
 

ROM 1972 to 1977, the
Laboratory experienced a

diagnosis rate of malignant
melanoma among its employees that
was three to four times higher than
expected based on rates for the
surrounding Alameda and Contra
Costa counties in the Bay Area.1 In
1984, Austin and Reynolds from the
California Department of Health
Services reported the results of their
study comparing individuals
diagnosed with melanoma and

University of North Carolina. 
These reviewers concluded that the
methods Austin and Reynolds had
used were appropriate and correctly
carried out. However, the conclusion
concerning a causal relation between
occupational factors and melanoma
among employees was overstated,
according to the panel of reviewers.

This article summarizes the main
results of studies carried out since
1980 and the recent outcome of an
extensive, new investigation of the

otherwise healthy controls from the
Laboratory. These researchers
concluded that five occupational
factors were “causally associated”
with melanoma risk at LLNL.2 The
factors were exposure to radioactive
materials, exposure to volatile
photographic chemicals, work at 
Site 300, visits to the Pacific Test
Site, and duties as a chemist.

Later external reviews of the
report were conducted by experts in
epidemiology and biostatistics at the

 

Melanoma at LLNL: 
An Update

 

In recent years, the rate of diagnosis of the more lethal form of
melanoma among LLNL workers, which was previously elevated,
has returned to that of the surrounding geographical area where

most employees live. If our program of employee awareness
about melanoma, enhanced surveillance, and early diagnosis

continues to lead to decreased mortality from this disease, then
such an approach may have important public health implications

for the broader community.
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Moles and Malignant Melanomas
Normal moles, also called nevi,

are evenly colored tan or brown
spots on the skin that can be flat or
raised, as shown in the top two
photographs. They are generally
round or oval with sharply defined
borders. Nearly everyone has such
moles, and the overwhelming
majority are harmless and do not
become malignant.

People with numerous moles or
certain unusual moles, called
dysplastic nevi, are more likely to
develop melanoma. Dysplastic
moles are often a mixture of colors
and have irregular borders that
fade into the surrounding skin.
Such moles can be smooth, scaly,
or rough and are generally larger
than 5 mm in diameter (about the
size of a pencil eraser).

Warning signs suggesting 
the possible development of
melanoma in any mole include
oozing, bleeding, alterations in the
surface of the mole, and changes 
in sensation, including itchiness,
tenderness, or pain.

Malignant melanoma is
characterized by the mnemonic
ABCD, where A = asymmetry, 
B = border irregularity, C = color
variation, and D = diameter
generally greater than 5 mm. 

The initial diagnosis of
dysplastic nevi is made during 
a physical examination by a
physician. If a physician suspects
melanoma, the diagnosis must be
confirmed by first removing one 
or more suspect moles. This simple
procedure, called a biopsy, is
performed in 15 to 30 min in a
doctor’s office or at the

Laboratory’s Mole Patrol clinic.
The biopsy sample is sent to a
pathology laboratory for study
under a microscope.

Early melanoma can be treated
by simple surgical removal of the

malignant cells and has very low
mortality. Later stages may require
more extensive treatment and are
associated with higher mortality—
thus the importance of early
diagnosis and treatment.
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five occupational factors that were
linked by Austin and Reynolds to
melanoma cases at the Laboratory.
We also summarize our decade-long
efforts related to increased awareness
about melanoma, skin monitoring, and
the possible public health implications
of such a program were it applied to
the broader community.

About Melanoma

Malignant melanoma is a form 
of cancer that affects the skin cells
(melanocytes) that produce melanin.
Melanin is a pigment that protects 
the skin from damage caused by
ultraviolet radiation from the sun.
After skin cells are injured by
sunlight, melanin production
temporarily increases, resulting in 
a sun tan. Melanoma occurs when
melanocytes are transformed into
cancer cells that grow uncontrollably.
These cancers generally appear in
shades of tan, brown, and black on 
the skin. The box on p. 10 describes
normal moles and melanoma in more
detail.

Unlike other forms of skin cancer,
melanoma may spread rapidly to other
parts of the body. When colonies of
these malignant cells reach vital
organs, they become difficult to treat
and are potentially lethal.

