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Abstract

Background: Following the September 11, 2001, attacks on the World Trade Center (WTC), thousands of workers were
exposed to an array of toxins known to cause adverse health effects, including cancer. This study evaluates cancer incidence
in the WTC Health Program General Responder Cohort occurring within 12 years post exposure.
Methods: The study population consisted of 28 729 members of the General Responder Cohort enrolled from cohort
inception, July 2002 to December 31, 2013. Standardized incidence ratios (SIRs) were calculated with cancer case inclusion
and follow-up starting post September 11, 2001 (unrestricted) and, alternatively, to account for selection bias, with case inclu-
sion and follow-up starting 6 months after enrollment in the WTC Health Program (restricted). Case ascertainment was based
on linkage with six state cancer registries. Under the restricted criterion, hazard ratios were estimated using multivariable
Cox proportional hazards models for all cancer sites combined and for prostate cancer.
Results: Restricted analyses identified 1072 cancers in 999 responders, with elevations in cancer incidence for all cancer sites
combined (SIR ¼ 1.09, 95% confidence interval [CI] ¼ 1.02 to 1.16), prostate cancer (SIR ¼ 1.25, 95% CI ¼ 1.11 to 1.40), thyroid
cancer (SIR ¼ 2.19, 95% CI ¼ 1.71 to 2.75), and leukemia (SIR ¼ 1.41, 95% CI ¼ 1.01 to 1.92). Cancer incidence was not associated
with any WTC exposure index (composite or individual) for all cancer sites combined or for prostate cancer.
Conclusion: Our analyses show statistically significant elevations in cancer incidence for all cancer sites combined and for
prostate and thyroid cancers and leukemia. Multivariable analyses show no association with magnitude or type of exposure.

Following the attacks on the World Trade Center (WTC) towers
on September 11, 2001, more than 50 000 workers (1) were in-
volved in rescue and recovery, with many of them caught di-
rectly in the dust cloud from the collapsing towers. The
potential exposure of these workers extended until cleanup of
the site ended in June 2002. The complex, sustained exposure
and the unknown long-term health effects it may cause are
matters of national concern and the subject of continued moni-
toring and research. Because of the presence of carcinogens (as-
bestos, polychlorinated biphenyls, benzene, dioxins) (2), several

studies have examined cancer incidence among different WTC-
exposed responder cohorts compared with the general popula-
tion. A 10-year post–September 11 study by the WTC Health
Registry of recovery workers and of people exposed in the vicin-
ity of the WTC found a statistically significant greater incidence
in all reportable, cancer registry types combined, with a stan-
dardized incidence ratio (SIR) of 1.11 (3). A study of 7-year post–
September 11 cancer incidence among members of the WTC
Health Program General Responder Cohort (eg, law enforce-
ment, construction, telecommunication workers) found a 15%

Received: May 2, 2019; Revised: October 4, 2019; Accepted: October 30, 2019

© The Author(s) 2020. Published by Oxford University Press.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (http://creativecom-
mons.org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work
is not altered or transformed in any way, and that the work is properly cited. For commercial re-use, please email: journals.permissions@oup.com

1 of 7

JNCI Cancer Spectrum (2020) 4(1): pkz090

doi: 10.1093/jncics/pkz090
First published online November 6, 2019
Article

D
ow

nloaded from
 https://academ

ic.oup.com
/jncics/article/4/1/pkz090/5613807 by U

niversita degli Studi di M
odena e R

eggi user on 04 D
ecem

ber 2024

http://orcid.org/0000-0002-9081-9743
http://orcid.org/0000-0002-9723-0237
http://orcid.org/0000-0003-0443-1206
http://orcid.org/0000-0002-2190-1575
mailto:moshe.shapiro@mssm.edu
Deleted Text: 9/11/2001
Deleted Text: ing
Deleted Text: -9/
Deleted Text: ,
Deleted Text: ,
Deleted Text: seven
Deleted Text: -9/11
https://academic.oup.com/


elevation in all-site cancer incidence (4,5). A study of New York
City Fire Department (FDNY) firefighters found a slight, yet sta-
tistically significant, incidence elevation in all sites combined
(6). However, a later study comparing the same cohort with
other firefighters with similar occupational (but not WTC)
exposures found no greater all-sites-combined incidence (7).

This article is an update of the earlier Solan et al. study (4) of
the General Responder Cohort extending follow-up time by an
additional 5 years, thereby increasing sample size and, given
the longer latency for some cancers, the ability to detect associ-
ations between WTC exposure and cancer risk. Solan et al. used
an unrestricted criterion, where cancer counts and person-
years of observations began post September 11, and a restricted
criterion, where both counts and person-years began 6 months
after member enrollment in the WTC Health Program. When
using the restricted approach, the earlier study found elevations
in thyroid cancer only.

Cancer is now classified as a WTC-related condition by the
National Institute for Occupational Safety and Health, and diag-
nosed members of the WTC Health Program are eligible for fed-
erally funded treatment. The General Responder Cohort is an
open cohort, with new members enrolling as of the end date of
this study (year 2013). Members have many reasons to enroll,
including having a cancer certified for federally funded treat-
ment. To reduce bias from sicker members disproportionately
self-selecting into the program, we focused on the restricted cri-
terion, excluding cancer cases and person-years of observation
before the date of member enrollment plus 6 months. (For com-
parison with Solan et al. [before cancer was designated as WTC
related], unrestricted criterion results are included as
Supplementary Material, available online).

