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n 1980, the Gulf Oil Corporation
(which merged with Chevron in
1985) began publishing a series of
epidemiologic reports on the mortal-
ity of current and former employees
working at the Port Arthur refinery
along the Texas Gulf Coast."™*® The
Port Arthur cohort consisted of more
than 16,000 refinery workers, and
their mortality experience was ob-
served from 1937 to 1978.

The results of these studies were
generally favorable in that the over-
all mortality rate, and most cause-
specific mortality rates, were lower
than those of the general population.
For the entire cohort, statistically
significant deficits in mortality. were
observed for all causes, digestive
cancer, esophageal cancer, rectal
cancer, liver cancer, bladder cancer,
lymphosarcoma and reticulosar-
coma, heart disease, respiratory dis-
ease, and several other nonmalignant
diseases. On the other hand, a statis-
tically significant excess of bone
cancer for the cohort was reported.
However, a review of the causes of
death of the workers as stated on
their death certificates indicated that
the excess was likely an artifact stem-
ming from the coding rules of the
eighth revision of the International
Classification of Diseases, Adapted
(ICDA).

The study presented here repre-
sents a 10-year update to the cohort

of Port Arthur refinery employeeso‘

The update provides more precise-
estimates of mortality risk, and an
opportunity for additional detailed
analyses for some causes of death.
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Methods and Materials

The original cohort consisted of
employees who worked at least 1 day
at the Port Arthur refinery between
January 1, 1937 and January 1,
1978.% Subsequently, additional em-
ployees, who were hired after 1977
and worked for at least 1 day at the
refinery, were enrolled in the study.®
For purposes of the cohort update
presented here, the population base
consisted of Gulf employees who
had worked atithe Port Arthur refin-
ery any time; between January 1,
1937 and December 31, 1983.

The vital sta:ltus of the cohort was
updated from the end of the original
study period: (January 1, 1978)
through December 31, 1987. Sources
for vital status: determination of the
expanded cohort included Gulf’s
personnel and annuitant record sys-
tems, the Texas Department of Mo-
tor Vehicles, the Social Security Ad-
ministration, and the National Death
Index.

The updated cohort consists of
17,844 individuals, of which 6799
had died as of the end of the study
(December 31, 1987). For 347 de-
ceased cohort members (5.1% of all
deaths), no death certificates could
be found, but the dates of death were
known. These deaths were not in-
cluded in any cause-specific mortal-
ity analyses. All deaths were coded
to the eighth revision of the ICDA
codes.

The analysis was based on cause-
specific standardized mortality ratios
(SMRs) using the general Texas pop-
ulation rates as the reference. Be-
cause most other refinery studies are
based on a comparison to the US
general population, we also carried
out one analysis for the entire cohort
by using the US general population
as the reference. These reference
rates were also based on the ICDA

__eighth revision. Mortality analyses
{ vere performed using the OCMAP

computer program.'*

Because of the a priori interest in
cancers of the lymphatic and hema-
topoietic tissues and the previous
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leukemia cell-type analysis of the
cohort,® we conducted additional
analyses for cell-type specific leuke-
mias, non-Hodgkin’s lymphoma, and
multiple myeloma for the male co-
hort members. Age-specific leuke-
mia cell-type mortality rates for US
white males for the period 1969 to
1977,' were used in the calculation.
For non-Hodgkin’s lymphoma and
multiple myeloma, age-specific mor-
tality rates for US white males, 1950
to 1980, compiled by the National
Cancer Institute'® were used. Be-
cause no similar rates were available
for nonwhite males, these rates were
used for the entire male subcohort.

The following SMR analyses were
performed on the cohort: total co-
hort, subcohorts stratified by sex and
race, length of employment, interval
since hire, period of hire, and pay
status. The rationale for these analy-
ses is as follows. Length of employ-
ment serves as an indirect measure
for potential refinery exposures. In-
terval since hire analysis follows
from the observation that chronic
diseases typically require a suffi-
ciently long period (latency) after
exposure to develop and become
clinically apparent; interval since
hire is used as a surrogate for la-
tency. With regard to period of hire,
several investigators'>'7~'° have re-
ported adverse health effects for
workers hired during the second
World War period (approximately
1940 to 1945). They also reported
that those hired before, after, or dur-
ing the war years likely experienced
different exposure intensities (eg,
higher before 1940 and lower after
1945) and exposure durations (eg,
longer before 1940 and shorter in the
1940 to 1945 period). These differ-
ences in exposure resulted from im-
proved engineering controls and per-
sonal protective equipment, as well
as lowering of regulatory exposure
standards. Thus, stratification on pe-
riod of hire provides a means of
assessing time-related exposure
risks.

Finally, analysis by pay status pro-
vides another indirect way to assess
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the effects of potential refinery expo-
sures. The presumption here is that
hourly employees were/are more
likely to be exposed at levels higher
than salaried workers because of the
nature of their respective jobs.

Statistical tests for trend were con-
ducted across length of employment
strata using the method described by
Breslow and Day.?® The result of the
trend test is expressed in terms of
chi-square (x*) with one degree of
freedom (1 df).

Results

The 17,844 cohort members ac-
crued a total of 526,387 person-years
of observation (Table 1). Eighty-nine
percent (12,608) of the cohort mem-
bers are men, 79% of whom are
white. Of the women, nearly 89% are
white. As of the end of the study
period, 38% of the cohort had died,
and death certificates were obtained
for 95% of the decedents.

The duration of employment at the
refinery ranged from 3 days to 54.6
years, with a median duration of 12.4
years for men and 1.8 years for
women (Table 1). Most cohort mem-
bers have been followed for a con-
siderable time. For men, the median
interval since hire was 35.6 years,
whereas that for women was 31.9
years (Table 1).

Using Texas death rates as the
reference, about 7% fewer deaths
were observed than expected (Table
2). The resulting SMR, 92.7, was
statistically significant. Of the 37
cause-of-death categories presented,
ten additional categories showed sta-
tistically significant deficits. These
categories include cancer of the bili-
ary tract and liver, lymphosarcoma
and reticulosarcoma, cerebrovascular
disease, heart disease, nonmalignant
respiratory disease, and external
causes of death (eg, accidents and
injuries).

On the other hand, a few signifi-
cant mortality excesses were found.
As reported previously in the origi-
nal cohort, a significant SMR for
bone cancer persisted (SMR =
207.8; 95% confidence interval [CI],
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TABLE 1
Demographic, Vital Status, and Employment Characteristics for All Cohort Members
Characteristic Men Women Total Q
Population Size (%) 15855 (89) 1989 (11) 17844 (100)
Person-Years of Follow-up 474875 51512 526387
Race Distribution (%)
White 79.5 89.4 80.6
Nonwhite 20.5 10.6 19.4
Black 17.1 5.9 15.8
Other and Unknown 3.4 4.7 3.6
Vital Status (as of 12/31/87) (%)
Alive 52.4 55.0 52.7
Dead 411 13.9 38.1
Unknown 6.5 31.1* 9.2
Employment Duration (%)
<1 year 22.2 413 24.3
1 to 9 years 23.6 40.3 254
10 to 19 years 14.7 9.7 141
=20 years 39.6 8.7 36.2
Average (years) 16.7 5.8 15.5
Range 3 days to 54.6 years 3 days to 44.7 years 3 days to 54.6 years
Interval Since Hiret (%)
<10 years 10.2 29.6 12.3
10 to 19 years 15.5 11.3 15.0
20 to 29 years 9.9 6.5 9.5
30 to 39 years 24.6 16.0 23.6
=40 years 39.8 36.7 39.5
Average (years) 33.2 26.3 324
Range 3 days to 77.5 years 3 days to 72.0 years 3 days to 77.5 years

Year of Hire (%)
1900 to 1919
1920 to 1949
1950 to 1969
1970 to 1987

5.8 0.2
60.3 70.6
18.7 11.2
15.2 18.0

5.1
61.5
17.8
15.6

* Of the women with an unknown vital status, over 88% had retired, left the company, or been transferred on or before 12/31/60, making
tracing nearly impossible; almost one-third were lost to follow-up during the period 1940 to 1945.
t Interval since initial hire is the period between hire date and the earlier of date of death, date of last contact, or end of study.