A few terms are necessary to
understand how melanoma is
investigated and reported. Melanoma
is characterized by different types of
spots or “lesions” found on the skin.
Atypical melanocytic hyperplasia
(AMH) is thought to be a precursor
lesion to melanoma. Noninvasive
lesions, called 

 

in situ lesions, are skin
structures associated with early forms
of the disease. Such lesions are
relatively smaller and less life-
threatening than those associated with
later forms of melanoma. Invasive

lesions have metastatic potential,
meaning that they may spread to
other parts of the body. Thinner
invasive lesions (<0.78 mm thick)
are generally less lethal than thicker
invasive lesions (>1.5 mm).

Scientists have long known that
melanoma is linked to moles.
Another known risk factor is

excessive sun exposure, especially
before age 15 in people with fair
skin. Individuals who are from
families with multiple cases of
melanoma have an additional risk of
developing this disease. Because no
one is immune to melanoma, early
diagnosis is the best defense against
mortality from this disease.
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Spot Check Program Addresses an Important
Public Health Issue

The Laboratory began an educational campaign on melanoma in March
1984. The entire effort, called Spot Check, encourages all employees to
examine their moles, record information on the number, size, and location
of each one, and report their findings to Health Services personnel. For the
last 10 years, all new employees have been given a brochure explaining
the relation between melanoma and moles and asked to fill out and return
the accompanying Spot Check form.

Dr. Jeffrey Schneider, a dermatologist, has been at the on-site clinic
since it was established in July 1984. He now comes to the Laboratory
weekly to examine employees and to surgically remove suspicious lesions.
Each biopsy specimen is sent to a dermopathologist at the University of
California at San Francisco’s Melanoma Clinic for review.

As of December 16, 1993, a total of 4851 employees have received 
one or more skin examinations at the on-site clinic. The results of all
examinations and biopsies are stored in a readily accessible computer
database. This information places LLNL in a unique position to study the
effects of an intensive educational and awareness campaign on the rates 
of occurrence for various early stages of melanoma.

In October 1993, Dr. Schneider received a grant from the Kaiser
Foundation to continue studying melanoma incidence and mortality
among Laboratory employees. Over the long term, the data he and others
have accumulated can help answer the important question of whether
mortality from this disease can be reduced or even eliminated through an
effective education program and screening process.

If we do not experience further mortality from melanoma during the
next three years, it would be reasonable to conclude that a program and
clinic like ours significantly reduces mortality, at least in an educated
population such as that at LLNL. Given the worldwide increase in the
incidence of melanoma, the possibility of reducing the number of deaths
through intensive education and follow-up examinations is an important
public health issue.



Worldwide and LLNL Incidence
of Melanoma

The incidence of melanoma
worldwide has been doubling every
decade for the past 30 years. In the
U.S., the incidence of this disease is
increasing more rapidly than any other
cancer among Caucasian men. In
Caucasian women, the rate of increase
is second to that of lung cancer.

For 1993, the estimated incidence
of melanoma in the U.S. was 32,000
invasive cases (about 2.7% of the
total cancer incidence) and 6000
noninvasive (in situ) cases. In the 
San Francisco–Oakland metropolitan
area, the incidence rate for Caucasians
exceeds the national rate by about
25%. The cause of this higher
regional rate is not understood, but it
may reflect lifestyles associated with

greater affluence (and more leisure
time) or with increased diagnosis as a
result of greater access to physicians
by Bay Area residents.

Mortality in 1993 was estimated 
to be 6800, and men with melanoma
died at a substantially higher rate than
women. Assuming that there are no
future environmental or lifestyle
changes, the trends we see indicate
that the mortality rate associated with
melanoma will begin to decline in a
decade or so. (A decline in mortality
could result from decreased exposure
to sunlight by a better-informed
public, increased use of sunscreens 
by younger people, and increased
detection of early lesions by
physicians.) Ozone depletion and
education of the public about
melanoma prevention could influence
this prediction in opposite directions.
See the box on p. 11 for further
discussion of how melanoma
education and enhanced surveillance
may lead to the prevention of life-
threatening forms of melanoma.

At LLNL, the first case of
cutaneous (skin) melanoma occurred
in 1960, as shown in Figure 1. One
case per year was reported in 1963,
1964, and 1968–1970. Then in 1972,
a cluster of four cases occurred.
During this period, when melanoma
incidence was initially rising above
the community rate, there were
approximately 5000 employees at the
Laboratory. The workforce gradually
expanded to nearly 9000 before
declining within the last few years.
Scientists, engineers, and technicians
are the most numerous job categories,
but all types of administrative and
support personnel are represented in
the LLNL population.