Methods

The WTC Health Program General Responder Cohort has been
described in detail elsewhere (8). Briefly, the WTC Health
Program is a federally funded medical monitoring and treat-
ment program designed to assess responder health over time
and to provide treatment for health conditions deemed WTC
related. Human investigations are performed after approval by
local institutional review boards and in accord with assurances
filed with and approved by the US Department of Health and
Human Services.

The study population included all members enrolled in the
WTC Health Program General Responder Cohort between its in-
ception (July 2002) and the end of follow-up (December 31, 2013,
for New York residents and December 31, 2012, for residents of
other states). To be included in these analyses, the following eli-
gibility requirements pertained: self-reported time working on
the WTC rescue and recovery effort was a 4-hour minimum in
the first 4 days from September 11, 2001, 24 hours in September
2001, or 80 hours in September–December 2001; consent to have
data aggregated for research; consent to have data shared with
cancer registries; and completion of at least one monitoring
visit (8).

Cancer cases were ascertained via linkage with the cancer
registries of New York (NY) and surrounding states of New
Jersey, Pennsylvania, and Connecticut, as well as Florida and
North Carolina, where responders are known to retire. Cohort
percentages living in these states at some point post
September 11 were 87.7% (NY), 8.9% (New Jersey), 1.3% (Florida),
1.2% (Pennsylvania), 0.6% (Connecticut), and 0.3% (North
Carolina). Linkages used probabilistic matching algorithms

based on name, address, social security number (SSN), sex, race,
and birth date. Registries use differing matching algorithms and
degrees of manual review; false positive and false negative
matches are possible, especially for those missing full SSN (full
SSN was available for 31.8% of the study population and the last
four SSN digits for an additional 15.1%). The NY registry per-
formed an additional and extensive manual review of possible
matches using Department of Motor Vehicle records and other
sources.

The NY registry data are complete through December 31,
2013, and the others through December 31, 2012. Consequently,
person-years based on responders’ most recently reported state
of residence were censored to December 31, 2013, for NY resi-
dents and to December 31, 2012, for residents of the five other
states; residents of all other states were excluded from the anal-
ysis. Overlapping reporting of cancer among state registries was
assessed via manual review; duplicates were removed to yield a
dataset of unique registry-reported cancer cases for analysis.

Cancer cases were grouped into an “all cancer sites
combined” category and into individual groupings per the
National Cancer Institute’s Surveillance, Epidemiology, and End
Results site recode classifications (https://seer.cancer.gov/siter-
ecode/icdo3_dwhoheme/index.html).

WTC exposure indices were obtained via a structured expo-
sure assessment interview and consisted of reported exposure
to the dust cloud (direct, significant, some, none) combined
with arrival time (first day on the effort between September 11
and September 14 inclusive, first day on the effort after
September 14); cumulative days working on the WTC effort; and
working directly on the debris pile at any time.

A four-level (low, medium, high, very high) composite of
these exposure measures was also used (9) and defined as fol-
lows: Low- and medium-exposure groups consisted of those
who were not directly in the dust cloud, with the low-exposure
group also requiring fewer than 40 days working on the WTC ef-
fort and not having worked at any time on the debris pile. The
high and very high groups consisted of those who were directly
in the dust cloud, with the very high group also requiring 90 or
more days working on the WTC effort and working at some
point on the debris pile.

This study includes exposure assessment and demographic
data from monitoring visits starting 2002 through December 31,
2013. The exposure assessment questionnaire was adminis-
tered at members’ initial monitoring visits only. Demographic
information, smoking status, and member address were
obtained at first visit and updated at subsequent monitoring
visits; address information was also updated through outreach
efforts by the WTC Health Program and by member communi-
cations with the program’s phone bank. The average number of
member visits was 4.3, and average time between visits was
1.9 years.

Statistical Analysis

To calculate SIRs, population rates were extracted using
SEER*STAT software, and expected counts were derived through
indirect standardization to the age, sex, race and/or ethnicity,
diagnosis year, and residency-state-specific population rates.
These calculations were performed for each year of observation
and then summed so that members could be aged yearly.
Residence state from a member’s most recent monitoring visit
was used for combining with external rates. Observed counts
were extracted from our registry-confirmed cancer dataset.

2 of 7 | JNCI Cancer Spectrum, 2020, Vol. 4, No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/jncics/article/4/1/pkz090/5613807 by U