110.6 to 355.3). A significant excess
was also observed for the category
“benign and unspecified neoplasms”

(SMR = 194.9; 95% CI, 129.5 to

281.7). Although many different
sites are included in this category, 17
of the 28 deaths in this category
involved the brain. In the US general
population, approximately 68% of
the deaths in this broad category are
brain tumors.** Applying 68% to the
expected number of 14.4 in Table 2,
an estimate of 9.8 deaths from be-
nign brain tumor could be expected.
The corresponding SMR was esti-
mated to be approximately 173.5 (17
observed/9.8 expected; 95% CI,
100.8 to 277.6), which is borderline
significant.

Because of the use of asbestos at
the refinery in the past, we also
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examined mortality from causes
known to be associated with it. With
respect to malignant diseases, asbes-
tos is a known cause of both lung
cancer and mesothelioma. Table 2
shows that the lung cancer rate was
not elevated (SMR = 92.9; 95% (I,
83.4 to 101.2).

Regarding mesothelioma, the
eighth revision of the ICDA, which
was used to code all deaths in the
study, does not recognize a single
code for this disease. Instead, de-
pending on the wording on the death
certificate, mesothelioma could be
coded as a malignant respiratory can-
cer (ICDA codes 162.1, 163, 163.0,
or 163.9), a malignant neoplasm
without specification of site (ICDA
codes 199, 199.0, or 199.1), or a
benign respiratory disease (ICDA
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codes 212.3, 212.4, or 228). Death
certificates with any of these codes as
either the underlying or contributing
cause of death were manually re-
viewed to identify all mesotheliomas
(malignant or benign). Six deaths
were coded as malignant mesotheli-
omas. Age-specific malignant me-
sothelioma mortality rates were not
available for either the general US or
Texas populations. However, be-
cause malignant mesothelioma is a
rapidly fatal disease, incidence rates
were used to estimate the expected
number of deaths. These rates were
derived from 1975 to 1979 data in
the SEER Program,22 based on mil§
croscopically confirmed diagnoses
and excluding mesotheliomas that
were specified as benign. For the
Port Arthur cohort, 5.9 malignant
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TABLE 2
Cause-Specific SMRs for All Cohort Members*

Reference: Texas General

Reference: US General

Population Population
Cause of Death (ICDA 8th Revision Codes) Observed 9.5% 9.5%
Confidence Confidence
Expected SMR Interval Expected SMR Interval
Lower Upper Lower Upper
All Causes of Death (001 to 999) 6799 7336.0 92.7t 905 949 75411 90.21 88.0 92.3
All Malignant Neoplasms (140 to 209) 1482 14443 102.6 97.4 108.0 1528.6 97.0 921 102.0
Cancer of Buccal Cavity and Pharynx (140 to 149) 36 40.9 87.9 61.6 121.8 45.0 80.0 56.0 110.8
Cancer of Digestive Organs and Peritoneum (150 to 377 371.7 1014 914 1122 435.9 86.5t 78.0 957
159)
Cancer of Esophagus (150) 23 34.1 67.5 42.8 101.3 44.5 5161 327 775
Cancer of; Stomach (151) 95 80.2 1185 959 1449 925 102.7 83.1 1256
Cancer of Large Intestine (153) 117 1064 1100 90.9 131.8 134.3 87.1 72.0 1044
Cancer of Rectum (154) 26 26.3 98.8 645 1448 43.5 59.8f 39.1 87.7
Cancer of; Biliary Passages and Liver (155 to 156) 13 31.0 419t 223 716 26.6 48.8t 26.0 834
Cancer of: Pancreas (157) 94 80.8 116.4 941 1424 80.6 116.7 94.3 142.8
Cancer of Respiratory System (160 to 163) 448 485.5 92.3 83.9 101.2 482.2 92.9 84.5 101.9
Cancer of the Bronchus, Trachea, Lung (162) 423 459.8 92.0 83.4 101.2 454.2 93.1 84.5 1024
Cancer of Breast (174) 22 176 1254 78.6 189.8 21.0 104.8 65.7 158.7
All Uterine Cancers (Women only) (180 to 182) 7 6.7 1042 419 2147 7.0 99.9 401 2058
Cancer of Prostate (Men only) (185) 126 131.0 96.2 80.1 1145 136.4 924 77.0 110.0
Cancer of Kidney (189) 40 313 1279 914 1742 327 1224 87.5 166.7
Cancer of Bladder and Other Urinary Organs (188, 25 34.8 71.9 46.5 106.1 44.7 559t 36.2 825
189.9)
Malignant Melanoma of Skin (172 except scrotum) 21 187 1122 69.5 1715 147 1427 884 218.2
Cancer of Central Nervous System (191 to 192) 39 33.1 1177 83.7 160.9 352 110.8 78.8 151.5
Cancer of Bone (170) 13 6.3 207.8F 110.6 355.3 6.6 198.4%+ 105.6 339.3
Cancer of All Lymphatic, Haematopoietic Tissue 138 131.7 1048 88.0 123.8 135.6 101.8 85.5 120.3
(200 to 209)
Lymphosarcoma and Reticulosarcoma (200) 13 23.0 56.5F 30.1 96.5 25.4 512+ 273 87.6
Hodgkin’s Disease (201) 18 12.7 1413 83.7 223.3 142 1274 75.3 200.9
Leukemia and Aleukemia (204 to 207) 57 55.9 102.0 773 1322 55,0 103.7 78.6 1344
Cancer of All Other Lymphopoietic Tissue (202 to 50 40.1 1247 926 1645 411 121.7 90.3 160.4
203, 208 to 209)
Benign Neoplasms/Neoplasms of Unspecified Na- 28 144 19491 1295 281.7 189 148.4 986 2144
ture (210 to 239)
Diabetes Mellitus (250) 107 101.2 105.7 86.7 127.8 115.9 923 757 111.6
Cerebrovascular Disease (430 to 438) 502 600.5 83.61 76.4 91.2 584.4 85.9t 786 93.8
All Heart Disease (390 to 398, 400.1, 400.9, 402, 2534 2784.9 91.0tr 875 946 30085 8421 81.0 87.6
404, 410 to 414, 420 to 429)
Ischemic Heart Disease (410 to 414) 1994 2283.3 87.31t 835 912 2650.5 752t 720 786
Hypertension with Heart Disease (400.1, 400.9, 72 63.7 113.0 88.4 1423 74.6 96.5 755 121.5
402, 404)
Hypertension without Heart Disease (400, 400.2, 32 29.9 1072 733 1513 32,5 98.3 67.3 138.8
400.3, 401, 403)
Nonmalignant Respiratory Disease (460 to 519) 346 469.4 73.7t 66.1 81.9 494.7 69.9t 628 77.7
Cirrhosis of the Liver (571) 79 121.9 64.87 51.3 80.8 160.5 492t 39.0 613
All External Causes of Death (E800 to E999) 547 759.3 72.0f 66.1 783 657.8 83.2t 76.3 90.4
Motor Vehicle Accidents (E810 to E823) 169 239.6 70.5t 603 82.0 190.3 88.8 759 103.3
Suicides (E950 to ES59) 111 118.2 939 77.2 11341 120.0 92,5 761 1114

* Number of Persons at Risk = 17,844; Person-Years = 526,386.7.

T Significant at 1% Level.
I Significant at 5% Level.

esothelioma deaths would have
was 101.7 (95% CI, 37.3 to 221.6).

as benign mesotheliomas.
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Asbestosis is the term for pulmo-
een expected. The resultant SMR  nary fibrosis caused by exposure to
asbestos, or, more correctly, in per-
In addition, three deaths were coded  sons with a documented history of
occupational exposure to asbestos. A
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thorough review of all death certifi-
cates in the study did not reveal any
with the underlying cause of death as
asbestosis (ICDA 515.2), although
ten deaths were the result of pulmo-
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nary fibrosis (ICDA 515.x - 517.x).
These ten deaths did not represent an
increase in the occurrence of gener-
alized pulmonary fibrosis: the ex-
pected number of deaths in the study
is 28.6, yielding an SMR of 35.0
(95% CI, 16.8 to 64.4). The expected
number is based on unpublished data
from the National Center for Health
Statistics for the general US popula-
tiomn.