By 1976, the total number of 
cases of cutaneous melanoma at the
Laboratory was 21; however, only 15
of these cases were known to LLNL’s
medical department at the time.
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Figure 1. Number of cases of malignant melanoma among LLNL workers from 1960 to the
present. Cases are broken down into three types: atypical melanocytic hyperplasia (AMH),
which is thought to be a precursor lesion to melanoma, noninvasive (

 

in situ) lesions
associated with early forms of the disease, and invasive lesions that have metastatic potential.
The cluster of cases in 1972–1977 is what first drew the attention of the Laboratory’s medical
department.



(Some people sought diagnosis and
treatment from personal physicians
and did not always inform Laboratory
medical personnel.) LLNL Medical
Director Dr. Max Biggs and several
physicians in the area became
concerned.

In early 1977, with funding from
the Laboratory, Dr. Biggs requested
assistance from the Resource for
Cancer Epidemiology (RCE) of the
California Department of Health
Services, which maintains the Tumor
Registry for the San Francisco Bay
Area. Drs. Austin and Reynolds,
investigators for the RCE, compared
the number of melanoma cases
observed among LLNL employees
during 1972–1977 with the number
expected based on rates for the two
adjacent counties where most LLNL
employees lived.

The results were released in April
1980.1 The melanoma incidence rate
of 19 known cases in Laboratory
employees during the study period
was determined to be three to four
times greater than that expected. The
media publicity generated by this
report may have contributed to the
spike of 11 new cases in 1980.
Retrospective analysis of the data
showed that the LLNL incidence rate
began to exceed that of the adjacent
counties in 1972.

Summary of Studies on
Melanoma at LLNL

After receiving the Austin–
Reynolds report, LLNL promptly
formed a Melanoma Task Group to
investigate the problem and monitor
research. Members of this Task
Group, chaired by Lowry Dobson,
were all from the Laboratory. From
1980 to the present, many studies 
and reviews have been done to
understand the nature and possible
causes of the increased incidence 

of melanoma at LLNL. Table 1
summarizes these investigations and
their principal conclusions.

DOE Advisory Board
In April 1980, the Secretary of

Energy formed an ad hoc Advisory
Board to review the LLNL data and
to identify potential causal factors.
The Advisory Board concluded that
the melanoma incidence rate among
employees did, in fact, exceed the
rate in the local community.
Although their review did not
implicate any specific cause, the
Advisory Board noted that “the
possibility cannot be excluded that
the excess may ultimately prove to
reflect the influence of socio-
economic factors and lifestyle, rather
than exposure to a cancer-causing
agent in the workplace.”

Second Austin Report
Further DOE-funded studies by

Dr. Austin’s group found that cancer
in general (all types except
melanoma) from 1969–1980 was not
elevated in LLNL employees above
rates in the Bay Area population.3
Shortly thereafter, Austin and
Reynolds identified two factors that
might serve as clinical markers of
individuals at high risk for malignant
melanoma of the skin: parental
history of nonmelanoma skin cancer,
and the presence of many large moles
(5 mm or more in diameter). Whereas
genetic factors had been implicated
earlier, Austin and Reynolds were the
first to identify large moles as a
clinical marker for melanoma. These
findings have since been confirmed 
in the epidemiological literature.

Kaiser Foundation Report
In February 1984, a report from

the Kaiser Foundation Health Plan 
of Northern California confirmed the
approximately three-times higher

incidence of melanoma in Laboratory
employees than in non-LLNL Kaiser
Plan members residing in the area.
The study included 148 Laboratory
employees and 216 non-LLNL
members. Laboratory employees who
were Kaiser Plan members were
found to have their skin biopsied for
pigmented lesions significantly more
often than non-LLNL members. This
finding was tentatively ascribed to the
awareness of the increased incidence
at the Laboratory by employee
members and by LLNL and Kaiser
Plan medical staff.

Third Austin Report
Then in July 1984, Austin and

Reynolds published the results of 
a study comparing 31 LLNL
melanoma cases and 110 matched
controls who were interviewed in
1981.2 Detailed comparisons were
made of 180 factors together with
statistical analyses of those factors
thought to be relevant in possibly
causing melanoma. (This study did
not require that the controls be
employed at the Laboratory for as
long as the 31 individuals with
melanoma. In addition, the study did
not match individuals in the two
groups for years of education. The
possible significance of this approach
will be discussed later in more
detail.)

