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Abstract
Background: Many World Trade Center disaster (WTC) rescue and recovery 
workers (WTC RRWV) were exposed to toxic inhalable particles. The impact of 
WTC exposures on lung cancer risk is unclear.
Methods: Data from the WTC Health Program General Responders Cohort 
(WTCGRC) were linked to health information from a large New York City health 
system to identify incident lung cancer cases. Incidence rates for lung cancer were 
then calculated. As a comparison group, we created a microsimulation model that 
generated expected lung cancer incidence rates for a WTC-  and occupationally- 
unexposed cohort with similar characteristics. We also fitted a Poisson regression 
model to determine specific lung cancer risk factors for WTC RRWV.
Results: The incidence of lung cancer for WTC RRWV was 39.5 (95% confidence 
interval [CI]: 30.7– 49.9) per 100,000 person- years. When compared to the simu-
lated unexposed cohort, no significant elevation in incidence was found among 
WTC RRWV (incidence rate ratio [IRR] 1.34; 95% CI: 0.92– 1.96). Predictors of 
lung cancer incidence included age, smoking intensity, and years since quitting 
for former smokers. In adjusted models evaluating airway obstruction and indi-
vidual pre- WTC occupational exposures, only mineral dust work was associated 
with lung cancer risk (IRR: 2.03; 95% CI: 1.07– 3.86).
Discussion: In a sample from a large, prospective cohort of WTC RRWV we 
found a lung cancer incidence rate that was similar to that expected of a WTC-  and 
occupationally- unexposed cohort with similar individual risk profiles. Guideline- 
concordant lung cancer surveillance and periodic evaluations of population- level 
lung cancer risk should continue in this group.
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1  |  INTRODUCTION

The September 11, 2001, terrorist attacks and subsequent 
World Trade Center (WTC) collapse exposed thousands 
of persons to a poorly characterized toxicant mix, possi-
bly including carcinogens. During a 9- month rescue and 
recovery effort, many workers and volunteers (hereafter 
WTC RRWV) were exposed to substantial doses of these 
toxicants.1 As a result, acute and chronic respiratory 
symptoms have been well described in this cohort, as have 
abnormalities found on chest imaging.2– 5 The impact of 
exposure to these substances on lung cancer risk, how-
ever, has been insufficiently studied.

The potential impact of carcinogenic environmental 
exposures during the disaster and its aftermath have re-
ceived significant attention, and cancer risk has been a key 
concern in the WTC responder cohort.6,7 The evaluation 
of lung cancer incidence in WTC responders is complex, 
however, as occupational exposures were not adequately 
measured at the disaster site, and this heterogeneous pop-
ulation had varied cigarette smoking exposure as well as a 
wide range of pre- WTC occupational exposures that could 
also have strongly influenced their cancer risk.

Earlier analyses using the World Trade Center Health 
Registry's linkage to New York State cancer registry data 
(through 2008) did not find an excess of lung cancers 
among WTC- exposed persons.8 Similar contemporaneous 
studies of New York City firefighters9 and of general re-
sponders6 reported a lower risk of lung cancer than ex-
pected based on population rates. However, these studies 
did not consider individual- level lung cancer risk factors 
in their analyses, and all of them took place a relatively 
short time after the exposure of interest, compared to the 
expected long latency of lung cancer. Moreover, these 
studies compared lung cancer rates among WTC RRWV to 
general population controls, which are a less than optimal 
comparator group due to the unique demographic and 
behavioral characteristics of these cohorts, and the well- 
known “healthy worker bias” in occupational cohorts.10

To clarify the risk of lung cancer in this WTC gen-
eral responder cohort, we used data from the WTC 
Health Program (WTCHP) General Responder Cohort 
(WTCGRC) linked to information from the electronic 
health records of our health care system to estimate lung 
cancer incidence and risk factors among WTC general 
responders.

2  |  METHODS

We used data from the WTCGRC linked to electronic med-
ical records from the Mount Sinai Health System (MSHS) 
during 2002– 2018. This study was approved by the Mount 

Sinai Program for the Protection of Human Subjects 
(HS18- 00583). All subjects were consented participants 
in the WTCGRC, a prospective screening, surveillance, 
and treatment (for conditions certified as WTC- related) 
program for workers of all occupations (except firefight-
ers, who have their own branch of the WTCHP) who par-
ticipated in the rescue, cleanup and/or service restoration 
of the WTC disaster sites. The make- up and enrollment 
of this cohort have been previously reported.11 Starting 
in 2002, WTCGRC participants underwent standardized 
baseline examinations that included assessment of WTC 
exposure, pre- WTC occupational exposures, and smok-
ing history, as well as spirometry and chest radiography. 
Surveillance included periodic follow- up visits. In this 
study, we included only persons with linked electronic 
data and follow- up time within the MSHS (n = 17,668). 
As lung cancer or related symptoms may have led persons 
to seek care in the WTCHP, we excluded people with lung 
cancers diagnosed within the first 3 months of joining the 
WTCHP or with the report of prior lung cancer (n = 19).

