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ABSTRACT—Total cancer deaths were not increased among 2,074
women and 1,277 men who were fluoroscopically examined an
average of 73 and 91 times, respectively, during lung-collapse
therapy for tuberculosis (TB). Patients who did not receive this
form of therapy (2,141 women and 1,418 men) and general popula-
tion rates were used for comparison. All subjects were discharged
alive from eight TB sanatoria in Massachusetts between 1930 and
1954; the average follow-up was 23 years. Deaths due to breast
cancer were not increased among exposed females [standardized
mortality ratio (SMR)=l .0, n=24],  and SMRS greater than 2.1
could be excluded with 95% confidence. In contrast to other se-
ries, our inability to detect a breast cancer excess was likely due to
lower breast doses (66 rad) and higher average ages at exposure
(28 yr) and thus lower sensitivity. A deficit of lung cancer among
exposed males and females was observed (SMR=O.8,  n =26),  even
though increased risks have been observed among other popula-
tions exposed to similar dose levels. The estimated average lung
dose was 91 rad, and SMRS greater than 1.2 for lung cancer could
be excluded with 95% confidence. Overall, this study indicates that
the radiation hazard of multiple low-dose exposures experienced
over many years is not greater than currently accepted estimates
for breast and lung cancer. For lung cancer the radiogenic risk
may be less than predicted from high-dose, single-exposure
studies.—JNCl 1987; 78:645-652.

SUBJECTS AND METHODS

A retrospective cohort study was conducted of 6,910
patients admitted to eight Massachusetts hospitals be-
tween 1930 and 1954. These hospitals were the primary
TB treatment hospitals in the state and represent 30-40%
of the TB beds available at that time. Patients were iden-
tified from medical records and were eligible if they had
a confirmed diagnosis of pulmonary TB and were alive
at the time of first discharge. Sixty-eight subjects for
whom follow-up information was not available beyond
the date of discharge were excluded.

Information on exposure and other relevant factors
was obtained from hospital admission records. Data
included demographic variables, medical treatment in-
formation, selected cancer risk factors, and information
to facilitate follow-up. Risk factors included smoking
and alcohol behavior and breast cancer risk factors (age
at menarche, type and age at menopause, the birthdate
of the first child, and the presence of benign breast dis-
ease). In an effort to obtain complete exposure informa-
tion, multiple admission records for 40% of those pa-
tients admitted to several Massachusetts hospitals were
obtained. No attempt was made to acquire additional
medical records for patients who transferred out of state.

Studies of the biologic effects of radiation exposure in
humans have provided estimates of carcinogenic risk.
These risks are known to vary by organ, host character-
istics, and specific conditions of the exposure (1). Such
radioepidemiology has been used in estimating the
probability that a specific cancer has been caused by a
specific radiation exposure, and further refinements to
incorporate factors that modify radiogenic risks are
needed (2).

This paper reports the mortality experience of a pre-
viously unstudied cohort of Massachusetts TB patients
who received multiple chest exposures to fluoroscopic
x-rays used to monitor lung volume during air-collapse
therapy. While the dose from a single fluoroscopy is
small, organs directly exposed could receive a cumula-
tive dose of several hundred rads. Cancers hypothesized
to be found in excess were breast, lung, and leukemia.
Scatter radiation to contiguous organs outside the radia-
tion fields may also have occurred. In previous studies of
female TB patients, an elevated risk of breast cancer
incidence (3) and mortality (4, 5) has been observed,
and, based on small numbers, elevated risks of cancer at
other sites have been suggested. Our study is the first to
describe in detail the cancer mortality of male TB
patients who experienced multiple chest fluoroscopies.

ABBREVIATIONS [JSED CI=confidence interval; CRR=crude  rate ratio;
ICDA-8=Internationa1  Classification of Diseases Adapted for Use in
the United States, 8th revision; RR=relative  risk; SMR=standardized
mortality ratio; SRR=standardized  rate ratio; TB=tuberculosis.

‘ Received May 20, 1986; accepted September 16, 1986.
2 Supported by Public Health Service contract NO1CP-81O58 from

the Division of Can(er Etiology, National Cancer Institute.
3 Epidemiology-Biometry Program, School of Public Health, [Uni-

versity of Illinois  at Chi(ago,  Box 6998, Chicago, IL 60680.
4 Radiation Epidemiology Branch, Division of Cancer Ktiology,

National (;ancer Institute, National Institutes of Health, Public-
Health Service, U.S. Department of Health and Human Services,
Bethesda, MD 20892.