Because most refinery studies are
based on a comparison to the US
general population, an additional
analysis for the entire cohort based
on US death rates was carried out
(Table 2). The results were generally
similar to those based on Texas death
rates, although there were some dif-
ferences. Several additional signi-
ficant deficits were observed (eg,
cancer of digestive organs and peri-
toneum, esophageal cancer, rectal
cancer, bladder cancer). In addition,
the SMR for benign and unspecified
neoplasms was no longer statistically
significant. Within this category, the
number of expected benign brain tu-
mor deaths was estimated to be 12.9,
and the corresponding SMR was
131.7 (95% CI, 76.5 to 210.7). All
other analyses in this report were
based on Texas death rates, unless
otherwise specified.

Table 3 presents cause-specific
SMRs among white men, nonwhite
men, and white women. Because
white men accounted for 71% of the
entire cohort, their mortality experi-
ence generally paralleled that of the
entire cohort. Their overall SMR was
significantly lower than expected
(SMR = 96.6), whereas the same
causes showing significantly ele-
vated SMRs for the entire cohort,
plus hypertension without heart dis-
ease (SMR = 167.3), were also sig-
nificantly elevated. A few additional
significant mortality deficits were
observed for white men, including
cancer of the digestive organs and
peritoneum (SMR = 86.5), esopha-
geal cancer (SMR = 51.6), bladder
cancer (SMR = 55.9), and rectal
cancer (SMR = 59.8).
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The analysis for nonwhite men,
based on 3247 individuals and over
88,000 person-years of follow-up,
also showed a significant deficit in
overall mortality (SMR = 78.4). No
cause-specific SMRs were signifi-
cantly elevated for nonwhite men.
On the other hand, significant defi-
cits were reported for cancer of the
large intestine, lung cancer, all heart
disease, nonmalignant respiratory
disease, and external causes of death.

Among the 1778 white women in
the cohort, 267 deaths were ob-
served, yielding an SMR of 111.3,
which was not statistically signifi-
cant. Two causes showed significant
elevations: all malignant neoplasms
(89 observed, SMR = 126.5) and
benign and unspecified neoplasms
(four observed, SMR = 420.5). The
increase in all malignant neoplasms
was driven by cancers of the large
intestine, lung, and breast. Although
each of these showed an elevated
SMR, none were statistically signif-
icant.

No analyses are presented for non-
white women because only ten
deaths were observed among the 211
women in this subcohort. There was
no clustering among the causes of
death.

Table 4 presents a mortality anal-
ysis by length of employment for the
entire cohort. Mortality from all
causes combined showed a signifi-
cantly decreasing trend by length of
employment (X*end a ap = 32.2,
P = .00). Four cause-specific SMRs
were significantly elevated in the 20-
to 29-year stratum, but no trend with
length of employment was observed:
stomach cancer (SMR = 156.7;
Xetrend (1 ap = 49, P = 0.48), lym-
phatic and hematopoietic tissue
(SMR = 152.6; X*trend 1 ap = 49,
P = .49), leukemia (SMR = 222.7;
Xcwend (1 ap = 1.76, P = .18), and
hypertension with heart disease
(SMR = 214.3; x*ena 1 ap = 3-23,
P = .07). Benign and unspecified
neoplasms (SMR = 257.9) and hy-
pertension without heart disease
(SMR = 197.9) also showed signif-
icant excesses in the 30-+-year
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group. Hypertension without heart
disease demonstrated a positive trend
(X vend a anp = 995 P = .02),
whereas benign and unspecified neo-
plasms did not (Cend a ap = 1.25,
P = 26).

Because bone cancer had a signif-
icantly elevated SMR in the entire
cohort analysis, we performed a
trend test on it as well, even though
no SMR in any of the strata was
significantly elevated in the length of
employment analysis. The result in-
dicated that no trend was present
(X2wend (1 ap = -21, P = .65).

Analysis by interval since hire
(Table 5) shows numerous cause-of-
death categories, both cancers and
noncancers, with significant deficits
in various intervals since hire. No
significantly elevated SMRs were
found for any cause in employees
with an interval since hire of less
than 30 years. Several cause-of-death
categories showed significantly ele-
vated SMRs after at least a 30-year
interval of time, but none had a posi-
tive trend with length of employment:
all malignant neoplasms (X*yend a dn
= 3.82, P = .05; borderline significant
inverse trend), cancers of the stomach
(Cwena (1 ap = 49, P = 48), central
nervous system (Xgena ¢ ap = -00,
P = .99), bone (uena @ ap = 21,
P = .65), benign and unspecified neo-
plasms (uena 1 ap = 125, P = 26),
hypertension with heart disease
OCuend @ ap = 323, P = 07), and
suicides (X*wend (1 ap = -15, P = 70).

With regard to period-of-hire anal-
ysis, about 175,000 person-years of
follow-up accrued in each of the
three strata studied: pre-1940, 1940
through 1945, and after-1945. How-
ever, there were many differences
among the strata. For example, a
higher percentage of women (18.5%)
were hired in the 1940 through 1945
period (the “war” years) as compared
to either the earlier period (3.2%) or

the later period (8.9%); employee(Q
hired in the 1940 to 1945 period™

worked at the refinery for a median
of 0.9 years vs 30.7 years in the
pre-1940 group and 8.3 years for
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TABLE 3
Cause-Specific SMRs by Race and Sex

