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IMPORTANCE Elevated rates of cancer have been reported in individuals exposed to the
World Trade Center (WTC) disaster, including Fire Department of the City of New York (FDNY)
rescue and recovery workers.

OBJECTIVE To project the future burden of cancer in WTC-exposed FDNY rescue and
recovery workers by estimating the 20-year cancer incidence.

DESIGN, SETTING, AND PARTICIPANTS A total of 14 474 WTC-exposed FDNY employees who
were cancer-free on January 1, 2012; subgroup analyses were conducted of the cohort’s
white male population (n = 12 374). In this closed-cohort study, we projected cancer
incidence for the January 1, 2012, to December 31, 2031, period. Simulations were run using
demographic-specific New York City (NYC) cancer and national mortality rates for each
individual, summed for the whole cohort, and performed 1000 times to produce mean
estimates. Additional analyses in the subgroup of white men compared case counts
produced by using 2007-2011 FDNY WTC Health Program (FDNY-WTCHP) cancer rates vs
NYC rates. Average and 20-year aggregate costs of first-year cancer care were estimated
using claims data.

EXPOSURES World Trade Center disaster exposure defined as rescue and recovery work at
the WTC site at any time from September 11, 2001, to July 25, 2002.

MAIN OUTCOMES AND MEASURES (1) Projected number of incident cancers in the full cohort,
based on NYC cancer rates; (2) cancer incidence estimates in the subgroup projected using
FDNY-WTCHP vs NYC rates; and (3) estimated first-year treatment costs of incident cancers.

RESULTS On January 1, 2012, the cohort was 96.8% male, 87.1% white, and had a mean (SD)
age of 50.2 (9.2) years. The projected number of incident cancer cases was 2960 (95% CI,
2883-3037). In our subgroup analyses using FDNY-WTCHP vs NYC cancer rates, the projected
number of new cases in white men was elevated (2714 [95% CI, 2638-2786] vs 2596 [95%
CI, 2524-2668]). Accordingly, we expect more prostate (1437 [95% CI, 1383-1495] vs 863
[95% CI, 816-910]), thyroid (73 [95% CI, 60-86] vs 57 [95% CI, 44-69]), and melanoma
cases (201 [95% CI, 179-223] vs 131 [95% CI, 112-150), but fewer lung (237 [95% CI, 212-262]
vs 373 [95% CI, 343-405]), colorectal (172 [95% CI, 152-191] vs 267 [95% CI, 241-292]), and
kidney cancers (66 [95% CI, 54-80] vs 132 [95% CI, 114-152]) (P < .001 for all comparisons).
The estimated 20-year cost of first-year treatment was $235 835 412 (95% CI, $187 582 227-
$284 088 597).

CONCLUSIONS AND RELEVANCE We project that the FDNY-WTCHP cohort will experience a
greater cancer burden than would be expected from a demographically similar population.
This underscores the importance of cancer prevention efforts and routine screening in
WTC-exposed rescue and recovery workers.
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I ndividuals involved in the rescue and recovery effort at the
World Trade Center (WTC) disaster site on and after Sep-
tember 11, 2001 were likely exposed to multiple carcino-

genic agents because the WTC dust cloud contained known and
potential carcinogens, including asbestos, polycyclic aro-
matic hydrocarbons, polychlorinated biphenyls, and dioxins.1,2

Previously, we and others reported modestly elevated rates of
cancer in WTC-exposed rescue and recovery workers com-
pared with general populations.3-6

The purpose of this investigation was to project the co-
hort’s future cancer burden by estimating the 20-year inci-
dence of cancer, using both New York City (NYC) cancer rates
(modeling impact of aging) and Fire Department of the City of
New York WTC Health Program (FDNY-WTCHP) rates (mod-
eling the additional impact of exposure) from the most re-
cent 5-year period for which we had complete cancer data
(2007-2011). We then used the projected case counts and first-
year medical costs of recently diagnosed cases to develop an
approximation of anticipated FDNY-WTCHP spending on ini-
tial phase cancer treatment. These estimates of disease bur-
den should inform policy decisions because they offer in-
sights into future needs for monitoring and treatment of
WTC-exposed populations.

Methods
Study Population
The FDNY-WTCHP includes 15 507 rescue and recovery work-
ers. The study population was limited to the 14 474 who were
alive and free of cancer as of January 1, 2012. The Montefiore
Medical Center and Albert Einstein College of Medicine insti-
tutional review board approved this study and waived in-
formed consent. We conducted data analyses starting in March
2016 and completed all analyses by July 2017.

Cancer Rates and Claims Data
We obtained age-, race- and sex-specific NYC cancer rates for
the 2007-2011 period from the New York State Cancer Regis-
try. FDNY-WTCHP cancer rates in the white male subpopula-
tion (n = 12 374) were calculated using 2007-2011 FDNY-
WTCHP cancer data (includes confirmed cases and state
registry matches). We also calculated a second set of FDNY-
WTCHP cancer rates for white men that were adjusted for po-
tential surveillance bias, delaying the diagnosis dates of cer-
tain cancers by 2 years. Current cancer incidence costs in the
FDNY-WTCHP were calculated using the medical claims data
of recently diagnosed participants (n = 169).

