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ALWAYS Ready!

Assess the as-is 
environmental state at 
the three active Missile 

Wings.

Identify the risk of 
exposure to our Airman 
and develop institutional 
processes to document 

and communicate 
potential risks for Airman 

and their families.

Understand the scope of 
potential exposures, 1976 
through current day, and 
document exposures for 

DoW, separated and 
retired members, 

families, and VA partners.

DOEHRS/ILER 

Missile Community Cancer Study Objectives 

Epidemiology Review Environmental Sampling
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External Partners
 Environmental Protection Agency – Sampling/Hazard Cleaning/Remediation/Mitigation
 Environmental Sampling – AF Institute of Technology; Wright State University; Rutgers University
 Epidemiology Study – Experts from National Institute of Occupational Safety and Health, University of 

Cincinnati, Wright State University, and University of Nebraska Medical Center

Dr. Timothy Crawford (Wright State University, Boonshoft School of Medicine)

 Hazard Documentation – ILER Working Group; DOEHRS
 Burn Classified Materials Study – 711th Human Effectiveness Directorate; University of Dayton, Ohio

The appearance of hyperlinks on the AF.mil website and any official United States Air Force social media pages does not constitute endorsement by the Defense Media Activity – Fort Meade, MD, the United States Air Force, or the Department of Defense, of the external Web site, or the 
information, products or services contained therein. For other than authorized activities such as military exchanges and Morale, Welfare and Recreation (MWR) sites, the United States Air Force does not exercise any editorial control over the information you may find at these locations or the 
privacy and user policies of these locations. Such links are provided consistent with the stated purpose of the Web site. References to non-federal entities do not constitute or imply Department of Defense or Air Force endorsement of any company or organization.
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MCCS Timeline/Recap
December 2022 – Space Force Guardian and Former Missileer started an important dialogue: Do Missileers have an 
increased cancer risk?
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Occupational Environment
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Ongoing Efforts
 PCB response protocols standardization complete

 Maintenance Technical Orders (TOs)
 Civil Engineer Manuals
 Signage 

 Missile Alert Facility (MAF) improve 
environmental system inspection processes   

 Deep Cleaning contract in progress

 PCB Cleaning contract awarded

 Launch Facility (LF) PCB sampling integrated 
into inspection processes
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Occupational Health Assessment

Anticipate/Identify 
OEH Hazards

Assess OEH 
Risks

Evaluate/Make 
OEH Risk 
Control 

Decisions

Implement OEH 
Risk Controls

Supervise and 
Evaluate + Confirm 
Controls in Place

Constant 
Communication

Continuous 
Assessment

Bioenvironmental Engineering

Public Health/Flight and Operational Medicine 
Clinic/Base Operational Medicine Clinic

Workplace supervisors/members

DAFI48-145, Figure 1.2

Workplace Supervisors/members, 
Process Change, etc. 

Exposure Monitoring

- Recommend exposure control options 
(interim/long-term)

- Coordinate with stakeholders

- Leadership risk decision

- Process Change, Ventilation
Design, Certified PPE List, etc.

- Coordinate with stakeholders

- Communicate Risk

- Workplace Supervisors, Workplace Visits, Safety 
Inspections

- Medical Surveillance, Work Related Illness/Injury, 
Trend Analysis, Follow-up
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Service Members / Personal Access to ILER
 Personal Accounts are limited to 

only viewing the Individual 
Exposure Summary

 Ability to update will be limited to:
 Garrison Locations
 Deployment Locations
 Registries not included in ILER
 Environmental Exposures

 CAC Link: https://iler.csd.disa.mil/

 Dec 2026 Login.gov for Veterans
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Service Member / Personal Access to ILER
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Burning Classified Materials
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Burn Study: Overview

Study design to support assessment of Missileer health risks from past LCC burning practices
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ALWAYS Ready!