{ JOEM - Volume 38, Number 5, May 1996
\
|
|
\
|

R White Men Nonwhite Men White Women
{ @ Cause of Death (n = 12,608 Persons at Risk; (n = 3247 Persons at Risk; (n = 1778 Persons at Risk;
(ICDA 8th Revision Codes) Person-Years = 386,469.8) Person-Years = 88404.7) Person-Years = 47910.7)
Obs SMR 95% ClI Obs SMR 95% Cl Obs SMR 95% Cl
Ali Causes of Death (001 to 999) 5180 96.61 94.0 993 1342 78.4t 74.3 828 267 111.3 98.4 1255
All Malignant Neoplasms (140 to 209) 1096 104.8 987 1112 295 911 81.0 1021 89 126.5f 101.6 155.7
| Cancer of Buccal Cavity and Pharynx 27 86.9 57.3 126.4 7 79.6 32.0 164.1 2 198.5 240 7174
| (140 to 149)
Cancer of Digestive Organs and Perito- 271 104.9 92.8 118.2 86 881 705 108.8 20 1374 83.9 212.2
neum (150 to 159) :
| Cancer of Esophagus (150) 11 56.2 28.1 100.6 11 794 397 1421 1 175.8 4.4 979.8
Cancer of Stomach (151) 58 1141 86.7 147.5 35 129.3 90.0 1798 2 97.3 11.8 351.3
‘ Cancer of Large Intestine (153) 90 113.8 91.5 139.9 18 858 508 1356 9 152.2 69.6 288.8
| Cancer of Rectum (154) 22 1145 71.7 1733 1 167t 04 932 3 291.3 60.1 851.4
} Cancer of Biliary Passages and Liver 10 47 31 22.7 86.9 3 36.2 7.5 105.8 0 0.0 2445
| (155 to,156)
i Cancer of Pancreas (157) 73 1224 95.9 153.9 17 957 557 1532 4 129.1 35.2 330.6
; Cancer of Respiratory System (160 to 352 943 84.7 104.7 80 79.6f 631 991 15 1326 742 218.7
| 163)
l Cancer of the Bronchus, Trachea, 333 94.1 84.3 104.8 75 79.41 625 99.5 15 13741 76.7 226.2
| Lung (162)
§ Cancer of Breast (174) 0 0.0 327.1 1 179.2 4.5 9985 20 133.7 81.7 206.5
| All Uterine Cancers (Women only) (180 to 0 7 1174 472 2418
| 182)
: Cancer of Prostate (Men only) (185) 90 103.7 83.4 1275 36 814 57.0 1128 0O
| Cancer of Kidney (189) 27 107.2 70.7 156.0 10 2021 969 3717 3 2775 57.3 810.9
| Cancer of Bladder and Other Urinary Or- 17 645 37.6 103.2 7 903 36.3 186.1 1 165.9 41 9245
gans (188, 189.9)
Malignant Melanoma of Skin (172 except 21 1241 76.8 189.7 0 0.0 5786 O 0.0 320.9
scrotum)
Cancer of Central Nervous System (191 32 114.0 78.0 160.9 4 140.1 382 3587 3 140.2 28.9 409.6
to 192)
Cancer of Bone (170) 10 217.21 1041 3994 2 146.0 17.7 527.3 1 386.1 9.7 2151.5
Cancer of All Lymphatic, Haematopoietic 113 111.7 921 1344 20 831 50.8 1284 5 80.7 26.2 188.3
Tissue (200 to 209)
Lymphosarcoma and Reticulosarcoma 9 488F 223 926 3 884 182 2584 1 874 2.2 4873
(200)
Hodgkin’s Disease (201) 14 1374 75.1 2305 4 2005 546 5134 O 0.0 691.0
Leukemia and Aleukemia (204 to 207) 52 117.6 87.8 154.2 4 443 121 1134 1 407 1.0 2267
Cancer of All Other Lymphopoietic Tis- 38 1346 95.2 184.7 9 934 427 1774 3 1456 30.0 4254
sue (202 to 203, 208 to 209)
Benign Neoplasms/Neoplasms of Un- 17 1727t 100.6 276.6 7 201.6 81.0 4154 4 420.51 114.6 1076.8
specified Nature (210 to 239)
Diabetes Mellitus (250) 70 100.4 78.3 126.9 31 1258 855 1786 6 100.4 36.8 218.5
Cerebrovascular Disease (430 to 438) 349 87.21 783 96.8 137 775t 650 916 16 77.5 443 125.9
All Heart Disease (390 1o 398, 400.1, 2026 9521 911 994 441 757+ 68.8 831 64 96.3 741 1229
400.9, 402, 404, 410 to 414, 420 to
429)
Ischemic Heart Disease (410 to 414) 1649 90.8% 864 953 297 72.1f 641 80.8 45 90.6 66.1 121.3
Hypertension with Heart Disease 42 129.6 93.4 1751 29 1006 674 1445 1 518 1.3 288.6
(400.1, 400.9, 402, 404)
Hypertension without Heart Disease (400, 24 167.31 107.2 248.9 8 547 236 107.7 O 0.0 561.2
400.2, 400.3, 401, 403)
Nonmalignant Respiratory Disease (460 264 724+ 640 817 71 781t 610 985 10 76.1 36.5 140.0
to 519)
Cirrhosis of the Liver (571) 656 67.6f 522 86.1 11 55.0f 274 984 3 56.3 11.6 1644
All External Causes of Death (E800 to 433 81.1f 736 89.1 93 4561 36.8 559 20 103.1 63.0 159.3
E999) ‘
Motor Vehicle Accidents (E810 to 137 76.0+ 638 89.8 23 446f 283 669 9 123.8 56.6 235.0
E823)
Suicides (E950 to E959) 96 91.3 740 1115 9 105.0 48.0 1992 6 1348 49.5 2935

* Obs, observed; SMR, standardized mortality ratio; 95% Cl, 95% confidence interval. Blank spaces indicate that the SMR was not

calculated where no deaths were observed.
. T Significant at 5% Level.
¥ T Significant at 1% Level.
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TABLE 4
Cause-Specific SMRs for All Cohort Members Stratified by Length of Employment
<1 Year 1 to 9 Years 10 to 19 Years 20 to 29 Years 30+ Years .
Cause of Death on ob ob . P C
ICDA 8th Revision Codes - - - - -
( ) served SMR served SMR served SMR served SMR served SMR
All Causes of Death (001 to 999) 1346  109.8* 1135 95.8 784 87.2" 1167 87.0¢ 2367 88.2*
All Malignant Neoplasms (140 to 209) 305 114.7% 242 102.4 144 88.3 270 1126 521 96.6
Cancer of Buccal Cavity and Phar- ik 148.9 4 61.7 4 82.0 7 92.2 10 68.5
ynx (140 to 149)
Cancer of Digestive Organs and 67 108.5 56 98.9 32 741 81 119.8 141 98.9
Peritoneum (150 to 159)
Cancer of Esophagus (150) 8 1364 2 35.0 3 78.2 3 50.2 7 556.3
Cancer of Stomach (151) 13 1163 kR 98.8 8 77.9 27 166.71 36 118.6
Cancer of Large Intestine (153) 19 99.7 18  107.8 10 87.8 23 134.1 47 1116
Cancer of Rectum (154) 2 46.7 3 76.7 5 159.9 5 100.6 11 109.8
Cancer of Biliary Passages and 3 52.2 2 38.5 0 4 86.0 4 33.01
Liver (155 to 156)
Cancer of Pancreas (157) 20 1422 18  146.8 5 55.0 19 135.8 32 102.0
Cancer of Respiratory System (160 104  109.0 77 94.8 52 99.0 59 78.5 156 86.1
to 163)
Cancer of the Bronchus, Trachea, 101 111.0 72 93.3 49 98.9 57 80.9 144 83.91
Lung (162)
Cancer of Breast (174) 6 83.3 11 197.7 1 61.9 1 65.6 3 1828
All Uterine Gancers (Women only) 2 74.0 1 431 0 2 360.7 2 4378
(180 to 182)
Cancer of Prostate (Men only) (185) 14 88.3 12 80.0 10 76.6 25 109.8 65 10141
Cancer of Kidney (189) 9 1479 6 1151 4 110.2° 7 1342 14 1259
Cancer of Bladder and Other Urinary 3 59.6 5 1113 2 52.3 4 64.4 11 72.3
Organs (188, 189.9)
Malignant Melanoma of Skin (172 5 1176 4 1031 4 154.7 2 67.2 6 1195
except scrotum)
Cancer of Central Nervous System 12 1543 6 86.1 4 87.1 6 1133 11 1294
(191 to 192) |
Cancer of Bone (170) 2 1816 3 2741 2 244.8 3 2429 3 1503
Cancer of All Lymphatic, Haemato- 25 1005 23 99.0 10 61.1 33 152.61 47  103.0
poietic Tissue (200 to 209)
Lymphosarcoma and Reticulosar- 3 68.6 3 75.4 2 64.7 3 721 2 26.91
coma (200)
Hodgkin’s Disease (201) 3 1107 5 170.5 1 47.3 4 1851 5 176.8
Leukemia and Aleukemia (204 to 8 79.0 5 52.4 5 73.6 21 222.7* 18 90.2
207)
Cancer of All Other Lymphopoietic 11 143.4 10 1473 2 45.9 5 85.5 22 1427
Tissue (202 to 203, 208 to 209) |
Benign Neoplasms/Neoplasms of 3 108.8 4 1483 4 216.6 5 2072 12 257.9"
Unspecified Nature (210 to 239)
Diabetes Mellitus (250) 12 69.6 17 104.2 11 90.7 19  107.4 48 127.0
438)

All Heart Disease (390 to 398, 400.1, 439 100.8 357 915 281 86.0t 449 83.6" 1008 92.0"

|

Cerebrovascular Disease (430 to 61 80.9 55 7517 49 73.31 113 90.6 224 86.11 |
400.9, 402, 404, 410 to 414, 420

|

|

|

|

|

|

|

to 429)
Ischemic Heart Disease (410 to 359 1017 293 94.6 213 78.8* 347 76.6* 782 87.1*
414)
Hypertension with Heart Disease 7 76.9 6 61.5 5 65.9 26 214.8" 28 1113
(400.1, 400.9, 402, 404)
Hypertension without Heart Disease 1 25.8 2 42.9 5 106.5 4 61.4 20 197.9*
(400, 400.2, 400.3, 401, 403)
Nonmalignant Respiratory Disease 82 113.7 55 85.0 48 91.5 47 56.1* 114 58.1*
{460 to 519)
Cirrhosis of the Liver (571) 23 86.1 14 57.7t 3 17.1* 12 52.4t 27 88.6@ |
All External Causes of Death (E800 138 81.8t 153 70.1* 77 59.1* 76 66.6" 103 80.61W i
to EQ99) |
Motor Vehicle Accidents (E810 to 39 69.27 50 70.0* 19 47.6* 30 87.8 31 82.1 i
E823) 3
Suicides (E950 to E959) 32 1173 24 80.0 14 731 12 63.7 29 1264 |

