCES



ASBESTOS 
FIBERS: 
DIFFERENCES

• SERPENTINE: 
CHRYSOTILE



ASBESTOS 
FIBERS: 
DIFFERENCES

• TREMOLITE:

AMPHIBOLE 
CONTAMINANT OF 
CHRYSOTILE

< 1%



ASBESTOS-RELATED DISEASES

• MALIGNANT

• LUNG CANCER

• LARYNGEAL CANCER

• OVARIAN CANCER

• MALIGNANT MESOTHELIOMA

• NONMALIGNANT

• FIBROSIS: LUNG TISSUE (ASBESTOSIS)

• FIBROSIS: PLEURA (CIRCUMSCRIBED, DIFFUSE) 



ASBESTOS-RELATED LUNG CANCER: 
UNRECOGNIZED HEALTH HAZARD

• WHY?

• EARLIER ASSOCIATIONS WITH ASBESTOSIS?

• POOR STEP-SISTER TO MALIGNANT 
MESOTHELIOMA?

• CIGARETTES?



ASBESTOS AND LUNG CANCER: 
BACKGROUND
• CASE REPORTS
• 1935: GLOYNE REPORTED 2 CASES SCC IN WOMEN 

WITH ASBESTOSIS
• 1949: JAMA EDITORIAL – CANCER OF THE LUNG 

RELATED TO PULMONARY ASBESTOSIS

• EPIDEMIOLOGIC STUDIES
• 1955: DOLL REPORTED EXCESS LUNG CANCER 

MORTALITY IN ASBESTOS WORKERS WITH > 20 
YEARS WORK IN “SCHEDULED” AREAS OF AN 
ASBESTOS FACTORY.



ASBESTOSIS AND LUNG CANCER



ASBESTOS-RELATED LUNG CANCER: 
UNRECOGNIZED HEALTH HAZARD

• AM J IND MED 1996;29:183-185.



UNRECOGNIZED HEALTH HAZARD

YEAR- BRITISH
COLUMBIA

ASBESTOSIS LUNG CANCER W 
ASBESTOSIS

MESOTHELIOMA

1987 19 5 9

1988 30 1 16

1989 15 2 3

1990 34 1 9

1991 39 5 17

TOTALS 137 14 54



UNRECOGNIZED HEALTH HAZARD

• CONCLUSION: 1,207 CASES OF ASBESTOS-RELATED 
LUNG CANCER WENT MISSING.

• BARROETAVENA MC ET AL. AM J IND MED 1995

1980-1994 ASBESTOSIS LUNG 
CANCER

MESOTHELI-
OMA

BC 309 25 120

NSW 348 88 540

TOTALS 657 113 660



UNRECOGNIZED HEALTH HAZARD

• THESE WORKERS’ COMPENSATION CLAIMS DATA 
INDICATE SERIOUS UNDERESTIMATION OF THE 
EPIDEMIOLOGIC IMPACT OF ASBESTOS EXPOSURE.

• HISTORY OF SMOKING DETERS OCCUPATIONAL 
HISTORY.

• THAT ASBESTOSIS IS REQUIRED FOR ASBESTOS-
RELATED LUNG CANCER DETERS RECOGNITION AND 
COMPENSATION.



ASBESTOSIS IS NOT NECESSARY

• PUBLISHED LITERATURE INCLUDES

• ABRAHAM JL. AM J IND MED 1994

• WILKINSON P ET AL. THE LANCET  1995

• EGILMAN D, REINERT A. AM J IND MED 1996

• deKlerk NH ET AL. OCCUP ENVIRON MED 1996

• FINKELSTEIN MM. AM J IND MED 1997

• REID A ET AL. OCCUP ENVIRON MED 2005

• CULLEN MR ET AL. AM J EPIDEMIOL 2005



ASBESTOS-RELATED LUNG 
CANCER
• FROM A PUBLIC HEALTH PERSPECTIVE

• LUNG CANCER IS THE MOST COMMON CANCER IN 
CANADA (OTHER THAN NMSC).

• LUNG CANCER IS THE MOST COMMON OCCUPATIONAL 
MALIGNANCY.

• ASBESTOS IS THE MOST COMMON CAUSE OF 
OCCUPATIONAL LUNG CANCER.

• LUNG CANCER IS THE MOST COMMON ASBESTOS-
RELATED MALIGNANCY.