niversita degli Studi di M
odena e R

eggi user on 04 D
ecem

ber 2024

Deleted Text: ,
Deleted Text: five 
Deleted Text: utilized 
Deleted Text: -9/11/2001
Deleted Text: six 
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text:  (NIOSH)
Deleted Text: six 
/article-lookup/doi/10.1093/jncics/pkz090#supplementary-data
Deleted Text: World Trade Center
Deleted Text: ,
Deleted Text: 12/31/2013 
Deleted Text: four
Deleted Text: four 
Deleted Text: 9/11/
Deleted Text:  (NJ)
Deleted Text:  (PA)
Deleted Text:  (CT)
Deleted Text: plus 
Deleted Text: (FL) 
Deleted Text:  (NC)
Deleted Text: -9/
Deleted Text: L
Deleted Text: PA
Deleted Text: CT
Deleted Text: 12/31/
Deleted Text: ;
Deleted Text: 12/
Deleted Text: /
Deleted Text: :
Deleted Text: 12/31/13
Deleted Text: 12/31/
Deleted Text:  (SEER)
https://seer.cancer.gov/siterecode/icdo3_dwhoheme/index.html
https://seer.cancer.gov/siterecode/icdo3_dwhoheme/index.html
Deleted Text: :
Deleted Text: &hx201C;
Deleted Text: &hx201D;,
Deleted Text: &hx201C;
Deleted Text: &hx201D;&hx201D;,
Deleted Text: &hx201C;
Deleted Text: &hx201D;&hx201D;,
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: 9/
Deleted Text: 9/
Deleted Text: 9/
Deleted Text: &hx201C;
Deleted Text: &hx201D;&hx201D;,
Deleted Text: &hx201C;
Deleted Text: &hx201D;&hx201D;,
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: and &hx201C;
Deleted Text: &hx201D;
Deleted Text: forty 
Deleted Text: ninety 
Deleted Text: 12/
Deleted Text: A
Deleted Text: /
Deleted Text: ,


Under the restricted criterion, person-years of observation and
observed counts began 6 months after member enrollment
through December 31, 2013, for NY residents and December 31,
2012, for everyone else. Based on a linkage with the National
Death Index, deceased members were censored at date of death.
Both external population rates and our observed counts can in-
clude multiple cancer primaries per person (ie, a member with
two stomach cancer primaries and colon cancer would be
counted twice in the calculation of the site-specific SIR for
stomach cancer and once for colon cancer). The 95% confidence
intervals (CIs) for the SIRs (not presented by sex because of
small numbers) were calculated using standard methods (10).

For comparison with previous research (4), unrestricted SIRs
were calculated by not limiting to 6 months’ post enrollment (ie,
follow-up time and cancer cases started September 11, 2001). To
test the adequacy of the restricted criterion’s 6-month threshold
to fully account for bias from selective enrollment due to
prediagnosis symptoms of cancer, SIRs were calculated as a
sensitivity analysis, with follow-up time and case inclusion be-
ginning 12 and 24 months postenrollment.

To address potential confounders and explore the effects of
WTC exposure and demographic variables on cancer risk, hazard
ratios (HR) and 95% CIs were estimated using multivariable Cox
proportional hazards models. Estimations were calculated sepa-
rately for all cancer sites combined and for prostate cancer, with
censoring at date of death, end-of-study, or cancer diagnosis
date. No violations of the proportional hazards assumption were
observed when tested using Schoenfeld residuals. We modeled
multiple cancer events per member by using a shared frailty
model, with subject treated as a gamma-distributed random ef-
fect to account for within-subject correlations among cancer
event times (11). The time scale for the model was calendar time
from September 11, 2001, but entry into the model was left-
truncated at 6 months’ postenrollment, per our restricted crite-
rion. In addition to the four-level exposure metric, the model in-
cluded race and/or ethnicity, WTC Health Program clinic, sex,
age on September 11, 2001 smoking status, pre–September 11 oc-
cupation, presence of SSN for registry matching, and enrollment
date. These known and suspected cancer risk factors are consis-
tent with Solan et al. (4) and control for the heterogeneous na-
ture of the types of responders in our cohort. A separate model,
using the same covariates but substituting the three primary ex-
posure indices for the four-level derived indices, was also exam-
ined. All models used the restricted criterion.

Results

Demographics

Of the 29 455 responders with appropriate consents and whose
information was provided to the cancer registries for linkage,
726 were excluded because their restricted criterion start date
(enrollment date þ 6 months) occurred after the end date of
available registry data or after their date of death, leaving an
analysis sample size of 28 729.

The 28 729 responders were predominantly male (85.5%),
white non-Hispanic (47.4%) with a median age of 38 years on
September 11, 2001 (Table 1). Construction and protective serv-
ices (eg, law enforcement) were the most common pre–
September 11 occupations (20.8% and 49.0%, respectively), and
44.4% had at least some level of exposure to the dust cloud
caused by the collapse of the WTC towers. The median time
spent working on the rescue and recovery effort was 52 days.

Table 1. Selected characteristics of the World Trade Center Health
Program General Responder study sample (N¼ 28 729)*

Characteristic No. (%)

Sex
Male 24 568 (85.52)
Female 4161 (14.48)

Median age on 9/11/2001, y 38
Race/ethnicity

Black 3068 (10.68)
White non-Hispanic 13 620 (47.41)
White Hispanic 534 (1.86)
Hispanic (missing race) 4622 (16.09)
Other race 1938 (6.75)
Unknown/missing 4947 (17.22)

Occupation
Protective services 14 087 (49.03)
Construction 5975 (20.80)
CM&IRG 2636 (9.18)
Other 6031 (20.99)

Smoking history
Current 4290 (14.93)
Former 7069 (24.61)
Never 17 125 (59.61)
Missing 245 (0.85)

Clinical center at time of first visit
Bellevue 1313 (4.57)
Mount Sinai Hospital 19 503 (67.89)
Queens 2149 (7.48)
Stony Brook 4561 (15.88)
Rutgers 1203 (4.19)

Derived exposure level
Very high 920 (3.20)
High 4896 (17.04)
Intermediate 17 479 (60.84)
Low 4120 (14.34)
Missing 1314 (4.57)