5 Division of Epidemiology, School of Public Health, Columbia
IJniversity,  New York, NY 10032.

6 Department of Epidemiology, Harvard School of Public Health,
677 Huntington Ave., Boston, MA 02115.

7 The authors are q-ateful for the assistance of Dr. Marvin Rosen-
stein (Center for Devices and Radiological Health, Food and Drug
Administration) in providing revised dosimetry estimates for breast
doses; Westat Inc. for assisting with the telephone survey under con-
tract with the National Cancer Institute (NO1CP-O1O11 ); and project
staff in the Department of Epidemiology, Harvard School of Public
Health, for their technical and clerical assistance. This work fulfilled,
in part, the requirements of doctoral work at Yale University.

645 JNCI,  VOL. 78, NO. 4, APRIL 1987



646 Davis, Boice, Kelsey, et al.

Efforts to obtain a date and cause of death for deceased
subjects and a current address  for li’~ing  subjects fol-
lowed methods similar to those outlined previously (6).
The primary resources used were State Vital St~tistics
Division records, motor vehicle registries, city directories,
and town residence lists that are unique to Massachu-
setts. Current vital status was ascertained for 88% of the
women and 95% of the men (table 1). Death certificates
were requested from the state of last known residence for
those subjects known to have died. Death certificates
were validated with the use of the subjects’ names and
dates of birth. Records were not available for 38 of 1,616
female deaths (2.4%) and 20 of 1,678 male deaths (1.2%).

Causes of death were abstracted from death certifi-
cates. To verify this information, we requested relevant
autopsy, discharge, and pathology reports from hospi-
tals where study subjects had died. In this manner,
reported cancer deaths were confirmed for 35 and 28% of
the exposed and unexposed groups, respectively. No
further information was available on the remaining 67%
of cancer deaths. This limited success reflects the fact
that only 1,628 (49%) of all the deaths occurred in hospi-
tals that were currently operating.

The cohort was divided into 2 exposure groups: 1)
those who received air-collapse therapy with associated
fluoroscopy exposure and 2) those with no record of
having received this form of therapy. Two estimates of
radiation exposure were calculated for the exposed
group. First, the total number of air-collapse therapy

examinations, as abstracted from standard pneumother-
apy logs in the medical record, were counted. Second,
details of each treatment regimen (dates started and
stopped, type of collapse, and side of lung collapsed)
were applied to a dosimetry model to estimate the aver-
age radiation dose that would be absorbed in several
target tissue organs. This model was developed for an
earlier study and considered the following factors: ma-
chine exposure rate, field size, anatomical location of
x-ray beam, type and mass of body tissue, and orienta-
tion of the patient during the examination (4, 7). The
average number of examinations and estimated average
tissue doses for the sites of primary interest are shown in
table 2.

The appropriateness of the radiation dosimetry as-
sumptions was evaluated by surveying living patients
and former TB physicians. In 1981, questionnaires were
mailed t~ all subjects with known current addresses. Up
to two additional mailings and one telephone contact
were made to nonrespondents, each at approximately
1 -month intervals. Former patients were asked whether
they had received lung-collapse therapy; how frequently
a fluoroscope had been used; and whether they faced the
x-ray machine, the physician, or were rotated during the
fluoroscopy examination. In addition, eight mail ques-
tionnaires from 18 physicians known to have conducted
air-collapse procedures in study hospitals over the ap-
propriate time period were obtained.

Physician responses indicated that each fluoroscopy
lasted 15 seconds on the average. Patient responses indi-
cated that 25% of all fluoroscopies were performed with
the patient facing the x-ray source. These data suggest
that air-collapse therapy procedures were similar to
those reported in a previous study of female TB patients
in Massachusetts and that assumptions regarding factors
in the dosimetry model were reasonable. Coefficients used
for the breast dose estimations were updated from a pre-
vious report [(7) and Davis FG: Unpublished Ph.D. dis-
sertation]. Limitations of dose estimation included a)
not having individual data on the position of the
patient relative to the x-ray source for that half of the
population  who died prior to the survey and b) n o t
knowing with accuracy the length of fluoroscopic expo-
sure during each examination.

Mortality analyses were conducted separately for the
4,215 females and 2,695 males eligible for study. Under-
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lying cause of death was coded from death certificates
according to the ICDA-8 (8). Person-years of follow-up
were calculated with the use of. the date of first discharge
as entry date. Closing date was defined as the date of
death for deceased subjects, date last known to be alive
for subjects lost to follow-up, and January 1, 1981, for
subjects known to be alive.