* Significant at 1% Level.
T Signific%n at 5% Level.

ase 7:23-cv-00897-RJ
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TABLE 5
Cause-Specific SMRs for All Cohort Members Stratified by Years Since Hired
<10 Years 10 to 19 Years 20 to 29 Years 30 to 39 Years 40+ Years
Cause of Death
(ICDA 8th Revision Codes) Ob- Ob- SMR Ob- SMR Ob- SMR Ob- SMR
served served served served served
All Causes of Death (001 to 999) 269 76.2* 567 83.2* 1128 81.9* 1949 96.8 2886 99.1
All Malignant Neoplasms (140 to 209) 26 71.7 87 84.5 247 92.6 483  107.2 639 108.7t
Cancer of Buccal Cavity and Pharynx 1 108.3 4 112.4 9 97.8 10 73.7 12 87.7
(140 to 149)
Cancer of Digestive Organs and Peri- 5 58.6 18 65.3 71 100.1 122 105.7 161 107.8
toneum (150 to 159)
Cancer of Esophagus (150) 0 0 5 70.8 8 66.7 10 82.2
Cancer of Stomach (151) 0 7 90.2 20 1138 37  152.4% 31 110.2
Cancer of Large Intenstine (153) 1 46.1 7 1154 15 90.3 34  106.3 60 121.0
Cancer of Rectum (154) 1 135.8 1 46.4 5 96.8 3 37.8 16 154.9
Cancer of Biliary Passages and 0 0 6 120.3 3 30.4t 4 28.4*
Liver (155 to 156)
Cancer of Pancreas (157) 3  236.1 3 56.1 19 1229 32 1245 37 11241
Cancer of Réspiratory System (160 6 934 22 76.5 65 70.2* 156 94.2 199  1038.7
to 163)
Cancer of the Bronchus, Trachea, 6 102.9 20 . 749 61 70.0" 148 941 188 102.8
Lung (162)
Cancer of Breast (174) 1 115.0 1 44.5 5 1049 9 1493 6 165.0
All Uterine Cancers (Women only) 0 1 69.5 0 3 1735 3 3126
(180 to 182)
Cancer of Prostate (Men only) (185) 2 352.5 1 31.9 11 86.0 25 75.3 87 107.0
Cancer of Kidney (189) 1 128.1 4  160.8 7 108.6 14 1373 14 123.2
Cancer of Bladder and Other Urinary 1 2321 1 55.4 2 37.7 5 50.3 16 92.4
Organs (188, 189.9)
Malignant Melanoma of Skin (172 1 64.1 2 72.2 4 92.6 6 1206 8 157.2
except scrotum)
Cancer of Central Nervous System 0 4 80.9 7 83.8 18 184.2% 10 132.1
(191 to 192)
Cancer of Bone (170) 1 164.9 2 2602 1 69.4 8  454.1* 1 59.6
Cancer of All Lymphatic, Haemato- 3 422 14 105.5 24 96.7 44 119.5 53 106.6
poietic Tissue (200 to 209)
Lymphosarcoma and Reticulosar- 0 1 33.8 4 73.3 6 90.8 2 29.8
coma (200)
Hodgkin’s Disease (201) 0 5 183.5 4 1259 6 2219 3 130.1
Leukemia and Aleukemia (204 to 3 91.4 6 109.5 8 79.8 19 1271 21 94.9
207)
Cancer of All Other Lymphopoietic 0 2 94.9 8 13041 13 1037 27 1452
Tissue (202 to 203, 208 to
209)
Benign Neoplasms/Neoplasms of 1 104.3 4 2425 3 1019 10  259.6t 10 201.6
Unspecified Nature (210 to
239)
Diabetes Mellitus (250) 1 27.6 5 58.5 12 66.2 37 1275 52 1242
| Cerebrovascular Disease (430 to 438) 6 54.1 28 75.8 64 67.2* 126 80.41 278 92.6
| All Heart Disease (390 to 398, 400.1, 33 53.7* 164 76.4* 397 75.1* 765 95.0 1175  100.0
| 400.9, 402, 404, 410 to 414,
: 420 to 429)
‘ Ischemic Heart Disease (410 to 25 52.0* 141 77.7* 332 73.3* 606 91.3t 890 95.0
| 414)
Hypertension with Heart Disease 0 3 59.3 12 1118 30  159.5t 27 98.0
| (400.1, 400.9, 402, 404)
Hypertension without Heart Disease 1 67.8 2 451 2 29.7 11 154.2 16 158.5
) {400, 400.2, 400.3, 401, 403)
1 Nonmalignant Respiratory Disease 7 66.2 19 66.9 43 61.5* 95 76.4* 182 771
! {460 to 519) '
| Cirrhosis of the Liver (571) 2 30.2 4 21.8* 21 58.2* 31 84.0 21 87.8
| All External Causes of Death (E800 103 57.1* 126 72.3* 117 68.6* 104 79.41 97 93.9
to E999)
Motor Vehicle Accidents (E810 to 32 49.8* 42 77.2 41 77.5 31 78.3 23 80.7
E823)
Suicides (E950 to E959) 11 54.0F 14 56.11 31 106.1 20 80.0 35 187.1*
:
!‘

* Significant at 1% Level.

t SignificarlCa5® leRB8-cv-00897-RJ
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TABLE 6

Cause-Specific SMRs for All Cohort Members by Period of Hire

Hired < 1940*

Hired 1940 to

Cause of Death 19451
(ICDA 8th Revision Codes) Ob- Ob- Ob-
served SMR served SMR served SMR
All Causes of Death (001 to 999) 3827 91.7§ 2191 101.6 781 77.7§
All Malignant Neoplasms (140 to 209) 791 103.9 505 106.6 186 88.9
Cancer of Buccal Cavity & Pharynx (140 to 149) 18 83.2 11 83.6 7 113.9
Cancer of Digestive Organs & Peritoneum (150 to 159) 218 102.9 114 99.6 45 99.1
Cancer of Esophagus (150) 10 58.8 7 60.4 6 109.6
Cancer of Stomach (151) 60 118.0 22 101.2 13 1721
Cancer of Large Intestine (153) 69 118.4 37 108.4 11 78.6
Cancer of Rectum (154) 20 129.0 5 64.2 1 33.1
Cancer of Biliary Passages & Liver (155 to 156) 8 50.5] 4 37.5] 1 22.0
Cancer of Pancreas (157) 46 102.4 36 140.0 12 118.5
Cancer of Respiratory System (160 to 163) 230 98.2 172 1011 46 56.7§
Cancer of the Bronchus, Trachea, Lung (162) 214 97.2 165 101.8 44 56.7§
Cancer of Breast (174) 5 1334 12 115.2 5 147.7
All Uterine Cancers (Women only) (180 to 182) 4 257.8 3 75.9 0
Cancer of Prostate (Men only) (185) 91 101.0 33 96.4 2 30.3
Cancer of Kidney (189) 16 102.7 12 115.9 12 2251
Cancer of Bladder and Other Urinary Organs (188, 189.9) 20 89.4 4 40.5 1 39.5
Malignant Melanoma of Skin (172 except scrotum) 9 1141 5 82.4 7 146.9
Cancer of Central Nervous System (191 to 192) 13 95.5 19 160.2 7 91.5
Cancer of Bone (170) 8 225.3 3 167.5 2 218.7
Cancer of All Lymphatic, Haematopoietic Tissue (200 to 209) 76 110.8 39 93.1 23 108.3
Lymphosarcoma and Reticulosarcoma (200) 6 48.7 4 54.6 3 88.4
Hodgkin’s Disease (201) 12 205.2]) 5 122.6 1 35.5
Leukemia and Aleukemia (204 to 207) 32 105.2 15 88.6 10 117.7
Cancer of All Other Lymphopoietic Tissue (202 to 203, 208 26 130.4 15 110.4 9 137.5
to 209)
Benign Neoplasms/Neoplasms of Unspecified Nature (210 to 16 218.8§ 6 128.3 6 252.5
239)
Diabetes Mellitus (250) 73 127.5 26 84.0 8 61.7
Cerebrovascular Disease (430 to 438) 358 87.5)| 110 73.2§ 34 83.1
All Heart Disease (390 to 398, 400.1, 400.9, 402, 404, 410 to 1503 89.2§ 774 96.8 257 85.3|
414, 420 to 429)
Ischemic Heart Disease (410 to 414) 1170 83.0§ 623 96.8 201 87.4
Hypertension with Heart Disease (400.1, 400.9, 402, 404) 54 145.9) 15 82.4 3 35.2
Hypertension without Heart Disease (400, 400.2, 400.3, 401, 28 147.9 3 36.6 1 36.7
403)
Nonmalignant Respiratory Disease (460 to 519) 199 68.3§ 129 95.9 18 41.3§
Cirrhosis of the Liver (571) 31 61.5§ 32 76.7 16 53.8§
All External Causes of Death (E800 to E999) 206 70.4§ 194 85.4| 147 61.4§
Motor Vehicle Accidents (E810 to E823) 66 73.6| 51 70.7|| 52 66.8§
Suicides (E950 to E959) 45 97.0 45 125.0 21 58.6|

* Hired before 1/1/1940, n = 5184.