Dust exposure/arrival time
Direct dust exposure 5876 (20.45)
Significant dust exposure 4822 (16.78)
Some dust exposure 2046 (7.12)
No exposure/arrival 9/11–9/14 8480 (29.52)
No exposure/arrival after 9/14 6400 (22.28)
Missing 1105 (3.85)

Duration on effort, d
1st quartile, 1–17 7161 (24.93)
2nd quartile, 18–52 6788 (23.63)
3rd quartile, 53–114 7096 (24.70)
4th quartile, >114 6987 (24.32)
Missing 697 (2.43)

Worked on pile/pit
Yes 10 188 (35.46)
No 17 636 (61.39)
Missing 905 (3.15)

SSN full or partial sent to registry
Yes 13 462 (46.86)
No 15 267 (53.14)

Date of enrollment
2002–2005 14 141 (49.22)
2006–2009 10 513 (36.59)
2010–2013 4075 (14.18)

*CM&IRG ¼ buildings and grounds cleaning and maintenance and electrical,

telecommunications and other installation and repair groups; SSN ¼ social

security number.
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SIR Results

Restricted Analyses

1072 cancers were identified among 999 responders. All cancer
sites combined showed a statistically significant elevation in in-
cidence (SIR ¼ 1.09, 95% CI ¼ 1.02 to 1.16) (Table 2), driven
mostly by elevations in incidences of prostate cancer (SIR ¼
1.25, 95% CI ¼ 1.11 to 1.40) and thyroid cancer (SIR ¼ 2.19, 95% CI
¼ 1.71 to 2.75). In contrast to Solan et al. (4), the incidence of leu-
kemia was statistically significantly elevated (SIR ¼ 1.41, 95% CI
¼ 1.01 to 1.92). For esophageal and brain cancers, elevated inci-
dence of 46% and 34%, respectively, were observed, but neither
achieved statistical significance. Lung cancer showed a de-
creased SIR (0.83, 95% CI ¼ 0.66 to 1.03) that was not statistically
significant, as did colorectal cancer (SIR ¼ 0.81, 95% CI ¼ .63 to
1.03).

Unrestricted Analyses

The unrestricted criterion yielded statistically significant eleva-
tions in SIRs for all cancer sites combined, and with melanoma
of the skin, prostate, bladder, kidney and thyroid cancers,
hematologic neoplasms, leukemia, non-Hodgkin lymphoma,
multiple myeloma, and chronic lymphocytic leukemia.

12- and 24-Month Restricted Sensitivity Analyses

Twelve- and 24-month sensitivity analyses were performed
(Supplementary Table 1, available online). As with the 6-month
restricted analysis, prostate cancer maintained statistically sig-
nificant elevations in cancer incidence for both the 12-month
(SIR ¼ 1.23, 95% CI ¼ 1.09 to 1.38) and the 24-month (SIR ¼ 1.21,
95% CI ¼ 1.06 to 1.37) restricted criteria. Likewise, thyroid cancer
maintained a statistically significant elevation in cancer inci-
dence for both the 12-month criterion (SIR ¼ 2.18, 95% CI ¼ 1.70
to 2.76) and the 24-month criterion (SIR ¼ 2.11, 95% CI ¼ 1.61 to
2.72). All cancer sites combined maintained a statistically signif-
icant elevation for the 12-month criterion (SIR ¼ 1.07, 95% CI ¼
1.01 to 1.14) and borderline statistical significance for the 24-
month criterion (SIR ¼ 1.06, 95% CI ¼ 0.99 to 1.13). The incidence
of leukemia was no longer elevated, although results were
based on diminishing numbers of cases.

Multivariable Analysis

Exposure Indices

None of the three separate exposure measures (dust exposure
and arrival time, length of work time, or work on the pile) and
none of the levels of the derived, four-level WTC exposure index

Table 2. Standardized incidence ratios (SIRs) of selected cancers among World Trade Center Health Program General Responders, 2003–2013*:
restricted criterion

Site Observed Expected SIR (95% CI) Median time 9/11/01 to cancer diagnosis, y

All cancer sites combined 1072 984.4 1.09 (1.02 to 1.16) 8.6
Smoking-related† 300 304.9 0.98 (0.88 to 1.10) 8.9
Oral cavity and pharynx 34 35.3 0.96 (0.67 to 1.34) 8.3
Digestive system 163 180.2 0.90 (0.77 to 1.05) 8.6

Esophagus 19 13.0 1.46 (0.88 to 2.28) 8.2
Stomach 19 17.8 1.07 (0.64 to 1.67) 8.3
Colon and rectum 68 84.0 0.81 (0.63 to 1.03) 7.8
Liver and intrahepatic bile duct 24 25.2 0.95 (0.61 to 1.42) 9.2
Pancreas 18 23.0 0.78 (0.46 to 1.24) 9.7

Nose, nasal cavity, and middle ear <5 — 1.14 8.5
Larynx 10 12.0 0.83 (0.40 to 1.53) 9.8
Lung and bronchus 80 96.2 0.83 (0.66 to 1.04) 9.2
Soft tissue including heart 7 7.9 0.88 (0.35 to 1.82) 5.2
Melanoma of the skin 50 43.3 1.15 (0.86 to 1.52) 8.6
Breast 47 50.3 0.94 (0.69 to 1.24) 8.8
Corpus uteri 8 9.8 0.82 (0.35 to 1.61) 9.6
Prostate 298 238.7 1.25 (1.11 to 1.40) 8.6
Testis 10 14.5 0.69 (0.33 to 1.27) 5.9
Urinary bladder 48 44.2 1.09 (0.80 to 1.44) 9.3
Kidney and renal pelvis 54 46.7 1.16 (0.87 to 1.51) 9.2
Brain and other nervous system 21 15.6 1.34 (0.83 to 2.05) 8.6
Thyroid 73 33.4 2.19 (1.71 to 2.75) 8.7
Hematological 106 100.6 1.05 (0.86 to 1.27) 8.4

