
 

 

Exhibit 191 

Case 7:23-cv-00897-RJ     Document 472-12     Filed 08/24/25     Page 1 of 16



Cancer Incidence among Marines and Navy Personnel and Civilian Workers
Exposed to Industrial Solvents in Drinking Water at US Marine Corps Base Camp
Lejeune: A Cohort Study
Frank J. Bove,1 April Greek,2 Ruth Gatiba,2 Betsy Kohler,3 Recinda Sherman,3 Gene T. Shin,2 and Aaron Bernstein4

1Office of Community Health Hazard Assessment, Health Studies Section, Agency for Toxic Substances and Disease Registry, Atlanta, Georgia, USA
2Health Research and Analytics Division, Battelle Memorial Institute, Charlottesville, Virginia, USA
3North American Association of Central Cancer Registries, Springfield, Illinois, USA
4National Center for Environmental Health, Agency for Toxic Substances and Disease Registry, US Centers for Disease Control and Prevention, Atlanta,
Georgia, USA

BACKGROUND: Drinking water at US Marine Corps Base Camp Lejeune, North Carolina, was contaminated with trichloroethylene and other industrial
solvents from 1953 to 1985.
METHODS: A cohort cancer incidence study was conducted of Marines/Navy personnel who began service and were stationed at Camp Lejeune
(N=154,821) or Camp Pendleton, California (N =163,484) between 1975 and 1985 and civilian workers employed at Camp Lejeune (N=6,494) or
Camp Pendleton (N =5,797) between October 1972 and December 1985. Camp Pendleton’s drinking water was not contaminated with industrial sol-
vents. Individual-level information on primary invasive cancers and in situ bladder cancer diagnosed between 1996 and 2017 was obtained from 54
US cancer registries. Proportional hazards regression was used to calculate adjusted hazard ratios (aHRs) comparing cancer incidence between the
Camp Lejeune and Camp Pendleton cohorts, adjusted for sex, race, education, and rank (or blue-collar work), with age as the time variable. Precision
of aHRs was evaluated using the 95% confidence interval (CI) ratio (CIR).

RESULTS: Cancers among Camp Lejeune Marines/Navy personnel and civilian workers totaled 12,083 and 1,563, respectively. Cancers among
Camp Pendleton Marines/Navy personnel and civilian workers totaled 12,144 and 1,416, respectively. Compared with Camp Pendleton, Camp
Lejeune Marines/Navy personnel had aHRs ≥1:20 with CIRs ≤3 for all myeloid cancers (HR=1:24; 95% CI: 1.03, 1.49), acute myeloid leuke-
mia (HR=1:38; 95% CI: 1.03, 1.85), myelodysplastic and myeloproliferative syndromes (HR=1:68; 95% CI: 1.07, 2.62), polycythemia vera
(HR=1:41; 95% CI: 0.94, 2.11), and cancers of the esophagus (HR=1:27; 95% CI: 1.03, 1.56), larynx (HR=1:21; 95% CI: 0.98, 1.50), soft tis-
sue (HR=1:21; 95% CI: 0.92, 1.59), and thyroid (HR=1:22; 95% CI: 1.03, 1.45). Lymphoma subtypes mantle cell and marginal zone B-cell and
lung cancer subtypes adenocarcinoma and non-small cell lung cancer also had aHRs ≥1:20 with CIRs ≤3. Compared with Camp Pendleton,
Camp Lejeune civilian workers had aHRs ≥1:20 with CIRs ≤3 for all myeloid cancers (HR=1:40; 95% CI: 0.83, 2.36), squamous cell lung can-
cer (HR=1:63; 95% CI: 1.10, 2.41), and female breast (HR=1:21; 95% CI: 0.97, 1.52) and ductal cancer (HR=1:32; 95% CI: 1.02, 1.71).
CONCLUSION: Increased risks of several cancers were observed among Marines/Navy personnel and civilian workers exposed to contaminated drink-
ing water at Camp Lejeune compared with Camp Pendleton. https://doi.org/10.1289/EHP14966

Background
Drinking water at USMarine Corps (USMC) Base Camp Lejeune,
North Carolina, is sourced from groundwater supply wells. Eight
treatment plants supplied drinking water to different areas of the
base. Water from supply wells was mixed at the treatment plant
prior to entering distribution as finishedwater.

Distribution system samples collected between 1980 and
1985 at Camp Lejeune found industrial solvents in the drinking
water supplied by two treatment plants [Tarawa Terrace (TT) and
Hadnot Point (HP)]. Tetrachloroethylene (PCE) was detected in 2
of the 9 supply wells serving the TT system.1 Trichloroethylene
(TCE) was detected in 6 of the 28 supply wells serving the HP
system.2

The TT treatment plant began operating in 1952 and served
∼ 1,850 family housing units. The TT supply wells were contami-
nated by PCE from an off-base dry-cleaning business, with a maxi-
mum measured concentration in the TT distribution system of
215 lg=L.1

The HP treatment plant began operation in 1942 and served
the base’s “mainside,” including most workplaces and barracks,
field training areas (via mobile “water buffaloes”), family hous-
ing, and eating establishments. The HP supply wells were conta-
minated by on-base sources—leaking underground storage tanks,
industrial area spills, and waste disposal sites. The maximum
measured concentrations in the HP distribution system were
1,400 lg=L for TCE and 100 lg=L for PCE. Also detected in the
distribution system were benzene from fuel tank leaks and vinyl
chloride from the degradation of PCE and TCE in groundwater.2

Few distribution system samples for volatile organic com-
pounds were taken between 1980 and 1985 at Camp Lejeune, and
none prior to 1980. The Agency for Toxic Substances and Disease
Registry (ATSDR) conducted historical reconstruction modeling;
they determined that contamination of the TT andHP systems began
by the mid-1950s and estimated monthly average contaminant con-
centrations in the TT andHP systems.1–2 The ATSDR’s estimates of
monthly average concentrations of PCE in the TT distribution sys-
tem between January 1975 and February 1985 ranged from 0 to
158 lg=L, with a median of 85 lg=L.1 Estimated monthly average
concentrations of TCE, PCE, and vinyl chloride in the HP distribu-
tion system between January 1975 and February 1985 ranged from 0
to 783, 0 to 39, and 0 to 67 lg=L, respectively, with median levels of
366, 15, and 22 lg=L, respectively.2 Contamination levels in each
system varied depending on the supply wells in use, their levels of
contamination, and their pumpage rates.1–2 The highly contaminated
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supply wells serving the TT and HP systems were shut down in
February 1985, although benzene concentrations above itsmaximum
contaminant level (MCL) of 5 lg=L were detected in the HP distri-
bution system in late 1985.

The US Environmental Protection Agency (EPA) MCLs are
5 lg=L for TCE, PCE, and benzene, and 2 lg=L for vinyl chlo-
ride.3 A Marine in training is estimated to consume 6 L/d of
drinking water three times per week and 3 L/d four times per
week.4 Marines/Navy personnel not in training and civilian
workers are estimated to consume 3 L/d.4 The combined dose
from inhalation and dermal routes may be higher than the dose
from the ingestion route.5

The International Agency for Research on Cancer (IARC) has
classified TCE, benzene, and vinyl chloride as known human car-
cinogens, and PCE as “probably carcinogenic to humans.”6–8 The
ATSDR has reviewed occupational and environmental epidemio-
logical studies and evidence from animal and mechanistic studies
for TCE, PCE, benzene, and vinyl chloride.9 Sufficient causal
evidence was found for TCE and kidney cancer and non-Hodgkin
lymphoma (NHL); PCE and bladder cancer; benzene and NHL
and leukemias; and vinyl chloride and liver cancer.9 Evidence as
likely as not or greater but less than sufficient evidence was found
for TCE and multiple myeloma, leukemias, and liver cancer;
PCE and NHL; and benzene and multiple myeloma.9

To our knowledge, three studies have evaluated cancer inci-
dence and drinking water exposures to TCE or PCE. A New Jersey
study observed associations between TCE and PCE and NHL, and
between TCE and leukemia.10 A Cape Cod, Massachusetts, study
found associations between PCE and cancers of the lung, bladder,
rectum, female breast, and leukemia.11–13 An ATSDR case–control
study of male breast cancer incidence found an elevated risk
comparing Camp Lejeune Marines with Marines at other bases
but was limited to cancers ascertained from the US Veterans
Affairs (VA) registry.14

The ATSDR has previously conducted cohort mortality studies
comparingMarines/Navy personnel and civilian workers stationed
or employed at Camp Lejeune from 1975 to 1985 and 1973 to
1985, respectively, with similar cohorts over the same periods at
USMC Base Camp Pendleton, California.15–16 The follow-up pe-
riod for causes of death was from 1979 to 2008. Both studies found
associations for cancers of the kidney, rectum, lung, prostate, leu-
kemias, and multiple myeloma,15–16 but the findings were limited
by the typically long latency periods of these cancers plus the
young ages of the cohort members at the end of follow-up and by
the limitations inherent in mortality studies. For example, death
certificates would miss cancers not considered underlying or con-
tributing causes of death. Moreover, cancers can be miscoded on
death certificates because of failure to distinguish primary from
metastatic sites or to distinguish between tumor sites that are
contiguous.17

A cancer incidence study using individual-level data from US
population-based cancer registries has a greater capability than a
mortality study of evaluating highly survivable cancers. Cancer
registry data also include information not available on the death
certificate, such as the histology and behavior (i.e., benign, in situ,
malignant) of the tumor.

The purpose of this cancer incidence cohort study was to
determine whether being stationed or employed at Camp Lejeune
between 1975 and 1985 (Marines/Navy personnel) or between
October 1972 and December 1985 (civilian workers) increased
the risk of malignant (“invasive”) cancers (and bladder cancer
in situ) ascertained between 1996 and 2017 compared with being
stationed or employed at Camp Pendleton. Sampling of Camp
Pendleton’s drinking water between 1989 and 2005 did not detect
industrial solvents above their MCLs, although lead and copper

were detected above their US EPA action levels in some samples
taken between 1991 and 2000.18

Methods

Study Populations
The ATSDR obtained quarterly personnel data from the Defense
Manpower Data Center (DMDC) for Marines/Navy personnel
and civilian workers stationed or employed at Camp Lejeune or
Camp Pendleton. Civilian workers were included in the study if
they were employed during any quarter at either base between
October 1972 and December 1985. The DMDC started data col-
lection for civilian workers in October 1972. Marines/Navy per-
sonnel were included in the study if they were stationed during
any quarter at either base between April 1975 and December
1985. DMDC data did not include military unit codes, necessary
to determine base locations, until April 1975. December 1985
was selected as an end point because drinking water distribution
system samples taken at Camp Lejeune after 1985 had no con-
taminant levels above their MCLs.

The civilian worker cohort included 6,494 employed at Camp
Lejeune and 5,797 employed at Camp Pendleton who were known
to be alive as of 1 January 1996. The DMDC data included base
location of employment, social security number, full name (from
October 1981 onward), date of birth, occupation code, quarter and
year of employment, and self-reported race, sex, and education.
Employment start date was not provided in the DMDCdata.

The full cohort ofMarines/Navy personnel included 208,063 at
Camp Lejeune and 225,999 at Camp Pendleton who were known
to be alive as of 1 January 1996. DMDC data included full name,
social security number, quarter and year of service, date of birth,
military unit code, rank, date active duty started, military occupa-
tion code, and self-reported race, sex, and education. Deployment
and training information was not available in the DMDC data. The
USMCprovided a list of military unit codes for each base.

Within the full cohort of Marines/Navy personnel, some began
active duty prior to 1975, when DMDC data did not include mili-
tary unit code. Because base locations prior to 1975were unknown,
an individual stationed at Camp Pendleton between 1975 and
1985, and therefore considered unexposed to contaminated drink-
ing water, could have been stationed at Camp Lejeune prior to
1975 and exposed. To minimize this source of exposure misclassi-
fication, a subgroup of the full cohort, who began active duty
between 1975 and 1985, was the focus of the evaluation of cancer
incidence amongMarines andNavy personnel. This subgroup con-
sisted of 154,821 at CampLejeune and 163,484 at Camp Pendleton
whowere known to be alive as of 1 January 1996.

Camp Pendleton was selected as the reference population
because the base’s finished drinking water was not contaminated
with industrial solvents.18 Moreover, Camp Pendleton was similar
to Camp Lejeune on demographics, socioeconomic and cultural
factors, training activities, and military and civilian employee
occupations.

Cancer Ascertainment
A commercial tracing service, the Social Security Administration
Data for Epidemiological Researchers, and the National Death
Index provided residential addresses, vital status, and date of
death. The study obtained individual-level data on all primary,
invasive cancer cases and in situ bladder cancer cases diagnosed
between 1996 and 2017 via linkages with 49 state cancer regis-
tries, the District of Columbia registry, Puerto Rico and Pacific
Islands registries, and Department of Defense (DOD) and VA
registries. In situ bladder cancers were included because of the
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difficulty distinguishing in situ and invasive bladder cancers.19
For other cancers, only invasive cases were included. Follow-up
began on 1 January 1996, because all registries were operating by
1996. Follow-up ended on 31 December 2017 because when link-
ages occurred some registries did not have complete and verified
data after 2017.

Owing to state law restrictions requiring consent of the living
patient, the West Virginia Cancer Registry could not provide
individual-level data for this study. The Kansas Cancer Registry
had a similar state law restriction but obtained consent from and
provided individual-level data for most of the matches. All other
cancer registries provided individual-level data without requiring
patient consent.

All registries except the DOD registry used the same linkage
software, Match*Pro (version 1.6.2).20 Manual review procedures
were performed at all registries except the VA and DOD regis-
tries. Matching parameters were social security number; date of
birth; first, middle, and last name (using a Soundex algorithm);
and street address. Blocking parameters (first name, last name,
social security number, and date of birth) were used to limit the
number of comparisons to those records for which two or more
blocking parameters matched.

The linkage software produced three classes of matches: high
quality, uncertain, and nonmatches. The thresholds for these three
classes were based on pilot tests with three cancer registries and
were consistent across all linkages. Excluding the DOD and VA
registries, all participating registries manually reviewed uncertain
matches to identify any missed cases, and >90% of the registries
reviewed all high-quality matches for potential false positives.
Based on this review, ∼ 0:1% of the high-quality matches were
identified as false positives. Nonmatches were reviewed for false
negatives. Once all the cancer data were received, duplicate
records were removed.

Information for each matched tumor record included the primary
site of the cancer, histologic type, behavior code, sequence number,
age of the patient at diagnosis, and date of diagnosis. Histological
subtypes were defined using the Surveillance, Epidemiology, and
End Results Program site recode definitions21–22 and are listed in
Table S1.

Data Analyses
Marines/Navy personnel and civilian employees were analyzed
separately. The Marines/Navy personnel analyses focused on
comparisons between the Camp Lejeune and Camp Pendleton
subgroups (i.e., who began active duty between 1975 and 1985).
The comparison between the Camp Lejeune and Camp Pendleton
full cohort of Marines/Navy personnel (i.e., the cohort unre-
stricted by the start date of active duty) was conducted as a sec-
ondary analysis.

Follow-up began on 1 January 1996 and continued until date of
death or 31 December 2017, whichever was earlier. The analyses
evaluated individual-level data using Cox proportional hazards
regression to estimate hazard ratios (HRs) and 95% confidence
intervals (CIs) for each cancer primary site and histological sub-
type. Age in years (continuous) was the time variable; therefore, all
models were adjusted for age. Base location was not lagged
because the start of follow-up was >10 y after contamination
ended at Camp Lejeune. Schoenfeld residuals were evaluated to
check the proportional hazards assumption.23 The analyses used
SAS (version 9.4; SAS Institute, Inc.) and STATA (version 16;
StataCorp) software.

Adjusted models for Marines/Navy personnel included sex,
race, rank, and education. Adjusted models for civilian workers
included sex, race, education, and blue-collar work (yes/no). These
factors were included in the adjusted models because disparities in

cancer incidence rates are known to occur among different sex,
racial, and socioeconomic groups. Rank, education, and blue-
collar work were included in the models to adjust for socioeco-
nomic factors. Race is a social construct that was included in the
models to account for the impacts of systemic discrimination.