Five occupational factors were
asserted to explain the three- to
fourfold increase in melanoma
incidence. The suggested factors were:
• Exposure to radioactive materials.
• One or more visits to Site 300.
• Exposure to volatile photographic
chemicals.
• Visits to the Pacific Test Site during
a nuclear test.
• Duties as a chemist.

In this case–control study, it is
noteworthy that working at the
Nevada Test Site was included as one
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Date Study Conclusions

1980 Austin report #1 The incidence of melanoma among LLNL employees exceeds the rate in the local community.

1982 Austin report #2 Cancer in general (all types except melanoma) was not elevated in LLNL employees above rates in the 
Bay Area population from 1969 to 1980.

1984 Kaiser Foundation report The incidence of melanoma in LLNL employees is about three times higher than in non-LLNL Kaiser 
Plan members residing in the area.

1984 Austin report #3 Five occupational factors are asserted to explain the three- to four-times higher incidence of melanoma 
at LLNL:
1. Exposure to radioactive materials
2. Visits to Site 300
3. Exposure to volatile photographic chemicals
4. Visits to the Pacific Test Site during a nuclear test
5. Duties as a chemist

1985 External review A panel assembled by the University of North Carolina School of Public Health concludes that the 
design and statistical methods used in the 1984 Austin study were appropriate and properly applied, 
but conclusions about the causal effect of five occupational factors were overstated.

1987 Further external review Statistical researchers at the Univeristy of North Carolina further validate the database and
models used by Austin but conclude that Austin and Reynolds “overinterpreted” their study. However, 
three occupational factors remain robust and significant:
1. Working around radioactive materials
2. Working at Site 300
3. Working around volatile photographic chemicals

1991 Kaiser Foundation study LLNL employees with melanoma had thinner lesions than non-LLNL Plan members prior to 1976; 
on lesion thickness no difference in lesion thickness is seen after 1976.

1991 LLNL studies on lesion An independent study of lesion thickness supports thinner lesions among LLNL employees and the
thickness possibility that increased surveillance could have contributed to the elevated melanoma rate at LLNL.

1992 Further studies on lesion Studies at the Stanford University Medical School and at the Northern California Cancer Center 
thickness conclude that LLNL individuals had thinner lesions than people in the adjacent community during 

1974–1985. Increased surveillance could have contributed to the higher rate.

1994 New LLNL study on No occupational factor in the workplace is implicated in the incidence of melanoma at LLNL. 
melanoma among LLNL Personal and familial characteristics of LLNL melanoma cases resemble those found in other 
employees populations.

Table 1. Timeline and main conclusions of studies on melanoma at LLNL.



of the 180 possible occupational risk
factors; however, the risk for
melanoma among Laboratory people
was not significantly increased by
one or more visits to that site.

External Review
Because of his expertise in

occupational epidemiology, the
Laboratory requested Dr. Carl Shy 
of the Department of Epidemiology 
at the University of North Carolina 
to review the Austin–Reynolds data.
He assembled a panel of melanoma
experts from around the world to
critically evaluate the Austin–
Reynolds case–control study. This
panel was concerned with several
questions. Was the Austin–Reynolds
study designed properly, and were
their statistical methods appropriate?
Were the conclusions set forth
plausible and reasonable? This panel
presented its findings to Laboratory
employees in January 1986. In
summary, their review found that:
• The design and statistical methods
used in the 1984 Austin study were
appropriate and properly applied.
• The small number of cases (31)
made it very difficult to identify the
independent effects of occupational
and nonoccupational risk factors.
• The Austin report overstated
conclusions about the five
occupational factors primarily
because experimental evidence
linking melanoma causation with
these occupational factors was very
weak or nonexistent. For example, no
other study has found that exposure
to radioactive materials leads to
melanoma.
• A causal relation between
occupational exposures at the
Laboratory and the risk of developing
malignant melanoma had not been
clearly established.

• Some or all of the excess cases
could be explained by intense
surveillance of moles and a high rate
of biopsy. Simply put, the concern
among LLNL employees and their
physicians about melanoma had
increased above that prevalent in the
community.

