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Key Message(s) 
1. Limited fingerprint in the 

scientific literature on women 
firefighter health and safety 

2. Critical need for integrated 
health protection and health 
promotion data to support 
comprehensive cancer control 
and prevention  

3. Engage in women firefighter 
research opportunities 
 

 



Scientific Literature on Women Firefighters 

Topic 
Article 
Count 

Percentage 
of Sample 

Cancer 1 5.8% 
Behavioral/Mental Health 9 52.9% 
Discrimination/Harrassment 2 11.7% 
General Health/Well-Being 2 11.7% 
Maternal / Child Helath 1 5.8% 
Reproductive Health 1 5.8% 
Gear Performance 1 5.8% 

1.73% 

98.27% 

Percentage of Total Published Scientific Articles (N=981)  
that focus Specifically on Women Firefighters  

Women Firefighters All Firefighters

(n=17) 

(n=964) 

https://www.ncbi.nlm.nih.gov/pubmed/?term=%22women+firefighters%22 Updated: 
11/8/2019 

https://www.ncbi.nlm.nih.gov/pubmed/?term="women+firefighters"


Scientific Publications by Firefighter Type 

78.3% 

0.5% 

14.5% 

2.4% 3.0% 1.3% 

Peer-Reviewed Scientific Publications on  
All Topics by Firefighter Types (n=868) 

Firefighters General Arson Investigators Only Wildland Only

Career Only Volunteer Only Instructors/Trainers Only

84.8% 

1.5% 1.5% 

3.0% 6.1% 3.0% 

Peer-Reviewed Scientific Publications on 
Cancer Topics by Firefighter Types (n=66) 

Firefighters General Instructors/Trainers Only Volunteer Only

Career Only Wildland Only Arson Investigators Only



 
 “Cancer is the No. 1 health concern in the firefighting profession today”  

Harold A. Schaitberger, General President, International Association of Fire Fighters 



US Firefighter Cancer Studies 
• The National Institute for Occupational Safety and Health (NIOSH) 

(Daniels et al., 2014) determined that firefighter overall cancer 
mortality was 14% higher than the general population with 
significant increases in specific cancers: 
– lung (10%) 
– gastrointestinal (30-45%)  
– kidney (29%)  
– mesothelioma (100%) 
– similar increases in cancer incidence   

Daniels et al. Occup Environ Med 2014;71:388-397. 



California Cancer Study 
• NIOSH (Tsai et al., 2015) study of California firefighters with cancer 1988-2007 
• Cancer excess (all firefighters combined): 

– melanoma (80%) 
– adenocarcinoma of the esophagus (60%) 
– prostate (50%) 
– brain (50%) 
– multiple myeloma (40%) 
– acute myeloid leukemia (40%)  
– kidney (30%) 

• Cancer excess (minority firefighters only): 
– Tongue cancer, testicular cancer, bladder cancer, non-Hodgkin lymphoma, chronic 

lymphocytic leukemia, and chronic myeloid leukemia 
Tsai et al. Am J Ind Med. 2015;58:715-729 



Florida Cancer Registry Study 

Ma F, J Occup Environ Med. 2006 Sep;48(9):883-8. 



Findings:  
 

• Elevated prevalence of 
melanoma (0.7%) 
compared to the Florida 
adult melanoma 
prevalence (0.011%) 
 

• Younger age of diagnosis 
(42 years) compared to 
general US population (64 
years) 

Florida Annual Cancer Survey 
Findings 

Moore KJ, JAMA Dermatol. 2018 Feb 1;154(2):219-221. 