DMDC data for Marines/Navy personnel categorized race as
White, Black, Other race, and Unknown. Those coded as Unknown
orwith amissing codewere recoded asOther race. For civilianwork-
ers, the DMDC data categorized race/national origin as White Non-
Hispanic, Non-Hispanic Black, Hispanic, American Indian or
Alaskan Native, Asian or Pacific Islander, Non-Hispanic in Puerto
Rico, and invalid. Because of small sample numbers, all race/
national origin groups not coded as White Non-Hispanic or Non-
Hispanic Black were recoded as Other race, including those with in-
valid ormissing codes.

For education level, the DMDC data included 12 categories
for Marines/Navy personnel and 15 categories for civilian work-
ers. Education level was recoded as not a high school graduate, a
high school graduate, and a college graduate. Those with missing
data were assumed to be high school graduates. For civilian
workers, most of the missing data on education occurred in the
DMDC data prior to 1982, when name also was not included.

An individual could contribute cancers to more than one pri-
mary site but not more than one per site. For example, if a person
had recurrent lung cancer records during the follow-up period,
only the first diagnosis during the period was included in the lung
cancer analysis. However, an individual could contribute to more
than one histological subtype of a cancer primary site. For exam-
ple, an individual diagnosed with lung adenocarcinoma and later
with lung squamous cell would be included in the analysis of
each of these histological subtypes.

Secondary analyses evaluated categorical variables for the du-
ration of assignment or employment (in quarters of the year) at
Camp Lejeune as a proxy for cumulative drinking water expo-
sure. For the Marines/Navy personnel subgroup, duration sta-
tioned at Camp Lejeune between April 1975 and December 1985
was categorized as low (1–6 quarters), medium (7–10 quarters),
and high (>10 quarters). For the civilian workers, employment
duration at Camp Lejeune between October 1972 and December
1985 was categorized as low/medium (1–21 quarters) and high
(>21 quarters). Members of the Camp Pendleton cohorts had no
duration assigned at Camp Lejeune between April 1975 and
December 1985 (Marines and Navy personnel) or employed at
Camp Lejeune between October 1972 and December 1985 (civil-
ian workers) and were therefore used as references. The adjusted
models included a continuous variable for total annual quarters
stationed or employed at either base.

Quantitative bias analyses (QBA) using Excel spreadsheets
estimated the possible impacts on the adjusted HRs (aHRs) of con-
founding from smoking and alcohol consumption and exposure
misclassification bias.24 A QBA involves choosing a bias model
(e.g., exposure misclassification), an analytic technique (e.g., a
multidimensional analysis), and values for the parameters of the bias
model. The values of the bias parameters are applied to the observed
data using bias adjustment equations embedded in the spreadsheets
to calculatewhat the aHRwould have been if the biaswere absent.

The QBA parameters for confounding were the prevalence of
the confounding factor in the Camp Lejeune and Camp Pendleton
cohorts, and a range of risk ratios (RRs) associating the confounder
with the cancer under evaluation. The prevalence of smoking and
alcohol consumption among Marines/Navy personnel was based
on a 1980 survey of active-duty military personnel that found
53.4% of Marines smoked and about 30% of Marines were heavy
drinkers (i.e., consumed ≥5 drinks per typical drinking occasion at
least once a week).25 The QBA assumed that at least two-thirds of
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Marines/Navy personnel consumed ≥1 drink/d. For civilian work-
ers, the QBA assumed about half smoked and one-third consumed
≥1 drink/d.

Negative control diseases26 were used to estimate smoking
and alcohol consumption prevalence differences between Camp
Lejeune and Camp Pendleton. Negative control diseases for
smoking were mortality due to chronic obstructive pulmonary
disease (COPD)27 and cardiovascular disease (CVD). CVD is
also associated with metabolic factors such as hypertension, dia-
betes, non–high-density lipoprotein cholesterol, obesity, and
diet.28 Negative control diseases for alcohol consumption were
mortality due to chronic liver disease,29 alcoholism, and alco-
holic liver disease. Smoking-related cancers, such as cancers of
the lung, larynx, and bladder,30 and alcohol-related cancers, such
as cancers of the oral cavity/pharynx, larynx, liver, esophagus,
colon, and female breast,31 were not considered negative control
diseases because there was evidence in the scientific literature
linking these cancers to one or more of the contaminants in the
drinking water.9,11–13,32–37

To estimate the prevalence difference in smoking or alcohol
consumption between the two bases, the QBA used a) the observed
aHR for the negative control disease comparing Camp Lejeune to
Camp Pendleton, and b) a range of RR estimates from the literature
associating smoking or alcohol consumption with the negative
control disease.27–29 For example, for smoking and the negative
control disease COPD, the QBA used a range of RRs from 3.00 to
5.00 based on a systematic review with meta-analysis.27 (Using
higher RRs for smoking and COPD would reduce the prevalence
difference between Camp Lejeune and Camp Pendleton, resulting
in a lower impact of confounding bias due to smoking.) For alcohol
consumption and the negative control disease chronic liver disease
mortality, the QBA used RRs ranging from 2.50 to 10.00. This
range of RRs was based on a systematic review of alcohol con-
sumption and liver cirrhosis mortality that foundRRs of 2.65, 6.83,
and 16.38 for drinking 25 g/d (2 drinks/d), 50 g/d (4 drinks/d), and
100 g/d (8 drinks/d) compared with those who never drank alco-
holic beverages.29 To estimate the impact of possible confounding
on the observed aHR for a cancer under evaluation, the QBA used
a) the prevalence difference of the confounder between the two
bases, and b) a range of RR estimates from the literature associat-
ing the confounder with the cancer.30,31,38–40

The QBA parameters for exposure misclassification were
the sensitivity of the exposure classification, that is, the proba-
bility that the truly exposed were correctly classified as exposed
(i.e., assigned to Camp Lejeune) and the specificity of the expo-
sure classification, that is, the probability that the truly unex-
posed were correctly classified as unexposed (i.e., assigned to
Camp Pendleton). Exposure misclassification was assumed to
be nondifferential and independent24 because a) base assign-
ments derived from the unit codes for Marines/Navy personnel
were completed >10 y prior to cancer data collection, and
b) the base location of employment for civilian workers was
recorded in the DMDC database >30 y prior to cancer data
collection.

For Camp Lejeune Marines/Navy personnel, the sources of
possible exposure misclassification were due to using base
assignment as a proxy for exposure to the drinking water. First,
errors were possible in the historical research conducted by the
DMDC and USMC to determine the base where each unit was
located. Second, even if the base assignment of the unit was cor-
rect, some individuals may not have been exposed to the contami-
nated drinking water because they were deployed to a different
base (e.g., outside the country) or trained at a different base.
Third, some individuals stationed at Camp Lejeune may not have
been exposed because all their water consumption (including

showering and other water uses) occurred off base (e.g., in off-
base housing) or in areas of the base not served by the TT or HP
drinking water systems. On the other hand, most of those classi-
fied as stationed at Camp Pendleton likely were truly unexposed
to the contaminated drinking water.

For Camp Lejeune civilian workers, the main source of expo-
sure misclassification was due to water consumption (including
showering and other water uses) occurring mostly or entirely off
base (e.g., at their residences). In addition, the workplaces of
some of the Camp Lejeune civilian workers may have been
located in areas not served by the contaminated drinking water.
All civilian workers at Camp Pendleton were assumed to be truly
unexposed to contaminated drinking water during the study pe-
riod. To conduct the QBA of exposure misclassification, sensi-
tivity was set at 1.0, and specificity ranged from 0.81 to 0.91,
based on the assumptions that between 75% and 90% of those
stationed or employed at Camp Lejeune were truly exposed and
that all of those stationed or employed at Camp Pendleton were
truly unexposed.

Statistical significance testing was not used.41–43 Findings
were interpreted based on the magnitude of the aHR, its preci-
sion using the ratio of the upper to lower limits of the 95% CI
(CIR)44–45 and supporting evidence from the scientific literature
on the health effects of TCE, PCE, benzene, and vinyl chloride
exposures. Because published meta-analyses evaluating TCE,
PCE, and benzene obtained summary RRs ≥1:20,9 we empha-
sized aHRs ≥1:20. An appropriate CIR level is not specified in
the literature. We considered CIRs ≤3 as indicating reasonable
precision of the aHR. This study was approved by the Centers
for Disease Control and Prevention (CDC) Institutional Review
Board with a waiver of informed consent.

Results
Table 1 provides demographic information for the Marines/
Navy personnel subgroup (i.e., who began active duty between
1975 and 1985). Demographic information and results for the
full cohort of Marines/Navy personnel are included in Tables
S2 and S3.

The Camp Lejeune Marines/Navy personnel subgroup was
similar to the Camp Pendleton subgroup on sex, rank, education,
age at start and end of follow-up, length of follow-up, quarters in
the DMDC data between 1975 and 1985, deaths, and total num-
ber diagnosed with cancer. There were higher percentages of per-
sonnel who identified as Black at Camp Lejeune and as the Other
race category at Camp Pendleton.

Compared with Camp Pendleton, a higher percentage of Camp
Lejeune civilian workers were women, Black, and college gradu-
ates, and a lower percentage of Camp Lejeune workers were aged
>75 y at the end of follow-up, identified as Other race, and died
(Table 2). Civilian workers at the two bases were similar on the
percentage of blue-collar occupations, length of follow-up, and
number of quarters employed between October 1972 and
December 1985.

Cox regression analysis of the Marines/Navy personnel sub-
group resulted in aHRs ≥1:20 with CIRs ≤3 for all myeloid can-
cers as a group and separately for acute myeloid leukemia
(AML), myelodysplastic and myeloproliferative syndromes, and
polycythemia vera; for cancers of the esophagus, larynx, soft tis-
sue, and thyroid; lung cancer histological subtypes, including
non-small cell, large cell, and adenocarcinoma; NHL subtypes
mantle cell and marginal zone B-cell lymphoma (MZBCL); and
squamous cell esophageal cancer (Table 3). In the full cohort,
male breast cancer had aHR ≥1:20 with CIR ≤3 (Table S3).

Cox regression analysis of civilian workers obtained aHRs
≥1:20 with CIRs ≤3 for all myeloid cancers as a group, squamous
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cell lung cancer, and female breast and ductal cancer (Table 4).
NHL had aHR of 1.19with CIR≤3. Cancers with aHRs≥1:20, but
with wide CIs (CIRs >3), primarily because of the small numbers
of cases, included cancers of the male breast, oral cavity/pharynx
and thyroid; AML; myelodysplastic and myeloproliferative syn-
dromes; follicular and diffuse large B-cell (DLBCL) lymphomas;
and non-papillary transitional cell bladder carcinoma.

For theMarines/Navy personnel subgroup, monotonic trends42
for bladder cancer and thyroid cancer were observed, with aHRs
≥1:20 and CIRs ≤3 at the high (>10 quarters) duration of assign-
ment at Camp Lejeune (Table 5). The trend for esophageal cancer
was flat with aHR ≥1:20 and CIR ≤3 at the high duration level.
Non-monotonic trends with aHRs ≥1:20 and CIRs ≤3 at the high
duration level were observed for soft tissue sarcoma, all myeloid
cancers as a group, AML, and non-small cell lung cancer.

For the civilian workers, a monotonic trend for lung cancer was
observed with aHR ≥1:20 and CIR ≤3 at the high (>21 quarters)
duration of employment at Camp Lejeune (Table 6). A non-
monotonic trend with aHR ≥1:20 and CIR ≤3 at the high duration
level was found for prostate cancer. Several cancers hadmonotonic
trends with aHRs ≥1:20 but with CIRs >3 at the high duration
level.

QBA Results
The QBA of the Marines/Navy personnel subgroup analysis
obtained aHRs of 0.99 (95% CI: 0.95, 1.03), 1.08 (95% CI: 0.93,
1.27), 0.90 (95% CI: 0.76, 1.07), 0.86 (95% CI: 0.76, 0.99), and 0.93
(95% CI: 0.83, 1.03) for the negative control diseases CVD, COPD,
alcoholism, alcoholic liver disease, and chronic liver disease, respec-
tively, as underlying causes of death (Table S4). TheCVDresult sug-
gested no differences in smoking or metabolic risk factors between
the two bases. Using a range of RRs from 3.00 to 5.50 for smoking
and COPD27 to fully explain the aHR of 1.08 for COPD, the preva-
lence difference between Camp Lejeune and Camp Pendleton would
be ≤6% (Table S5). Adjusting for a smoking prevalence difference
of 6% and assuming RRs for smoking and lung cancer and laryngeal
cancer between 7.00 and 12.00,30 the aHR of 1.16 for lung cancer
would decrease to between 1.05 and 1.06, and the aHR of 1.21 for la-
ryngeal cancer would decrease to between 1.10 and 1.11 (Tables S6
and S7). Assuming RRs for smoking and esophageal cancer
∼ 2:5,30,38 the aHR of 1.27 for esophageal cancer would decrease to
between 1.18 and 1.25 (Table S8).

The results for the alcohol negative control diseases suggested
that Camp Lejeune Marines/Navy personnel consumed less alcohol,

Table 1. Demographic information for the Marines/Navy personnel subgroup who began active duty between 1975 and 1985, by military base.

Factor
Camp Lejeune

[N =154,821 (48.6%)]
Camp Pendleton (ref)
[N =163,484 (51.4%)]

Total
(N =318,305)

Sex [n (%)]
Male 146,772 (94.8) 157,617 (96.4) 304,389 (95.6)
Female 8,049 (5.2) 5,867 (3.6) 13,916 (4.4)
Race [n (%)]
White 113,525 (73.4) 127,385 (78.1) 240,910 (75.8)
Black 37,138 (24.0) 27,599 (16.9) 64,737 (20.3)
Other racea 4,041 (2.6) 8,221 (5.0) 12,262 (3.9)
Missing 117 279 396
Military rank [n (%)]
Rank E1–E4 126,471 (81.7) 132,874 (81.3) 259,345 (81.5)
Rank E5–E9 22,662 (14.6) 23,051 (14.1) 45,713 (14.4)
WO or CO 5,688 (3.7) 7,559 (4.6) 13,247 (4.2)
Education [n (%)]
Not a high school graduate 18,683 (12.1) 25,400 (15.6) 44,083 (13.9)
High school graduate 129,843 (84.1) 129,419 (79.5) 259,262 (81.7)
College graduate 5,943 (3.8) 8,026 (4.9) 13,969 (4.4)
Missing 352 639 991
Age at start of follow-up (1 January 1996) (y)
Mean±SD 35:0± 3:6 35:2± 3:6 35:1± 3:6
Median 35 35 35
Age at end of follow-up (31 December 2017 or date of death) (y)
Mean±SD 56:3± 4:5 56:5± 4:5 56:4± 4:5
Median 57 57 57
≥60 [n (%)] 35,426 (22.9) 39,734 (24.3) 75,160 (23.6)
>69 [n (%)] 292 (0.2) 277 (0.2) 569 (0.2)

Died during 2 January 1996–31 December 2017 [n (%)] 13,632 (8.8) 14,904 (9.1) 28,536 (9.0)
Length of follow-up (y)b

Mean±SD 20:3± 3:0 20:3± 3:0 20:3± 3:0
Median 21 21 21
Total person-years of follow-up [n (%)] 3,417,738 (48.5) 3,626,570 (51.5) 7,044,308
Quarters in the DMDC data, 1975–1985 (n)c

Mean 7.7 7.2 —
Median 7.0 6.0 —
Minimum 1 1 —
Maximum 41 42 —
IQR (25th–75th percentiles) 8 (3–11) 8 (3–11) —
Cancers
Total malignancies (including bladder cancer in situ) (n) 12,083 12,144 24,227
Total individuals with any malignancy or bladder cancer in situ [n (%)] 11,207 (7.2) 11,329 (6.9) 22,536 (7.1)

Note: —, not applicable; CO, commissioned officer; DMDC, Defense Manpower Data Center; E1–E4, private to corporal; E5–E9: sergeant to sergeant major; IQR, interquartile range;
ref, reference; SD, standard deviation; WO, warrant officer.
aOther race includes race other than White or Black.
bFollow-up was between 1996 and 2017.
cNumber of quarters at either Camp Lejeune or Camp Pendleton during 1975–1985. The statistics for the Camp Lejeune cohort include quarters at Camp Pendleton during 1975–1985.
The Camp Pendleton cohort members were not stationed at Camp Lejeune during 1975–1985.
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or had a lower prevalence of drinkers, than Camp Pendleton. Using
RRs ranging from2.50 to 10.00 for alcohol consumption and chronic
liver disease29 to fully explain the aHR for chronic liver disease of
0.93, the alcohol prevalence difference would be between 6% and
10% (Table S9). Adjusting for a 6% alcohol consumption prevalence
difference and assuming RRs ranging from 1.25 to 5.25 for alcohol
consumption and esophageal cancers,31,39 the aHRof 1.27 for esoph-
ageal cancer would increase to between 1.29 and 1.36 (Table S10),
and the aHR of 1.47 for squamous cell esophageal cancer would
increase to between 1.49 and 1.57 (Table S11). Assuming RRs for
alcohol consumption and laryngeal cancer range from 1.1 to 3.0,31
adjusting for an alcohol consumption prevalence difference of 6%
would increase the aHR of 1.21 for laryngeal cancer to between 1.22
and 1.28 (Table S12). Assuming RRs for alcohol consumption and
male breast cancer range from 1.1 (consuming 2 drinks/d) to 6.0
(consuming ≥8 drinks/d),46 adjusting for an alcohol consumption
prevalence difference of 6%would increase the aHR of 1.04 formale
breast cancer to between 1.05 and 1.11 (Table S13).