• TAKALA J. ELIMINATING OCCUPATIONAL CANCER. EDITORIAL. INDUSTR HEALTH, 2015.



LUNG CANCER

• ESTIMATED INCIDENCE 2017:*

• 76.5/100,000 MALES

• 65.3/100,000 FEMALES

• ESTIMATED DEATHS 2017:*

• 59.4/100,000 MALES

• 45.3/100,000 FEMALES
*AGE-STANDARDIZED

CANADIAN CANCER SOCIETY. 2017.



LUNG CANCER: RISK FACTORS

• SMOKING TOBACCO (>85%)

• AGE

• SECOND-HAND SMOKE

• OCCUPATIONAL RISK FACTORS 

• RADON

• PERSONAL OR FAMILY HISTORY

• COPD

• INDOOR AIR POLLUTION



LUNG CANCER: OCCUPATIONAL 
RISK FACTORS
• OCCUPATIONAL EXPOSURES AND GLOBAL CANCER:

• 5.3 TO 8.4% OF ALL CANCERS

• 17-29% OF ALL LUNG CANCER DEATHS AMONG 
MALES

FURUYA S ET AL. INT J ENVIRON RESEARCH PUBL HLTH 2018 
DOI:10.3390/IJERPH15051000.



ASBESTOS AND LUNG CANCER

• ASBESTOS ACCOUNTS FOR

• 55-85% OF ALL OCCUPATIONAL LUNG CANCER 
DEATHS.

FURUYA S ET AL. INT J ENVIRON RESEARCH PUBL HLTH 2018 
DOI:10.3390/IJERPH15051000.



OCCUPATIONAL CANCER IN 
ONTARIO
• 2017

OCRC



ASBESTOS-RELATED LUNG 
CANCER

• ONTARIO BURDEN:

DISTRIBUTION OF RISK

BY OCCUPATION           



LUNG CANCER: CELL TYPES

• 80% NON-SMALL CELL TYPE (NSCLC)*

• ADENOCARCINOMA, SQUAMOUS CELL 
CARCINOMA, LARGE CELL CARCINOMA

• IN CANADA, U.S., CHINA, JAPAN: PREVALENCE OF

ADENOCARCINOMA > SCC, SCLC

• 20% SMALL-CELL TYPE (SCLC)
*SPENCER’S PATHOLOGY OF THE LUNG. 2016.



ASBESTOS AND LUNG CANCER

ASBESTOS HAS BEEN ASSOCIATED CAUSALLY     
WITH ALL CELL TYPES OF LUNG CANCER.



ASBESTOS-RELATED LUNG 
CANCER
• RISK FACTORS

• ASBESTOS DOSE

• LATENCY

• CIGARETTE SMOKING

• OTHER

• AGE

• COPD

• FAMILY AND PERSONAL HISTORY



ASBESTOS-RELATED LUNG 
CANCER: RISK FACTORS
• ASBESTOS DOSE

• INTENSITY OF EXPOSURE

• DURATION

• FREQUENCY

• ALL ASBESTOS-RELATED DISEASE IS DOSE-RELATED.



ASBESTOS-RELATED LUNG 
CANCER
• HOW DO WE ESTIMATE ASBESTOS DOSE?

• TAKE A DETAILED OCCUPATIONAL HISTORY.

• TAKE A DETAILED EXPOSURE HISTORY.

• USE AIR-SAMPLING DATA WHERE AVAILABLE.

• LOOK AT ASBESTOS FIBER BURDEN IN THE LUNG?



ASBESTOS-
RELATED LUNG 
CANCER: DOSE
IS THERE A DOSE BELOW WHICH 
THERE IS NO RISK FOR ASBESTOS-
RELATED LUNG CANCER?



ASBESTOS-RELATED LUNG 
CANCER:

HELSINKI CONFERENCE

SCAND J

WORK & ENVIRON HLTH

1997, 2015



ASBESTOS-RELATED LUNG 
CANCER: DOSE
• HELSINKI CRITERIA

• 2-FOLD INCREASE IN LUNG CANCER RISK

• CUMULATIVE ASBESTOS DOSE 25 F-YRS/CC 

• AND/OR

• 2 MILLION AMPHIBOLE FIBERS > 5 µM/GM DRY LUNG

• = 5K-15K AB/GM DRY LUNG



ASBESTOS-RELATED LUNG 
CANCER
• THE USE OF EITHER CRITERION IMPLIES A 

THRESHOLD –

• A DOSE BELOW WHICH THERE IS NO RISK OF 
DISEASE.