Further North Carolina Reviews
At the same time that Dr. Shy’s

panel was conducting its review, we
asked Dr. Lawrence Kupper—a
nationally recognized expert in
biostatistics—to look at other aspects
of the Austin–Reynolds study. 
Dr. Kupper and his associates at 
the University of North Carolina’s
Department of Biostatistics reviewed
the Austin–Reynolds case–control
study for accuracy of the database
and statistical calculations. After
validating the database and
replicating the models Austin used,
the North Carolina researchers carried
out further extensive studies of their
own by examining the suggested
occupational factors. They submitted
a complete report in July 1987.

The Kupper report contains many
caveats and offers several possible
suggestions and ideas for further
investigation. This report found that
three occupational factors remained
robust and significant: (1) working
around radioactive materials, 
(2) working at Site 300, and 
(3) working around volatile
photographic chemicals.

Factors 1 and 2 were stronger in
the earlier part of the study period
than in the later part, with a shift
possibly around 1974. The best
interpretation was that the three
significant occupational factors could
be linked to some unknown,
hypothetical factor encountered by
employees. The association with the

hypothetical factor might have been
valid only in the early years (until
1974), or exposure to the hypothetical
factor may have become less
prevalent with the passage of time.

Kupper and his associates also
suggested that Austin and Reynolds
“overinterpreted” their study.
However, they allowed that the
occupational factors originally
identified were the best candidates 
for further investigation.

Kaiser Foundation Study on 
Lesion Thickness

In early 1991, Dr. Robert Hiatt of
the Kaiser Foundation reported on a
review of slide samples given to three
eminent dermatopathologists. In this
blind study, the pathologists did not
know where any sample came from.
The study included 20 LLNL cases
diagnosed between 1970 and 1984
and 36 matched control cases not
from the Laboratory.

The hypothesis was that intensified
surveillance by LLNL employees had
resulted in an elevated incidence rate
by picking up thinner, earlier lesions
than were observed in non-LLNL
Plan members. However, thinner
lesions were only confirmed prior to
about 1976, which was before all the
publicity began about melanoma at
the Laboratory. After 1976, the
Kaiser data showed no difference 
in lesion thickness.

Further Studies on Lesion
Thickness

Subsequently, Drs. Moore and
Schneider at the Laboratory carried
out an independent study of lesion
thickness. Part of their motivation
was that they disagreed with some 
of the methodological details of the
Kaiser study on lesion thickness. The
Moore and Schneider study supports
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the possibility that surveillance bias
could have contributed to the elevated
rate at LLNL.

In early 1992, two coordinated
studies were done at the Stanford
University Medical School and at the
Northern California Cancer Center.
One study looked at the possibility
that underreporting of community-
based melanoma cases to the Tumor
Registry, in contrast to aggressive
case finding at the Laboratory and
complete reporting to the Tumor
Registry, could have contributed to
the apparently elevated rate found for
LLNL people. This study concluded
that underreporting (an estimated
12% of community cases did not
make it into the Registry) could not
account for the excess at the
Laboratory. The second study found
that, of the individuals with
melanoma reported in the Registry,
those from LLNL had thinner lesions
than people in the adjacent
community from 1974 to 1985. Once
again, this finding supports the
hypothesis that increased surveillance
and early detection could have
contributed to the higher rate at the
Laboratory.

Recent Work at LLNL
Recent statistical analyses by 

Dr. Moore show that the incidence of
invasive melanoma at the Laboratory,
the most serious form, has declined
gradually and is no longer
significantly elevated above the rate
in the surrounding counties. The rate
for noninvasive (in situ) cases
continues to be elevated, but this
finding might be expected in view of
LLNL’s dermatologic clinic and its
policy of frequent biopsy.

Through the Laboratory’s clinic,
Drs. Moore and Schneider have

found what appear to be significant
differences in the clinical
characteristics of invasive and
noninvasive cases. The traditionally
recognized risk factors for melanoma
are:
• Hair and eye color.
• Skin type.
• Tendency to burn rather than to tan.
• Number of moles.

All these factors were elevated in
the invasive melanoma cases from
LLNL. However, none were elevated
significantly in the noninvasive cases.
This finding suggests that the
population at risk for melanoma may
be divided into at least two different
groups in terms of risk factors. More
research will be required before we
can draw any conclusions about the
significance of this new finding.