Risk estimates were standardized over 5-year age and
time intervals. SMRs were calculated with the use of
Massachusetts death rates to compute expected values.
This was accomplished by multiplying each 5-year age
and 5-year calendar time interval of a cause-specific
death rate by the comparable person-years experience of
the exposed individuals in that stratum and by sum-
ming the results over 5-year age and time intervals. For
observed values based on 20 or fewer events, 95% Fisher
exact confidence limits were computed; otherwise, 95%
approximate CIS based on the Poisson distribution are
reported (9). For each cause of death, a Mantel-Haenszel
chi-square  statistic and associated P-value were esti-
mated (10).

Lung and breast cancer mortality data were stratified
by time since exposure, age at exposure, and dose level.
This analysis was restricted to patients living 10 years or
more after discharge because of the long latent periods
associated with these radiogenic tumors (1 ). Stratum-
specific SMRs, CCRs (comparing the crude death rate in
the exposed to the crude death rate in the unexposed),
and overall sex-specific SRRS were estimated. SRRs
compared the exposed group to the unexposed group,
controlling for age and time at exposure. A stratified
analysis was not conducted for leukemia, because few
deaths were observed. For the unexposed subjects, times
and ages of “exposure” were surrogate measures, esti-
mated from dates of admission.

Proportional hazards modeling was conducted to
evaluate breast cancer mortality in relation to radiation
exposure, taking into account other breast cancer  risk
factors and/or possible confounding variables, in addi-
tion to survival time (11 ). Lung cancer was not evalu-
ated by means of this technique because of the incom-
pleteness of information on smoking history.

RESULTS

A total of 103,354 person-years of follow-up were
accumulated in females for an average of 24.5 years
per person. Males accumulated 56,290 person-years of
follow-up for an average of 21.0 years per person. The
average age when first given air-collapse therapy was
27.9 years for the 2,074 exposed women and 32.6 years
for the 1,277 exposed men. The 2,141 unexposed women
were, on the average, slightly older than the exposed
women (32 vs. 29 yr) at their date of first discharge. The
unexposed males were 11 years older on the average than
the exposed males (44 vs. 33 yr) at first discharge.

Exposed females were more likely than unexposed
females to have married, to have achieved a higher level
of education, and to have smoked (table 3). Smoking
and alcohol data, obtained from the medical record,

were mi~~ing i n  u n e q u a l  p r o p o r t i o n s  o f  t h e  f e m a l e
exposure groups. Similar proportions of male exposure
groups were smokers and users of alcohol at the time of
TB hospitalization, although these data are incomplete
and may not be indicative of an individual’s lifetime
experience. Male and female exposure groups tended to
be admitted with more advanced TB and to have
received more aggressive surgery, a finding consistent
with the disease status of a previous Massachusetts
female cohort (3). No difference in proportions between
study groups was noted for race, chemotherapy treat-
ments such as streptomycin and isoniazid,  or other
chronic diseases. The cohort was predominately white
(96%), and their religious affiliation was mainly Catholic
(62%) or Protestant (32%).

The number of deaths experienced by all women
(SMR=2.2) and all men (SMR= 1.8) in this cohort were
higher than the number of deaths expected based on
population rates (table 4). As anticipated, I-B and respi-
ratory diseases were major causes of death in both expo-
sure groups. In males, significantly higher risks of death
from cirrhosis of the liver (exposed group SMR= 1.7,
n = 16; unexposed group SMR=2.0, n= 19) were ob-
served. For causes of death other than nonmalignant
respiratory diseases, the mortality of both male and
female exposure groups was slightly higher than that of
the general population.

Cancer Mortality

There was no apparent elevation of deaths due to all
types of cancer in exposed and unexposed women,
although increases for some specific cancer sites were
noted (table 5). Focusing on those sites of primary inter-
est: Breast cancer mortalitjj  was similar to that expected
(exposed SMR=l.0,  n=24;  unexposed SMR=l.0,  n=23),
respiratory cancer mortality was slightly elevated in
both groups (exposed SMR= 1.3, n = 10; unexposed
SMR = 1.4, n =11), and leukemia mortality was mod-
estly elevated in both groups (exposed SMR= 1.8, n =5;
unexposed SMR=l.5,  n=5).

The risk of death in males from all cancers was ele-
vated in the unexposed group (SMR= 1.5, n = 159) but
not in the exposed group (SMR=O.9, n=73).  There was
no suggestion of an elevated risk from respiratory
cancers (SMR=O.7,  n=16) or leukemia (SMR=O.4,  n=l)
in exposed men. The ~ number of deaths due to esopha-
geal cancer was higher than expected (SMR=4.2, n =8),
but 2 of these cases were diagnosed at the time of air-
collapse therapy. Esophageal cancer was also elevated in
the unexposed group and therefore may not be related to
radiation exposure during TB treatment (SMR=4.0,
n=l O).