We collected demographic information (age, sex, race, 
and ethnicity) and self- reported educational attainment 
from the WTCHP database. We used questionnaire infor-
mation to determine smoking status, as well as pack- year 
exposure (using average cigarettes per day and smoking du-
ration in years), and for former smokers, we calculated the 
number of years since quitting smoking. Participants were 
classified as non- smokers if they had smoked less than 20 
packs of cigarettes or less than one cigarette per day for up 
to 1  year. We also ascertained baseline body mass index 
(BMI) and evidence of chronic obstructive pulmonary dis-
ease (COPD) diagnosis (from linked diagnostic data and/
or self- report). For participants with available spirometry 
data, we calculated forced expiratory volume in 1 s (FEV1) 
to forced vital capacity (FVC) ratio values, categorizing ra-
tios of 0.70 or less as indicative of airway obstruction.

We included a previously published, composite WTC 
exposure measure based on work duration, time in con-
tact with the debris cloud, and time spent working on the 
collapsed pile.3 This variable was categorized as high (by 
combining the original very- high and high categories), in-
termediate or low. We also included a variable that indi-
cated starting work on the effort within 48 h of the attack. 
Pre- WTC occupational exposures were categorized based 
on self- report of work- related contact with vapors, dusts, 
fumes, and gases from “a few times per week” to “daily.”4 
These exposures included: asbestos: cadmium; diesel and 
non- diesel exhaust; general, mineral, and silica/sand dust; 
wood dust; fiberglass; industrial cleaning solutions; weld-
ing fumes.

Our primary outcome of interest was incident lung 
cancer. We identified lung cancers via three mechanisms: 
(1) from WTCGRC data, as a reportable condition; (2) 
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using linked diagnostic code data (ICD9: 162.x; ICD10: 
C34.x) from MSHS electronic records; (3) using linked 
cancer registry information from the MSHS cancer regis-
try. We then verified each lung cancer and diagnosis date 
by manual chart review.

3  |  STATISTICAL ANALYSIS

We first compared baseline characteristics of our sample be-
tween those with and without a lung cancer diagnosis, using 
the Wilcoxon test for continuous and ordinal variables and 
the chi- squared test for dichotomous or nominal categori-
cal variables. We then calculated incidence rates for lung 
cancer, first for the overall sample, then stratified by base-
line smoking status. We used Poisson methods to estimate 
95% confidence intervals (95% CI) for these rates. To ac-
count for our exclusion of prevalent cancer diagnosed in the 
first 3 months of analytic sample inclusion, we calculated 
person- time of follow- up from 3 months after cohort inclu-
sion date until the last clinical encounter in the MSHS, as 
there may not have been ascertainment of lung cancer after 
that date. Using the standard year 2000 United States popu-
lation (census.gov), we then determined age- standardized 
incidence rates overall and for each stratum, with 95% con-
fidence intervals calculated using the gamma distribution.12

We then employed microsimulation methods to create 
a comparison group with identical baseline characteristics 
and lung cancer risk factors as the study sample but with 
no WTC or other occupational exposures. After assembling 

the identical cohort, we first calculated 6- year lung cancer 
probabilities for each simulated cohort participant, using 
the PLCOm2012 model.13 This model, based on data from 
the large Prostate, Lung, Colorectal, and Ovarian screen-
ing randomized control trial, estimates 6- year lung can-
cer probability based on age, sex, educational attainment, 
family history of lung cancer, BMI, smoking status, inten-
sity, and duration, years since quitting smoking, COPD 
and personal cancer history. WTCGRC data contained all 
of these variables except the family history of lung cancer, 
which we randomly imputed using published estimates.14 
Missing values for BMI for 1.1% of participants were also 
imputed, using a multivariable linear regression model 
(see Table S2). Pack- year smoking was missing for 5% of 
the study sample; for participants with missing data in 
the microsimulation, we randomly assigned a pack- year 
value from an exponential probability distribution that 
matched the overall distribution in the WTCHP data for 
current and former smokers. Six- year lung cancer proba-
bilities were then calculated for each cohort member, after 
which all variables were time- updated to calculate 12-  and 
18- year probabilities. Current smokers were assumed to 
continue smoking at the same intensity, and former smok-
ers were assumed to continue their cessation of smoking. 
Overall probabilities were then converted to monthly 
probabilities by assuming a constant rate, and microsimu-
lation was performed on each cohort member, using their 
actual follow- up time, to create a replica cohort of the ob-
served data, thus estimating an expected number of lung 
cancer cases (see Figure 1 for schematic). The cohort was 