For civilian workers, analysis of the negative control diseases
obtained aHRs of 0.91 (95% CI: 0.83, 0.99), 0.91 (95% CI: 0.74,
1.12), 0.62 (95% CI: 0.23, 1.71), 0.54 (95% CI: 0.29, 1.00), and
0.74 (95% CI: 0.48, 1.15) for CVD, COPD, alcoholism, alcoholic
liver disease, and chronic liver disease, respectively, as underlying

causes of death (Table S14), suggesting Camp Lejeune had lower
prevalences of smoking, alcohol consumption, and metabolic risk
factors than Camp Pendleton. Conversely, the aHR for COPD as a
contributing cause was 1.05 (95% CI: 0.92, 1.20), suggesting smok-
ing was higher at Camp Lejeune. To fully explain this COPD result,
the smoking prevalence difference would be 4% (Table S15).
Adjusting for a smoking prevalence difference of 4% and assuming
RRs for smoking and lung and laryngeal cancers ranging between
7.00 and 12.00,30 the aHR of 1.15 for lung cancer would decrease to
between 1.08 and 1.09, and the aHR of 1.18 for laryngeal cancer
would decrease to 1.11 (Tables S16 and S17). Using a range of RRs
for smoking and oral cancers between 3.50 and 7.00,30 the aHR of
1.67 for oral cancers (oral cavity and pharynx) would decrease to
between 1.57 and 1.59 (Table S18).

For civilian workers, to fully explain the chronic liver disease
aHR of 0.74, the alcohol consumption prevalence difference
would be between 15% and 25% (Table S19). Adjusting for a
15% prevalence difference and assuming RRs ranging from 1.10
to 1.60 for alcohol consumption and female breast cancer,31 the
aHR of 1.21 for female breast cancer would increase to between
1.22 and 1.30 (Table S20). Assuming RRs ranging from 1.10 to
3.0 for alcohol consumption and laryngeal cancer,31 the aHR of
1.19 for laryngeal cancer would increase to between 1.20 and

Table 2. Demographic information for civilian workers, by military base of employment.

Factor
Camp Lejeune

[N =6,494 (52.8%)]
Camp Pendleton (ref)
[N =5,797 (47.2%)]

Total
(N =12,291)

Sex [n (%)]
Male 3,026 (46.6) 2,992 (51.6) 6,018 (49.0)
Female 3,468 (53.4) 2,805 (48.4) 6,273 (51.0)
Race [n (%)]
White Non-Hispanic 4,998 (79.7) 4,483 (79.0) 9,481 (79.3)
Non-Hispanic Black 1,178 (18.8) 461 (8.1) 1,639 (13.7)
Other racea 98 (1.6) 734 (12.9) 832 (7.0)
Missing 220 119 339
Type of work [n (%)]
Blue collar 2,251 (34.7) 2,260 (39.0) 4,511 (36.7)
White collar 4,243 (65.3) 3,537 (61.0) 7,780 (63.3)
Education [n (%)]
Not a high school graduate 700 (13.0) 483 (10.4) 1,183 (11.8)
High school graduate 3,585 (66.6) 3,678 (79.1) 7,263 (72.4)
College graduate 1,101 (20.4) 487 (10.5) 1,588 (15.8)
Missing 1,108 1,149 2,257
Age at start of follow-up (1 January 1996) (y)
Mean±SD 52:9± 12:3 55:1± 13:2 53:0± 12:7
Median 50 53 51
Age at end of follow-up (31 December 2017 or date of death) (y)
Mean±SD 72:1± 9:9 73:4± 10:5 72:7± 10:2
Median 71 73 71
>65 [n (%)] 4,728 (72.8) 4,288 (74.0) 9,016 (73.4)
>70 [n (%)] 3,288 (50.6) 3,270 (56.4) 6,558 (53.4)
>75 [n (%)] 2,228 (34.3) 2,415 (41.7) 4,643 (37.8)

Died during 2 January 1996–31 December 2017 [n (%)] 2,251 (34.7) 2,433 (42.0) 4,684 (38.1)
Length of follow-up (y)b

Mean±SD 17:7± 6:0 17:0± 6:3 17:4± 6:1
Median 21 21 21
Total person-years of follow-up [n (%)] 120,148 (53.8) 103,234 (46.2) 223,382
Quarters in the DMDC data, October 1972–December 1985 (n)c

Mean 19.5 17.6 —
Median 12.0 10.0 —
Minimum 1 1 —
Maximum 53 53 —
IQR (25th–75th percentiles) 32 (3–35) 24 (4–28) —
Cancers
Total malignancies (including bladder cancer in situ) (n) 1,563 1,416 2,979
Total individuals with any malignancy or with bladder cancer in situ [n (%)] 1,359 (20.9) 1,240 (21.4) 2,599 (21.1)

Note: —, not applicable; DMDC, Defense Manpower Data Center; IQR, interquartile range; ref, reference; SD, standard deviation.
aOther race includes DMDC race/national origin categories: Hispanic, American Indian or Alaskan Native, Asian or Pacific Islander, Non-Hispanic in Puerto Rico, and invalid.
bFollow-up was between 1996 and 2017.
cNumber of annual quarters employed at either Camp Lejeune or Camp Pendleton between October 1972 and December 1985.
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Table 3. Comparison of cancer outcomes at Camp Lejeune vs. Camp Pendleton, among the Marines/Navy personnel subgroup who began active duty and
were stationed at either base between 1975 and 1985 (N =318,305).

Cancer outcome

Camp Lejeune Camp Pendleton

Cases (n) Unadjusted HR (95% CI) Adjusted HR (95% CI) CIR Cases (n)

Any malignant cancer (and bladder in situ) 11,207 1.07 (1.04, 1.10) 1.05 (1.02, 1.08) 1.1 11,329
Oral cavity and pharynx 709 1.00 (0.90, 1.10) 1.03 (0.93, 1.15) 1.2 766
Oropharynx 423 1.02 (0.90, 1.17) 1.06 (0.93, 1.21) 1.3 446
Hypopharynx 25 0.72 (0.43, 1.19) 0.72 (0.44, 1.20) 2.7 38
Nasopharynx 24 0.99 (0.57, 1.73) 1.10 (0.63, 1.93) 3.1 26
Oral cavity only 132 0.99 (0.78, 1.25) 1.03 (0.81, 1.30) 1.6 144
Overlapping/other 42 1.10 (0.72, 1.69) 1.14 (0.74, 1.75) 2.4 41
Squamous cell oral cancer 640 1.01 (0.90, 1.12) 1.05 (0.94, 1.17) 1.2 686
Esophagus 195 1.23 (1.00, 1.51) 1.27 (1.03, 1.56) 1.5 172
Adenocarcinoma 126 1.11 (0.86, 1.42) 1.19 (0.93, 1.53) 1.6 123
Squamous cell 52 1.57 (1.02, 2.40) 1.47 (0.96, 2.25) 2.3 36
Stomach 169 0.98 (0.80, 1.21) 0.97 (0.78, 1.19) 1.5 186
Liver and bile duct 321 0.85 (0.74, 0.99) 0.91 (0.78, 1.05) 1.3 410
Gallbladder 7 0.76 (0.29, 2.00) 0.62 (0.23, 1.63) 7.1 10
Pancreas 287 1.07 (0.91, 1.27) 1.05 (0.89, 1.24) 1.4 289
Larynx 185 1.20 (0.98, 1.48) 1.21 (0.98, 1.50) 1.5 166
Lung and bronchus 1,295 1.16 (1.07, 1.25) 1.16 (1.08, 1.26) 1.2 1,214
Large cell 36 1.38 (0.84, 2.26) 1.38 (0.84, 2.28) 2.7 28
Small cell 181 1.11 (0.90, 1.37) 1.14 (0.92, 1.40) 1.5 177
Non-small cell 145 1.22 (0.96, 1.55) 1.23 (0.97, 1.56) 1.6 128
Squamous cell 277 1.10 (0.93, 1.30) 1.11 (0.94, 1.32) 1.4 275
Adenocarcinoma 562 1.26 (1.11, 1.42) 1.25 (1.10, 1.41) 1.3 487
Colon and rectum 1,016 1.03 (0.94, 1.12) 1.00 (0.92, 1.09) 1.2 1,066
Adenocarcinoma 864 1.00 (0.91, 1.10) 0.99 (0.90, 1.08) 1.2 929
Colon 601 0.99 (0.89, 1.11) 0.96 (0.86, 1.07) 1.2 655
Rectum 353 1.12 (0.96, 1.30) 1.10 (0.94, 1.28) 1.4 339
Rectosigmoid junction 82 0.97 (0.72, 1.30) 0.98 (0.72, 1.32) 1.8 91
Small intestine 57 0.78 (0.55, 1.09) 0.77 (0.55, 1.08) 2.0 79
Anus 46 0.71 (0.49, 1.04) 0.69 (0.48, 1.01) 2.1 69
Urinary bladder (malignant and in situ) 444 1.06 (0.93, 1.20) 1.09 (0.95, 1.24) 1.3 456
Papillary transitional cell carcinoma 320 1.04 (0.89, 1.21) 1.08 (0.93, 1.26) 1.4 333
Non-papillary transitional cell carcinoma 109 1.11 (0.85, 1.44) 1.11 (0.85, 1.46) 1.7 107
Urothelial 429 1.06 (0.93, 1.21) 1.09 (0.95, 1.25) 1.3 440
Kidney and renal pelvis 710 1.06 (0.96, 1.18) 1.06 (0.95, 1.18) 1.2 721
Renal cell and clear cell carcinoma 524 1.01 (0.90, 1.14) 1.03 (0.91, 1.16) 1.3 558
Renal cell carcinoma, NOS 250 1.13 (0.95, 1.35) 1.12 (0.94, 1.34) 1.4 237
Clear cell only 277 0.92 (0.79, 1.08) 0.97 (0.82, 1.14) 1.4 324
Papillary 92 1.34 (0.99, 1.83) 1.18 (0.86, 1.60) 1.9 74
Brain and other CNS 231 1.02 (0.85, 1.22) 1.04 (0.86, 1.24) 1.4 241
Gliomas 203 1.02 (0.84, 1.24) 1.04 (0.86, 1.26) 1.5 212
Soft tissue sarcoma 112 1.21 (0.93, 1.59) 1.21 (0.92, 1.59) 1.7 99
Melanoma 607 0.94 (0.84, 1.05) 1.00 (0.89, 1.11) 1.2 695
Thyroid 284 1.23 (1.04, 1.46) 1.22 (1.03, 1.45) 1.4 247
Mesothelioma 14 1.16 (0.54, 2.47) 1.15 (0.54, 2.46) 4.6 13
Leukemias 314 1.06 (0.91, 1.24) 1.07 (0.91, 1.25) 1.4 319
Lymphoid cancers 979 1.03 (0.95, 1.13) 1.02 (0.94, 1.12) 1.2 1,018
Hodgkin lymphoma 108 1.01 (0.78, 1.31) 1.01 (0.77, 1.31) 1.7 114
Non-Hodgkin lymphoma 550 1.00 (0.89, 1.13) 1.01 (0.90, 1.14) 1.3 588
Mantle Cell 27 1.21 (0.70, 2.09) 1.26 (0.73, 2.19) 3.0 24
Follicular 130 1.03 (0.81, 1.31) 1.07 (0.84, 1.36) 1.6 135
Diffuse large B-cell 160 0.88 (0.72, 1.09) 0.89 (0.72, 1.10) 1.5 194
Burkitt 15 1.33 (0.62, 2.84) 1.53 (0.71, 3.30) 4.6 12
Marginal zone B-cell 43 1.41 (0.89, 2.21) 1.45 (0.92, 2.28) 2.5 33

Multiple myeloma 185 1.22 (0.99, 1.51) 1.13 (0.91, 1.40) 1.5 163
Acute lymphocytic leukemia 23 0.97 (0.55, 1.70) 0.94 (0.53, 1.67) 3.2 25
Chronic lymphocytic leukemia 114 1.01 (0.78, 1.30) 1.02 (0.79, 1.32) 1.7 122
Myeloid cancers (including polycythemia vera,

myelodysplastic and myeloproliferative syndromes)
239 1.21 (1.00, 1.45) 1.24 (1.03, 1.49) 1.4 213

Myeloid cancers (including myelodysplastic and
myeloproliferative syndromes)

186 1.19 (0.96, 1.46) 1.19 (0.97, 1.47) 1.5 169

Acute myeloid leukemiaa 104 1.36 (1.02, 1.81) 1.38 (1.03, 1.85) 1.8 82
Chronic myeloid leukemia 39 0.75 (0.50, 1.12) 0.74 (0.49, 1.12) 2.3 56
Myelodysplastic and myeloproliferative syndromes 49 1.66 (1.07, 2.60) 1.68 (1.07, 2.62) 2.4 32
Polycythemia vera 53 1.29 (0.87, 1.93) 1.41 (0.94, 2.11) 2.2 44
Female breast 266 1.00 (0.83, 1.19) 1.00 (0.83, 1.20) 1.4 208
Ductal carcinoma 202 1.04 (0.84, 1.28) 1.03 (0.83, 1.28) 1.5 151
Lobular carcinoma 20 0.72 (0.39, 1.32) 0.82 (0.45, 1.52) 3.4 22
Ductal-lobular carcinoma 14 1.34 (0.56, 3.20) 1.41 (0.58, 3.40) 5.9 8
Male breast 21 1.05 (0.57, 1.90) 1.04 (0.57, 1.90) 3.3 22
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1.39 (Table S21). Assuming RRs ranging from 1.25 to 5.25 for
alcohol consumption and oral cancers,31 the aHR of 1.67 would
increase to between 1.73 and 2.11 (Table S22).

Because smoking is a very strong risk factor for several can-
cers, in particular lung and laryngeal cancers, the QBA evaluated
the magnitude of the smoking prevalence difference between the
two bases necessary to fully explain the observed aHRs for lung
and laryngeal cancers in the analyses of Marines/Navy personnel
and civilian workers. The QBA found that a difference of ≥10% in
smoking prevalence would be necessary (Tables S6, S7, S16, and
S17). Given the similarity of the two bases, a percentage difference
of this magnitude in the prevalence of smoking was unlikely.
Based on the findings for COPDmortality, it is more likely that the
difference in smoking prevalence between Camp Lejeune and
Camp Pendleton Marines/Navy personnel and civilian workers is
between 4% and 6% (Tables S5 and S15). Adjusting for a smoking
prevalence difference of 4% or 6% would reduce the aHRs for the
smoking-related cancers by <10% (Tables S6–S8 and S16–S18).

For the Marines/Navy personnel subgroup, accounting for
nondifferential exposure misclassification would increase aHRs
for cancers of the lung, larynx, and esophagus and AML by <9%
(Table S23). For civilian workers, accounting for nondifferential
exposure misclassification would increase aHRs for cancers of
the lung, larynx, oral cavity/pharynx, kidney, and female breast,
as well as NHL, by <11% (Table S24).