Hodgkin lymphoma 7 8.4 0.83 (0.34 to 1.72) 6.5
Non-Hodgkin lymphoma 47 48.8 0.96 (0.71 to 1.28) 8.5
Myeloma 12 15.0 0.80 (0.41 to 1.40) 8.3
Leukemia 40 28.4 1.41 (1.01 to 1.92) 8.5

CLL 12 11.1 1.08 (0.56 to 1.89) 8.7
AML 12 7.6 1.58 (0.82 to 2.76) 8.0

Mesothelioma <5 — 1.25 6.5

*Begins 6 months past member enrollment, with enrollment beginning July 2002. AML ¼ acute myeloid leukemia; CI ¼ confidence interval; CLL ¼ chronic lymphocytic

leukemia.

†Smoking-related cancers consist of the following cancer types: oral cavity and pharynx (excluding nasopharynx), esophagus, liver, intrahepatic bile duct, pancreas, re-

spiratory system (excluding pleura), urinary system, and acute myeloid leukemia.
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displayed a statistically significant association with cancer risk,
for both all cancer sites combined and prostate cancer (Table 3).

Demographic and Other Variables

The multivariable analysis of all cancer sites combined (Table 3)
suggested an elevated risk for men, compared with women, but
the association did not achieve statistical significance (HR ¼
1.21, 95% CI ¼ 0.97 to 1.52). Age on September 11, 2001, showed a
statistically significant elevation of cancer risk, with a 1.09-fold
greater risk for each 1-year increase (HR ¼ 1.09, 95% CI ¼ 1.08 to
1.10), and being a current smoker likewise showed a statistically
significant association, with a 1.29-fold greater cancer risk com-
pared with being a never smoker (HR ¼ 1.29, 95% CI ¼ 1.07 to
1.57). Being a former smoker was not associated with having an
elevated cancer risk compared with being a never smoker (HR ¼
1.0, 95% CI ¼ 0.85 to 1.17).

In the multivariable analysis of prostate cancer (Table 3), age
on September 11, 2001, was statistically significant and was as-
sociated with a 1.13-fold greater cancer risk for each 1-year in-
crease (HR ¼ 1.13, 95% CI ¼ 1.12 to 1.14); current and former
smokers were associated with lower cancer risk compared with
never smokers (HR ¼ 0.74, 95% CI ¼ 0.50 to 1.10, and HR ¼ 0.94,
95% CI ¼ 0.73 to 1.21, respectively).

Supplemental Multivariable Results

To test the adequacy of a 6-month threshold to account for se-
lection bias, 12- and 24-month multivariable sensitivity analy-
ses were performed (Supplementary Table 2, available online).
Age on September 11, 2001, and current smoking status showed
statistically significant associations with increased cancer risk
for all cancer sites combined.

Discussion

Under the restricted criterion, we found statistically significant
elevations in SIRs for all cancer sites combined, prostate and
thyroid cancers, and leukemia; SIRs for lung cancer and colorec-
tal cancer were below 1.0. Multivariable survival analysis
showed no exposure dose-response for all cancer sites com-
bined or prostate cancer, although some risk factors such as age
at September 11, 2001, sex, and current smoking were associ-
ated with increased cancer risk. These analyses are most com-
parable in methodology with the previous restricted only
analysis of Solan et al. (4), which had 5 fewer observation years,
a smaller sample size, and wherein, an elevated SIR was
reported for thyroid cancer only.

Solan et al. found elevations under the unrestricted criterion
for all-sites cancer and prostate, thyroid, and hematologic ma-
lignancies and an elevation in soft tissue cancer, no longer evi-
dent in the current study. The current study found elevations
under the unrestricted criterion in those same sites and many
others (Supplementary Table 1, available online). Increased self-
selection by a sicker subset of the overall responder population,
due to both cancer becoming eligible for federally funded treat-
ment and publicity from previous research on cancer risk
among WTC-exposed populations, could explain these
increases.

Although other studies have revealed elevated SIRs for other
hematologic malignancies, this is the first reported statistically
significant elevated SIR for leukemia (3,4,6,7). Leukemia is
known to occur after exposure to occupational carcinogens,

including benzene [burning jet fuel and other sources at the
WTC site (12)], possibly at low levels of exposure (13,14) and
with a latency of several years from exposure (15). Our study did
not find an increase in multiple myeloma, as suggested by other
studies (16,17), although all results are based on a small number
of cases; thus, variation among studies is not surprising.
Although we did not find an increase in multiple myeloma, con-
tinued surveillance is warranted, as a study of FDNY firefighters

Table 3. Hazard ratios of select exposure and demographic factors:
multivariate Cox model of cancer risk for all cancer sites combined
(men and women) and prostate cancer (men only)*

Factors

All cancer sites
combined

HR (95% CI)
Prostate

HR (95% CI)