New Study on Melanoma in 
the LLNL Workforce

As our summary of previous work
suggests, malignant melanoma
among Laboratory employees has
been rather extensively studied using
a variety of methods for the past 
15 years or so. Such research, plus
our intensive education and screening
efforts and a fairly complete database,
places LLNL in a unique position to
look at important aspects of this
disease. Because many issues remain
open to interpretation—such as the
proposed links between occupational
factors in the workplace and
melanoma—we undertook a new
investigation of the increased
diagnosis of melanoma among LLNL
employees.4

First, we wanted to match more
carefully the individuals diagnosed
with melanoma (referred to as cases)
with controls. Thus, in picking
Laboratory employees without

melanoma for our study (the control
individuals), we added some
qualifying characteristics and
matching criteria that had not been
used before. Our reasoning was that
previous failures to match for certain
characteristics might have
confounded the interpretation of 
the data.

On the basis of our previous work
pointing to a possible split in the
population that is at risk for
melanoma, we also analyzed the
data in several ways that had not
been done before. For example, we
examined the combined data for all
melanoma cases (plus controls), and
we also separately analyzed the data
for invasive and noninvasive cases
(plus their respective controls). We
did this analysis to investigate the
possibility that risk factors may
differ among invasive and
noninvasive cases. That is, by
analyzing the two groups separately,
we would be better able to find a
risk factor that applies to invasive
cases but not to noninvasive cases.

Study Design
Ours was a case–control study. In

such a design, one normal individual
(or control) is matched to one
Laboratory individual diagnosed with
melanoma (or case). All melanoma
cases diagnosed among employees
between January 1, 1969, and 
March 1, 1989 (the start of the study),
were eligible. The study included 69
melanoma cases who were alive and
willing to participate and 69 controls,
for a total of 138 participants.

We matched the melanoma
individuals for several important
characteristics that were not used as
criteria in previous investigations,
such as the Austin–Reynolds study.
We selected each “best-match”
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control from LLNL employees
without melanoma according to five
criteria:
• Sex.
• Age.
• Years of tenure at LLNL (not used
before).
• Start date at LLNL (not used
before).
• Years of education (not used
before).

We used three techniques to gather
information about participants. The
first was a questionnaire administered
by a nurse. Our questionnaire
assessed biological factors, including
many known risk factors for
melanoma such as ethnicity, hair and
eye color, skin reaction to sunlight,
family history, and episodes of 
sun burn.

Second was a thorough
examination by a dermatologist. The
dermatologist counted all moles
larger than 2 mm in diameter. (Moles
smaller that 2 mm are difficult to
distinguish from freckles or other
skin marks.) Recall that several
studies have shown that malignant
melanoma is generally associated
with moles greater than 5 mm in
diameter.

The third technique was an
occupational interview focusing on
exposures to the factors suggested by
Austin and Reynolds. Each recorded
interview was reviewed by a panel 
of three experts in occupational
exposure (one expert in radiation
exposure and two in chemical and
other nonradiation exposures). Their
task was to assess exposures to
suspected occupational agents.

Results of the New Study
We found the usual associations

between nonoccupational factors and
risk of melanoma. Individuals with

melanoma were more likely to burn
than tan, tended to have more moles
than the controls, and had greater sun
exposure in youth than controls. We
applied various tests to determine
which member of a pair was the
melanoma case and which was the
control, based on specific risk factors.
We found that two factors alone
would correctly identify 71% of all
melanoma cases. These factors were
tanning ability and the total number of
moles larger than 2 mm in diameter as
assessed by a dermatologist. If we
restricted this classification to only the
individuals with invasive melanoma,
then 85% were correctly identified by
these two factors alone. Only one
invasive case was incorrectly
identified by these two factors. This
individual had good tanning ability
and relatively few moles compared to
his matched control, who had more
moles.

The questionnaire was also useful
for classifying all case–control pairs
based on the following four factors:
tanning ability, amount of sunbathing
between ages 15 and 25, sun
avoidance during the 10 years
preceding diagnosis, and hiking as a
pastime. These responses correctly
identified melanoma cases in 56 out 
of 69 pairs (81% of all types of
melanoma). When amount of sun
exposure based on where an
individual lived was used instead of
sunbathing during ages 15 to 25, these
four factors correctly identified cases
in 35 out of 39 pairs in which the case
had invasive melanoma. Four invasive
cases were incorrectly identified by
applying these four factors.