Breast Cancer Mortality

An increased risk of death from breast cancer was not
observed. No variation in mortality by time since expo-
sure and dose level was observed (table 6). A modest ele-
vation was suggested for exposure during adolescence
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with an SMR of 1.7. This effect was not apparent
(CRR= 1.0) when the unexposed women were used as
the comparison group.

The SRR for breast cancer mortality was 1.1 (95%
CI = 0.6-2.1) when we compared the exposed to unex-
posed groups and controlled for time since exposure and
age at exposure. This estimate is similar to that obtained
by means of a proportional hazards model to control for
other possible breast cancer risk factors.

Lung Cancer Mortality

When sexes were combined, no overall (SMR= 0.8
with 95% CI=O.5-1.2) or subgroup excesses of lung
cancer mortality were observed (table 7). No lung cancer
deaths occurred in females within 20 years of discharge.
A modest elevation of risk was noted in women 20 years
or more after discharge (SMR = 1.5, n = 10), an effect that
was also suggested in women first exposed after age 20
(SMR= 1.5, n = 10). Excess lung cancer deaths were not
observed in the male group at any time period following
exposure or for any category of age at exposure. An
increasing risk for death from lung cancer with increas-
ing radiation dose, as measured by the number of exams
or the estimated absorbed lung dose, was not observed in
either sex when either population rates or the unex-
posed group were used for comparison.

The SRR for lung cancer mortality in 10-year sur-
vivors, controlling for age at exposure and time since
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exposure, was 1.3 for women (95% C1 = 0.5-3.4) and 0.7
for men (95% CI=O.3-1.4).

females in this study is consistent with earlier TB stud-
ies and suggests that air-collapse therapy exposures,
characterized by repeated, relatively low x-ray doses
occurring over several years, may not be as carcinogenic
as single or short-term exposures of the same total dose.
SMRS greater than 1.2 for lung cancer could be excluded
with 95’% confidence, but this estimate may be distorted
by differential underlying respiratory disease and smok-
in% behavior in the exposure groups. Comparison with
population rates likely underestimate risks because TB
patients would have less lung tissue at risk for cancer
development due to the disease itself or to surgical
procedures removing all or portions of a lung. Simi-
larly, comparisons between the exposed and nonexposed
could be misleading since the exposed had more ad-
vanced disease and more frequent surgical procedures.

Leukemia has frequently been associated with radia-
tion exposure (1). In our series, a modest risk of leuke-
mia was found in exposed females (RR= 1.8, 95%
CI = 0.6-4.2) but not in exposed males. Since the average
bono  marrow dose was low (12 rad) and the number of
excess cases expected was small, the study did not have
sufficient power to detect an effect with any meaningful
precision.

Results based on a cohort defined by an underlying
disease such as TB must be interpreted cautiously. An
elevated cause-specific death rate in both exposure
groups relative to the general population may be due to
their common disease experience or some unknown
correlate of that experience. In contrast, a similarly ele-
vated rate in the exposed group relative to both the
unexposed group and rates in an external population is
more likely to be due to the particular experience of the
exposed  group. Based on very few deaths, elevated ratios
for bone,  esophageal, and kidney cancer were observed
in exposed females relative to both comparison groups.

DISCUSSION

The apparent discrepancy between the negative find-
ing for breast cancer mortality in our study and RRs of
approximately 1.5 reported in other studies may be due
to differences in radiation dose to the breast and in ages
at exposure. Average breast doses computed for women
with TB in previous studies (7, 12) were nearly twice as
large as the 66 rad in our series. Excess breast cancer
deaths following exposure to the atomic bomb were evi-
dent primarily among women exposed to doses greater
than 100 rad (13). Risk of radiogenic breast cancer also
appears inversely related to age at exposure (1), and our
average age of 28 years was higher than previous series
(7, 12). Women first exposed during adolescence had an
elevated risk (SMR= 1.7; 95% CI=O.4–4.7).  RRs greater
than 2.1 can be excluded with 95% certainty, a finding
within the range of risks previously reported. It should
be kept in mind that incidence data would give a more
accurate picture of radiation carcinogenesis. Several
incidence series have convincingly demonstrated that
radiation is a risk factor for breast cancer, even at levels
below 100 rad (1).