Sex†
Male 1.21 (0.97 to 1.52) —
Female 1.0 (Referent) —

Age on 9/11/01,† y
Per year 1.09 (1.08 to 1.10) 1.13 (1.12 to 1.14)

Occupation†
Construction 1.12 (0.92 to 1.36) 1.22 (0.90 to 1.66)
Protective services 1.03 (0.84 to 1.26) 1.09 (0.77 to 1.56)
CM&IRG 0.96 (0.74 to 1.24) 1.15 (0.76 to 1.74)
All other 1.00 (Referent) 1.00 (Referent)

Smoking†
Current smoker 1.29 (1.07 to 1.57) 0.74 (0.50 to 1.10)
Former smoker 1.00 (0.85 to 1.17) 0.94 (0.73 to 1.21)
Never smoked 1.00 (Referent) 1.00 (Referent)

SSN†,‡
SSN sent to registry 0.95 (0.81 to 1.11) 1.08 (0.84 to 1.40)
No SSN sent 1.00 (Referent) 1.00 (Referent)

Derived exposure level§
Low 1.00 (Referent) 1.00 (Referent)
Medium 0.91 (0.75 to 1.11) 0.82 (0.60 to 1.12)
High 0.99 (0.78 to 1.26) 0.93 (0.64 to 1.36)
Very high 0.67 (0.40 to 1.12) 0.48 (0.17 to 1.33)

Dust exposure/arrival time†
Direct 1.07 (0.86 to 1.33) 1.18 (0.82 to 1.69)
Significant 1.16 (0.93 to 1.46) 1.43 (0.99 to 2.06)
Some 0.86 (0.62 to 1.20) 0.93 (0.52 to 1.66)
No exposure/arrival

9/11–9/14
1.06 (0.88 to 1.29) 1.11 (0.80 to 1.54)

No exposure/arrival after
9/14

1.00 (Referent) 1.00 (Referent)

Duration on site†
1st quartile 1.00 (Referent) 1.00 (Referent)
2nd quartile 1.08 (0.88 to 1.32) 1.13 (0.82 to 1.55)
3rd quartile 0.99 (0.80 to 1.21) 0.83 (0.59 to 1.16)
4th quartile 1.04 (0.85 to 1.26) 0.82 (0.60 to 1.14)

Worked on pile†
Yes 1.02 (0.88 to 1.19) 0.95 (0.74 to 1.22)
No 1.00 (Referent) 1.00 (Referent)

*CI ¼ confidence interval; CM&IRG ¼ buildings and grounds cleaning and main-

tenance and electrical, telecommunications, and other installation and repair

groups; HR ¼ hazard ratio; SSN ¼ social security number.

†HRs from a model that included age on 9/11/01, sex, race and/or ethnicity,

clinic, smoking, SSN status, year of registration, occupation, work on pile, dura-

tion on site, and dust exposure/arrival time.

‡SSN information sent to registry and used in probabilistic matching included

both full SSN and last four digits.

§HRs from a model that included age, sex, race and/or ethnicity, clinic, smoking,

SSN status, year of registration, occupation, and derived exposure level.
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found a statistically significant association between WTC expo-
sure and the myeloma precursor monoclonal gammopathy of
undetermined significance (18).

Lung cancer is commonly associated with occupational
exposures, and WTC debris contained substances known to in-
crease lung cancer risk (asbestos, particulate matter), yet we
found the SIR of this cancer to be below 1.00, albeit of borderline
statistical significance (SIR ¼ 0.83, 95% CI ¼ 0.66 to 1.04). Three
considerations for this finding are as follows: Our cohort has a
lower prevalence of smokers compared with the general popu-
lation; many members are certified with WTC-related musculo-
skeletal conditions, commonly treated with nonsteroidal, anti-
inflammatory drugs for pain management that have been
shown to decrease lung cancer risk (19); and latency might be a
greater factor for lung cancer than for other cancers. These
questions should be examined in future studies.

Routine screening for thyroid cancer is not offered through
the WTC Health Program; however, General Responder Cohort
members are routinely administered chest x-rays, and those
with certain respiratory problems are administered chest com-
puterized tomography scans, which can lead to early diagnosis
of thyroid cancer. Consequently, medical surveillance could
partially explain elevations in the thyroid cancer SIR.

An increase in prostate cancer among WTC-exposed fire-
fighters has been reported, although surveillance bias may play
a role, given that prostate-specific antigen screenings are rou-
tinely performed as part of the FDNY monitoring program (7)
(the WTC Health Program does not screen for prostate cancer).
Typical latency for prostate cancer has been estimated as long
as 20 years post exposure (20); however, recent research sug-
gests that respiratory exposure to WTC dust could induce in-
flammatory and immune responses in prostate tissue and that
WTC-related prostate cancer displays a distinct gene expression
pattern that could have resulted from exposure to specific carci-
nogens (21). These factors could be associated with a shorter la-
tency period for WTC exposure.

Cancers commonly treated in outpatient settings may be
underreported to registries, particularly melanoma and myeloid
leukemia (22,23). Consequently, underreporting of cancer is a
possible source of incomplete case ascertainment in our cohort.
However, such undercounting would also affect the population
rates used in SIR calculations and presumably would be nondif-
ferential with respect to the exposure variables used in our mul-
tivariable analyses, leading to loss of power but not bias. Another
potential source of undercounting would be missing SSN infor-
mation in 68.2% of our cohort, because SSN is an important part
of the probabilistic matching algorithms employed by the regis-
tries. Because of a renewed effort to collect the last four digits of
SSN, this current study was able to provide the registries with
partial SSN numbers on an additional 4331 responders, improving
match accuracy and reducing potential undercounting. Based on
a comparison of the registry linkage results on 5627 members ini-
tially without SSN with their updated results with the inclusion
of the last four digits of SSN (4331 members) or the full SSN (1296
members), we can estimate registry matching without SSN
results in an undercounting of true cancer numbers by 7.9% com-
pared to full SSN and 5.4% cf last four digits.