Our most important result was that
we found no occupational factors that
were significant for melanoma risk.
(The box on p. 18 describes what we
mean by “significant” in the context

of our study.) Table 2 shows the
results of our study for the five
occupational factors called “causal”
by Austin and Reynolds. For
comparison, this table also shows the
Austin and Reynolds findings. In
comparing the two sets of results,
note that some of the methodological
details in the two studies differed. For
example, Austin and Reynolds asked,
“Have you ever worked around
radioactive materials?” Our panel of
experts reviewed the transcript of
each interview as well as detailed
dosimetry records and rated exposure
to radioactive materials mentioned in
the interview. Any material
mentioned by a subject as an
exposure possibility was added to a
list that eventually totaled 459
substances further classified as
radioactive or not. After information
was pooled and a consensus score
assigned, each interviewee in our
study could present additional
information to be used in changing
one or more scores. We also assigned
separate scores for different exposure
periods; for example, more than 10
years before diagnosis versus less
than 10 years preceding diagnosis.

In contrast to what might be
expected from the Austin–Reynolds
study, individuals with melanoma in
our study had slightly less exposure
than controls to four of the Austin and
Reynolds factors: radioactive
materials, presence at the Pacific 
Test Site, exposure to volatile
photographic materials, and chemist
duties. Our melanoma cases did have
slightly greater exposure than controls
to one factor, presence at Site 300.
However, none of these differences
was statistically significant.
Furthermore, a computerized review
of the actual words used by melanoma
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cases and controls during the
occupational interview failed to show
significant differences in the
frequencies of words associated with
any of the Austin and Reynolds factors.

Discussion of the New Findings
Our findings do not support any

link between those occupational
factors reported by Austin and
Reynolds and the incidence of

melanoma in the Laboratory
workforce. How can we explain these
different results? One possibility is
that characteristics other than the
ones investigated by Austin and
Reynolds may have played an
important role in producing the
results that were reported. In our
study, controls were matched to
individuals with melanoma for two
important characteristics that were
not used as matching criteria in the
Austin–Reynolds study. These
characteristics were years of
education and start date of
employment at LLNL.

Several other studies of melanoma,
including those of Austin and
Reynolds, have reported years of
education as a significant risk factor
for melanoma. The hypothesis is 
that income increases with years of
education, and increased income
leads to increased leisure activities in
sunny areas. People with more years
of education are also likely to come
from families of higher socio-
economic status who can afford
sunny vacations with their children
and college educations for those
offspring. This may be relevant
because data from Australia show
that exposure to intense ultraviolet
rays during early teenage years is the
most significant solar risk factor.5

By failing to match for years of
education, the Austin–Reynolds study
confounded this nonworkplace risk
factor with the occupational factors
they suggested. For example, a
chemist’s duties require specialized
education. Thus, a risk factor
associated with being a chemist may
be explained, at least in part, by
educational background before even
taking a job.

A similar line of reasoning shows
how tenure at the Laboratory is
another way to explain some of the
differences between our findings and
earlier ones. Over the years, LLNL’s
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A Note About Statistical Significance 
and Sample Size

In fields such as epidemiology and the behavioral sciences, scientists
are usually limited to studying relations that are governed by the laws of
chance rather than the laws of certainty. For example, we are interested in
determining whether occupational factors, like working at Site 300, are
related to melanoma. The relation is not hypothesized to be a simple
cause-and-effect one, for example, “all who work at Site 300 get
melanoma.” Rather, we want to determine whether those who work at 
Site 300 have a greater chance of developing melanoma. Thus, in our
case–control study, we want to know whether significantly more cases
than controls worked at Site 300. Statistical significance is assessed by
comparing outcomes with those that could occur by chance.

In our study, we found that 27 melanoma cases, compared to 25 controls
(39% versus 36% in Table 2) had work activities at Site 300. The
statistician’s job is to determine whether this observed difference could
have occurred by chance.

To answer the question, a statistician imagines two jars filled with black
and red balls. In this particular case, 37.5% of the balls in each jar are
black (the average percent for cases and controls). The statistician
imagines drawing a sample of 69 balls from each jar, where one sample
represents melanoma cases, and the other represents controls. Now he asks
the question: “How likely is it that in one sample 39% of the balls are
black, while in the other 36% are black?” The statistician refers to a
published chart, called a binomial distribution, to determine exactly how
likely such an event really is.

According to statistical convention, an event is called “significant” (that
is, unlikely to be due to chance) if it occurs less frequently than 1 in 20
times. The binomial distribution requires two input values: the number of
samples drawn, n, and the probability of success, p. Statistical significance
depends on the values of both n and p.