• Large variations in exposure 
across different types of fires 
and different groups of 
firefighters. RR’s consistently 
increased for:   
o testicular  
o prostate  
o non-Hodgkin’s lymphoma 

Occupational exposure as a firefighter is “possibly carcinogenic 
to humans” 
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Traditional / Legacy Data Collection 

• Common Approach to Firefighter Data Collection 
• Focus Groups / Key Informant Interviews 
• Survey only (self-report) 
• Claims or health insurance data 
• Fire department records review 
• Exposure Assessment Study  
• Biological Sample Donation 
• Cross-sectional designs 
• Limited repeated-measures 



Health Effects 

Exposure Cellular 
Changes Cancer 

Latency period 3 - 30+ years 



Cellular mechanisms 

• Lack of mechanistic information contributed 
to the determination by the International 
Agency for Research on Cancer (IARC) that 
firefighting was possibly carcinogenic to 
humans (2B) and not probably carcinogenic 
to humans (2A) or carcinogenic to humans (1) 

• Identification of cellular mechanisms will also 
provide targets for future intervention and 
prevention studies 



Advantages of a Prospective Study 

• Evaluate current exposures 

• Identify toxic/carcinogenic effects 
more rapidly 

• Determine the effectiveness of new 
interventions 

• Identify reversible cellular changes 

• Can be expanded to look at other 
health effects 

PFAS 
Flame retardants 
Unique exposures 

Prior to cancer 

Contamination control 
Diet and exercise 
Other 

Prior to cancer 

Reproductive health, etc. 



Fire Fighter Cancer Cohort Study (FFCCS) 
and FFCCS Expansion Study 

Goal: Establish a prospective multicenter study of 
firefighters focused on carcinogenic exposures, effects 
and cancer prevention. 

The expansion study is focused on volunteer 
firefighters, wildland-urban interface (WUI) 
firefighters, trainers, and fire cause investigators with 
oversampling of women and racial/ethnic minorities. 

Funding: Federal Emergency Management Agency 
(FEMA) Assistance to Firefighter Grants (AFG) EMW-
2015-FP-00213 & EMW-2017-FP-00860  



FFCCS and National Firefighter Registry (NFR): 
Two important and complementary efforts 

• Separate studies with different (but complementary) goals and objectives 
• FFCCS collects tailored survey information and biospecimens (blood, urine 

and cheek cells) for measuring biomarkers of exposure and effect 
• FFCCS is identifying important biomarkers of exposure and effect to build 

a validated job exposure matrix (JEM) 
• NFR will use the JEM to inform its study design and data analysis 
• NFR will measure cancer outcomes in a very large group of firefighters 
• There may be an opportunity to link the two cohorts (with consent) and 

allow a more robust analysis of occupational cancer risk 



 FFCCS Framework 

Additional Expansion Partners 
International Association of Arson Investigators 
Des Moines Arson Lund Local 
Los Angeles County Fire Department/Local 1014 
Orange County Fire Authority/Local 3631 
North American Fire Training Directors 
Texas A&M Engineering Extension Service (TEEX) 
International Association of Fire Chiefs 

Initial Partners 
University of Arizona 
University of Miami 
National Institute for Occupational Safety and Health (NIOSH) 
Fire Protection Research Foundation (FPRF) 
Dongguk University (Korea) 
Illinois Fire Services Institute (IFSI) 
National Development & Research Institutes, Inc. (NDRI) 
Boston Fire Department /Local 718 
Elephant Head Volunteer Fire Department 
Firefighter Cancer Support Network 
Helmet Peak Volunteer Fire Department  
International Association of Fire Chiefs (IAFC)/National Fire 

Protection Association (NFPA) Metro Chiefs 
International Association of Fire Fighters  
National Fallen Firefighters Foundation  
National Volunteer Fire Council  
Palm Beach County Fire Rescue 
Plantation Volunteer Fire Department 
Tucson Fire Department/Local 479 



• Lead: Casey Grant, Executive Director Fire Protection Research 
Foundation (FPRF) 

• Includes representatives for:  
• Key stakeholder organizations, such as: FCSN, IAFF, I-Women, Metro Chiefs, 