Burn Study: Emissions and Exposure
 Finished chemistry analysis for samples 

collected during burn testing
 Completed physics-based modeling to predict 

exposure concentrations
 Compared both F.E. Warren/Minot and 

Malmstrom configurations
 Simulated burns at multiple locations
 Calculated exposure in multiple locations
 Malmstrom exposure 2.3-3.2 times lower, so 

used F.E. Warren/Minot data for health risk 
assessments
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Burn Study: Cancer Risk Assessment
 Cancer Health Risk Assessment
 32 out of 68 chemicals measured in the burn 

emissions can be carcinogenic if present at 
concentrations that exceed health-based 
thresholds

 Authoritative limits for only 8 of them
 Established predictive cancer limits for the 

remaining to establish conservative risk
 Compared to Missileer working timeframe
 Extended burn concentration to 24 hours
 100 burns per year for 8 years 

 Cancer risk below occupational threshold 
for elevated cancer risk (less than 1/10000)

Burn Experiment 
Condition

24-hour Time-Weighted Average
100 day/year, 8 year

Cancer Risk
Number per 10,000

Crypto + Mix 0.36
Crypto + Mix + WD40 0.14
TDI + Mix 0.16
TDI + Mix + WD40 0.05

Mix included: 
• tech wipes
• REACT paper
• office printer paper
• cotton balls
• manila envelope
• isopropyl alcohol

Cumulative Excess Cancer Risk Values
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Burn Study: Non–Cancer Risk Assessment
 Noncancer Health Risk Assessment
 Used Military Exposure Guideline Definitions
 Negligible – few if any health effects
 Marginal – many noticeable but not 

incapacitating reversable health effects
 Threshold for at each is Hazard Quotient 

(HQ) of 1
 HQ is the sum of the Hazard Index (HI) 

for each individual chemical
 Exceeded threshold for “negligible” effect
 Less than threshold for “marginal” effects
 Less than threshold for long-term irreversible 

health effects

Substance CAS Source of 
Marginal 
Effect 15-
min. TRV 

Refined HQ 
(marginal 
effect) 

Refined HQ 
(negligible 
effect) 

Formaldehyde 50-00-0 AEGL-2 0.50 1.49 
2,3-Butanedione 431-03-8 DOE PAC-2 0.00106 0.39 
Benzofuran 271-89-6 Not available -- 0.49 
Naphthalene 91-20-3 DOE PAC-2 0.00014 0.00084 
Carbon monoxide 630-08-0 AEGL-2 0.03 0.091 
2,3-Pentanedione 600-14-6 Not available -- 0.19 
Benzene 71-43-2 AEGL-2 0.0008 0.03 
Acrolein 107-02-8 NextGenMEG 0.01 0.15 
Total HI of listed substances >0.54 2.83 
Total HI of substances with TRVs for 
“marginal effects” 

0.54 2.15 

Total HI of all included substances (n = 67) -- -- 
 AEGL: Acute Exposure Guideline Level, CAS: Chemical Abstract Number, DOE: Department of 
Energy, HI: Hazard Index, HQ: Hazard Quotient, LCC: Launch Control Center, MEG: Military 
Exposure Guideline, PAC: Protective Action Criteria, TRV: Toxic Reference Value

Refined Noncancer Risk Assessment Crypto + Mix in LCC 

Health effects for chemicals detected 
primarily eye and respiratory irritation
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Epidemiology Review
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Phase 1 Results (review 
from October 2024):
 No statistically significant 

increased risk of cancer or 
death from cancer

 Based on 55,224 cancer 
cases

 Phase 2 added Virtual 
Pooled Registry (VPR) data: 
2.7 times more cancer cases 
than Phase 1

 Shifted cancer incidence 
findings

Epidemiology Review

Epidemiology Review

Ph
as

e 
1 

Ph
as

e 
2

Includes persons diagnosed with cancer in the 
military healthcare system/Tricare 

Includes persons diagnosed with cancer in the VA healthcare system

Includes persons diagnosed with cancer in the military healthcare system and 
reported to cancer registry

Includes persons diagnosed with cancer in the VA healthcare system and reported to cancer registry

Includes persons diagnosed with cancer in a state or U.S. territory with a participating cancer registry
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VPR Data Timeline

VPR Data Timeline
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Case Count

Case Count
Cancer cases (counts(column %)) among missile community and non-missile community,
1 January 1976 – 31 December 2020

Cancer Type
Missile 

Community
(N=64,735)

Non-Missile
Community

(N=1,757,033)

Total
(N=1,821,768)

All 14 types* 4,942 143,136 148,078

Breast (Female) 109 (2.21%) 7,932 (5.54%) 8,041 (5.43%)