F I G U R E  1  Schematic of study illustrating World Trade Center rescue and responder worker cohort and identical microsimulation 
comparator cohort

http://census.gov
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simulated 30 times to generate an average number of in-
cident lung cancer cases. We compared the incidence of 
lung cancer among the WTC sample to the incidence in 
the simulated cohort by calculating an incident rate ratio 
for the observed versus simulated groups, estimating 95% 
CIs using Poisson methods.

Last, we used observed data to fit a Poisson model pre-
dicting lung cancer incidence, adjusting for the lung can-
cer risk factors included in the PLCOm2012 model (except 
for family history of lung cancer which was unavailable). 
We evaluated WTC-  and non- WTC- related occupational 
exposures in a combined model, to determine the relative 
impact of these factors on lung cancer risk. We also fitted 
separate, adjusted models, including spirometry data as 
well as each self- reported pre- WTC occupational exposure 
as an individual exposure. We conducted secondary anal-
yses using multiple imputations to address missing data 
on education (3%) and pack- years of smoking (5%). We 
used multiple imputations with chained equations meth-
ods to impute missing values.15 The multiple imputation 
results did not differ substantially from complete case 
analyses, so we include results from the imputed analy-
ses. Analyses were conducted using SAS 9.3 and STATA 
16; the analysis code is available on github (keithsigel- lab/
WTC- lung- cancer).

4  |  RESULTS

We identified 70 incident lung cancers cases in the 
WTCHP- MSHS- linked cohort. Lung cancers were more 
common among older persons (median age at lung can-
cer diagnosis was 62) and more frequent among persons 
with less educational attainment, but they did not differ in 
proportion by sex or race/ethnicity (Table 1). More than 
75% of those diagnosed with lung cancer were current or 
former smokers. Lower BMI was also significantly associ-
ated with incident lung cancer (p = 0.02) as was increased 
airway obstruction, measured by the ratio of FEV1 to FVC 
(p <0.001). WTC exposure, using a previously published 
categorical exposure variable, was not significantly associ-
ated with lung cancer (p = 0.34). Self- reported pre- WTC 
occupational exposures to lung cancer risk factors were 
frequent (Table 2). Self- report of previous asbestos, silica, 
or diesel fumes exposures were not associated with lung 
cancer, while self- report of frequent exposure to cadmium 
and mineral dusts were more common in lung cancer pa-
tients than in participants who did not develop lung can-
cer (both p <0.05).

The incidence of lung cancer for the study sam-
ple was 39.5 (95% confidence interval [CI]: 30.7– 49.9) 
cases per 100,000 person- years (p- y) (Table 3) and the 
age- standardized rate was 51.4 (95% CI: 40.6– 112.7) per 

100,000 p- y. Rates for never, former and current smokers 
were 15.8 (95% CI: 9.2– 25.2), 42.1 (95% CI: 25.0– 66.5) and 
130.2 (95% CI: 90.7– 181.1) per 100,000 p- y, respectively. 
When compared to the simulated unexposed cohort, there 
was no significant elevation in the incidence rate among 
these WTC RRWV (incidence rate ratio [IRR] 1.34; 95% 
CI: 0.92– 1.96). Current smokers did not have significantly 
higher lung cancer rates, compared to the simulated data 
while former smokers in the observed cohort had signifi-
cantly lower lung cancer rates than predicted in the simu-
lation (IRR 0.36; 95% CI: 0.20– 0.61).