Statistical Analyses
We used NYC cancer rates and US death rates (obtained from
the National Center for Health Statistics7) in simulations to es-
timate overall and site-specific cancer incidence in the WTC-
exposed FDNY population from January 1, 2012, to Decem-
ber 31, 2031.

To examine if the calculated FDNY-WTCHP cancer rates
would produce different results, we restricted the population
to white men and performed the simulations first using NYC

rates and then FDNY-WTCHP rates. We then reran this analy-
sis with FDNY-WTCHP rates that were adjusted for possible sur-
veillance bias.

Finally, using the 20-year case counts projected from our
primary analysis and the estimated per-patient costs of first-
year cancer care, we created aggregate estimates of the direct
medical costs of initial care from January 1, 2012, to Decem-
ber 31, 2031. Data analyses were performed using SAS statis-
tical software (version 9.4; SAS Institute Inc) and Microsoft Ex-
cel software. We used t tests to compare mean case counts.
Two-sided P <.05 was considered significant. See the
Supplement for a detailed eMethods section.

Results
FDNY-WTCHP Population and Cancer Diagnoses
The cohort was 96.8% male and 87.1% white, and the mean
(SD) age was 50.2 (9.2) years. Selected demographic charac-
teristics of the cohort as of January 1, 2012 (n = 14 474), and
the white male subgroup (n = 12 374) are displayed in eTable 1
in the Supplement. The Table displays the number of con-
firmed primary cancer cases diagnosed from September 11,
2001, to December 31, 2011 (n = 697).

Estimated 20-Year Cancer Incidence
Based on 2007-2011 NYC rates, the expected number of inci-
dent first primary cancer cases from January 1, 2012, to De-
cember 31, 2031, is 2960 (95% CI, 2883-3037) (Table). The in-
creasing incidence (95% CI) seen in each 5-year interval over
follow-up is due to aging of the population: 2012 to 2016, 560
(95% CI, 524-597); 2017 to 2021, 703 (95% CI, 663-749); 2022
to 2026, 822 (95% CI, 776-869); and 2027 to 2031, 873 (95%
CI, 826-919).

The FDNY-WTCHP cancer rates projected a modestly
higher number of cases in the white male subgroup than did
NYC rates (2714 [95% CI, 2638-2786] vs 2596 [95% CI, 2524-
2668]; P < .001). Specifically, higher projected case counts of
prostate cancer, thyroid cancer, and melanoma were ob-
served when FDNY-WTCHP rates were used (1437 [95% CI,
1382-1495] vs 863 [95% CI, 816-910], 73 [95% CI, 60-86] vs 57

Key Points
Question What is the estimated number of new cancer cases
among rescue and recovery workers exposed to carcinogenic
agents during the September 11, 2001, World Trade Center (WTC)
attack for the January 1, 2012, to December 31, 2031, period?

Findings An estimated 2960 new cancer cases in the
WTC-exposed cohort (n = 14 474) may occur during this 20-year
period. Analyses restricted to white male workers showed greater
cancer incidence than would be expected based on NYC rates for
this demographic group, corresponding to a significantly elevated
number of projected cases (2714 vs 2596).

Meaning The future cancer burden in WTC-exposed rescue and
recovery workers may be greater than expected based on a
demographically similar population.
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[95% CI, 44-69], and 201 [95% CI, 179-223] vs 131 [95% CI, 112-
150], respectively; P < .001 for all comparisons) (eFigure 1A in
the Supplement). Conversely, FDNY-WTCHP rates produced
significantly lower estimates of other site-specific cancers (eRe-
sults, eFigure 1A in the Supplement).

Results from the sensitivity analysis, with FDNY-WTCHP
rates adjusted for possible surveillance bias, showed no sig-
nificant difference between the future case counts of all can-
cers combined in white men as estimated by FDNY and NYC
rates (2560 [95% CI, 2480-2633] vs 2596 [95% CI, 2524-
2668]; P = .68). The projected number of prostate cancers, how-
ever, remained significantly higher than the NYC rate-
derived estimate (1271 [95% CI, 1213-1324] vs 863 [95% CI,
816-910]; P < .001) (eFigure 1B in the Supplement).

Financial Burden
Using FDNY-WTCHP mean cancer care cost estimates (eTable
2 in the Supplement), the projected aggregate 20-year initial
phase medical cost of incident cancers (all-sites) is approxi-
mately $235 835 412 (95% CI, $187 582 227-$284 088 597) (in
2015 dollars).

Discussion
Our findings suggest that the FDNY WTC-exposed cohort may
experience a greater burden of cancer than would be expected
from a population with similar demographic characteristics. The
elevated incidence of prostate cancer, thyroid cancer, and mela-
noma that was observed using FDNY-WTCHP cancer rates is con-
sistent with findings from other cancer studies of WTC-exposed
individuals.3-6 After FDNY-WTCHP rates for prostate and thyroid
cancer were adjusted to partially account for surveillance bias,
the resulting cancer counts remained significantly higher than
those estimated from NYC rates. Those who performed work at
the WTC site may be at increased risk for prostate cancer, thyroid
cancer, and melanoma owing to their exposure to carcinogens
in the WTC dust.1,2,8-11 Alternatively, FDNY-WTCHP rates may be
elevated owing to insufficient surveillance bias adjustments.