Colon and Rectum 462 (9.35%) 13,729 (9.59%) 14,191 (9.58%)

Hodgkin Lymphoma 67 (1.36%) 1,543 (1.08%) 1,610 (1.09%)

Kidney and Renal Pelvis 320 (6.48%) 7,976 (5.57%) 8,296 (5.60%)

Leukemia 201 (4.07%) 5,457 (3.81%) 5,658 (3.82%)

Lung and Bronchus 582 (11.78%) 18,606 (13.00%) 19,188 (12.96%)

Melanoma of the Skin 546 (11.05%) 14,450 (10.10%) 14,996 (10.13%)

Non-Hodgkin Lymphoma 285 (5.77%) 7,767 (5.43%) 8,052 (5.44%)

Ovarian (Female) 12 (0.24%) 638 (0.45%) 650 (0.44%)

Pancreatic 175 (3.54%) 4,407 (3.08%) 4,582 (3.09%)

Prostate (Male) 1,626 (32.90%) 44,958 (31.41%) 46,584 (31.46%)

Testicular (Male) 111 (2.25%) 2,688 (1.88%) 2,799 (1.89%)

Thyroid 154 (3.12%) 4,543 (3.17%) 4,697 (3.17%)

Urinary Bladder 292 (5.91%) 8,442 (5.90%) 8,734 (5.90%)

*All primary study cancers counted (individual may have more than 1 primary cancer but 
not the same type).
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cancer cases

18



ALWAYS Ready!

Basics of Epi Statistics

Basics of Epi Statistics
 Internal Comparison (MC vs non-MC): Used Incidence Rate Ratios (IRR)

 Directly compared incidence rates in the MC to the non-MC
 Counted the number of cases in MC and non-MC
 Calculated the amount of person-time contributed

 External Comparison (MC vs U.S. population): Used Standardized 
Incidence Ratios (SIR)
 Cannot directly calculate incidence rates for the U.S. population; used 

Standardized Incidence Ratios
 Counted the number of cases in MC
 Used deidentified data from the National Cancer Institute’s Surveillance, 

Epidemiology, and End Results Program (SEER)
 SEER gives age, race, and sex specific rates for each year

 Example: white females aged 20-24 years in 2001
 Rate multiplied by person-time contributed by that demographic to get 

expected count for that demographic for that year
 Repeated for each demographic slice of the MC for each year; added all 

slices (90 demographic combination slices per year) together to get total 
expected # of cases

Incidence Rate Ratio (IRR) =

    =

𝐼𝐼𝑛𝑛𝑐𝑐𝑖𝑖𝑑𝑑𝑒𝑒𝑛𝑛𝑐𝑐𝑒𝑒 𝑅𝑅𝑎𝑎𝑡𝑡𝑒𝑒 𝑜𝑜𝑓𝑓 𝐶𝐶𝑎𝑎𝑛𝑛𝑐𝑐𝑒𝑒𝑟𝑟 𝑖𝑖𝑛𝑛 𝑀𝑀𝐶𝐶
𝐼𝐼𝑛𝑛𝑐𝑐𝑖𝑖𝑑𝑑𝑒𝑒𝑛𝑛𝑐𝑐𝑒𝑒 𝑅𝑅𝑎𝑎𝑡𝑡𝑒𝑒 𝑜𝑜𝑓𝑓 𝐶𝐶𝑎𝑎𝑛𝑛𝑐𝑐𝑒𝑒𝑟𝑟 𝑖𝑖𝑛𝑛 𝑛𝑛𝑜𝑜𝑛𝑛−𝑀𝑀𝐶𝐶

Standardized Incidence Ratio (SIR) = 𝑂𝑂𝑏𝑏𝑠𝑠𝑒𝑒𝑟𝑟𝑣𝑣𝑒𝑒𝑑𝑑  # 𝑜𝑜𝑓𝑓 𝑐𝑐𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠 𝑖𝑖𝑛𝑛 𝑀𝑀𝐶𝐶 
𝐸𝐸𝑥𝑥𝑝𝑝𝑒𝑒𝑐𝑐𝑡𝑡𝑒𝑒𝑑𝑑  # 𝑜𝑜𝑓𝑓  𝑐𝑐𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠 

Missile Community (MC)

Non-Missile Community (non-MC)

Person-time is a measurement that estimates the total 
time that participants are at risk of developing a disease 
or dying.