Significant predictors of lung cancer incidence in-
cluded age (IRR 1.10; 95% CI: 1.08– 1.13), pack- years of 
smoking for former and current smokers (IRR 1.03; 95% 
CI: 1.02– 1.04), and years since quitting for former smokers 
(0– 14 years quit, IRR 0.34; 95% CI: 0.15– 0.74; 15+ years 
quit, IRR 0.47; 95% CI: 0.22– 0.97) (Table 4). Neither pre- 
WTC nor WTC occupational exposure levels were sig-
nificantly associated with lung cancer risk. In separate 
adjusted models evaluating airway obstruction and indi-
vidual pre- WTC occupational exposures obstructive lung 
disease from spirometry measurements and self- reported 
frequent occupational mineral dust exposure were both 
independently associated with lung cancer risk (Table S1; 
obstructive lung disease: IRR 1.97; 95% CI 1.04– 3.75, min-
eral dust exposure: IRR 2.03; 95% CI: 1.07– 3.86).

5  |  DISCUSSION

In this sample of WTC general responders, we found that 
lung cancer incidence was similar to expected rates in a 
simulation based on a well- established lung cancer risk 
model. While most lung cancer risk was associated with 
established risk factors, such as age and smoking, non- 
WTC occupational exposure was also associated with in-
creased risk (Tables 3 and 4).

Our study is one of the first to account for the distribu-
tion of lung cancer risk factors within a WTC- exposed co-
hort to compare lung cancer risk to expected rates. Previous 
studies have compared observed crude incidence rates to 
population- based rates, generally finding similar or lower 
than expected lung cancer rates among WTC- exposed 
workers. Using data from 2005 to 2008, a study of WTC 
RRWV in the WTC Health Registry reported a lung can-
cer incidence rate of 31.9 per 100,000 person- years, non- 
statistically significantly lower than the observed rate in 
the general population of New York state (49.0 per 100,000 
p- y).8 A later analysis using WTC Registry data (a cohort 
of general responders, residents of lower Manhattan, and 
employees of businesses in the World Trade Center area) 
found an incidence rate of 35.7 lung cancers per 100,000 
person years during the period 2007– 2011, significantly 
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lower than population estimates based on Surveillance, 
Epidemiology and End- Results registry data (standardized 
incidence ratio [SIR] 0.69; 95% CI 0.50– 0.93).16 Smoking 
prevalence in WTCGRC was lower than the general United 
States (US) population (14% current smoking for WTCGRC 
versus 23% for the US in 2002) and these analyses did not 

control for smoking rates or other important risk factors 
that might have been substantially different in the WTC 
cohorts compared to the general population.17 In contrast, 
our study found a similar overall incidence compared to 
expected rates, after carefully accounting for other, well- 
established lung cancer risk factors.

Characteristic No lung cancer
Lung 
cancer p- value

Number (%) 17,598 (99.7) 70 (0.4)

Age at WTCHP enrollment, median 
(IQR)

44 (38– 51) 54 (46– 59) <0.001

Female, n (%) 2805 (15.9) 9 (12.9) 0.48

Ethnicity/Race, n (%) 0.06

Non- Latino White 9125 (51.9) 49 (70.0)

Non- Latino Black 2072 (11.8) 8 (11.4)

Latino 2003 (11.4) 4 (5.7)

Asian 209 (1.2) 0 (0)

Multiracial 2515 (14.3) 5 (7.1)

Other 1674 (9.5) 0 (0)

Educational level, n (%) 0.08

<High school 1442 (8.2) 6 (8.6)

High school graduate 3630 (20.6) 19 (27.1)

Some college 6741 (38.3) 31 (44.3)

College graduate 3467 (19.7) 6 (8.6)

Graduate school 1683 (9.6) 3 (4.3)

Unknown 635 (3.6) 5 (7.1)

Smoking status, n (%) <0.001

Current 2420 (13.8) 35 (50.0)

Former 4300 (24.4) 18 (25.7)

Never 10,878 (61.8) 17 (23.6)

Smoking pack- years for smokers, 
median (IQR)

7.5 (1.39– 18) 27 (0.3– 39.9) <0.001

Body Mass Index, median (IQR) 29.1 (26.4– 32.4) 27.6 
(25.2– 31.3)

0.03

Obstructive lung diseasea , n (%) 1112 (6.7) 15 (24.6) <0.001

WTC exposure level, n (%) 0.24

Low 2469 (14.4) 15 (21.4)

Intermediate 10,949 (62.2) 40 (57.1)

High/very high 3737 (21.2) 14 (20.0)

Missing 443 (2.5) 1 (1.4)

WTC arrival within 48 h, n (%) 11,172 (64.0) 41 (58.6) 0.34

WTC exposure duration, n (%) 0.63

≤60 days 5766 (34.4) 26 (37.1)

>60 days 10,992 (65.6) 44 (62.9)

Missing

Follow- up, years, median (IQR) 11.1 (6.3– 14.3) 11.5 (8.4– 14.3) 0.13
adefined as FEV1/FVC <0.7; missing spirometry values for 1090 participants.