ASBESTOS-
RELATED LUNG 
CANCER: DOSE
DETERMINED BY FIBER BURDEN



ASBESTOS-
RELATED LUNG 
CANCER: DOSE

• DETERMINED 
BY FIBER 
BURDEN IN 
THE LUNG



ASBESTOS-RELATED LUNG 
CANCER: DOSE
• COUNTRIES WITH RECOGNITION OF ARLC BASED 25 F-

YRS/CC OR HELSINKI CRITERIA:*
• GERMANY
• AUSTRIA
• BELGIUM
• DENMARK
• SWITZERLAND
• FINLAND
• NORWAY
*UGUEN, M ET AL. MOLECULAR & CLINICAL ONCOLOGY 2017 DOI: 
10.3892/MCO.2017.1277  



ASBESTOS-RELATED LUNG 
CANCER
• DOSE-RESPONSE HAS BEEN EXAMINED USING AIR 

SAMPLING DATA TO MEASURE DOSE.

• EPIDEMIOLOGIC STUDIES SHOW A DOSE-RESPONSE 
RELATIONSHIP THAT IS

• LINEAR WITHOUT EVIDENCE OF A THRESHOLD.



ASBESTOS-RELATED LUNG CANCER: 
DOSE-RESPONSE RELATIONSHIP
• STAYNER 1997



ASBESTOS-RELATED LUNG CANCER: 
DOSE-RESPONSE RELATIONSHIP

• GUSTAVSSON P.

AM J EPIDEMIOL

2002

• POPULATION-BASED

CASE-CONTROL

STUDY



ASBESTOS-RELATED LUNG CANCER: 
DOSE-RESPONSE RELATIONSHIP

• HEIN M ET AL. 
OCCUP ENVIRON 
MED 2007

• SOUTH CAROLINA 
TEXTILE WORKERS



ASBESTOS-RELATED LUNG CANCER: 
DOSE-RESPONSE RELATIONSHIP

• WHY DOES THIS MATTER?



ASBESTOS-RELATED LUNG CANCER: 
DOSE-RESPONSE RELATIONSHIP

• LINEARITY IS INCONSISTENT WITH A THRESHOLD.

• LINEAR DOSE-RESPONSE INDICATES NO “SAFE” 
LEVEL OF EXPOSURE FOR LUNG CANCER.

• DOSE-RESPONSE RELATIONSHIPS PROVIDE BASIS 
FOR SOUND PUBLIC HEALTH AND GOVERNMENT 
POLICY DECISIONS.



ASBESTOS-RELATED LUNG 
CANCER: DOSE RESPONSE

• PUBLIC HEALTH AND GOVERNMENT POLICY 
DECISIONS IMPACT:

• OCCUPATIONAL EXPOSURES

• ENVIRONMENTAL EXPOSURES

LEGACY ASBESTOS



ASBESTOS-RELATED LUNG CANCER: 
ENVIRONMENTAL EXPOSURES



ASBESTOS AND LUNG CANCER: 
ENVIRONMENTAL EXPOSURES



ASBESTOS AND LUNG CANCER: 
ENVIRONMENTAL EXPOSURES



ASBESTOS AND LUNG CANCER: ENVIRONMENTAL 
EXPOSURES



ASBESTOS AND LUNG CANCER: 
ENVIRONMENTAL EXPOSURES
• CORRECTION: UNITS OF MEASUREMENT USED IN 

LABORATORY ANALYSES OF WIPE SAMPLES TAKEN 
IN ELEMENTARY SCHOOLS IN PHILADELPHIA.

• RESULTS SHOWN ON THE PRECEDING SLIDE ARE IN 
STRUCTURES/CM2, AS INDICATED TO THE LEFT, 
NOT MILLION FIBRES AS INDICATED TO THE RIGHT.  
THE NUMBERS THEMSELVES ARE CORRECT AND 
INDICATE EXCESSIVE ASBESTOS CONCENTRATIONS 
ATTRIBUTABLE TO LEGACY ASBESTOS.