Although Solan et al. (4) reported a non-statistically signifi-
cant suggestion of an exposure dose-response, our analysis
found no exposure effect, regardless of whether component or
derived measures were examined. A more recent FDNY study
(7) compared cancer incidence in their cohort to firefighters
from other cities. Although our analysis used internal
WTC-exposure comparisons whereas the firefighter study used

an external control group, the firefighter study likewise reported
no WTC exposure effect.

Days and hours on-site, location, and dust cloud exposure
have been assumed surrogates for duration and intensity of ex-
posure to cancer-causing substances. However, it is possible
that these categories do not completely capture the true level of
exposures to carcinogens. Similarly, use of respirators and pro-
tective clothing may mitigate the effects of exposure.
Unfortunately, however, this information was not consistently
captured via the exposure assessment instrument. Recall bias
may also play a role among those who enrolled up to a decade
or more after exposure, although the percentage of late enroll-
ees remains small (14.2% after 2009). These potential limitations
may result in exposure misclassification, reducing our ability to
identify a dose-response effect, if one exists.

In conclusion, our investigation identified elevated inci-
dence rates in all-sites cancer combined, as well as in prostate,
thyroid, and leukemia when compared to the general popula-
tion. However, no dose-response association was observed be-
tween cancer risk and estimated level of exposure while
working on the WTC rescue and recovery effort. Shorter latency
prostate cancer elevations could be contributed to the unique
makeup of the WTC dust exposure. Future studies of other
WTC-exposed cohorts may similarly find elevations in leuke-
mia. Thyroid cancer continues to show the greatest elevations
in SIR, possibly because of surveillance bias from increased
monitoring and treatment, although thyroid cancer screening is
not offered through the WTC Health Program. Because of the long
latency period of many types of cancer, it is possible that in-
creased rates of other cancers, as well as WTC exposure-cancer
associations, may emerge after longer periods of follow-up.

Funding

This work was supported by the Centers for Disease Control and
Prevention–National Institute for Occupational Safety and
Health (cooperative agreements and contracts 200–2002-00384,
U10-OH008216/23/25/32/39/75, 200–2011-39356/61/77/84/85/88,
and 200–2017-93325).

Notes

Affiliations of authors: World Trade Center Health Program
General Responder Data Center, Department of Environmental
Medicine and Public Health (MZS, SRW, CRD, RGL, HSS, SLT,
EST, ACT) and World Trade Center Health Program Clinical
Center of Excellence at Mount Sinai, Department of
Environmental Medicine and Public Health (MAC), Icahn School
of Medicine at Mount Sinai, New York, NY; World Trade Center
Health Program Clinical Center of Excellence, NYU Langone
Medical Center, New York University School of Medicine, New
York, NY (DJH); World Trade Center Health Program Clinical
Center of Excellence, Department of Medicine, Stony Brook
University Medical Center, Stony Brook, NY (BJL); World Trade
Center Health Program Clinical Center of Excellence,
Department of Occupational Medicine, Epidemiology and
Prevention, Donald and Barbara Zucker School of Medicine at
Hofstra/Northwell, Hempstead, NY (JMM); World Trade Center
Health Program Clinical Center of Excellence, Environmental
and Occupational Health Sciences Institute, Robert Wood
Johnson Medical Center, Piscataway, NJ (IGU).

This work is solely the responsibility of the authors and does
not necessarily represent the official views of Centers for

6 of 7 | JNCI Cancer Spectrum, 2020, Vol. 4, No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/jncics/article/4/1/pkz090/5613807 by U

niversita degli Studi di M
odena e R

eggi user on 04 D
ecem

ber 2024

Deleted Text: ,
Deleted Text: ,
Deleted Text:  (MGUS)
Deleted Text: ;
Deleted Text: ; 95&hx0025; CI 
Deleted Text: &hx2013;
Deleted Text: ,
Deleted Text:  
Deleted Text: -
Deleted Text: since 
Deleted Text: their 
Deleted Text: /
Deleted Text: /
Deleted Text: Its contents are solely the responsibility of the authors and do not necessarily represent the official views of CDC/NIOSH.


Disease Control and Prevention–National Institute for
Occupational Safety and Health. The authors have no
disclosures.

We thank the selfless responders; staff at the WTC Health
Programs; and the many dedicated WTC Health Program stake-
holders. Data were supplied by the Connecticut State
Department of Public Health Tumor Registry; Florida
Department of Health Cancer Registry; New Jersey State Cancer
Registry, The Rutgers Cancer Institute of New Jersey; New York
State Department of Health Cancer Registry; Bureau of Health
Statistics and Registries, Pennsylvania Department of Health,
Harrisburg, Pennsylvania. The Pennsylvania Department of
Health specifically disclaims responsibility for any analyses,
interpretations, or conclusions. We thank Drs Paolo Boffetta,
Sean Clouston, George Friedman-Jimenez, and Mr Christopher
Hahn and Ms Spencer Carroll for their invaluable assistance.