Discussion
This study evaluatedwhetherMarines/Navy personnel and civilian
workers stationed or employed at Camp Lejeune during a portion
of the period when the drinking water was contaminated had
increased risks of invasive cancers (and bladder cancer in situ)
ascertained between 1996 and 2017 compared with people who
were stationed or employed at Camp Pendleton. The study empha-
sized aHRs ≥1:20 with CIR ≤3 as strong positive associations.
However, aHRs <1:20 or aHRs ≥1:20 with CIRs >3 should not
necessarily be considered as lacking importance.

For the Marines/Navy personnel subgroup (i.e., who began
active duty between 1975 and 1985), positive associations were
found for all myeloid cancers as a group, AML, myelodysplastic
and myeloproliferative syndromes, and polycythemia vera. The
civilian workers analysis found a positive association for all mye-
loid cancers as a group. Benzene is a known cause of AML.8 The
ATSDR previously concluded that evidence for a causal associa-
tion between TCE and AML was at least as likely as not based on
TCE’s effects on the immune system.9 Benzene exposure has
been associated with myelodysplastic syndrome47–48 and possi-
bly associated with polycythemia vera.49

Analysis of the Marines/Navy personnel subgroup found pos-
itive associations for MZBCL and mantle cell lymphoma but not
for all NHLs as a group or for the subtypes DLBCL and follicular

lymphoma. Among civilian workers, the aHR for all NHLs as a
group was 1.19 with CIR ≤3, and DLBCL and follicular lym-
phoma had aHRs ≥1:20, but with CIRs >3.

There is known etiological heterogeneity among NHL sub-
types.50 A TCE workers study obtained odds ratios (ORs) of 1.4
(95% CI: 0.9, 2.1) and 1.6 (95% CI: 0.7, 3.4) for all NHLs as a
group and for the subtype follicular lymphoma in the high-
exposure group, respectively, but no association for DLBCL.51 A
study of offshore oil industry workers exposed to benzene obtained
aHRs of 1.49 (95% CI: 0.90, 2.48) for all B-cell NHL as a group,
3.64 (95% CI: 0.43, 31.0) for the subtype mantle cell lymphoma,
and 1.24 (95% CI: 0.40, 3.85) for the subtype follicular lympho-
mas, but no association for DLBCL.52 Meta-analysis of six occu-
pational studies of benzene exposure obtained RRs of 1.33 (95%
CI: 1.13, 1.57) for all NHLs as a group, 1.67 (95% CI: 1.01, 2.77)
for the subtype DLBCL, and 1.47 (95% CI: 0.95, 2.27) for the sub-
type follicular lymphoma.53 Meta-analysis of follicular lymphoma
and occupational exposures found RRs of 1.30 (95% CI: 0.86,
1.97) for benzene exposure based on seven studies and 1.35 (95%
CI: 1.09, 1.68) for chlorinated solvents based on four studies.54

For civilian workers, positive associations were observed for
female breast cancer and its subtype, ductal carcinoma. There is
known etiological heterogeneity between invasive ductal and lob-
ular carcinoma,55 but no previous study of solvent exposure has
evaluated these subtypes separately. Several studies have eval-
uated occupational exposures to TCE, PCE, or benzene and
female breast cancer. A meta-analysis of occupational studies
and breast cancer obtained pooled ORs for benzene and TCE of
1.12 (95% CI: 0.96, 1.31) and 1.19 (95% CI: 0.92, 1.53), respec-
tively.56 Occupational exposures to PCE and benzene were asso-
ciated with breast cancer among pre-57 and postmenopausal58

women. Environmental exposure to PCE-contaminated drinking
water in Cape Cod was associated with increased risk for breast
cancer.13 Mammographic density (i.e., the proportion of radiolog-
ically dense breast tissue, a strong risk factor for breast cancer),
was found to be higher among PCE-exposed workers receiving
mammogram screening, providing support for the associations
observed between PCE exposures and female breast cancer.59

Analysis of the Marines/Navy personnel full cohort found a
positive association for male breast cancer. The full cohort had
nearly double the number of cases compared with the subgroup,
primarily because the full cohort had a much higher percentage
of men ≥60 years of age at the end of follow-up than the sub-
group. Approximately 75% of US male breast cancers are diag-
nosed at ≥60 years of age.60 For civilian workers, there were
seven cases at Camp Lejeune compared with one case at Camp
Pendleton. Occupational TCE exposure has been associated with
male breast cancer in three studies.61–63 In a case–control study
of male breast cancer, Marines stationed at Camp Lejeune had an
elevated risk compared with Marines at all other bases.14

Table 3. (Continued.)

Cancer outcome

Camp Lejeune Camp Pendleton

Cases (n) Unadjusted HR (95% CI) Adjusted HR (95% CI) CIR Cases (n)

Cervix 24 1.02 (0.55, 1.90) 1.01 (0.54, 1.89) 3.5 17
Uterus 31 0.50 (0.32, 0.78) 0.49 (0.31, 0.78) 2.5 50
Ovary 19 0.84 (0.44, 1.60) 0.85 (0.44, 1.63) 3.7 18
Prostate 2,844 1.18 (1.12, 1.25) 1.08 (1.02, 1.13) 1.1 2,661
Testis 184 0.90 (0.74, 1.10) 0.94 (0.77, 1.14) 1.5 220
Penis 18 1.31 (0.66, 2.59) 1.31 (0.66, 2.61) 4.0 15

Note: Bladder cancer includes in situ cases. All other cancers include only malignant cases. Cox regression models for the unadjusted HRs are adjusted for age. (Age as the
time variable.). Cox regression models for the adjusted HRs include sex, race, rank and education, with age as the time variable. Total Marines/Navy personnel:
CampLejeune= 154,821—females = 8,049, males= 146,772; Camp Pendleton= 163,484—females= 5,867, males = 157,617. CI, confidence interval; CIR, confidence interval
ratio; CNS, central nervous system; HR, hazard ratio; NOS, not otherwise specified.
aIncludes acute monocytic leukemia.
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Table 4. Comparison of cancer outcomes among Camp Lejeune vs. Camp Pendleton civilian workers employed at either base between October 1972 and
December 1985 (N =12,291).

Cancer outcome

Camp Lejeune Camp Pendleton

Cases (n) Unadjusted HR (95% CI) Adjusted HR (95% CI) CIR Cases (n)

Any malignant cancer (and bladder in situ) 1,359 1.02 (0.95, 1.10) 1.02 (0.95, 1.11) 1.2 1,240
Oral cavity and pharynx 31 1.49 (0.84, 2.64) 1.67 (0.93, 3.00) 3.2 19
Oropharynx 11 1.21 (0.49, 3.01) 1.32 (0.53, 3.28) 6.2 8
Hypopharynx 3 0.90 (0.18, 4.45) — 3
Oral cavity only 7 2.09 (0.54, 8.11) 2.05 (0.52, 8.04) 15.5 3
Overlapping/other 8 1.31 (0.45, 3.82) 1.37 (0.47, 4.02) 8.6 6
Squamous cell oral cancer 28 1.85 (0.97, 3.52) 1.99 (1.04, 3.82) 3.7 14
Esophagus 8 0.48 (0.21, 1.12) 0.48 (0.20, 1.16) 5.8 16
Adenocarcinoma 5 0.41 (0.14, 1.19) 0.43 (0.15, 1.27) 8.5 11
Squamous cell 2 0.74 (0.12, 4.46) — 3
Stomach 17 0.71 (0.38, 1.34) 0.67 (0.35, 1.31) 3.7 23
Liver 9 0.55 (0.24, 1.25) 0.64 (0.27, 1.50) 5.6 16
Liver, bile duct, and gallbladder 18 0.72 (0.39, 1.34) 0.79 (0.42, 1.49) 3.5 24
Pancreas 33 0.65 (0.42, 1.02) 0.68 (0.43, 1.08) 2.5 47
Larynx 13 1.22 (0.53, 2.78) 1.18 (0.49, 2.82) 5.8 10
Lung and bronchus 261 1.13 (0.95, 1.35) 1.15 (0.95, 1.38) 1.5 226
Large cell 7 1.35 (0.43, 4.26) 1.09 (0.33, 3.62) 11.0 5
Small cell 42 1.10 (0.70, 1.72) 1.13 (0.72, 1.79) 2.5 36
Non-small cell 23 0.92 (0.52, 1.64) 0.92 (0.51, 1.65) 3.2 24
Squamous cell 72 1.66 (1.14, 2.42) 1.63 (1.10, 2.41) 2.2 43
Adenocarcinoma 93 1.12 (0.83, 1.51) 1.15 (0.84, 1.56) 1.9 80
Colon and rectum 106 0.91 (0.70, 1.19) 0.93 (0.70, 1.22) 1.7 112
Adenocarcinoma 102 0.96 (0.73, 1.27) 0.99 (0.75, 1.32) 1.8 102
Colon 77 0.98 (0.71, 1.35) 0.97 (0.70, 1.35) 1.9 76
Rectum and rectosigmoid junction 31 0.79 (0.49, 1.28) 0.87 (0.53, 1.44) 2.7 37
Rectum 25 0.94 (0.54, 1.65) 1.02 (0.57, 1.83) 3.2 25
Small intestine 1 0.09 (0.01, 0.70) — 10
Anus 3 0.41 (0.11, 1.59) 0.41 (0.11, 1.60) 14.5 7
Urinary bladder (malignant and in situ) 87 1.02 (0.75, 1.37) 1.10 (0.81, 1.50) 1.9 85
Papillary transitional cell carcinoma 60 0.96 (0.67, 1.37) 1.07 (0.74, 1.56) 2.1 61
Non-papillary transitional cell carcinoma 24 1.28 (0.70, 2.34) 1.30 (0.70, 2.40) 3.4 19
Urothelial 84 1.04 (0.76, 1.41) 1.13 (0.82, 1.55) 1.9 80
Kidney and renal pelvis 58 1.07 (0.73, 1.56) 1.12 (0.76, 1.67) 2.2 49
Renal cell and clear cell carcinoma 43 1.04 (0.67, 1.62) 1.05 (0.67, 1.66) 2.5 37
Renal cell carcinoma, NOS 28 1.24 (0.70, 2.20) 1.18 (0.65, 2.13) 3.3 20
Clear cell only 15 0.81 (0.40, 1.63) 0.89 (0.44, 1.82) 4.1 17
Papillary 3 0.89 (0.18, 4.45) 0.96 (0.18, 5.27) 29.3 3
Brain and other CNS 9 0.49 (0.22, 1.11) 0.49 (0.22, 1.11) 5.0 17
Gliomas 9 0.62 (0.27, 1.46) 0.62 (0.26, 1.47) 5.7 13
Soft tissue sarcoma 7 0.62 (0.24, 1.64) 0.67 (0.25, 1.81) 7.2 10
Melanoma 54 0.93 (0.64, 1.37) 1.03 (0.70, 1.52) 2.2 53
Thyroid 32 1.90 (1.01, 3.56) 1.91 (1.01, 3.63) 3.6 14
Mesothelioma 5 0.98 (0.28, 3.41) 0.96 (0.26, 3.61) 13.9 5
Leukemias 36 0.81 (0.52, 1.26) 0.86 (0.54, 1.36) 2.5 43
Lymphoid cancers 104 1.00 (0.76, 1.32) 1.03 (0.77, 1.38) 1.8 98
Lymphoid excluding Hodgkin 101 1.03 (0.77, 1.36) 1.07 (0.80, 1.43) 1.8 93
Hodgkin lymphoma 3 0.55 (0.13, 2.31) 0.53 (0.12, 2.26) 18.8 5
Non-Hodgkin lymphoma 71 1.13 (0.80, 1.60) 1.19 (0.83, 1.71) 2.1 60
Follicular 15 1.38 (0.62, 3.08) 1.41 (0.63, 3.17) 5.0 10
Diffuse large B cell 27 1.30 (0.73, 2.32) 1.48 (0.81, 2.70) 3.3 20
Burkitt 1 0.22 (0.02, 1.98) — 4
Marginal zone B cell 2 0.32 (0.06, 1.61) 0.33 (0.06, 1.72) 28.7 6
Multiple myeloma 18 1.02 (0.52, 2.01) 1.04 (0.51, 2.10) 4.1 16
Acute lymphocytic leukemia 1 0.27 (0.03, 2.63) — 3
Chronic lymphocytic leukemia 11 0.68 (0.31, 1.47) 0.60 (0.27, 1.33) 4.9 16

Myeloid cancers (including polycythemia vera, myelodysplastic and
myeloproliferative syndromes)

35 1.20 (0.73, 1.96) 1.40 (0.83, 2.36) 2.8 29

Myeloid cancers (including myelodysplastic and myeloproliferative syndromes) 32 1.10 (0.66, 1.82) 1.27 (0.75, 2.16) 2.9 29
Acute myeloid leukemiaa 14 1.24 (0.56, 2.73) 1.35 (0.59, 3.09) 5.2 11
Chronic myeloid leukemia 6 0.60 (0.21, 1.70) 0.69 (0.24, 2.01) 8.4 9
Myelodysplastic and myeloproliferative syndromes 14 1.70 (0.73, 3.94) 1.97 (0.79, 4.90) 6.2 9
Female breast 208 1.22 (0.98, 1.51) 1.21 (0.97, 1.52) 1.6 134
Ductal carcinoma 167 1.33 (1.04, 1.72) 1.32 (1.02, 1.71) 1.7 97
Lobular carcinoma 12 0.93 (0.40, 2.16) 0.91 (0.38, 2.20) 5.8 10
Ductal-lobular carcinoma 7 0.42 (0.17, 1.06) 0.36 (0.14, 0.93) 6.6 13
Male breast 7 7.51 (0.92, 61.2) — 1
Cervix 2 0.50 (0.08, 2.99) — 3
Uterus 40 0.91 (0.57, 1.44) 0.90 (0.56, 1.44) 2.6 34
Ovary 24 0.74 (0.42, 1.28) 0.71 (0.40, 1.28) 3.2 26
Prostate 303 1.25 (1.06, 1.48) 1.06 (0.89, 1.27) 1.4 247

Note: Bladder cancer includes in situ cases. All other cancers include only malignant cases. Cox regression models for the unadjusted HRs are adjusted for age (age as the time variable).
Cox regression models for the adjusted HRs include sex, race, rank and education, with age as the time variable. The table does not include mantle cell lymphoma, polycythemia vera and
cancers of the nasopharynx, testis and penis because both Camp Lejeune and Camp Pendleton had <3 cases of these cancers. Because of small sample numbers, gallbladder cancer was
included with liver and bile duct cancers, and rectosigmoid junction cancer was combined with rectal cancer. Total civilian workers: CampLejeune= 6,494—females= 3,468,
males= 3,026; CampPendleton= 5,797—females = 2,805, males = 2,992.—, Not applicable; CI, confidence interval; CIR, confidence interval ratio; CNS, central nervous system; HR,
hazard ratio; NOS, not otherwise specified.
aIncludes acute monocytic leukemia.
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Table 5. Cancer outcomes by duration stationed at Camp Lejeune compared with Camp Pendleton, between 1975 and 1985, Marines/Navy personnel subgroup
(N =318,305).