NAFTD, NFFF, NVFC, and others 
• Key focus areas, such as structural, wildland, training, investigation, ARFF, 

industrial, etc. 
• Fire dept. partners for specific funding submittals 

• Provides: 
a) Fire service oversight and stakeholder guidance for applicable study details 
b) Assist with study outreach and with stakeholder voice (external advocates) 
c) Help identify additional funding for study sustainment and expansion 

FFCCS Oversight and Planning Board (OPB) 



OPB Overview 
• Responsibilities: 

a) Fire service oversight and stakeholder guidance for applicable study details 
b) Assist with study outreach and with stakeholder voice (external advocates) 
c) Help identify additional funding for study sustainment and expansion 

• Supporting and facilitating the two-way dialogue (bridge) between 
the stakeholders and researchers, with the focus to deliver optimum 
study deliverables. 

Stakeholders Researchers 



Outreach 

Study Website: http://www.ffccs.org/ 

Project Summary 



Current OPB Activities & Direction 
Examples of Specific On-going Fundamental Issues/Questions/Issues 

 

1) Procedures for Adding New Study FD Partners 
• Review & clarify resources required by fire departments and fire fighters 

• Management needs so that researchers can handle new participants 
• Address key approach questions such as FD-centric vs. FF-centric 

 

2) Approach for Adding New Study Topics 
• Prioritization of key topic areas 

 

3) External Study Advocacy  
• Importance of supplementing National Firefighter Registry 

• Concern on alternative efforts by others, lacking credible science 
 

4) Future Funding Strategy 
• Review overall project timeline and clarifying next steps 



FFCCS Data Coordinating Center (DCC) 
Director:  

Alberto J. Caban-Martinez, DO, PhD, MPH, CPH 
Co-Director:  

Natasha Schaefer Solle, RN, PhD 
 
 
 
 

Aim: Integrate field-collected survey, biomarker, and 
exposure data; maintain regulatory paperwork; and 

analyze complex relational big cohort data. 



DCC Objectives 
1. Establish data collection protocols 
2. Collect qualitative and quantitative 

data from firefighter groups 
3. Establish and maintain all regulatory 

paperwork with universities, fire 
departments, cancer centers, and 
FEMA 

4. Onboard new research investigators 
and fire departments 

5. Maintain and analyze survey and 
integrated exposure/biomarker data 



DCC Annual Cancer Survey Measures 

Online Comprehensive Secure Questionnaire: 
• Demographic data 
• Family history  
• Medical and cancer history 
• Cancer risk behaviors 
• Cancer screening behaviors  
• Environmental exposures 
• Occupational experience 

 
 



DCC Encryption /  Data Security 
• Data security is TOP concern for 

firefighters, fire service partners and 
FFCCS stakeholders  

 

• Data collection: utilize secure, 
encrypted and HIPAA compliant tools 
(REDCap) 

 

• Certificate of Confidentiality (CoC) 
• Issued by the National Institute of Health (NIH) 

to protect identifiable research information 
from forced disclosure 

 
 



DCC Onboarding Process 
Fire Departments / Academic partners 

• Established a framework for collecting data from the original fire 
departments (i.e., Florida, Massachusetts and Arizona)  

• Created a standardized approach to assessing Fire Service readiness 
to join the FFCCS 

• Developed a pathway for new career Fire Departments to formally 
join and contribute to the FFCCS 

• Developed a scalable menu of research protocols that can be 
undertaken with new academic partners 



FFCCS Exposure Assessment Center (EAC) 

FFCCS Lead: Kenneth Fent, PhD, CIH 
Expansion Lead: Miriam Calkins, PhD, MS 

 
 
 

Aim: Develop and validate a firefighter 
carcinogen exposure data collection system 

and carcinogen job exposure matrix 



EAC Objectives 
• Perform quantitative exposure 

monitoring on a subgroup of the cohort 
(~75 firefighters) 

• Company officers at fire departments to 
help with urine and breath collection and 
shipping 