In general, the larger the sample size, n, the greater the probability that
an observed difference will turn out to be significant. In our case, which is
based on a sample size of 69, the observed difference of 3% (39% versus
36% or less) is very common and occurs in over 92% of the samples.
Thus, the statistician concludes that the two values are not significantly
different (p = 0.92). In other words, the observed difference is most likely
due to chance rather than a difference between melanoma cases and
controls.



administration and workforce have
been increasingly concerned with
exposure to both chemicals and
ionizing radiation. This concern has
resulted in more emphasis on safety
and a decrease in exposure over time,
so that employees with earlier start
dates are likely to have had higher
exposures than those with later start
dates. We can demonstrate that this 
is true in the 138 members of our
case–control study. (Although
ionizing radiation and radioactive
materials are perceived by the outside
world as major potential hazards for
employees, in fact, actual radiation
exposures are generally low, with only
a few exceptions, which are unrelated
to status as melanoma case or control.)

By failing to match for start date,
Austin and Reynolds introduced
another possible confounding of

exposure factors. When groups are 
not matched for years at LLNL, it
becomes possible that this variable,
may have played an important role in
producing the results they reported.6

For example, if a melanoma case
who began working at the Laboratory
in the 1960s was matched to a control
who began working in the 1970s, the
exposures to chemicals and ionizing
radiation would be expected to differ.
In this situation, we would not be in a
position to draw conclusions about
whether a specific exposure leads to
increasing melanoma risk. On the
other hand, when controls are matched
to melanoma cases with respect to
start date, we can better determine
whether specific exposures increase
the risk of melanoma. Our study,
which matches start dates and length
of employment at LLNL, did not show

significantly increased exposures to
any of the factors suggested by Austin
and Reynolds when we compared our
melanoma cases with controls.

Conclusions

From the late 1970s to the present,
almost a dozen studies have been done
to understand the nature and possible
causes of the increased diagnosis 
of malignant melanoma in the
Laboratory’s workforce. One of 
these studies suggested possible
occupational factors at LLNL that
might be associated with elevated
rates of melanoma. We recently
performed a new study using better
controls to reduce sources of bias and
the possible confounding of important
variables. From the previous literature
and our new investigation, here is a
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Current study Austin and Reynolds

Melanoma cases, Controls, Melanoma cases, Controls,
Occupational factor % exposed % exposed % exposed % exposed

Radioactive materials 54 57 65 33

Site 300 39 36 58 38

Photographic chemicals 45 51 35 15

Pacific Test Site 12 16 13 7

Chemist duties 22 26 13 2

Table 2. Comparison of LLNL melanoma cases and controls (employees without melanoma) for exposure to five occupational
factors. Whereas Austin and Reynolds found significantly greater exposure to all five occupational factors in melanoma cases
compared with their controls, our current study finds no significant differences between groups. We conclude that none of these
occupational factors is significant for melanoma risk. Each score is expressed as the percent of individuals within a group that was
exposed to a given factor. (See the text for ways in which questions, scoring, and controls in the two studies differ.)

 

No significant differences
between cases and controls

All differences between cases and
controls are statistically significant
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summary of what we know today:
1. No clear explanation for the
increased incidence of cutaneous
melanoma among LLNL workers has
been discovered.
2. The high level of education in the
Laboratory’s workforce, which is an
established risk factor for melanoma,
may be an important factor that at
least partly contributes to the rate
elevation at the Laboratory compared
to the community rate.
3. Increased awareness and
understanding of melanoma by
Laboratory employees and their
physicians has resulted in increased
diagnosis of thin lesions.
4. Enhanced surveillance probably
leads to prevention of life-threatening
forms of melanoma. Continued
monitoring of mortality from
melanoma is being done to verify 
this belief.
5. After reaching a peak in the 1980s,
the rate for invasive melanoma at the
Laboratory has gradually returned to
that of the community. Noninvasive
melanoma, however, continues to be
increased at LLNL.
6. Despite many investigations over
the years, no occupational factor in

the LLNL workplace has been clearly
implicated or even established as
biologically plausible.
7. Cancer in general (all types except
melanoma) is not elevated in LLNL
employees above rates in the Bay
Area population.

Key Words: melanoma—incidence of, in situ,
invasive, malignant; moles; skin cancer.
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