ASBESTOS AND 
LUNG CANCER: 
ONE MORE 
THING
SYNERGY



ASBESTOS, CIGARETTE SMOKE, 
AND LUNG CANCER
• HAMMOND, SELIKOFF, AND SEIDMAN. NYAS 1979

• 17,800 NORTH AMERICAN ASBESTOS INSULATION 
WORKERS

• 468,688 PARTICIPANTS IN THE CANCER 
PREVENTION STUDY (CSP) SERVED AS CONTROLS.

• SMOKING HABITS AVAILABLE FOR 12,051 
INSULATION WORKERS.

• SUBJECTS AND CONTROLS WERE STRATIFIED BASED 
ON ASBESTOS EXPOSURE AND SMOKING AND 
LUNG CANCER DEATH ANALYZED.



ASBESTOS, CIGARETTE SMOKE, 
AND LUNG CANCER
• NORTH AMERICAN ASBESTOS INSULATION 

WORKERS

• MULTIPLICATIVE SYNERGISM

• HAMMOND, SELIKOFF, SEIDMAN. NYAS 1979.

MORTALITY RATIOS LUNG CA

EXPOSURE ASBES +/ CIG - CIG +/ASBES - BOTH

1PPD    >1PPD

5.17 (N=4) 10.85 53.2        87.4



ASBESTOS, CIGARETTE SMOKE, 
AND LUNG CANCER
• SARACCI R. INT J CANCER 1977

• MULTIPLICATIVE SYNERGISTIC RELATIONSHIP BASED 
ON DATA FROM MINERS/MILLERS, INSULATION 
WORKERS, AND FACTORY WORKERS.

• LEE PN. OCCUP ENVIRON MED 2001

• META-ANALYSIS OF 15 STUDIES REVEALED NO 
DEPARTURE FROM MULTIPLICATIVE SYNERGISM.



ASBESTOS, CIGARETTE SMOKE, 
AND LUNG CANCER
• OTHER ANALYTICAL STUDIES:

• GUSTAVSSON P ET AL. AM J EPIDEMIOL 2002

• POPULATION-BASE CASE-CONTROL STUDY OF 1,038 
INCIDENT LUNG CANCER CASES AND 2,359 
REFERENTS IN SWEDEN. THE JOINT EFFECT: 1.15 
(95% CI 0.77, 1.72) TIMES THE SUM OF THE TWO 
AND 0.31 (95% CI 0.11, 0.86) TIMES THE PRODUCT, 
INDICATING A JOINT EFFECT BETWEEN ADDITIVE 
AND MULTIPLICATIVE (ADDITIVE SYNERGISM).



ASBESTOS, CIGARETTE SMOKE, 
AND LUNG CANCER
• MARKOWITZ SB ET AL. AM J RESPIR CRIT CARE MED 

2013

• LUNG CANCER MORTALITY STUDY OF 2,377 NA 
INSULATORS WITH > 30 YEARS SINCE ONSET OF 
WORK AS INSULATOR WHO UNDERWENT A 
CLINICAL EXAM BETWEEN 1981 AND 1983.



ASBESTOS, CIGARETTE SMOKE, 
AND LUNG CANCER
• MARKOWITZ SB. AM J RESPIR CRIT CARE MED 2013

• INTERACTION DEPENDS: ADDITIVE TO ADDITIVE SYNERGISM.

LUNG CANCER MOR-
TALITY

RATE RATIOS

CPSII ASBESTO
SIS -

ASBESTO
SIS +

ALL

NS 1.0 3.6 
(1.7,7.6)

7.4 (4.0, 
13.7)

5.2 (3.2, 
8.5)

CS 10.3 
(8.8, 
12.2)

14.4 
(10.7, 
19.4)

36.8 
(30.1, 
45.0)

28.4 
(23.4, 
34.4)



ASBESTOS, CIGARETTE SMOKE, 
AND LUNG CANCER
• NGAMWONG Y ET AL. PLOS ONE AUGUST 14, 2015

• META-ANALYSIS OF 10 CASE-CONTROL AND 7 
COHORT STUDIES COMPARING LUNG CANCER 
PATIENTS (A-, S-) WITH (A+, S-), (A-, S+), AND (A+, 
S+) PATIENTS. 

• FINDINGS INDICATED ADDITIVE SYNERGISM 
BETWEEN ASBESTOS AND CIGARETTE SMOKE FOR 
LUNG CA – IN BOTH CASE-CONTROL AND COHORT 
STUDIES.