• Gather incident records from participants 
• Department and individual use of NFORS 

exposure module (or PER in Florida) 
• Develop a Job Exposure Matrix (JEM) 

based on routinely collected incident data  
• Use self-reported exposure data and 

actual measurements to develop 
exposure model and to validate the JEM 



What is the NFORS Exposure Module and PER? 
• Both the NFORS Exposure Module and PER (developed by the University of 

Miami) contain the same set of core questions 
• Type of fire, fire conditions, activity on scene, duration of response, use of PPE, 

contamination of PPE and skin, and decontamination practices 

• Provides more robust response data for estimating exposures than incident records alone 

• NFORS & PER data  Exposure Model 

• Incident records  Job Exposure Matrix (JEM) 
 Website: https://per.miami.edu  

  

https://nam01.safelinks.protection.outlook.com/?url=https://per.miami.edu&data=02|01|ACaban@med.miami.edu|e7825991aee247d4899408d738be16a9|2a144b72f23942d48c0e6f0f17c48e33|0|0|637040261398601980&sdata=%2BIf0ggz2xU1rPNvxhf8OH16EwSbDHT/IiJX24xpMDhI%3D&reserved=0


Sample analysis 

• Urine analyzed for metabolites of polycyclic aromatic hydrocarbons 
(PAHs) 

• Breath analyzed for volatile organic compounds (VOCs, e.g., benzene) 

• Blood analyzed for metabolites of brominated flame retardants (which 
have long half-lives, e.g. > 1 yr) 

• Wristbands analyzed for a variety of semi-volatile compounds 

Blood collected annually from all participants 
Urine and breath collected after emergency fires for career incumbents 

Wristbands worn for some emergency fires 



City of Miami Fire Rescue Rookie Class Wristband Results 



FFCCS Biomarker Analysis Center (BAC) 

• Lead: Jeff Burgess, MD, MS, MPH University of Arizona 
 

• Provides: 
a) Development and testing of protocols for biological sample 

collection and analysis 
b) Evaluation of intervention effectiveness 
c) Identification of biomarkers of effect (including cancer risk) 
d) Storage of samples for future analyses of contaminants and 

biomarkers of effect (including effects beyond cancer) 



FFCCS and PFAS 
• Per- and polyfluoroalkyl substances (PFAS) are 

in many Class B firefighter foams, smoke from 
fires, and turnout gear 

• Legacy PFAS exposure in the general population 
has been associated with testicular, kidney, 
prostate, and ovarian cancers and non-Hodgkin 
lymphoma, as well as reproductive and other 
toxicity 

• We previously found         PFOS and PFHxS 
levels in firefighter’s blood in Arizona 

• We are currently using the FFCCS to measure 
PFAS exposures in firefighters in other locations 

http://sanfrancisco.cbslocal.com/video/3580561
-crews-clean-up-firefighting-foam-that-spilled-
from-airport-hangar-in-santa-clara/ 



Integrate Data 
• FFCCS Goal: Recruit 10,000 

firefighters to follow for 30 
years with integrated 
biological, exposure and 
exposure data into one 
master dataset with high 
representation of women 
and racial/ethnic minority 
firefighters. 

Biomarkers 

Exposures 

Survey 

BASELINE VISIT ANNUAL FOLLOW UP 

Biomarkers 
Exposures 

Survey 

Biomarkers 
Exposures 

Survey 
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Moving Firefighter Cancer Prevention Forward 
From the FFCCS Oversight and Planning Board…  

Help us help you!!!   
 

We need your voice and processing support as we continue to pursue the funding resources 
for this 30-year effort.   

 
The FFCCS provides a unique role, needed in addition to the NFR.  

 
For presumptive cancer legislation and other critical activities, we need good science, with 

the appropriate quality and quantity of data. 
 

The resources for an effort like the FFCCS are a challenge, to maintain a sustainable effort 
with relevant interim results and critical project deliverables.  



Thank you / Questions 

Web: www.FFCCS.org | Email: acaban@med.miami.edu 
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