1 Hired between 1/1/1940 and 12/31/1945, n = 5029.

T Hired after 12/31/1945, n = 7631.
§ Significant at 1% level.
|| Significant at 5% level.

those hired after 1945; and the me-
dian interval since hire (to the earli-
est of death, loss to follow-up, or the
end of the study period) exceeded 40
years for cohort members hired be-
fore 1945 and was nearly 22 years
for those hired after 1945. The dis-
tribution of deaths was also nonuni-

Case 7:23-cv-00897-RJ
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form in that 56.3% occurred in those
employees hired before 1940 vs
18.5% and 8.9% in those hired in the
1940 to 1945 period and in or after
1945, respectively.

Significant deficits in the all
causes-of-death category were found
for the pre-1940 stratum (SMR =

Filed 08/24/25

91.7) and the after-1945 stratum
(SMR = 77.7) (Table 6). The SMR
(101.6) was close to expected for
those hired between 1940 and 194§8
Eight additional causes of deat

showed significant deficits in both
the pre-1940 and after-1945 strata.
These compare to a total of four
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TABLE 7
Cause-Specific SMRs for All Cohort Members by Pay Status
Hourly* 25 to 75% 90 to 100%
: @ Cause of Death Salariedt Salariedt
ICDA 8th Revision Codes
( ) Ob-  smr 9% smr 9% owr
served served served
All Causes of Death (001 to 999) 5926 96.5§ 383 76.4§ 455 71.7§
All Malignant Neoplasms (140 to 209) 1284 106.3|| 87 88.4 101 794
Cancer of Buccal Cavity and Pharynx (140 to 149) 30 87.0 3 104.8 3 89.9
Cancer of Digestive Organs and Peritoneum (150 to 159) 323 103.3 24 96.3 30 96.5
Cancer of Esophagus (150) 22 751 1 49.0 0
Cancer of Stomach (151) 84 123.2 5 99.3 6 98.5
Cancer of Large Intestine (153) 98 111.0 11 147.0 8 81.4
Cancer of Rectum (154) 19 86.2 4 220.7 3 133.5
Cancer of Biliary Passages and Liver (155 to 156) 12 46.0§ 0 1 375
Cancer of Pancreas (157) 79 116.6 3 53.3 12 176.2
Cancer of Respiratory System (160 to 163) 404 98.8 20 58.4 20 50.5§
Cancer of the Bronchus, Trachea, Lung (162) 381 98.4 19 58.6|] 19 50.4§
Cancer of Breast (174) 14 116.2 0 8 161.5
All Uterine Cancers (Females only) (180 to 182) 5 118.0 1 694.6 1 43.7
Cancer of Prostate (Males only) (185) 104 93.4 8 89.6 8 89.0
Cancer of Kidney (189) 36 138.1 3 133.1 1 36.2
Cancer of Bladder and Other Urinary Organs (188, 189.9) 22 75.2 2 78.7 1 37.0
Malignant Melanoma of Skin (172 except scrotum) 18 118.1 0 3 146.8
Cancer of Central Nervous System (191 to 192) 33 120.8 3 129.0 3 89.5
Cancer of Bone (170) 12 228.7| 0 1 183.6
Cancer of All Lymphatic, Haematopoietic Tissue (200 to 209) 115 104.9 9 98.1 14 116.3
Lymphosarcoma and Reticulosarcoma (200) 7 36.5§ 3 183.7 3 144.3
Hodgkin’s Disease (201) 14 131.8 1 117.3 3 248.1
Leukemia and Aleukemia (204 to 207) 51 110.0 2 50.0 4 77.8
Cancer of All Other Lymphopoietic Tissue (202 to 203, 208 to 43 128.4 3 111.5 4 111.0
209)
Benign Neoplasms/Neoplasms of Unspecified Nature (210 to 239) 19 158.8 4 433.1)) 5 365.8|
Diabetes Mellitus (250) 91 108.1 7 104.3 8 84.3
Cerebrovascular Disease (430 to 438) 431 85.7§ 37 92.8 30 59.0§
All Heart Disease (390 to 398, 400.1, 400.9, 402, 404, 410 to 414, 2188 93.9§ 148 74.3§ 186 80.0§
420 to 429)
Ischemic Heart Disease (410 to 414) 1704 89.3§ 119 71.0§ 163 85.6]
Hypertension with Heart Disease (400.1, 400.9, 402, 404) 66 121.6 2 56.4 4 77.9
Hypertension without Heart Disease (400, 400.2, 400.3, 401, 403) 21 81.5 2 126.3 8 375.7§
Nonmalignant Respiratory Disease (460 to 519) 311 79.4§ 19 54.7§ 15 38.1§
Cirrhosis of the Liver (571) 68 67.0§ 5 61.0 6 51.5
All External Causes of Death (E800 to E999) 492 77.1§ 23 52.3§ 30 41.2§
Motor Vehicle Accidents (E810 to E823) 153 76.3§ 7 49.1 9 38.1§
Suicides (E950 to E959) 101 103.8 4 50.0 6 48.0
* Hourly, n = 14,691.
125 to 75% salaried, n = 821.
$ 90 to 100% salaried, n = 2262.
| § Significant at 1% level.
| || Significant at 5% level.
|

causes in the 1940 through 1945  hire strata. No significantly elevated  mortality analysis: employment

| ‘ stratum.

Three causes were significantly el-
evated in the pre-1940 stratum:
Hodgkin’s disease (SMR = 205.2),
nign and unspecified neoplasms
SMR = 218.8), and hypertension
without heart disease (SMR =
145.9). None of these were signifi-
cantly elevated in the other period of

Case 7:23-cv-00897-RJ

causes were found in the 1940 to
1945 stratum, whereas kidney cancer
was the sole significantly increased
cause of death among employees
hired in or after 1945 (SMR =
225.1).

The SMR results by pay status for
the entire cohort are shown in Table
7. Three strata were formed for the
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strictly hourly (82% of the total co-
hort), employment at least 90% sal-
aried (13% of the total cohort), and
all other combinations of hourly and
salaried employment. The overall
SMR for each stratum was signifi-
cantly less than 100, but the magni-
tude of the deficit increased with
increasing time spent as a salaried
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detailed discussion of the bone can-

TABLE 8 .
. L . C. -
Lymphatic and Hematopoietic Tissue Cancers by Cell Type (All Men)* c'r excess canlt;e found .1n two pre
. vious reports.”’ A review of the
Cell Type Observed Expected SMR 95% Confi- 1 listed h
yp Deaths Deaths dence Interval a‘c;‘[ua Ca'usde.s IS? hon the death Cer—‘
AML (205.0)t 10 15.9 62.7 30.1 to 115.3 t lcates 1n lcallte ft at several deaths
CML (205.1) 6 7.1 84.4 31.0 to 183.6 were the result of tumors of epithe-
ALL (204.0) 8 3.1 259.64 112.1 to 511.5 lial tissue (carcinomas) rather than
CLL (204.1) 3 10.0 29.9% 6.2 to 87.3
NHL (200, 202) 30 42.2 71.0 47.9 to 101.4 bone tissue (mesenchymal tissue) per
MM (203) 19 19.4 98.0 59.0 to 153.0

se, but rather metastatic tumors from
other sites (epithelial tissue). The
classification of these cancers re-
flects the coding rules in the eighth
revision of the ICDA, the basis for

* AML, acute myeloid leukemia; CML., chronic myeloid leukemia; ALL, acute lymphocytic
leukemia; CLL, chronic lymphocytic leukemia; NHL, non-Hodgkin’s lymphoma; MM, multiple
myeloma.