T A B L E  1  Characteristics for WTC 
general responders who developed lung 
cancer and those that did not
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Although incidence rates in our cohort among never 
smokers were higher (albeit non- significantly) than pre-
dicted by our simulation, they were generally similar to 
age- standardized estimates from other large studies.18 The 
PLCO risk score that we used for our comparison group 
did not consider occupational risk, and a substantial pro-
portion of never smokers in the WTC worker cohort had 
these exposures. WTC- related exposures or pre- WTC occu-
pational exposures may play a role in elevating lung can-
cer risk that may only be apparent in the never- smoking 

sub- cohort and is obscured among smokers due to a more 
powerful role of cigarette smoking in determining lung 
cancer risk. Furthermore, exposure to inhaled carcino-
gens during the WTC response may have not yet had a 
substantial impact on lung cancer risk due to latency asso-
ciated with these types of exposures. It is unlikely that the 
incidence rates seen in the WTCGRC cohort are impacted 
by missed cancers as the cohort receives periodic medical 
surveillance and cancer care coverage. In addition, lung 
imaging (often using computerized tomography [CT]) has 

Characteristic
No lung 
cancer

Lung 
cancer p- value

Number (%) 17,598 (99.7) 70 (0.3)

Any moderate- significant occupational 
exposure, n (%)

12,509 (71.1) 48 (68.6) 0.64

Asbestos, n (%) 2239 (12.7) 11 (15.7) 0.45

Cadmium, n (%) 359 (2.0) 4 (5.7) 0.03

Diesel fumes, n (%) 5523 (31.4) 26 (37.1) 0.30

Non- diesel industrial fumes, n (%) 4203 (23.9) 10 (14.3) 0.06

General dust exposure, n (%) 10,897 (61.9) 44 (62.9) 0.87

Mineral dust, n (%) 1200 (6.8) 12 (17.1) 0.001

Wood dust, n (%) 3113 (17.7) 18 (25.7) 0.09

Silica dust, n (%) 2730 (15.5) 16 (22.9) 0.09

Fiberglass, n (%) 1918 (10.9) 12 (17.1) 0.10

Industrial, n (%) 2807 (16.0) 15 (21.4) 0.21

Welding, n (%) 1648 (9.4) 11 (15.7) 0.07

T A B L E  2  Self- reported pre- WTC 
occupational exposures by lung cancer 
status

T A B L E  3  Lung cancer incidence

Incidence rate Cases per 100,000 person- years 95% CI*

Whole analytic cohort, observed 39.5 30.7– 49.9**

Whole analytic cohort, observed, age- standardized 51.4 40.6– 112.7***

Whole analytic cohort, simulated 29.4 22.0– 38.6**

Never smokers, observed 15.8 9.2– 25.2**

Never smokers, observed, age- standardized 17.9 7.8– 41.0***

Never smokers, simulated 6.7 2.9– 13.3**

Former smokers, observed 42.1 25.0– 66.5**

Former smokers, observed, age- standardized 21.7 12.6– 103.3***

Former smokers, simulated 116.6 90.9– 147.3**

Current smokers, observed 130.2 90.7– 181.1**

Current smokers, observed, age- standardized 403.6 83.8– 1010.0***

Current smokers, simulated 178.7 138.7– 226.5**

Incident rate comparisons Incidence rate ratio 95% CI*

Observed cohort versus simulated cohort, all participants 1.34 0.92– 1.96**

Observed cohort versus simulated cohort, never smokers 2.34 0.96– 6.27**

Observed cohort versus simulated cohort, former smokers 0.36 0.20– 0.61**

Observed cohort versus simulated cohort, current smokers 0.73 0.47– 1.11**

*95 CI, 95% confidence interval.; **Based on binomial distribution.; ***Based on gamma distribution.
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been frequent in this cohort4 and, in more recent years, 
CT- based lung cancer screening for eligible smokers has 
been available to cohort members, adding additional lev-
els of early detection and surveillance. It should be noted, 
however, that the impact of screening on observed lung 
cancer incidence is likely to be small as this only occurred 
in the last 2– 3 years of the follow- up period for the cur-
rent analysis. Nonetheless, as the WTC responder cohort 
ages, and potential lung carcinogenic exposure latency 
increases, increasing the incidence of lung cancer is 
likely.19 Accordingly, and as our analyses covered data up 
to 17 years post- WTC exposure, we report more incident 
cases than the previous report from this cohort.5 Lastly, 
epidemiologic evaluations of occupational exposures tend 
to have modest lung cancer risk increases compared to 
smoking, supporting a need for continued surveillance 
and re- evaluation of risks for WTC RRWV.20