Strengths and Limitations
The projected cancer counts that were produced using FDNY-
WTCHP white male rates were based on actual cancers diag-

nosed from 2007 to 2011. Follow-up time was likely inad-
equate for the development of WTC-exposure–related cases
of some cancer subtypes with long latency periods. For ex-
ample, lung cancer latency among asbestos-exposed workers
has been shown to be 25 to 40 years,12 and so we expect few
WTC-exposure–related lung cancers to be included in the 2007-
2011 rates. Conversely, FDNY rates may overestimate the fu-
ture incidence of cancers with shorter latency periods, such
as thyroid and certain hematologic cancers.13 One limitation
specific to the cost analysis was that the use of annual case
counts projected by NYC rates instead of FDNY-WTCHP rates
meant that we likely overestimated future spending on lung
cancer and underestimated that of prostate. In addition, the
cost analysis did not examine cancer care that took place more
than 12 months after diagnosis, such as distant treatment, sur-
veillance, and end-of-life care.

Our cohort may not be fully generalizable to the general
WTC-exposed population. It is possible that firefighters have
a higher risk of cancer than the general population owing to
exposures associated with the occupation.14 Alternatively,
FDNY rescue and recovery workers were a healthy occupa-
tional cohort at the time of the WTC disaster, differing from
the general population on some characteristics, such as hav-
ing a lower smoking rate.15 This may explain the compara-
tively low FDNY-WTCHP rates of certain cancers, like lung can-
cer, and may therefore underestimate future cancer incidence
and costs.

Study strengths include a cohort defined prior to WTC ex-
posure, thereby minimizing enrollment bias; use of 2007-
2011 FDNY-WTCHP cancer rates, which exclude prevalent can-
cers diagnosed shortly after September 11, 2001; and nearly
complete matching with tumor registries, minimizing loss to
follow-up. Finally, we addressed potential surveillance bias by
performing a sensitivity analysis using adjusted FDNY-
WTCHP cancer rates.

Conclusions
The projected case counts and costs provide insight into future
utilization of cancer resources. Given the elevated incidence of
some cancer subtypes observed in this and other WTC-exposed
cohorts, it is imperative that WTC-exposed cohorts continue to

Table. Number of Known and Estimated First Primary Cancer Cases in FDNY WTC-Exposed Cohort

Cancer Site

Known Cases, Sept
11,2001–Dec 31,
2011, No.

Mean (SD)
Projected Cases, Jan 1,
2012–Dec 31, 2031,
No. (95% CI)

Age at Diagnosis, Sept
11, 2001–Dec 31,
2011, y

Years to Diagnosis,
Sept 11, 2001–Dec 31,
2011

Any 697 55.81 (9.62) 6.18 (2.85) 2960 (2883-3037)

Prostate 290 58.89 (7.64) 6.48 (2.71) 995 (946-1050)

Lung 31 63.11 (6.75) 6.72 (2.81) 416 (383-450)

Hematologica 79 53.93 (9.89) 6.12 (2.96) 313 (286-341)

Colorectal 48 54.35 (8.01) 5.29 (2.97) 305 (278-331)

Melanoma 69 52.30 (10.38) 5.99 (2.88) 133 (114-152)

Bladder 37 57.82 (11.10) 6.53 (3.10) 230 (206-252)

Kidney 30 52.47 (8.70) 5.45 (2.97) 145 (125-165)

Thyroid 37 45.88 (9.34) 5.98 (2.81) 63 (50-76)

Abbreviations: FDNY, Fire
Department of the City of New York;
WTC, World Trade Center.
a Includes Hodgkin lymphoma,

non-Hodgkin lymphoma, leukemia,
multiple myeloma, and other
hematopoietic cancers.

Research Brief Report Future Cancer Burden in Rescue and Recovery Workers Exposed to the World Trade Center Disaster

830 JAMA Oncology June 2018 Volume 4, Number 6 (Reprinted) jamaoncology.com

© 2018 American Medical Association. All rights reserved.

Downloaded From:  by a CDC – Center For Disease Control User  on 06/27/2018

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.0504&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.0504
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.0504&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.0504
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.0504&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.0504
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2018.0504&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.0504
http://www.jamaoncology.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamaoncol.2018.0504


undergo cancer prevention efforts and screening to reduce this
burden and allow for early detection. Patients with cancer, mean-
while, will need access to various treatments. The WTCHP must
budget for appropriate resources, given the anticipated increase
in cancer incidence, including preventive care, diagnosis, treat-

ment, and cancer-related palliative and end-of-life care. We also
advocate for establishing policies to protect the health of work-
ers responding to similar disasters, such as mandating the use
of appropriate protective equipment and limiting the amount of
time workers can spend at disaster sites.
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