+ Numbers in parentheses are codes for the International Classification of Diseases,

Adapted (ICDA), 8th Revision.
+ P < 0.05.

worker. Hourly workers showed sig-
nificantly elevated SMRs for total
" malignant neoplasms (SMR =
106.3) and bone cancer (SMR =
228.7). Based on only four deaths,
benign/unspecified neoplasms were
significantly elevated in the mixed
hourly-salaried group (SMR =
433.1). Among salaried workers, sig-
nificant elevations were found for
the benign/unspecified neoplasms
(SMR = 365.8) and hypertension
without heart disease (SMR =
375.7), but these were based on just a
few deaths each: five and eight
deaths, respectively.

The set of mortality rates that we
used in the OCMAP program does
not provide analyses for cell-type
specific leukemias, non-Hodgkin’s
lymphoma, or multiple myeloma.
Therefore, separate analyses on these
lymphatic and hematopoietic cancers
for all men were carried out (Table
8). There were nonsignificant defi-
cits for acute myelogenous leukemia
(SMR = 62.7, 95% CI, 30.1 to
115.3), chronic myelogenous leuke-
mia (SMR = 84.4; 95% CI, 31.0 to
183.6), non-Hodgkin’s lymphoma
(SMR = 71.0; 95% CI, 47.9
to 101.4), and multiple myeloma
(SMR = 98.0; 95% CI, 59.0 to
153.0). A significant excess was ob-
served for acute lymphocytic leuke-
mia (SMR = 259.6; 95% CI, 112.1
to 511.5), whereas a significant def-
icit was observed for chronic lym-

Case 7:23-cv-00897-RJ

phocytic leukemia (SMR = 29.9;
95% CI, 6.2 to 87.3).

All of the acute lymphocytic leu-
kemia deaths occurred in white men
who were hired before 1955. Two
employees were older than 50 years
of age when they were hired at the
refinery, whereas two other employ-
ees worked at the refinery for less
than 5 years (.5 and 4, respectively).
A trend analysis by length of em-
ployment for these deaths was also
carried out. Because of the small
number of deaths, only three catego-
ries were used: <10 years (n = 2
deaths), 10 to 19 years (n = 2), and
=20 years (n = 4). SMRs in all three
categories were elevated, but no in-
dividual SMR was significant. A for-
mal test indicated that there was no
positive trend by length of employ-
ment (X’ wend (1 apy = -23, P = .63).

Discussion

Comparisons of this update of the
Port Arthur refinery cohort to earlier
published reports yielded consistent
results. The cohort showed a gener-
ally more favorable mortality expe-
rience than that of the general popu-
lation. For example, significant
mortality deficits were observed for
all causes combined, all heart dis-
eases combined, nonmalignant respi-
ratory disease, and external causes.

As in earlier reports about this
cohort, bone cancer was significantly
elevated for the cohort as a whole. A
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all cause-of-death coding in former
and current mortality analyses. In the
ninth revision, the coding rules were
modified to prevent metastatic bone
tumors from being coded under the
rubric of primary bone cancers. Al-
though the coding rules of the eighth
revision also applied to the reference
rates, and therefore the “bone can-
cer’ finding is statistically valid,
from a biological perspective, we do
not believe that the metastatic bone
cancers should be considered pri-
mary cancers. Consequently, this
study should not be interpreted as
suggesting that mortality from pri-
mary bone cancer is related to em-
ployment in petroleum refineries.
This is further supported by noting
there was no exposure-response rela-
tionship between bone cancer and
length of employment.

Most of the deaths in the signifi-
cantly elevated benign/unspecified
neoplasm category were the result of
benign brain tumors. The estimated
SMR for benign brain tumors based
on Texas death rates was borderline
significant (SMR = 173.5; 95% CI,
100.8 to 277.6). Using the US gen-
eral population, the SMR was re-
duced to 131.7 (95% CI, 76.5 to
210.7), and was no longer statisti-
cally significant. Analysis by length
of employment did not reveal any
trend. For malignant tumors of the
central nervous system, the observed

number of deaths was similar to th@)
expected, and the corresponding-

SMR (117.7) was not significant.
The problems associated with diag-
nostic errors of brain tumors were
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discussed in a previous report on the
Port Arthur refinery cohort.”> Errors

. occur more frequently among inac-
{@)cessible tumors such as those that

occur in the liver, brain, or pancreas.
Furthermore, liver and brain are two
organs of the body known for their
propensity of being metastatic cancer
sites.”>** In fact, in the original Port
Arthur cohort study,” six deaths were
identified with likely incorrect diag-
noses. A potential overreporting of
brain tumors in occupational groups
as a result of diagnostic sensitivity
bias has also been reported in several
previous investigations.?>~>’

With respect to the leukemia cell-
type analysis, previous analysis of
the cohort found no excess in my-
elogenous leukemia, but reported el-
evated lymphocytic leukemias in
employees who worked for 20 to 29
years at the refinery.® However, this
earlier analysis did not distinguish
between acute and chronic lympho-
cytic leukemias. A comparable anal-
ysis in this update yielded no in-
crease in either acute and chronic
lymphocytic leukemias combined
(11 observed deaths, 13.0 expected)
or acute and chronic myelogenous
leukemias combined (16 observed,
23.0 expected). However, a signifi-
cant increase in acute lymphocytic
leukemia (ALL) was found (SMR =
259.6; eight observed deaths, 3.1 ex-
pected). Conversely, the SMR for
chronic lymphocytic leukemia
(CLL) showed a significant deficit
(SMR = 29.9; three observed deaths,
10.0 expected).

The ALL excess, coupled with a
deficit of CLL, is particularly note-
worthy. From a diagnostic perspec-
tive, it might have been difficult
historically to distinguish between
patients with CLL and those with
ALL.?® This difficulty would likely
have prevailed during a large portion
of the cohort follow-up period. The
observations that half (26 of 52) of
e leukemia death certificates for
white men did not report the cell type
(as was the case for three of the four
leukemia deaths in nonwhite men),
coupled with the fact that combined
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ALL and CLL death categories
yielded an SMR not significantly
different from expected (ie, 100),
lend credence to the possibility of
diagnostic difficulty, and hence, mis-
classification with respect to record-
ing the cause of death.

Indeed, if even one ALL case was
the result of misdiagnosis, the ALL
SMR would not have been statisti-
cally significant. In this regard, it is
noteworthy that one of the ALL
death certificates listed the cause of
death as “Alymphatic [sic] leuke-
mia”. As this is not a generally rec-
ognized diagnosis, we could not de-
termine the cell type of this cancer.
Nevertheless, we coded it as acute
lymphocytic leukemia in our analy-
sis and as such, the statistical signif-
icance of the ALL result rests on a
questionable diagnosis.

We also examined the work histo-
ries for the ALL cases. However,
because of the lack of specificity and
nonstandardized way that the infor-
mation was recorded for cohort
members during the early time peri-
ods covered by the study, no addi-
tional insight regarding possible oc-
cupational associations could be
gleaned from this review.

Potential for exposure to benzene
or benzene-containing mixtures ex-
ists at every petroleum refinery. Un-
der conditions of high concentration
and long duration, benzene is recog-
nized as a human leukemogen. How-
ever, acute myelogenous leukemia is
the type most strongly linked to ben-
zene exposure. No epidemiologic
study has demonstrated an associa-
tion between exposure to benzene
and acute lymphocytic leukemia.
Similarly, no other petroleum refin-
ery study has reported an increase of
ALL.?® Based on a meta-analysis of
a combined cohort of more than
208,000 petroleum workers in the
United Kingdom and the United
States, including those at Port
Arthur, the ALL SMR was 115.8
(95% CI, 80.2 to 161.8).%° When the
Port Arthur data was removed from
the meta-analysis, the ALL. SMR
became 99. Thus, the finding from
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the Port Arthur refinery was not con-
sistent with other studies of refinery
workers with similar exposures.