Predictors of lung cancer in WTC responders were 
largely established risk factors; age, smoking intensity, and 
time since smoking cessation was the most prominent in 
multivariable analysis. The risk associated with pre- WTC 

occupational exposures was limited, although frequent 
mineral dust exposure was a significant independent risk 
factor. This occupational category (described as “mineral or 
mining dusts” to participants in the WTCHP survey) may 
represent a broad range of exposures in the WTC cohort 
who consist principally of workers in protective services; 
construction; buildings and grounds cleaning and mainte-
nance and electrical, telecommunications and other instal-
lation and repair groups, possibly including silica.6

The overall incidence of lung cancer among WTC re-
sponders who were current or former smokers was not 
less than predicted. Furthermore, lung cancer incidence 
was less than predicted among former smokers in the 
WTC exposed participants. This may reflect limitations 
in prediction performance for former smokers with the 
PLCO model or imprecision in self- reported smoking quit 
duration.21 Additionally, occupational cohort studies have 
often described a “healthy worker” effect or bias where 
cancer incidence rates are less than expected.10 Although 
this effect may still exist in the WTC responder cohort, to-
bacco smoking rates were sufficient in this large cohort 
to support the implementation of accepted CT- based lung 
cancer screening in this population. The overall harms 
and benefits of lung cancer screening need more de-
tailed assessment in this group employing larger studies 
of lung cancer risk,22 evaluations of screening compli-
cations as well as overall life expectancy for the cohort. 
Comprehensive assessment using empirical data and sim-
ulation models may support expanded screening criteria 
for some patient groups, such as those with mineral dust 
or other high- risk pre- WTC occupational exposures.

Our study had several strengths and weaknesses. It 
benefited from prospective data with detailed baseline data 
collection from a well- described WTC RRWV cohort. We 
adjudicated all lung cancer cases by using the electronic 
health records from a large health system that has provided 
the majority of the health care for this sample. In addition, 
WTCHP healthcare coverage for lung cancers enhances 
the likelihood that cases would be reported to the clinical 
center regardless of where the cancers were diagnosed. To 
estimate the contribution of unique exposures for the WTC 
RRWV population we used a novel comparator group, 
arguably superior to using population- based data, to esti-
mate the comparative lung cancer risk for the WTC gen-
eral responder cohort. Our study was limited, however, by 
a lack of inclusion of longitudinal data on smoking behav-
iors and by some missing data on baseline characteristics.

In a large, prospective cohort of WTC general respond-
ers, we found rates of lung cancer incidence similar to 
expectation, based on the individual risk profiles of the 
cohort participants. We find no evidence of WTC expo-
sure contributing a substantial risk increase for lung can-
cer, although many WTC responders may be at increased 

T A B L E  4  Multivariable model predicting lung cancer 
incidence

Characteristic
Incidence 
rate ratio 95% CI

Age 1.10 1.08– 1.13

Female sex 1.16 0.55– 2.44

Race/ethnicity

White Reference

Black 0.68 0.31– 1.46

Latino 0.49 0.17– 1.39

Multiracial 0.47 0.18– 1.22

Other 0.74 0.26– 2.09

Education

<High school Reference

High school graduate 1.21 0.48– 3.06

Some college 1.65 0.66– 4.12

College graduate 0.66 0.21– 2.09

Graduate school 0.36 0.09– 1.45

Pack- years smoking 1.03 1.02– 1.04

Former smoker, 0– 14 years quit 0.34 0.15– 0.74

Former smoker, 15+ years quit 0.47 0.22– 0.97

Previous cancer history 0.44 0.16– 1.23

Body mass index 0.95 0.90– 1.01

High- risk occupational exposure 1.82 0.97– 3.38

WTC exposure level

Low Reference

Intermediate 0.61 0.33– 1.11

High/very high 0.62 0.29– 1.31
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lung cancer risk due to traditional risk factors as well as 
occupational exposures. Notably, though, the cohort is 
just entering the period following a 20- year latency from 
exposure to WTC- related dust and smoke. Lung cancer 
surveillance and periodic evaluations of population- level 
lung cancer risk should continue in this group.
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