That radiation exposure is a risk factor for lung
cancer has been established in males and females ex-
posed to different types and levels of radiation (1). For
example, RRs on the order of 1.5 have been estimated
for spondylitic  patients receiving doses of 200 rad and
for atomic bomb survivors receiving doses greater than
100 rad (14). In contrast, significant excess risks have not
been observed in previous studies of female TB patients
receiving doses on the order of 100 rad to the lung (4,
15). The absence of an association in both males and
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Increased risks from these three sites were not observed
in an earlier TB series of females and, except for bone,
risks were not consistent across gender in this cohort (4).
While these sites are thought to have relatively low sen-
sitivity to radiation (12), results of other higher dose
studies have been mixed (13, 14, 16, 17). Because radia-
tion doses were low to organs outside the x-ray field, it
is unlikely that radiation played a role in the etiology of
these tumors.

The small nonsignificant excess of thyroid cancer in
the females (SMR=2.2, n =2) is interesting because this
is a very radiosensitive site, and both exposure groups
were likely to receive more diagnostic x-rays than the
general population.

Smoking is the factor most likely to distort estimates
for cancer sites where it is associated with increased risk,
such as lung, larynx, oral cavity, esophagus, bladder,
pancreas, and liver (18, 19). A higher proportion of
males (40%) than females (20%) reported smokins in this
cohort. These proportions are consistent with the pro-
portion of smokers in the population during the 1930’s
(19). The absence of an increased risk of lung cancer in
our series argues against a strong overall carcinogenic
effect attributable to greater cigarette consum}~tion
among exposed relative to unexposed, particularly for
men. It is possible that greater consumption among
unexposed relative to exposed may have masked any
radiation effect for smoking-related cancer sites. Al-
though the data in table 3 do not support this scenario,
we cannot rule it out because of the large number òf
subjects with incomplete smoking data.

Heavy consumption of alcohol has been associated
with oral, esophageal, liver, and possibly stomach cancer
(20, 21). Elevated SMRs for esophageal cancer in both
exposed and unexposed males may reflect similarly high
alcohol consumption across exposure groups. The
modest elevation of liver cirrhosis deaths is also consis-
tent with males being greater than average alcohol
consumers (22). Another study of TB patients reported
an excess of liver cirrhosis that was concentrated among
patients treated with isoniazid, an anti-TIl  drug that
became common in the 1950’s (23) and was used by a
larger proportion of males than females in this series.

The absence of a dose-response relationship between
radiation exposure and breast or lung cancer may be a
reflection of the relatively narrow range of doses ob-
served, low average levels of exposure, errors in the
estimation of dose, or absence of a radiogenic effect at
these dose levels. Errors may include misclassification
between exposure groups and/or across categories of
dose and errors resulting from the averaging procedures.
Estimates of dose are crude inasmuch as assumptions
regarding several factors (patient orientation, length of
examination, distance from the machine, and other
machine factors) were made in the absence of individual
information on the complete cohort.

Some subjects may have received air-collapse therapy
subsequent to that indicated on the medical records
available to us, whereas others contacted during the sur-
vey had no recall of documented air-collapse therapy,

Cancer Mortality After Multiple Fluoroscopes

making both data sources imperfect. If the experience of
a subset of live subjects (table 8) reflects that of the rest
of the cohort, only a modest amount of misclassification
between exposure groups occurred. On the basis of dis-
charge summaries, 20% of the exposed group were
expected to continue air-collapse therapy, which suggests
that average doses may be underestimated. If these errors
are random, then overall and dose-response effects will
be more difficult to detect (24).

The potential range of error in dose due to the averag-
ing procedures used was explored. If the percent of time
spent facing the x-ray source is varied to 15 or 35% (rela-
tive to the 25% used), the estimated average dose to breast
tissue ranges from 45 to 85 rad. Increasing the average
exposure to 30 seconds per examination would double
dose estimates for all exposed sites; decreasing the expo-
sure time to 5 seconds per examination would reduce
dose estimates by two-thirds.

The crude number of examinations suggests that the
levels of radiation received by this exposed group are, on
the average, lower than those reported in other TB
cohorts (4, 12). Overall estimates of risk observed in this
study are consistent with the lower RRs expected when
compared to estimates from higher dose series, assuming
a dose-response relationship exists.

These results cannot be regarded as supporting the
absence of a radiogenic cancer effect because of the
limited size of the cohort, lack of available data on
potrntial  confounding factors, and the crudity of expo-
sure data. They do, however, exclude large carcinogenic
risks for the hypothesized cancer sites at the modest dose
levels observed.
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