𝑁𝑁𝑢𝑢𝑚𝑚𝑏𝑏𝑒𝑒𝑟𝑟  𝑜𝑜𝑓𝑓  𝐶𝐶𝑎𝑎𝑛𝑛𝑐𝑐𝑒𝑒𝑟𝑟  𝐶𝐶𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠 𝑖𝑖𝑛𝑛  𝑀𝑀𝐶𝐶 
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌

𝑁𝑁𝑢𝑢𝑚𝑚𝑏𝑏𝑒𝑒𝑟𝑟  𝑜𝑜𝑓𝑓  𝐶𝐶𝑎𝑎𝑛𝑛𝑐𝑐𝑒𝑒𝑟𝑟  𝐶𝐶𝑎𝑎𝑠𝑠𝑒𝑒𝑠𝑠 𝑖𝑖𝑛𝑛  𝑛𝑛𝑜𝑜𝑛𝑛−𝑀𝑀𝐶𝐶
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌
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Basics of Epi Statistics (cont)

Basics of Epi Statistics (cont)
 IRR and SIR interpreted similarly

 IRR or SIR < 1: incidence rate is lower in the MC
 IRR or SIR = 1: incidence rate is the same
 IRR or SIR > 1: incidence rate is higher in the MC

 Statistical significant and 95% confidence intervals
 “Statistically significant” findings likely to be true
 “Not statistically significant” findings may be due to chance

 The Forest Plot: An easy visualization of 
statistical significance:
 Dot: “point estimate”
 Lines: 95% confidence interval
 Entire line to the left of 1 (the Line of No Effect): statistically 

significant decreased cancer incidence in the MC
 Line touches or crosses 1: not statistically significant findings; 

statistically similar incidence
 Entire line to the right of 1 (the Line of No Effect): statistically 

significant increased cancer incidence in the MC
IRR or SIR

IRR or SIR <1 
(Statistically 
Significant)

IRR or SIR >1 
(Statistically 
Significant)

IRR or SIR (Not 
Statistically Significant)

Sample Forest Plot of IRR or SIR
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Results – BLUF

Results – BLUF
 BLUF (1):  With MC vs non-MC (the Internal Comparison) there was found an increased incidence of 

testicular cancer and Hodgkin lymphoma, however: 
 Neither cancer is typically associated with adult occupational exposures, or likely to have 

significant contribution from adult occupational exposures;
 The Phase 2 study will continue with an in-depth review of specific jobs, time periods, and 

locations, where feasible

 BLUF (2):  With MC vs US population (the External Comparison) there was found an increased 
incidence of melanoma, however:
 This increased incidence of melanoma is consistent with other cancer epidemiology studies 

among specific DAF and DOW populations;
 Non-UV occupational exposure is unlikely to contribute significantly to melanoma;
 The Phase 2 study will continue with an in-depth review of specific jobs, time periods, and 

locations, where feasible
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Results – Internal Comparison

Results – Internal Comparison
Incidence Rate Ratio (IRR) by Cancer 
Type among the MC compared to non-
MC, 1 January 1976 – 31 December 2020

 MC vs non-MC
 Increased incidence:

Testicular cancer
Hodgkin lymphoma 

 Statistically similar incidence: 
Female breast cancer
Leukemia
Non-Hodgkin lymphoma
Kidney/Renal pelvis cancer
Melanoma
Pancreatic cancer 
Thyroid cancer
Ovarian cancer

 Lower incidence:
All 14 cancers overall
Lung/Bronchus cancer
Colon/Rectum cancer
Prostate cancer
Bladder cancer
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What is Testicular Cancer?

What is Testicular Cancer?
 Cancer of the male reproductive system
 Most common in men aged 20-34 years1

 10,000 new cases in the United States annually1

 Highly treatable, 95% 5-year survival rate1

 What causes testicular cancer?

 Undescended testes (aka, cryptorchidism) ↑ risk2

 Family history of testicular cancer ↑ risk2

 Prenatal exposure (exposure while fetus is in utero) to 
endocrine disruptors (impacts hormones) ↑ risk3

 Testicular cancer development likely starts in utero4

 Do adult occupational exposures increase testicular cancer risk?