Cancer outcome

CP Low duration at CL Medium duration at CL High duration at CL

Cases (n) Cases (n) Adjusted HR (95% CI) Cases (n) Adjusted HR (95% CI) Cases (n) Adjusted HR (95% CI)

Oral cavity and pharynx 766 413 1.04 (0.92, 1.18) 172 1.12 (0.95, 1.33) 124 0.90 (0.73, 1.11)
Oropharyngeal 446 245 1.09 (0.93, 1.28) 101 1.10 (0.89, 1.37) 77 0.92 (0.71, 1.19)
Hypopharyngeal 38 16 0.79 (0.43, 1.42) 4 0.52 (0.18, 1.48) 5 0.77 (0.28, 2.14)
Nasopharyngeal 26 16 1.13 (0.60, 2.13) 4 1.01 (0.34, 2.97) 4 1.50 (0.46, 4.94)
Oral cavity only 144 78 1.00 (0.76, 1.33) 36 1.31 (0.91, 1.91) 18 0.81 (0.48, 1.38)
Overlapping/other 41 21 1.01 (0.59, 1.73) 13 1.57 (0.84, 2.97) 8 1.09 (0.47, 2.49)
Squamous cell 686 374 1.06 (0.93, 1.21) 157 1.14 (0.96, 1.36) 109 0.89 (0.71, 1.11)
Esophagus 172 108 1.25 (0.98, 1.60) 46 1.28 (0.92, 1.78) 41 1.24 (0.85, 1.80)
Adenocarcinoma 123 69 1.15 (0.85, 1.55) 31 1.27 (0.85, 1.89) 26 1.17 (0.73, 1.86)
Squamous cell 36 29 1.50 (0.91, 2.47) 10 1.17 (0.58, 2.38) 13 1.54 (0.76, 3.15)
Stomach 186 102 0.99 (0.77, 1.27) 34 0.89 (0.61, 1.29) 33 0.99 (0.66, 1.49)
Liver and bile duct 410 205 0.94 (0.79, 1.12) 67 0.89 (0.68, 1.16) 49 0.85 (0.61, 1.17)
Gallbladder 10 3 0.41 (0.11, 1.53) 3 1.60 (0.42, 6.17) 1 0.83 (0.09, 8.02)
Pancreas 289 161 1.06 (0.87, 1.29) 59 0.94 (0.70, 1.24) 67 1.09 (0.82, 1.47)
Larynx 166 114 1.22 (0.96, 1.56) 45 1.42 (1.01, 1.98) 26 1.01 (0.64, 1.59)
Lung and bronchus 1,214 783 1.21 (1.11, 1.33) 280 1.13 (0.99, 1.29) 232 1.01 (0.87, 1.18)
Large cell 28 18 1.31 (0.71, 2.40) 11 1.81 (0.89, 3.65) 7 1.04 (0.42, 2.55)
Small cell 177 116 1.27 (1.00, 1.62) 37 1.03 (0.72, 1.47) 28 0.83 (0.54, 1.27)
Non-small cell 128 89 1.23 (0.93, 1.62) 27 1.10 (0.72, 1.68) 29 1.43 (0.91, 2.26)
Squamous cell 275 166 1.17 (0.96, 1.42) 62 1.09 (0.83, 1.45) 49 0.89 (0.64, 1.24)
Adenocarcinoma 487 339 1.30 (1.13, 1.50) 120 1.19 (0.97, 1.46) 103 1.13 (0.89, 1.43)
Colon and rectum 1,066 593 1.04 (0.94, 1.15) 212 0.91 (0.79, 1.06) 211 0.96 (0.81, 1.12)
Adenocarcinoma 929 514 1.04 (0.94, 1.17) 181 0.90 (0.77, 1.06) 169 0.89 (0.75, 1.07)
Colon 655 351 1.01 (0.88, 1.15) 117 0.80 (0.66, 0.98) 133 0.95 (0.77, 1.16)
Rectum only 339 208 1.12 (0.94, 1.34) 77 1.07 (0.83, 1.37) 68 1.03 (0.78, 1.38)
Rectosigmoid junction 91 49 1.06 (0.74, 1.52) 22 1.14 (0.71, 1.82) 11 0.55 (0.29, 1.07)
Small intestine 79 32 0.72 (0.47, 1.09) 13 0.82 (0.45, 1.49) 12 0.98 (0.50, 1.91)
Anus 69 26 0.65 (0.41, 1.03) 13 0.90 (0.49, 1.65) 7 0.60 (0.26, 1.37)
Soft tissue sarcoma 99 72 1.32 (0.97, 1.80) 17 0.84 (0.50, 1.41) 23 1.35 (0.81, 2.25)
Urinary bladdera 456 238 1.02 (0.87, 1.20) 109 1.18 (0.95, 1.46) 97 1.20 (0.94, 1.52)
PTCC 333 168 0.99 (0.82, 1.19) 83 1.25 (0.98, 1.59) 69 1.19 (0.89, 1.58)
NPTCC 107 62 1.13 (0.82, 1.56) 24 1.05 (0.67, 1.65) 23 1.11 (0.67, 1.82)
Urothelial 440 230 1.02 (0.87, 1.20) 107 1.20 (0.97, 1.48) 92 1.17 (0.91, 1.50)
Kidney and renal pelvis 721 431 1.12 (0.99, 1.27) 152 1.01 (0.84, 1.20) 127 0.94 (0.77, 1.16)
RCC and clear cell 558 317 1.07 (0.93, 1.23) 109 0.97 (0.78, 1.19) 98 1.00 (0.79, 1.26)
RCC-NOS 237 147 1.12 (0.91, 1.38) 57 1.16 (0.86, 1.55) 46 1.03 (0.73, 1.46)
Clear cell only 324 171 1.03 (0.85, 1.24) 53 0.83 (0.62, 1.11) 53 0.97 (0.71, 1.34)
Papillary 74 55 1.28 (0.90, 1.83) 21 1.13 (0.69, 1.85) 16 0.84 (0.47, 1.52)
Brain and other CNS 241 141 1.15 (0.93, 1.42) 58 1.13 (0.84, 1.50) 32 0.64 (0.43, 0.94)
Gliomas 212 117 1.08 (0.86, 1.36) 57 1.28 (0.95, 1.72) 29 0.67 (0.44, 1.02)
Melanoma malignant 695 334 0.98 (0.86, 1.12) 149 1.04 (0.87, 1.24) 124 1.01 (0.82, 1.25)
Thyroid 247 157 1.12 (0.91, 1.38) 65 1.30 (0.98, 1.71) 62 1.54 (1.12, 2.11)
Mesothelioma 13 5 0.80 (0.28, 2.27) 4 1.46 (0.47, 4.51) 5 1.78 (0.56, 5.69)
Lymphoid 1,018 583 1.04 (0.94, 1.16) 218 1.03 (0.89, 1.20) 178 0.97 (0.81, 1.15)
Hodgkin lymphoma 114 67 1.03 (0.76, 1.41) 22 0.96 (0.60, 1.52) 19 0.95 (0.56, 1.63)
Non-Hodgkin lymphoma 588 326 1.02 (0.89, 1.17) 121 1.01 (0.83, 1.24) 103 1.00 (0.79, 1.26)
Mantle cell 24 13 1.04 (0.52, 2.08) 9 1.85 (0.85, 4.04) 5 1.20 (0.41, 3.47)
Follicular 135 75 1.03 (0.77, 1.38) 30 1.14 (0.76, 1.70) 25 1.18 (0.73, 1.89)
Diffuse large B cell 194 96 0.91 (0.71, 1.17) 38 0.97 (0.68, 1.39) 26 0.78 (0.50, 1.21)
Burkitt 12 11 2.01 (0.87, 4.66) 0 — 4 1.84 (0.52, 6.46)
Marginal zone B cell 33 26 1.39 (0.82, 2.35) 10 1.64 (0.79, 3.41) 7 1.57 (0.62, 3.95)
Multiple myeloma 163 111 1.21 (0.95, 1.56) 46 1.23 (0.88, 1.72) 28 0.79 (0.51, 1.22)
Myeloid 213 146 1.27 (1.02, 1.58) 45 1.07 (0.77, 1.48) 48 1.36 (0.96, 1.94)
Leukemias 319 189 1.11 (0.92, 1.33) 60 0.91 (0.69, 1.21) 65 1.15 (0.86, 1.55)
ALL 25 14 0.96 (0.49, 1.89) 5 0.93 (0.35, 2.45) 4 0.79 (0.25, 2.49)
CLL 122 68 1.04 (0.77, 1.40) 24 0.98 (0.63, 1.53) 22 1.10 (0.67, 1.82)
AML (myeloid/monocytic) 82 62 1.36 (0.97, 1.90) 18 1.11 (0.66, 1.87) 24 1.90 (1.12, 3.21)
CML 56 22 0.74 (0.44, 1.22) 8 0.68 (0.32, 1.43) 9 0.82 (0.38, 1.78)
Myelodysplastic and

myeloproliferative syndromes
32 29 1.65 (0.99, 2.76) 11 1.77 (0.88, 3.58) 9 1.84 (0.79, 4.28)

Polycythemia vera 44 35 1.46 (0.93, 2.30) 9 1.14 (0.55, 2.36) 9 1.42 (0.64, 3.17)
Female breast 208 166 0.96 (0.77, 1.19) 52 1.06 (0.78, 1.44) 48 1.11 (0.78, 1.57)
Ductal carcinoma 151 128 0.97 (0.76, 1.25) 39 1.11 (0.78, 1.59) 35 1.17 (0.78, 1.75)
Lobular carcinoma 22 11 0.81 (0.38, 1.75) 5 0.92 (0.35, 2.44) 4 0.74 (0.24, 2.33)
Ductal-lobular carcinoma 8 10 1.84 (0.68, 4.95) 1 0.50 (0.06, 4.01) 3 1.42 (0.33, 6.06)
Male breast 22 12 1.08 (0.52, 2.21) 4 0.86 (0.29, 2.52) 5 1.15 (0.40, 3.37)
Cervix 17 20 1.19 (0.60, 2.36) 3 0.78 (0.22, 2.69) 1 0.35 (0.04, 2.86)
Uterus 50 20 0.47 (0.27, 0.81) 7 0.64 (0.29, 1.42) 4 0.44 (0.15, 1.30)
Ovary 18 15 0.91 (0.44, 1.90) 1 0.27 (0.04, 2.05) 3 1.22 (0.31, 4.79)
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A positive association was found for thyroid cancer in the
analysis of the Marines/Navy personnel subgroup. Thyroid can-
cer has been associated with occupational exposure to solvents,
including benzene, in the footwear industry among women but
not men.64 A review of studies of occupational solvent exposure
and thyroid cancer concluded that findings were “largely null.”65

The Marines/Navy personnel subgroup analysis found a posi-
tive association for soft tissue cancer. The previous Camp Lejeune
mortality study also found an elevated risk.15 Occupational studies
of PCE or TCE and soft tissue cancer are often limited by small
numbers of cases. Two occupational studies have observed ele-
vated risks for soft tissue cancer and PCE exposure66 and both PCE
and TCE exposure.67 Conversely, two occupational studies found
elevated risks only among females exposed to TCE61 or working
as a dry cleaner.68

A positive association was found for laryngeal cancer in the
analysis of the Marines/Navy personnel subgroup. Laryngeal can-
cer has been associated with occupational exposure to PCE in
men35 and exposure to PCE and TCE in women.34 There was a
positive association for esophageal cancer and its subtype, squa-
mous cell, in the analysis of the Marines/Navy personnel sub-
group. Three occupational cohort studies have found associations
between TCE exposures and esophageal cancer.9 The previous
Camp Lejeune mortality study also observed an elevated risk.15

There is known etiological heterogeneity among lung cancer sub-
types.69 TheMarines/Navy personnel subgroup analysis found posi-
tive associations for large cell, non-small cell, and adenocarcinoma.
The civilian workers analysis found a positive association for squa-
mous cell lung cancer. Adenocarcinoma is the most common sub-
type among nonsmokers.69 A study of offshore petroleum workers
exposed to benzene found a positive trend for exposure duration and
adenocarcinoma but not for squamous cell or small cell lung can-
cer.70 Pooled analysis of 14 case–control studies of occupational
benzene exposure observed cumulative exposure trends for lung can-
cer and for adenocarcinoma and squamous cell and large cell lung
cancer.71 In studies not evaluating subtypes, lung cancer riskwas ele-
vated in 4 dry-cleaning worker studies, with RRs between 1.30 and
1.40,68,72–74 2 studies of PCEworkers,32,75 and1 study of PCEdrink-
ingwater exposures at Cape Cod.12

The Marines/Navy personnel subgroup analysis of duration
stationed at Camp Lejeune found a positive association for blad-
der cancer. Occupational exposure to PCE is associated with
bladder cancer.9,37

A weakness of this study was the lack of information on smok-
ing, alcohol consumption, and other unmeasured risk factors.
However, a strength was the inclusion of a reference population
with similar demographic, socioeconomic, and cultural similarities
as the exposed population, minimizing the impact of confounding
due to unmeasured risk factors. The results for the negative control
diseases, COPD, and cardiovascular mortality suggested a minor
difference in smoking or metabolic risk factors between the two
bases. The results for the negative control diseases for alcohol

consumption suggested Camp Lejeune personnel had a lower alco-
hol consumption thanCamp Pendleton personnel.

Smoking and alcohol consumptionwas encouraged by themili-
tary culture, the stress of service, targeted advertising by the
tobacco and alcoholic beverage industry, and the lower cost and
tax-free availability of these products on base compared with off-
base civilian stores.25 QBA results suggested that confounding due
to smoking and alcohol consumption would be minor. Moreover,
for cancers both smoking-related and alcohol-related, confounding
in this study due to smoking and alcohol consumption may cancel
each other.

Using base location as a proxy for drinking water exposure
was a possible source of nondifferential exposure misclassifica-
tion, but QBA results suggested the impact would be minor.
Duration stationed or employed at Camp Lejeune as a proxy for
cumulative exposure assumed that monthly contamination levels
did not fluctuate, but this was incorrect. Therefore, the duration
analyses should be interpreted with caution.

The analyses did not account for a latency period, but there
was at least a 10-y period between the end of exposure at Camp
Lejeune and the start of follow-up. Because of the gap in time
between the exposure period and the follow-up period, some can-
cers with shorter latency periods may have been missed.

Because of the small sample size of civilian workers, some HRs
had wide CIs due to the small numbers of cases. For the Marines/
Navy personnel subgroup, the small numbers of cases and the wide
CIs were likely due to >75% of the cohort being <60 years of age at
the end of follow-up. The median age of a cancer diagnosis in the
United States is 66 y; the median age for diagnosis of cancers of the
bladder, lung, and pancreas, and myelodysplastic syndrome is ≥70
y; and the median age for diagnosis of NHL, AML, multiple my-
eloma, and cancers of the kidney and liver is≥64 y.76

Many aHRs in this study were <1:50. This is also common in
studies of occupational exposures to TCE, PCE, and benzene.9
Meta-analyses of occupational TCE exposures and kidney cancer,
liver cancer, and NHL had summary RRs between 1.3 and 1.4,
and a meta-analysis of dry-cleaning work and bladder cancer had
a summary RR of 1.47.9,37,77,78 A meta-analysis of occupational
benzene exposure and NHL found a summary RR of 1.27 for
studies having quantitative exposure assessments.79 A pooled
analysis of 14 case–control studies of occupational benzene expo-
sure and lung cancer obtained an OR of 1.32 for the highest level
of cumulative exposure.71

A strength of this study was the collection of cancer incidence
data from 54 cancer registries. Participation of these registries
was necessary because Marines and Navy personnel resided in
every state. Unlike the National Death Index, there is no central
cancer registry in the United States that can provide individual-
level cancer incidence data linked to personal identifier informa-
tion of study participants.

Another strength was the evaluation of histological subtypes
for several cancers. Findings from occupational studies of the

Table 5. (Continued.)

Cancer outcome

CP Low duration at CL Medium duration at CL High duration at CL

Cases (n) Cases (n) Adjusted HR (95% CI) Cases (n) Adjusted HR (95% CI) Cases (n) Adjusted HR (95% CI)

Prostate 2,661 1,495 1.07 (1.01, 1.14) 665 1.04 (0.96, 1.13) 684 1.13 (1.03, 1.24)
Testis 220 121 1.03 (0.82, 1.30) 37 0.87 (0.61, 1.24) 26 0.73 (0.47, 1.13)
Penis 15 9 1.02 (0.44, 2.38) 5 1.82 (0.63, 5.25) 4 2.12 (0.57, 7.84)

Note: HRs adjusted for sex, race, rank, education and total duration in the DMDC data, 1975–1985; age was the time variable. CP (reference group): N =163,484. CL: low duration
(1–6 quarters), N =92,826; medium duration (7–10 quarters), N =33,075; and high duration (>10 quarters), N =28,920. —, Not applicable; ALL, acute lymphocytic leukemia; AML,
acute myeloid leukemia; CI, confidence interval; CL, Camp Lejeune; CLL, chronic lymphocytic leukemia; CML, chronic myeloid leukemia; CNS, central nervous system; CP, Camp
Pendleton; DMDC, Defense Manpower Data Center; HR, hazard ratio; NOS, not otherwise specified; NPTCC, non-papillary transitional cell carcinoma; PTCC, papillary transitional
cell carcinoma; RCC, renal cell carcinoma.
aIncludes in situ and malignant cases.