References
1. Savitz DA, Oxman RT, Metzger KB, et al. Epidemiologic research on man-

made disasters: strategies and implications of cohort definition for World
Trade Center worker and volunteer surveillance program. Mt Sinai J Med.
2008;75(2):77–87.

2. Lioy PJ, Weisel CP, Millette JR, et al. Characterization of the dust/smoke aero-
sol that settled east of the World Trade Center (WTC) in lower Manhattan af-
ter the collapse of the WTC 11 September 2001. Environ Health Perspect. 2002;
110(7):703–714.

3. Li J, Brackbill RM, Liao TS, et al. Ten-year cancer incidence in rescue/recovery
workers and civilians exposed to the September 11, 2001 terrorist attacks on
the World Trade Center. Am J Ind Med. 2016;59(9):709–721.

4. Solan S, Wallenstein S, Shapiro M, et al. Cancer incidence in world trade cen-
ter rescue and recovery workers, 2001-2008. Environ Health Perspect. 2013;
121(6):699–704.

5. Boffetta P, Zeig-Owens R, Wallenstein S, et al. Cancer in World Trade Center
responders: findings from multiple cohorts and options for future study. Am J
Ind Med. 2016;59(2):96–105.

6. Zeig-Owens R, Webber MP, Hall CB, et al. Early assessment of cancer out-
comes in New York City firefighters after the 9/11 attacks: an observational
cohort study. Lancet. 2011;378(9794):898–905.

7. Moir W, Zeig-Owens R, Daniels RD, et al. Post-9/11 cancer incidence in World
Trade Center-exposed New York City firefighters as compared to a pooled

cohort of firefighters from San Francisco, Chicago and Philadelphia (9/11/
2001-2009). Am J Ind Med. 2016;59(9):722–730.

8. Dasaro CR, Holden WL, Berman KD, et al. Cohort profile: World Trade
Center Health Program General Responder cohort. Int J Epidemiol. 2017;
46(2):e9.

9. Wisnivesky JP, Teitelbaum SL, Todd AC, et al. Persistence of multiple ill-
nesses in World Trade Center rescue and recovery workers: a cohort study.
Lancet. 2011;378(9794):888–897.

10. Sahai H, Khurshid A. Confidence intervals for the mean of a Poisson distribu-
tion: a review. Biom J. 1993;35(7):857–867.

11. Smedinga H, Steyerberg EW, Beukers W, et al. Prediction of multiple recur-
rent events: a comparison of extended cox models in bladder cancer. Am J
Epidemiol. 2017;186(5):612–623.

12. Swartz E, Stockburger L, Vallero DA. Polycyclic aromatic hydrocarbons and
other semivolatile organic compounds collected in New York City in re-
sponse to the events of 9/11. Environ Sci Technol. 2003;37(16):3537–3546.

13. McHale CM, Zhang L, Smith MT. Current understanding of the mechanism of
benzene-induced leukemia in humans: implications for risk assessment.
Carcinogenesis. 2012;33(2):240–252.

14. Li K, Jing Y, Yang C, et al. Increased leukemia-associated gene expression in
benzene-exposed workers. Sci Rep. 2014;4.

15. Snyder R. Leukemia and benzene. Int J Environ Res Public Health. 2012;9(8):
2875–2893.

16. Li J, Cone JE, Kahn AR, et al. Association between World Trade Center expo-
sure and excess cancer risk. JAMA. 2012;308(23):2479–2488.

17. Moline JM, Herbert R, Crowley L, et al. Multiple myeloma in World Trade
Center responders: a case series. J Occup Environ Med. 2009;51(8):896–902.

18. Landgren O, Zeig-Owens R, Giricz O, et al. Multiple myeloma and its precur-
sor disease among firefighters exposed to the World Trade Center disaster.
JAMA Oncol. 2018;4(6):821–827.

19. McCormack VA, Hung RJ, Brenner DR, et al. Aspirin and NSAID use and lung
cancer risk: a pooled analysis in the International Lung Cancer Consortium
(ILCCO). Cancer Causes Control. 2011;22(12):1709.

20. Haas GP, Delongchamps N, Brawley OW, et al. The worldwide epidemiology
of prostate cancer: perspectives from autopsy studies. Can J Urol. 2008;15(1):
3866–3871.

21. Gong Y, Wang L, Yu H, et al. Prostate Cancer in World Trade Center
Responders Demonstrates Evidence of an Inflammatory Cascade. Mol Cancer
Res. 2019;17(8):1605–1612.

22. Craig BM, Rollison DE, List AF, et al. Underreporting of myeloid malignancies
by United States cancer registries. Cancer Epidemiol Biomarkers Prev. 2012;21(3):
474–481.

23. Rigel DS. Trends in dermatology: melanoma incidence. Arch Dermatol. 2010;
146(3):318.

M. Z. Shapiro et al. | 7 of 7

D
ow

nloaded from
 https://academ

ic.oup.com
/jncics/article/4/1/pkz090/5613807 by U

niversita degli Studi di M
odena e R

eggi user on 04 D
ecem

ber 2024

Deleted Text: &hx0026; 

	pkz090-TF1
	pkz090-TF2
	pkz090-TF3
	pkz090-TF4
	pkz090-TF5
	pkz090-TF6
	pkz090-TF7