 Unlikely to have a significant contribution from adult 
occupational exposure3

 Some cancers have strong associations with occupational 
exposures, testicular cancer does not5
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What is Hodgkin Lymphoma?

What is Hodgkin Lymphoma?

 Specific type of cancer of the lymphatic system
 Lymphatic system helps maintain fluid balance, filter waste, 

and fight infection
 Notably different from non-Hodgkin lymphoma (NHL)

 Less common than non-Hodgkin lymphoma6

 More treatable than non-Hodgkin lymphoma, with an 89% 
cure rate7

 What causes Hodgkin lymphoma?
 Infection with the Epstein-Barr virus (up to 40% of cases)8,10

 Family history and genetics9,10

 Do adult occupational exposures increase Hodgkin 
lymphoma risk?
 Unlikely to have a significant contribution from 

environmental exposures10

 Some cancers have strong associations with occupational 
exposures, Hodgkin lymphoma does not5

24
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Results – External Comparison

Results – External Comparison
 MC vs General U.S. population

 Increased incidence:
Melanoma

 Statistically similar incidence: 
Hodgkin lymphoma
Bladder cancer
Lung/Bronchus cancer
Leukemia
Thyroid cancer
Pancreatic cancer
Female breast cancer
Kidney/Renal pelvis cancer
Ovarian cancers

 Lower incidence:
All 14 cancers overall 
Testicular cancer
Colon/Rectum cancer
Non-Hodgkin lymphoma
Prostate cancer

Standardized Incidence Ratio (SIR) by Cancer Type 
among the MC compared to General U.S. 
Population, 1 January 1976 – 31 December 2020
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What is Melanoma?

What is Melanoma?
 Specific type of cancer of the skin

 Starts in the cells that give skin its color (called melanocytes)

 What causes melanoma?
 Ultraviolet (UV) radiation exposure11

 Skin type and other genetic factors11

 Do adult occupational exposures increase melanoma risk?
 Studies on workplace exposure to UV radiation show mixed results.

 Outdoor workers have lower rates of melanoma than indoor workers7

 Occasional sunburns (vs steady sun exposure) ↑ risk12,13

 Recreational exposure to UV radiation likely plays a larger role13,14

 Some cancers have strong associations with occupational exposures, 
melanoma does not5

 Circadian rhythm disruptions increase risk of certain cancers (breast, prostate, 
colorectal), limited but emerging evidence for melanoma15

 Increased melanoma incidence in specific DAF16 and military populations17,18
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Epidemiology Review Future Analysis 

Epidemiology Review Future Analysis 
 Where feasible, plans to analyze Phase 2 data for increased 

incidence among:
 Specific Air Force Specialty Codes
 Location e.g. Malmstrom
 Time Periods

 Partnership with Phase 2 external partners
 Dr. Timothy Crawford (Wright State University, 

Boonshoft School of Medicine)
 Dr. Edward Peters (University of Nebraska Medical 

Center) 
 Limitations and expectations

MCCS Manuscripts Accepted for Publication:
1. The Missile Community Cancer Study (MCCS): Initial Report on Cancer Incidence and Mortality. Military Medicine. In 

Press. 2026.
2. Novel Integration of Multiple Data Sources in the United States Department of the Air Force Missile Community Cancer 

Study: A Methodological Analysis. Military Medicine. In Press. 2026.

Dr. Timothy Crawford
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Way Forward

Way Forward
 Ongoing remediation and cleaning of Launch Control Centers
 Enduring emphasis on occupational health and health risk assessment periodicity 
 Sustained partnership with ILER Working Group on development and implementation

 Continued Epidemiology Review analysis, where feasible, focusing on specific jobs, time periods and 
locations

 Sustainment: Missile Community roster successfully transferred to VA for ongoing monitoring/updates
 Persistent Stakeholder Engagement

 Congressional updates
 VA Coordination - Military Environmental Exposure Sub-Council
 The PACT Act And Your VA Benefits | Veterans Affairs

 Website for public information/questions: Missile Community Cancer Study (af.mil)

Health.mil Website: ILER Fact Sheet:
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