Environmental Health Perspectives 107008-11 132(10) October 2024Case 7:23-cv-00897-RJ     Document 472-12     Filed 08/24/25     Page 12 of 16



Table 6. Cancer outcomes by duration employed at Camp Lejeune compared with Camp Pendleton, October 1972–December 1975, among civilian workers
(N =12,291).

Cancer outcome

CP Low/medium duration at CL High duration at CL

Cases (n) Cases (n) Adjusted HR (95% CI) Cases (n) Adjusted HR (95% CI)

Oral cavity and pharynx 19 21 1.86 (0.95, 3.65) 10 1.53 (0.58, 4.00)
Oropharyngeal 8 10 1.90 (0.72, 5.05) 1 0.48 (0.04, 5.23)
Hypopharyngeala 3 2 1.05 (0.17, 6.41) 1 0.69 (0.07, 6.68)
Oral cavity only 3 3 1.58 (0.27, 9.24) 4 2.37 (0.37, 15.23)
Overlapping/other 6 4 1.22 (0.30, 4.92) 4 1.55 (0.34, 7.17)
Squamous cell 14 20 2.54 (1.20, 5.38) 8 1.37 (0.47, 4.01)
Esophagus 16 2 0.26 (0.06, 1.20) 6 0.62 (0.20, 1.96)
Adenocarcinoma 11 1 0.17 (0.02, 1.37) 4 0.63 (0.16, 2.53)
Stomach 23 6 0.39 (0.15, 1.00) 11 1.39 (0.53, 3.60)
Liver 16 5 0.61 (0.21, 1.77) 4 0.83 (0.22, 3.10)
Liver, bile duct, and gallbladder 24 11 0.79 (0.37, 1.69) 7 0.91 (0.33, 2.53)
Pancreas 47 18 0.71 (0.39, 1.29) 15 0.60 (0.30, 1.19)
Larynx 10 9 1.86 (0.65, 5.27) 4 0.59 (0.15, 2.35)
Lung and bronchus 226 134 1.09 (0.87, 1.38) 127 1.26 (0.96, 1.65)
Large cell 5 3 0.78 (0.17, 3.54) 4 1.93 (0.31, 11.95)
Small cell 36 26 1.14 (0.66, 1.95) 16 1.27 (0.61, 2.66)
Non-small cell 24 9 0.64 (0.29, 1.44) 14 1.41 (0.62, 3.20)
Squamous cell 43 36 1.43 (0.89, 2.30) 36 2.28 (1.27, 4.08)
Adenocarcinoma 80 50 1.20 (0.81, 1.78) 43 1.06 (0.68, 1.67)
Colon and rectum 112 61 1.08 (0.76, 1.52) 45 0.75 (0.50, 1.13)
Adenocarcinoma 102 59 1.16 (0.81, 1.67) 43 0.80 (0.52, 1.22)
Colon 76 44 1.08 (0.72, 1.63) 33 0.83 (0.51, 1.37)
Rectum and rectosigmoid junction 37 19 1.15 (0.61, 2.15) 12 0.59 (0.28, 1.25)
Rectum 25 15 1.28 (0.61, 2.68) 10 0.73 (0.31, 1.73)
Anusa 7 2 0.50 (0.10, 2.49) 1 0.30 (0.04, 2.45)
Urinary bladderb 85 46 1.18 (0.80, 1.75) 41 1.09 (0.69, 1.71)
Papillary transitional cell 61 33 1.16 (0.73, 1.84) 27 1.06 (0.61, 1.83)
Non-papillary transitional cell 19 12 1.51 (0.68, 3.37) 12 1.28 (0.55, 2.96)
Urothelial 80 45 1.23 (0.83, 1.84) 39 1.09 (0.69, 1.73)
Kidney and renal pelvis 49 30 0.91 (0.56, 1.48) 28 1.70 (0.93, 3.13)
Renal cell and clear cell carcinoma 37 21 0.88 (0.49, 1.56) 22 1.36 (0.69, 2.69)
Renal cell carcinoma, NOS 20 14 1.03 (0.49, 2.15) 14 1.48 (0.61, 3.64)
Clear cell only 17 7 0.67 (0.26, 1.72) 8 1.24 (0.44, 3.52)
Papillarya 3 1 0.51 (0.05, 4.97) 2 1.41 (0.24, 8.46)
Brain and other CNS 17 5 0.48 (0.16, 1.39) 4 0.48 (0.14, 1.64)
Gliomas 13 5 0.63 (0.20, 1.94) 4 0.53 (0.15, 1.90)
Soft tissue sarcoma 10 6 1.09 (0.35, 3.38) 1 0.18 (0.02, 1.66)
Melanoma 53 31 0.92 (0.57, 1.47) 23 1.28 (0.69, 2.35)
Thyroid 14 23 1.72 (0.86, 3.44) 9 3.00 (0.91, 9.84)
Mesothelioma 5 2 1.08 (0.17, 6.91) 3 0.84 (0.17, 4.18)
Lymphoid 98 59 1.06 (0.74, 1.51) 45 1.00 (0.65, 1.54)
Lymphoid (exc. Hodgkin lymphoma) 93 59 1.12 (0.78, 1.61) 42 1.01 (0.65, 1.58)
Hodgkin lymphomaa 5 0 — 3 1.37 (0.32, 5.76)
Non-Hodgkin lymphoma 60 42 1.31 (0.84, 2.03) 29 1.05 (0.62, 1.80)
Follicular 10 12 2.22 (0.86, 5.78) 3 0.60 (0.14, 2.54)
Diffuse large B cell 20 12 1.18 (0.54, 2.61) 15 1.80 (0.78, 4.12)
Marginal zone B cella 6 2 0.61 (0.12, 3.15) 0 —
Burkitt 4 0 — 1 0.76 (0.08, 7.03)
Multiple myeloma 16 11 1.10 (0.47, 2.55) 7 0.99 (0.33, 3.01)
Myeloid cancersc 29 17 1.11 (0.58, 2.13) 18 2.04 (0.96, 4.35)
Leukemias 43 17 0.65 (0.36, 1.18) 19 1.43 (0.72, 2.86)
Chronic lymphocytic leukemia 16 5 0.48 (0.17, 1.36) 6 0.93 (0.28, 3.07)
Acute myeloid leukemiad 11 6 0.92 (0.32, 2.67) 8 2.53 (0.76, 8.37)
Chronic myeloid leukemia 9 3 0.46 (0.12, 1.78) 3 1.61 (0.29, 8.91)
Myelodysplastic and myeloproliferative syndromes 9 7 2.01 (0.64, 6.33) 7 1.93 (0.56, 6.70)
Female breast 134 161 1.25 (0.98, 1.61) 47 1.01 (0.67, 1.53)
Ductal carcinoma 97 129 1.38 (1.03, 1.84) 38 1.08 (0.67, 1.71)
Lobular carcinoma 10 9 1.06 (0.39, 2.91) 3 0.63 (0.14, 2.82)
Ductal-lobular carcinoma 13 5 0.28 (0.09, 0.83) 2 0.42 (0.07, 2.63)
Male breasta 1 2 4.55 (0.41, 51.0) 5 10.01 (1.17, 86.1)
Cervixa 3 2 0.68 (0.11, 4.06) 0 —
Uterus 34 30 0.90 (0.53, 1.52) 10 0.91 (0.38, 2.17)
Ovary 26 15 0.63 (0.31, 1.25) 9 0.89 (0.35, 2.24)
Prostate 247 113 0.90 (0.71, 1.15) 190 1.20 (0.94, 1.53)

Note: HRs adjusted for sex, race, blue-collar work (yes/no), education, and total duration in the DMDC data, October 1972–December 1985; age was the time variable. CP (reference
group): N =5,797. CL: low/medium duration (1–21 quarters), N =4,231; and high duration (>21 quarters), N =2,263. —, No cases; CI, confidence interval; CL, Camp Lejeune; CNS,
central nervous system; CP, Camp Pendleton; DMDC, Defense Manpower Data Center; exc, except; HR, hazard ratio; NOS, not otherwise specified.
aUnadjusted results only are presented because of the small numbers of cases.
bIncludes in situ and malignant cases.
cIncludes myelodysplastic and myeloproliferative syndromes and polycythemia vera.
dIncludes acute monocytic leukemia.
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chemicals in the Camp Lejeune drinking water have differed
among the histological subtypes of hematopoietic cancers,51,52,80

lung cancer,70–71 and head and neck cancers.35

Conclusion
For the Marines/Navy personnel subgroup (i.e., who began active
duty between 1975 and 1985), positive associations were observed
for all myeloid cancers as a group and separately for AML, myelo-
dysplastic and myeloproliferative syndromes, polycythemia vera;
cancers of the esophagus, larynx, thyroid, and soft tissue; MZBCL
and mantle cell lymphoma; squamous cell esophageal cancer; and
lung cancer subtypes—large cell, non-small cell, and adenocarci-
noma. In the full cohort ofMarines/Navy personnel, therewas a posi-
tive association for male breast cancer. For civilian workers, positive
associations were observed for all myeloid cancers as a group, squa-
mous cell lung cancer, and female breast and ductal cancer.

Adult cancers have not been evaluated for family members of
Camp Lejeune Marines and Navy personnel who resided in base
housing served by contaminated drinking water. However, the
findings of this study are relevant to all individuals exposed to
the contaminated drinking water at Camp Lejeune and add to the
literature on the health effects of these contaminants. Continued
follow-up of the Marines/Navy personnel subgroup is indicated
given that >75% were <60 years of age at the end of follow-up.

Acknowledgments
F.J.B. conceived of and designed the study, analyzed and

interpreted the data, and prepared the manuscript. A.G., R.G., and
G.T.S. of the Battelle Memorial Institute (Battelle), and B.K. and R.S.
of the North American Association of Central Cancer Registries
(NAACCR) recruited the cancer registries, designed and oversaw
the data collection, managed the data, and reviewed the manuscript.
A.B. critically reviewed and edited the manuscript and contributed
to the interpretation of the findings.

The authors thank Rona Boehm (data management team lead)
and the supporting staff at Battelle and at NAACCR. Others who
assisted the data collection effort included Donald Green, William
Howe, and Richard Lee from Information Management Services,
Inc. Essential to the study was the participation of the 54 state,
federal, and territorial cancer registries that conducted the data
linkages and provided the cancer incidence data. Assistance during
the early stages of the study was provided by Agency for Toxic
Substances and Disease Registry/Centers for Disease Control and
Prevention (ATSDR/CDC) staff: Perri Ruckart, Scott van Heest,
GeoffreyWhitfield, and JosephRalph.Manila Padtha of the ATSDR
acted as a liaison between the ATSDR and the cancer registries.
Finally, F.J.B. acknowledges the strong and essential support for the
study by the CampLejeuneCommunityAssistance Panelmembers.

This work was supported by funding through interagency
agreements with the USDepartment of Health and Human Services’
ATSDR and the US Department of the Navy. The authors did not
receive payment or services from a third party for any aspect of the
submittedwork.

The findings and conclusions in this manuscript are those of
the authors and do not necessarily represent the official position
of the ATSDR/CDC.

References
1. Maslia ML, Sautner JB, Faye RE, Suárez-Soto RJ, Aral MM, Grayman WM, et al.

2007. Analyses of Groundwater Flow, Contaminant Fate and Transport, and
Distribution of Drinking Water at Tarawa Terrace and Vicinity, U.S. Marine Corps
Base Camp Lejeune, North Carolina: Historical Reconstruction and Present-Day
Conditions—Executive Summary. https://www.atsdr.cdc.gov/sites/lejeune/docs/
TT_Executive_Summary_June142007_508.pdf [accessed 16 September 2024].

2. Maslia ML, Suárez-Soto RJ, Sautner JB, Anderson BA, Jones LE, Faye RE,
et al. 2013. Analyses and Historical Reconstruction of Groundwater Flow,
Contaminant Fate and Transport, and Distribution of Drinking Water Within
the Service Areas of the Hadnot Point and Holcomb Boulevard Water Treatment
Plants and Vicinities, U.S. Marine Corps Base Camp Lejeune, North Carolina—
Chapter A: Summary and Findings. https://www.atsdr.cdc.gov/sites/lejeune/
docs/chapter_A_hadnotpoint.pdf [accessed 16 September 2024].

3. US EPA (US Environmental Protection Agency). 2024. National Primary Drinking
Water Regulations. https://www.epa.gov/ground-water-and-drinking-water/
national-primary-drinking-water-regulations#Organic [accessed 19May 2024].

4. ATSDR (Agency for Toxic Substances and Disease Registry). 2017. Public
Health Assessment: Camp Lejeune Drinking Water, U.S. Marine Corps Base
Camp Lejeune, North Carolina. https://www.atsdr.cdc.gov/HAC/pha/MarineCorps
BaseCampLejeune/Camp_Lejeune_Drinking_Water_PHA(final)_%201-20-2017_508.pdf
[accessed 20 October 2023].

5. Weisel CP, Jo WK. 1996. Ingestion, inhalation, and dermal exposures to chloro-
form and trichloroethene from tap water. Environ Health Perspect 104(1):48–51,
PMID: 8834861, https://doi.org/10.1289/ehp.9610448.

6. IARC (International Agency for Research on Cancer). 2014. Trichloroethylene,
tetrachloroethylene, and some other chlorinated agents. IARC Monogr Eval
Carcinog Risks Hum 106:1–512, PMID: 26214861.

7. IARC. 2008. 1,3-Butadiene, ethylene oxide and vinyl halides (vinyl fluoride, vinyl
chloride and vinyl bromide). IARC Monogr Eval Carcinog Risks Hum 97:3–471,
PMID: 20232717.

8. IARC. 2012. Chemical agents and related occupations. IARC Monogr Eval
Carcinog Risks Hum 100(pt F):9–562, PMID: 23189753.

9. ATSDR. 2017. ATSDR Assessment of the Evidence for the Drinking Water
Contaminants at Camp Lejeune and Specific Cancers and Other Diseases.
https://www.atsdr.cdc.gov/sites/lejeune/docs/atsdr_summary_of_the_evidence_
for_causality_tce_pce-508.pdf [accessed 8 March 2023].

10. Cohn P, Klotz J, Bove F, Berkowitz M, Fagliano J. 1994. Drinking water contamina-
tion and the incidence of leukemia and non-Hodgkin’s lymphoma. Environ Health
Perspect 102(6–7):556–561, PMID: 9679115, https://doi.org/10.1289/ehp.94102556.

11. Aschengrau A, Ozonoff D, Paulu C, Coogan P, Vezina R, Heeren T, et al. 1993. Cancer
risk and tetrachloroethylene-contaminated drinking water in Massachusetts. Arch
Environ Health 48(5):284–292, PMID: 8215591, https://doi.org/10.1080/00039896.1993.
9936715.

12. Paulu C, Aschengrau A, Ozonoff D. 1999. Tetrachloroethylene-contaminated
drinking water in Massachusetts and the risk of colon–rectum, lung, and other
cancers. Environ Health Perspect 107(4):265–271, PMID: 10090704, https://doi.org/
10.1289/ehp.99107265.

13. Gallagher LG, Vieira VM, Ozonoff D, Webster TF, Aschengrau A. 2011. Risk of
breast cancer following exposure to tetrachloroethylene-contaminated drink-
ing water in Cape Cod, Massachusetts: reanalysis of a case-control study
using a modified exposure assessment. Environ Health 10:47, PMID: 21600013,
https://doi.org/10.1186/1476-069X-10-47.

14. Ruckart PZ, Bove FJ, Shanley E III, Maslia M. 2015. Evaluation of contaminated
drinking water and male breast cancer at Marine Corps Base Camp Lejeune,
North Carolina: a case control study. Environ Health 14:74, PMID: 26376727,
https://doi.org/10.1186/s12940-015-0061-4.