ASBESTOS AND LUNG CANCER

PUBLIC HEALTH IMPLICATIONS

ASBESTOSIS: NO CURE

MALIGNANT MESOTHELIOMA: NO CURE

LUNG CANCER: THERE’S HOPE FOR SOME

PREVENTION IS THE ONLY WAY ANSWER



ASBESTOS-RELATED LUNG 
CANCER

PREVENTION IS THE ONLY WAY FORWARD.



ASBESTOS-
RELATED 
LUNG 
CANCER
CANADA BANS ASBESTOS.  ALMOST.



ASBESTOS-RELATED LUNG 
CANCER

CANADIAN BAN



ASBESTOS-RELATED LUNG 
CANCER
• CANADIAN BAN ON ASBESTOS DECEMBER, 30, 

2018:

• IMPORT, SALE, AND USE OF PROCESSED ASBESTOS 
FIBRES AND MANUFACTURE, SALE, AND USE OF 
PRODUCTS CONTAINING PROCESSED ASBESTOS 
FIBRES

• EXCEPT

• LABORATORY USE

• USE BY CHLOR-ALKALI FACILITIES

• RE-USE IN ROAD INFRASTRUCTURE



ASBESTOS AND LUNG CANCER

• FOR THOSE AT INCREASED RISK FOR LUNG CANCER:



NATIONAL LUNG SCREENING 
TRIAL
• MEDICAL SCREENING FOR LUNG CANCER: 

NATIONAL LUNG SCREENING TRIAL (NLST)

• NATIONAL RANDOMIZED CONTROLLED TRIAL 
CONDUCTED BY THE NIH;

• 53,454 CURRENT/FORMER SMOKERS AGE 55-74; 

• RANDOMLY ASSIGNED TO LDCT OR CXR SCREENING 
Q YR FOR 3 YRS; 

• FOLLOWED FOR 5 YRS BEYOND FINAL SCREEN.



NATIONAL LUNG SCREENING 
TRIAL
• PRINCIPAL CRITERIA FOR ENROLLMENT

• AGE: 55 TO 74 YEARS

• SMOKING HISTORY:

• > 30 PACK-YEARS

• ABSTINENCE < 15 YEARS



NATIONAL LUNG SCREENING 
TRIAL
• NLST

• > 20% REDUCTION IN LUNG CANCER 
MORTALITY

LDCT VS. CHEST X-RAY SCREENING.

• > 6% REDUCTION IN DEATH FROM ALL CAUSES

RISK BASED ON SMOKING AND AGE



CURRENT U.S. LUNG CANCER 
SCREENING  GUIDELINES
• AMERICAN LUNG ASSOCIATION

• AMERICAN CANCER SOCIETY

• AMERICAN ASSOCIATION FOR THORACIC SURGERY

• NATIONAL COMPREHENSIVE CANCER NETWORK

• US PREVENTIVE SERVICES TASK FORCE

• MEDICARE

TANOUE LT, ET AL. CONCISE CLINICAL REVIEW. LUNG CANCER SCREENING. AM J 
RESPIR CRIT CARE MED 2015;191:19-33.



U.S. LUNG CANCER SCREENING 
GUIDELINES
• ALA, ACS:

• ADOPTED NLST GUIDELINES.

• AATS, TIER 2:

• AGE > 50 -79 YRS, > 20 PK YRS, > ONE ADDITIONAL 
RISK FACTOR

• NCCN, TIER 2:

• AGE > 50-74 YRS, > 20 PK YRS, > ONE ADDITIONAL 
RISK FACTOR (OCCUPATIONAL EXPOSURE).

• AATS, NCCN:  NO ABSTINENCE CRITERION 



ASBESTOS-RELATED LUNG CANCER: 
UNRECOGNIZED HEALTH HAZARD

• AT ISSUE, BASED ON RECOGNITION OF ASBESTOS-
RELATED LUNG CANCER:

• PUBLIC HEALTH AND GOVERNMENT POLICY

PREVENTION AND EDUCATION

• WORKERS’ COMPENSATION FOR INJURED 
WORKERS

• DECISIONS REGARDING LDCT SCREENING OF 
EXPOSED WORKERS FOR LUNG CANCER



IN THE IDEAL WORLD