The likely spurious nature of the
ALL finding in the Port Arthur co-
hort is further supported by the lack
of an exposure-response relationship
based on length-of-employment
analysis. In addition, with most of
the deaths occurring in employees
hired before 1950, acute lymphocytic
leukemia does not appear to be a
problem in more recently hired em-
ployees.

The objective of the length of em-
ployment analysis was to determine
if there was a consistent upward
trend in the exposure-response rela-
tionship, which we would consider
important in our interpretation of po-
tential causality. Hypertension with-
out heart disease and diabetes were
the only causes to show positive
trends, but in neither case was the
trend strictly increasing. Instead,
each trend was solely the result of an
increase in the longest length-of-
employment stratum, whereas no
trend was apparent across the other
strata. In addition, the period-of-hire
analysis showed that the increases in
hypertension and diabetes were lim-
ited to employees hired before 1945.
This suggests that if occupational
exposures did contribute to these
deaths, the exposure is not affecting
employees hired after 1945. Lastly,
the increase in hypertension was lim-
ited to salaried workers whose poten-
tial refinery exposures were likely to
have been briefer and less intense
than those of hourly workers.

In general, several significant
cause-specific mortality deficits, as
well as elevations, were noted in
individual length-of-employment
strata. Apart from the two causes of
death discussed above, no consistent
pattern was detected for any cause of
death. Because of the large number
of SMRs calculated for various
causes of death, length-of-employ-
ment categories, and sex-race subco-
horts, some of the SMRs might have
been statistically significant as a re-
sult of chance. With the large num-
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ber of strata, the number of deaths in
some of the individual strata might
be small, and the corresponding in-
dividual SMRs might not be reliable.
As such, for length-of-employment
analysis, only trends in the data and
not individual SMRs were empha-
sized.

As in the length-of-employment
analyses, several individual strata in
the interval-since-hire analyses
showed significant mortality deficits
and elevations. Among causes with
significant elevations, trend analyses
with respect to length of employment
did not indicate the presence of pos-
itive trends with the exception of
diabetes in nonwhite men. Diabetes
is not generally associated with em-
ployment in the petroleum-refining
industry. For example, we found
only a single report of an elevation
that is statistically significant®® (sig-
nificance calculated by K.P.S).

The interval-since-hire analyses,
as well as those based on period of
hire and pay status, did not reveal
any major new findings. These anal-
yses were also affected by the same
issues discussed above, in conjunc-
tion with length of employment anal-
ysis. For period of hire, the updated
results are in agreement with earlier
accounts of the cohort'® regarding
differences among employees hired
in the 1940 to 1945 period vs other
times: women were more likely to be
hired, employees tended to work at
the refinery for a very short period,
and overall, the healthy worker effect
was not apparent. Primarily because
of the short employment duration,
significant elevations occurring only
in the subcohort hired in the 1940 to
1945 period should not be given
much weight, because for these em-
ployees, the opportunity for expo-
sures was much greater outside of
the Port Arthur refinery than while
they were employed there.

With respect to the period-of-hire
analysis, kidney cancer was the only
cause of death with a significantly
elevated SMR. This occurred in co-
hort members hired after 1945. Re-
markably, ten of the 12 deaths were
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in persons hired during a very brief
interval, 1946 to 1951, and the sub-
population driving the increase con-
sisted of four nonwhite men who
worked less than 1 year at the refin-
ery (SMR = 635.8; 95% CI, 173.2 to
1627.9). Kidney cancer has been the
focus of considerable scientific re-
search, both in animals and humans,
stemming from an initial study that
found an excess of kidney tumors in
male rats after chronic exposure to
wholly vaporized gasoline.”’ Subse-
quent toxicologic research has been
critical of this finding’s relevance to
humans.>? Similarly, a recent review
of the epidemiologic evidence found
that most studies do not support a
link between gasoline exposure and
kidney cancer.®® More specifically,
several recently completed studies
among petroleum refinery and distri-
bution workers exposed to gasoline
failed to identify a significantly in-
creased risk for kidney cancer.”*™*’
These observations, together with the
period of hire and short length of
employment among the subpopula-
tion driving the kidney-cancer in-
crease, detract from a causal associ-
ation between this cancer and
employment at the refinery.

Similar to other industrial facili-
ties, asbestos was used at the Port
Arthur refinery in the past. Although
specific exposure measurements
were not available, data from the
industry as a whole have indicated
that asbestos concentrations at refin-
eries were generally low.*® In the
Port Arthur cohort, no asbestos-
related diseases showed statistically
significantly elevated SMRs. For ex-
ample, no asbestosis deaths were re-
ported, and for deaths resulting from
causes in the general category of
pulmonary fibrosis, the SMR of 35.0
was significantly low. Mortality
from lung cancer was not signifi-
cantly different than expected
(SMR = 92.9), nor did it show a
trend by duration of employment.
The lung-cancer SMR result con-
trasts other reports of asbestos-
exposed workers, which show three-
fold to 90-fold increases, depending
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on worker smoking status.>® Malig-
nant mesothelioma, another asbes-

tos-related disease, did not have a __

significantly elevated SMR: six
deaths were observed, whereas 5.9
were expected (SMR = 101.7). Fi-
nally, although three deaths resulting
from benign mesothelioma were ob-
served, this disease is a clinicopath-
ologic entity distinct from malignant
mesothelioma and is not associated
with exposure to asbestos.**~*? Hy-
pothetically, if these three deaths
were misclassified as benign, adding
them to the six malignant mesotheli-
omas would not have resulted in a
statistically significant SMR.

It should be pointed out that there
were several limitations in the study,
most of which are typical of histori-
cal cohort mortality studies of indus-
trial populations. First, death certifi-
cates for 5% of the deaths identified
could not be retrieved. Although
these deaths were included in the
all-causes-combined analyses, some
cause-specific SMRs might have
been affected (underestimated) be-
cause of these missing death certifi-
cates. Second, the vital status of
6.5% of the men and 31.1% of the
women in the cohort was unknown.
This missing information might have
affected some of the results, espe-
cially for women in the study. In this
regard, the results for women should
be viewed cautiously. Third, because
it is a mortality study, this investiga-
tion inherited the problems associ-
ated with death certificates (eg, diag-
nostic accuracy and comparability of
the ICD codes over time). In partic-
ular, the use of the eighth revision of
the ICDA was problematic in analyz-
ing bone cancer. Fourth, some anal-
yses were potentially affected by the
limited availability of reference rates
for comparison. For example, for
specific lymphatic and hematopoi-
etic cancers, rates for white men
were used for all men. Furthermore,
certain mortality rates were nol

available for the entire observation

period. Fifth, although the Gulf Port
Arthur refinery cohort is probably
one of the largest in the petroleum
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industry, for some causes, the num-
ber of deaths was still relatively

small. For these causes, some results
{@ might not be statistically stable or

reliable. Finally, the interpretation of
the results is limited by the absence
of quantitative exposure data. Be-
cause of this, we relied on indirect
measures of exposure: length of em-
ployment, period of hire, and pay
status. Although this is a common
practice in occupational epidemio-
logic studies, the use of surrogates
may result in misclassifying employ-
ees with respect to possible expo-
sures which could result in some
SMRs being ; under- or overesti-
mated.*? ;

Conclusion

In summary, the results of the
updated study demonstrated a favor-
able mortality experience for the Port
Arthur refinery employees as com-
pared with the Texas general popu-
lation or the US general population.
Most causes of death showed either a
similar mortality or a statistically
significant deficit among the refinery
employees when compared with the
general population. Only a few
causes of death showed statistically
significant elevations. Further analy-
ses by length of employment, trends
over time, potential misclassification
due to nosology rules, and likelihood
of exposure given pay status job
classifications did not support a con-
clusion that causes of death with
elevated SMRs resulted from em-
ployment at the refinery. Moreover,
any such causal interpretation would
need to be tempered by the possibil-
ity that the statistically significant
finding is a chance occurrence as a
result of the numerous statistical
comparisons made in the study.
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