15. Bove FJ, Ruckart PZ, Maslia M, Larson TC. 2014. Evaluation of mortality among
marines and navy personnel exposed to contaminated drinking water at USMC
Base Camp Lejeune: a retrospective cohort study. Environ Health 13(1):10,
PMID: 24552493, https://doi.org/10.1186/1476-069X-13-10.

16. Bove FJ, Ruckart PZ, Maslia M, Larson TC. 2014. Mortality study of civilian
employees exposed to contaminated drinking water at USMC Base Camp
Lejeune: a retrospective cohort study. Environ Health 13:68, PMID: 25115749,
https://doi.org/10.1186/1476-069X-13-68.

17. German RR, Fink AK, Heron M, Stewart SL, Johnson CJ, Finch JL, et al. 2011.
The accuracy of cancer mortality statistics based on death certificates in the
United States. Cancer Epidemiol 35(2):126–131, PMID: 20952269, https://doi.org/
10.1016/j.canep.2010.09.005.

18. ATSDR. 2008. Public Health Assessment For Marine Corps Base (MCB)
Camp Pendleton, San Diego County, California. https://www.atsdr.cdc.gov/
HAC/pha/CampPendletonMarineCorpsBase/MCB%20Camp%20Pendleton%
20PHAFinal090208.pdf [accessed 20 January 2023].

19. CDC (US Centers for Disease Control and Prevention). n.d. U.S. Cancer
Statistics: Incidence Data Sources. https://www.cdc.gov/united-states-
cancer-statistics/technical-notes/incidence-data-sources.html?CDC_Aaref_Val=
https://www.cdc.gov/cancer/uscs/technical_notes/data_sources/incidence.htm
[accessed 10 September 2024].

20. NCI (National Cancer Institute). 2024. Surveillance, Epidemiology, and End Results
Program (SEER): Match*Pro Software (Version 1.6.2). https://seer.cancer.gov/tools/
matchpro/ [accessed 10 September 2024].

21. NCI. 2024. Site Recode ICD-O-3/WHO 2008—SEER Data Reporting Tools. https://
seer.cancer.gov/siterecode/icdo3_dwhoheme/index.html [accessed 5 June 2024].

Environmental Health Perspectives 107008-13 132(10) October 2024Case 7:23-cv-00897-RJ     Document 472-12     Filed 08/24/25     Page 14 of 16

https://www.atsdr.cdc.gov/sites/lejeune/docs/TT_Executive_Summary_June142007_508.pdf
https://www.atsdr.cdc.gov/sites/lejeune/docs/TT_Executive_Summary_June142007_508.pdf
https://www.atsdr.cdc.gov/sites/lejeune/docs/chapter_A_hadnotpoint.pdf
https://www.atsdr.cdc.gov/sites/lejeune/docs/chapter_A_hadnotpoint.pdf
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations#Organic
https://www.epa.gov/ground-water-and-drinking-water/national-primary-drinking-water-regulations#Organic
https://www.atsdr.cdc.gov/HAC/pha/MarineCorpsBaseCampLejeune/Camp_Lejeune_Drinking_Water_PHA(final)_%201-20-2017_508.pdf
https://www.atsdr.cdc.gov/HAC/pha/MarineCorpsBaseCampLejeune/Camp_Lejeune_Drinking_Water_PHA(final)_%201-20-2017_508.pdf
https://www.ncbi.nlm.nih.gov/pubmed/8834861
https://doi.org/10.1289/ehp.9610448
https://www.ncbi.nlm.nih.gov/pubmed/26214861
https://www.ncbi.nlm.nih.gov/pubmed/20232717
https://www.ncbi.nlm.nih.gov/pubmed/23189753
https://www.atsdr.cdc.gov/sites/lejeune/docs/atsdr_summary_of_the_evidence_for_causality_tce_pce-508.pdf
https://www.atsdr.cdc.gov/sites/lejeune/docs/atsdr_summary_of_the_evidence_for_causality_tce_pce-508.pdf
https://www.ncbi.nlm.nih.gov/pubmed/9679115
https://doi.org/10.1289/ehp.94102556
https://www.ncbi.nlm.nih.gov/pubmed/8215591
https://doi.org/10.1080/00039896.1993.9936715
https://doi.org/10.1080/00039896.1993.9936715
https://www.ncbi.nlm.nih.gov/pubmed/10090704
https://doi.org/10.1289/ehp.99107265
https://doi.org/10.1289/ehp.99107265
https://www.ncbi.nlm.nih.gov/pubmed/21600013
https://doi.org/10.1186/1476-069X-10-47
https://www.ncbi.nlm.nih.gov/pubmed/26376727
https://doi.org/10.1186/s12940-015-0061-4
https://www.ncbi.nlm.nih.gov/pubmed/24552493
https://doi.org/10.1186/1476-069X-13-10
https://www.ncbi.nlm.nih.gov/pubmed/25115749
https://doi.org/10.1186/1476-069X-13-68
https://www.ncbi.nlm.nih.gov/pubmed/20952269
https://doi.org/10.1016/j.canep.2010.09.005
https://doi.org/10.1016/j.canep.2010.09.005
https://www.atsdr.cdc.gov/HAC/pha/CampPendletonMarineCorpsBase/MCB%20Camp%20Pendleton%20PHAFinal090208.pdf
https://www.atsdr.cdc.gov/HAC/pha/CampPendletonMarineCorpsBase/MCB%20Camp%20Pendleton%20PHAFinal090208.pdf
https://www.atsdr.cdc.gov/HAC/pha/CampPendletonMarineCorpsBase/MCB%20Camp%20Pendleton%20PHAFinal090208.pdf
https://www.cdc.gov/united-states-cancer-statistics/technical-notes/incidence-data-sources.html?CDC_Aaref_Val=https://www.cdc.gov/cancer/uscs/technical_notes/data_sources/incidence.htm
https://www.cdc.gov/united-states-cancer-statistics/technical-notes/incidence-data-sources.html?CDC_Aaref_Val=https://www.cdc.gov/cancer/uscs/technical_notes/data_sources/incidence.htm
https://www.cdc.gov/united-states-cancer-statistics/technical-notes/incidence-data-sources.html?CDC_Aaref_Val=https://www.cdc.gov/cancer/uscs/technical_notes/data_sources/incidence.htm
https://seer.cancer.gov/tools/matchpro/
https://seer.cancer.gov/tools/matchpro/
https://seer.cancer.gov/siterecode/icdo3_dwhoheme/index.html
https://seer.cancer.gov/siterecode/icdo3_dwhoheme/index.html


22. Swerdlow SH, Campo E, Harris NL, Jaffe ES, Pileri SA, Stein H, et al. (eds).
2008. WHO Classification of Tumours of Haematopoietic and lymphoid Tissues.
Lyon, France: International Agency for Research on Cancer.

23. Cleves M, Gould WW, Marchenko YV. 2016. An Introduction to Survival
Analysis Using Stata, revised 3rd ed. TX: Stata Press.

24. Fox MP, MacLehose RF, Lash TL. 2021. Applying Quantitative Bias Analysis to
Epidemiologic Data, 2nd ed. Cham, Switzerland: Springer. Spreadsheets are
available at https://sites.google.com/site/biasanalysis/ [accessed 30 October 2023].

25. Bray RM, Hourani LL. 2007. Substance use trends among active duty military
personnel: findings from the United States Department of Defense Health
Related Behavior Surveys, 1980–2005. Addiction 102(7):1092–1101, PMID:
17567397, https://doi.org/10.1111/j.1360-0443.2007.01841.x.

26. Lipsitch M, Tchetgen Tchetgen E, Cohen T. 2010. Negative controls: a tool for
detecting confounding and bias in observational studies. Epidemiology 21:383–
388, PMID: 20335814, https://doi.org/10.1097/EDE.0b013e3181d61eeb.

27. Forey BA, Thornton AJ, Lee PN. 2011. Systematic review with meta-analysis of
the epidemiological evidence relating smoking to COPD, chronic bronchitis
and emphysema. BMC Pulm Med 11:36, PMID: 21672193, https://doi.org/10.
1186/1471-2466-11-36.

28. Tian F, Chen L, Qian ZM, Xia H, Zhang Z, Zhang J, et al. 2023. Ranking age-
specific modifiable risk factors for cardiovascular disease and mortality: evi-
dence from a population-based longitudinal study. eClinicalMedicine 64:102230,
PMID: 37936651, https://doi.org/10.1016/j.eclinm.2023.102230.

29. Llamosas-Falcón L, Probst C, Buckley C, Jiang H, Lasserre AM, Puka K, et al.
2024. How does alcohol use impact morbidity and mortality of liver cirrhosis? A
systematic review and dose–response meta-analysis. Hepatol Int 18(1):216–
224, PMID: 37684424, https://doi.org/10.1007/s12072-023-10584-z.

30. Gandini S, Botteri E, Iodice S, Boniol M, Lowenfels AB, Maisonneuve P, et al.
2008. Tobacco smoking and cancer: a meta-analysis. Int J Cancer 122(1):155–
164, PMID: 17893872, https://doi.org/10.1002/ijc.23033.

31. Rumgay H, Murphy N, Ferrari P, Soerjomataram I. 2021. Alcohol and cancer: epi-
demiology and biological mechanisms. Nutrients 13(9):3173, PMID: 34579050,
https://doi.org/10.3390/nu13093173.

32. Vizcaya D, Christensen KY, Lavoué J, Siemiatycki J. 2013. Risk of lung cancer
associated with six types of chlorinated solvents: results from two case–control
studies in Montreal, Canada. Occup Environ Med 70(2):81–85, PMID: 23104733,
https://doi.org/10.1136/oemed-2012-101155.

33. Chiavarini M, Rosignoli P, Sorbara B, Giacchetta I, Fabiani R. 2024. Benzene expo-
sure and lung cancer risk: a systematic review and meta-analysis of human stud-
ies. Int J Environ Res Public Health 21(2):205, PMID: 38397694, https://doi.org/10.
3390/ijerph21020205.

34. Carton M, Barul C, Menvielle G, Cyr D, Sanchez M, Pilorget C, et al. 2017.
Occupational exposure to solvents and risk of head and neck cancer in
women: a population-based case–control study in France. BMJ Open 7(1):
e012833, PMID: 28069619, https://doi.org/10.1136/bmjopen-2016-012833.

35. Barul C, Fayossé A, Carton M, Pilorget C, Woronoff AS, Stücker I, et al. 2017.
Occupational exposure to chlorinated solvents and risk of head and neck can-
cer in men: a population-based case-control study in France. Environ Health
16(1):77, PMID: 28738894, https://doi.org/10.1186/s12940-017-0286-5.

36. Chuang Y-S, Lee C-Y, Lin P-C, Pan C-H, Hsieh H-M, Wu C-F, et al. 2022. Breast
cancer incidence in a national cohort of female workers exposed to special
health hazards in Taiwan: a retrospective case-cohort study of � 300,000 occu-
pational records spanning 20 years. Int Arch Occup Environ Health 95(10):1979–
1993, PMID: 35771278, https://doi.org/10.1007/s00420-022-01897-x.

37. Vlaanderen J, Straif K, Ruder A, Blair A, Hansen J, Lynge E, et al. 2014.
Tetrachloroethylene exposure and bladder cancer risk: a meta-analysis of dry-
cleaning worker studies. Environ Health Perspect 122(7):661–666, PMID:
24659585, https://doi.org/10.1289/ehp.1307055.

38. Luu MN, Han M, Bui TT, Tran PTT, Lim M-K, Oh JK. 2022. Smoking trajectory
and cancer risk: a population-based cohort study. Tob Induc Dis 20(August):71,
PMID: 36118557, https://doi.org/10.18332/tid/152137.

39. Kunzmann AT, Coleman HG, Huang W-Y, Berndt SI. 2018. Supplemental
table 3 in The association of lifetime alcohol use with mortality and cancer risk
in older adults: a cohort study. PLoS Med 15(6):e1002585, PMID: 29920516,
https://doi.org/10.1371/journal.pmed.1002585.

40. Cumberbatch MG, Rota M, Catto JWF, La Vecchia C. 2016. The role of tobacco
smoke in bladder and kidney carcinogenesis: a comparison of exposures and
meta-analysis of incidence and mortality risks. Eur Urol 70(3):458–466, PMID:
26149669, https://doi.org/10.1016/j.eururo.2015.06.042.

41. Wasserstein RL, Lazar NA. 2016. The ASA statement on p-values: context, pro-
cess, and purpose. Am Stat 70(2):129–133, https://doi.org/10.1080/00031305.2016.
1154108.

42. Lash TL, VanderWeele TJ, Haneuse S, Rothman KJ. 2021. Modern Epidemiology.
4th ed. Philadelphia, PA: Walters Kluwer/Lippincott Williams & Wilkins.

43. Wasserstein RL, Schirm AL, Lazar NA. 2019. Moving to a world beyond “p <
0.05.” Am Stat 73(suppl 1):1–19, https://doi.org/10.1080/00031305.2019.1583913.

44. Poole C. 2001. Low P-values or narrow confidence intervals: which are more
durable? Epidemiology 12(3):291–294, PMID: 11337599, https://doi.org/10.1097/
00001648-200105000-00005.

45. Naimi AI, Whitcomb BW. 2020. Can confidence intervals be interpreted? Am J
Epidemiol 189(7):631–633, PMID: 31994696, https://doi.org/10.1093/aje/kwaa004.

46. Guénel P, Cyr D, Sabroe S, Lynge E, Merletti F, Ahrens W, et al. 2004. Alcohol
drinking may increase risk of breast cancer in men: a European population-
based case–control study. Cancer Causes Control 15(6):571–580, PMID:
15280636, https://doi.org/10.1023/B:CACO.0000036154.18162.43.

47. Schnatter AR, Glass DC, Tang G, Irons RD, Rushton L. 2012. Myelodysplastic syn-
drome and benzene exposure among petroleum workers: an international pooled
analysis. J Natl Cancer Inst 104(22):1724–1737, PMID: 23111193, https://doi.org/10.
1093/jnci/djs411.

48. Linet MS, Gilbert ES, Vermeulen R, Dores GM, Yin S-N, Portengen L, et al. 2019.
Benzene exposure response and risk of myeloid neoplasms in Chinese work-
ers: a multicenter case–cohort study. J Natl Cancer Inst 111(5):465–474, PMID:
30520970, https://doi.org/10.1093/jnci/djy143.

49. Irvin-Barnwell EA, Benson KM, Lu M, Ragin A, Wheeler J, Hoffman R. 2018.
Environmental toxins found historically in the polycythemia vera cluster area
and their potential for inducing DNA damage. J Environ Anal Toxicol
8(1):10.4172/2161-0525.1000551, PMID: 34094707, https://doi.org/10.4172/2161-
0525.1000551.

50. Morton LM, Slager SL, Cerhan JR, Wang SS, Vajdic CM, Skibola CF, et al.
2014. Etiologic heterogeneity among non-Hodgkin lymphoma subtypes: the
InterLymph Non-Hodgkin Lymphoma Subtypes Project. J Natl Cancer Inst Monogr
2014(48):130–144, PMID: 25174034, https://doi.org/10.1093/jncimonographs/lgu013.

51. Cocco P, Vermeulen R, Flore V, Nonne T, Campagna M, Purdue M, et al. 2013.
Occupational exposure to trichloroethylene and risk of non-Hodgkin lymphoma
and its major subtypes: a pooled IinterLlymph [correction of IinterLlymph] anal-
ysis. Occup Environ Med 70(11):795–802, PMID: 23881218, https://doi.org/10.
1136/oemed-2013-101551.

52. Stenehjem JS, Kjærheim K, Bråtveit M, Samuelsen SO, Barone-Adesi F,
Rothman N, et al. 2015. Benzene exposure and risk of lymphohaematopoietic
cancers in 25 000 offshore oil industry workers. Br J Cancer 113(11):1641,
PMID: 26625220, https://doi.org/10.1038/bjc.2015.390.

53. Rana I, Dahlberg S, Steinmaus C, Zhang L. 2021. Benzene exposure and non-
Hodgkin lymphoma: a systematic review and meta-analysis of human studies.
Lancet Planet Health 5(9):e633–e643, PMID: 34450064, https://doi.org/10.1016/
S2542-5196(21)00149-2.

54. Odutola MK, Benke G, Fritschi L, Giles GG, van Leeuwen MT, Vajdic CM. 2021.
A systematic review and meta-analysis of occupational exposures and risk of
follicular lymphoma. Environ Res 197:110887, PMID: 33607095, https://doi.org/10.
1016/j.envres.2021.110887.

55. Kotsopoulos J, Chen WY, Gates MA, Tworoger SS, Hankinson SE, Rosner BA.
2010. Risk factors for ductal and lobular breast cancer: results from the
Nurses’ Health Study. Breast Cancer Res 12(6):R106, PMID: 21143857,
https://doi.org/10.1186/bcr2790.

56. Xiao W, Huang J, Wang J, Chen Y, Hu N, Cao S. 2022. Occupational exposure
to organic solvents and breast cancer risk: a systematic review and meta-
analysis. Environ Sci Pollut Res Int 29(2):1605–1618, PMID: 34686960,
https://doi.org/10.1007/s11356-021-17100-6.

57. Glass DC, Heyworth J, Thomson AK, Peters S, Saunders C, Fritschi L. 2015.
Occupational exposure to solvents and risk of breast cancer. Am J Ind Med
58(9):915–922, PMID: 26010434, https://doi.org/10.1002/ajim.22478.

58. Westra S, Goldberg MS, Labrèche F, Baumgartner J, Ho V. 2023. The associa-
tion between the incidence of postmenopausal breast cancer and occupa-
tional exposure to selected organic solvents, Montreal, Canada, 2008–2011.
Am J Ind Med 66(11):911–927, PMID: 37565624, https://doi.org/10.1002/ajim.
23525.

59. Lope V, García-Pérez J, Pérez-Gómez B, Pedraza-Flechas AM, Alguacil J,
González-Galarzo MC, et al. 2018. Occupational exposures and mammographic
density in Spanish women. Occup Environ Med 75(2):124–131, PMID: 29074552,
https://doi.org/10.1136/oemed-2017-104580.

60. CDC. 2020. Male Breast Cancer Incidence and Mortality, United States—
2013–2017. USCS Data Brief, no. 19. https://stacks.cdc.gov/view/cdc/97729
[accessed 27 May 2024].

61. Hansen J, Sallmén M, Seldén AI, Anttila A, Pukkala E, Andersson K, et al. 2013.
Risk of cancer among workers exposed to trichloroethylene: analysis of three
Nordic cohort studies. J Natl Cancer Inst 105(12):869–877, PMID: 23723420,
https://doi.org/10.1093/jnci/djt107.

62. Laouali N, Pilorget C, Cyr D, Neri M, Kaerlev L, Sabroe S, et al. 2018. Occupational
exposure to organic solvents and risk of male breast cancer: a European multi-
center case–control study. Scand J Work Environ Health 44(3):310–322, PMID:
29405242, https://doi.org/10.5271/sjweh.3717.

63. Talibov M, Hansen J, Heikkinen S, Martinsen J-I, Sparen P, Tryggvadottir L, et
al. 2019. Occupational exposures and male breast cancer: a nested case-

Environmental Health Perspectives 107008-14 132(10) October 2024Case 7:23-cv-00897-RJ     Document 472-12     Filed 08/24/25     Page 15 of 16

https://sites.google.com/site/biasanalysis/
https://www.ncbi.nlm.nih.gov/pubmed/17567397
https://doi.org/10.1111/j.1360-0443.2007.01841.x
https://www.ncbi.nlm.nih.gov/pubmed/20335814
https://doi.org/10.1097/EDE.0b013e3181d61eeb
https://www.ncbi.nlm.nih.gov/pubmed/21672193
https://doi.org/10.1186/1471-2466-11-36
https://doi.org/10.1186/1471-2466-11-36
https://www.ncbi.nlm.nih.gov/pubmed/37936651
https://doi.org/10.1016/j.eclinm.2023.102230
https://www.ncbi.nlm.nih.gov/pubmed/37684424
https://doi.org/10.1007/s12072-023-10584-z
https://www.ncbi.nlm.nih.gov/pubmed/17893872
https://doi.org/10.1002/ijc.23033
https://www.ncbi.nlm.nih.gov/pubmed/34579050
https://doi.org/10.3390/nu13093173
https://www.ncbi.nlm.nih.gov/pubmed/23104733
https://doi.org/10.1136/oemed-2012-101155
https://www.ncbi.nlm.nih.gov/pubmed/38397694
https://doi.org/10.3390/ijerph21020205
https://doi.org/10.3390/ijerph21020205
https://www.ncbi.nlm.nih.gov/pubmed/28069619
https://doi.org/10.1136/bmjopen-2016-012833
https://www.ncbi.nlm.nih.gov/pubmed/28738894
https://doi.org/10.1186/s12940-017-0286-5
https://www.ncbi.nlm.nih.gov/pubmed/35771278
https://doi.org/10.1007/s00420-022-01897-x
https://www.ncbi.nlm.nih.gov/pubmed/24659585
https://doi.org/10.1289/ehp.1307055
https://www.ncbi.nlm.nih.gov/pubmed/36118557
https://doi.org/10.18332/tid/152137
https://www.ncbi.nlm.nih.gov/pubmed/29920516
https://doi.org/10.1371/journal.pmed.1002585
https://www.ncbi.nlm.nih.gov/pubmed/26149669
https://doi.org/10.1016/j.eururo.2015.06.042
https://doi.org/10.1080/00031305.2016.1154108
https://doi.org/10.1080/00031305.2016.1154108
https://doi.org/10.1080/00031305.2019.1583913
https://www.ncbi.nlm.nih.gov/pubmed/11337599
https://doi.org/10.1097/00001648-200105000-00005
https://doi.org/10.1097/00001648-200105000-00005
https://www.ncbi.nlm.nih.gov/pubmed/31994696
https://doi.org/10.1093/aje/kwaa004
https://www.ncbi.nlm.nih.gov/pubmed/15280636
https://doi.org/10.1023/B:CACO.0000036154.18162.43
https://www.ncbi.nlm.nih.gov/pubmed/23111193
https://doi.org/10.1093/jnci/djs411
https://doi.org/10.1093/jnci/djs411
https://www.ncbi.nlm.nih.gov/pubmed/30520970
https://doi.org/10.1093/jnci/djy143
https://www.ncbi.nlm.nih.gov/pubmed/34094707
https://doi.org/10.4172/2161-0525.1000551
https://doi.org/10.4172/2161-0525.1000551
https://www.ncbi.nlm.nih.gov/pubmed/25174034
https://doi.org/10.1093/jncimonographs/lgu013
https://www.ncbi.nlm.nih.gov/pubmed/23881218
https://doi.org/10.1136/oemed-2013-101551
https://doi.org/10.1136/oemed-2013-101551
https://www.ncbi.nlm.nih.gov/pubmed/26625220
https://doi.org/10.1038/bjc.2015.390
https://www.ncbi.nlm.nih.gov/pubmed/34450064
https://doi.org/10.1016/S2542-5196(21)00149-2
https://doi.org/10.1016/S2542-5196(21)00149-2
https://www.ncbi.nlm.nih.gov/pubmed/33607095
https://doi.org/10.1016/j.envres.2021.110887
https://doi.org/10.1016/j.envres.2021.110887
https://www.ncbi.nlm.nih.gov/pubmed/21143857
https://doi.org/10.1186/bcr2790
https://www.ncbi.nlm.nih.gov/pubmed/34686960
https://doi.org/10.1007/s11356-021-17100-6
https://www.ncbi.nlm.nih.gov/pubmed/26010434
https://doi.org/10.1002/ajim.22478
https://www.ncbi.nlm.nih.gov/pubmed/37565624
https://doi.org/10.1002/ajim.23525
https://doi.org/10.1002/ajim.23525
https://www.ncbi.nlm.nih.gov/pubmed/29074552
https://doi.org/10.1136/oemed-2017-104580
https://stacks.cdc.gov/view/cdc/97729
https://www.ncbi.nlm.nih.gov/pubmed/23723420
https://doi.org/10.1093/jnci/djt107
https://www.ncbi.nlm.nih.gov/pubmed/29405242
https://doi.org/10.5271/sjweh.3717


control study in the Nordic countries. Breast 48:65–72, PMID: 31539869,
https://doi.org/10.1016/j.breast.2019.09.004.

64. Lope V, Pérez-Gómez B, Aragonés N, López-Abente G, Gustavsson P, Plato N,
et al. 2009. Occupational exposure to chemicals and risk of thyroid cancer in
Sweden. Int Arch Occup Environ Health 82(2):267–274, PMID: 18365239,
https://doi.org/10.1007/s00420-008-0314-4.

65. Aschebrook-Kilfoy B, Ward MH, Della Valle CT, Friesen MC. 2014. Occupation
and thyroid cancer. Occup Environ Med 71(5):366–380, PMID: 24604144,
https://doi.org/10.1136/oemed-2013-101929.

66. Lipworth L, Sonderman JS, Mumma MT, Tarone RE, Marano DE, Boice JD Jr,
et al. 2011. Cancer mortality among aircraft manufacturing workers: an
extended follow-up. J Occup Environ Med 53(9):992–1007, PMID: 21866047,
https://doi.org/10.1097/JOM.0b013e31822e0940.

67. Boice JD Jr, Marano DE, Fryzek JP, Sadler CJ, McLaughlin JK. 1999. Mortality
among aircraft manufacturing workers. Occup Environ Med 56(9):581–597,
PMID: 10615290, https://doi.org/10.1136/oem.56.9.581.

68. Seldén AI, Ahlborg G Jr. 2011. Cancer morbidity in Swedish dry-cleaners and
laundry workers: historically prospective cohort study. Int Arch Occup Environ
Health 84(4):435–443, PMID: 20886350, https://doi.org/10.1007/s00420-010-0582-7.

69. Pesch B, Kendzia B, Gustavsson P, Jöckel K-H, Johnen G, Pohlabeln H, et al.
2012. Cigarette smoking and lung cancer—relative risk estimates for the major
histological types from a pooled analysis of case–control studies. Int J Cancer
131(5):1210–1219, PMID: 22052329, https://doi.org/10.1002/ijc.27339.

70. Babigumira R, Veierød MB, Hosgood HD, Samuelsen SO, Bråtveit M, Kirkeleit J,
et al. 2024. Benzene exposure and risk of lung cancer in the Norwegian Offshore
Petroleum Worker cohort: a prospective case–cohort study. Occup Environ Med
81:9–16, PMID: 38154914, https://doi.org/10.1136/oemed-2023-109139.

71. Wan W, Peters S, Portengen L, Olsson A, Schüz J, Ahrens W, et al. 2024.
Occupational benzene exposure and lung cancer risk: a pooled analysis of 14
case–control studies. Am J Respir Crit Care Med 209(2):185–196, PMID:
37812782, https://doi.org/10.1164/rccm.202306-0942OC.

72. Blair A, Petralia SA, Stewart PA. 2003. Extended mortality follow-up of a cohort
of dry cleaners. Ann Epidemiol 13(1):50–56, PMID: 12547485, https://doi.org/10.
1016/s1047-2797(02)00250-8.

73. Calvert GM, Ruder AM, Petersen MR. 2011. Mortality and end-stage renal dis-
ease incidence among dry cleaning workers. Occup Environ Med 68(10):709–
716, PMID: 21172794, https://doi.org/10.1136/oem.2010.060665.

74. CorbinM,McLean D, ‘t Mannetje A, Dryson E,Walls C,McKenzie F, et al. 2011. Lung
cancer and occupation: a New Zealand cancer registry-based case–control study.
AmJ IndMed 54(2):89–101, PMID: 20957667, https://doi.org/10.1002/ajim.20906.

75. Mattei F, Guida F, Matrat M, Cenée S, Cyr D, Sanchez M, et al. 2014. Exposure to
chlorinated solvents and lung cancer: results of the ICARE study. Occup Environ
Med 71(10):681–689, PMID: 25015929, https://doi.org/10.1136/oemed-2014-102182.

76. Howlader N, Noone AM, Krapcho M, Miller D, Brest A, Yu M, et al. (eds). 2021.
SEER Cancer Statistics Review, 1975–2018. https://seer.cancer.gov/csr/1975_
2018 [accessed 27 May 2024].

77. Scott CS, Jinot J. 2011. Trichloroethylene and cancer: systematic and quan-
titative review of epidemiologic evidence for identifying hazards. Int J
Environ Res Public Health 8(11):4238–4272, PMID: 22163205, https://doi.org/
10.3390/ijerph8114238.

78. Karami S, Bassig B, Stewart PA, Lee K-M, Rothman N, Moore LE, et al. 2013.
Occupational trichloroethylene exposure and risk of lymphatic and hematopoi-
etic cancers: a meta-analysis. Occup Environ Med 70(8):591–599, PMID:
23723297, https://doi.org/10.1136/oemed-2012-101212.

79. Vlaanderen J, Lan Q, Kromhout H, Rothman N, Vermeulen R. 2011. Occupational
benzene exposure and the risk of lymphoma subtypes: a meta-analysis of cohort
studies incorporating three study quality dimensions. Environ Health Perspect
119(2):159–167, PMID: 20880796, https://doi.org/10.1289/ehp.1002318.

80. Mundt KA, Dell LD, Boffetta P, Beckett EM, Lynch HN, Desai VJ, et al. 2021.
The importance of evaluating specific myeloid malignancies in epidemiological
studies of environmental carcinogens. BMC Cancer 21(1):227, PMID: 33676443,
https://doi.org/10.1186/s12885-021-07908-3.

Environmental Health Perspectives 107008-15 132(10) October 2024Case 7:23-cv-00897-RJ     Document 472-12     Filed 08/24/25     Page 16 of 16

https://www.ncbi.nlm.nih.gov/pubmed/31539869
https://doi.org/10.1016/j.breast.2019.09.004
https://www.ncbi.nlm.nih.gov/pubmed/18365239
https://doi.org/10.1007/s00420-008-0314-4
https://www.ncbi.nlm.nih.gov/pubmed/24604144
https://doi.org/10.1136/oemed-2013-101929
https://www.ncbi.nlm.nih.gov/pubmed/21866047
https://doi.org/10.1097/JOM.0b013e31822e0940
https://www.ncbi.nlm.nih.gov/pubmed/10615290
https://doi.org/10.1136/oem.56.9.581
https://www.ncbi.nlm.nih.gov/pubmed/20886350
https://doi.org/10.1007/s00420-010-0582-7
https://www.ncbi.nlm.nih.gov/pubmed/22052329
https://doi.org/10.1002/ijc.27339
https://www.ncbi.nlm.nih.gov/pubmed/38154914
https://doi.org/10.1136/oemed-2023-109139
https://www.ncbi.nlm.nih.gov/pubmed/37812782
https://doi.org/10.1164/rccm.202306-0942OC
https://www.ncbi.nlm.nih.gov/pubmed/12547485
https://doi.org/10.1016/s1047-2797(02)00250-8
https://doi.org/10.1016/s1047-2797(02)00250-8
https://www.ncbi.nlm.nih.gov/pubmed/21172794
https://doi.org/10.1136/oem.2010.060665
https://www.ncbi.nlm.nih.gov/pubmed/20957667
https://doi.org/10.1002/ajim.20906
https://www.ncbi.nlm.nih.gov/pubmed/25015929
https://doi.org/10.1136/oemed-2014-102182
https://seer.cancer.gov/csr/1975_2018
https://seer.cancer.gov/csr/1975_2018
https://www.ncbi.nlm.nih.gov/pubmed/22163205
https://doi.org/10.3390/ijerph8114238
https://doi.org/10.3390/ijerph8114238
https://www.ncbi.nlm.nih.gov/pubmed/23723297
https://doi.org/10.1136/oemed-2012-101212
https://www.ncbi.nlm.nih.gov/pubmed/20880796
https://doi.org/10.1289/ehp.1002318
https://www.ncbi.nlm.nih.gov/pubmed/33676443
https://doi.org/10.1186/s12885-021-07908-3

	Cancer Incidence among Marines and Navy Personnel and Civilian Workers Exposed to Industrial Solvents in Drinking Water at US Marine Corps Base Camp Lejeune: A Cohort Stud ...
	Background
	Methods
	Study Populations
	Cancer Ascertainment
	Data Analyses

	Results
	QBA Results

	Discussion
	Conclusion
	Acknowledgments
	References




