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SUMMARY
This report, the most recent of a number describing the long
term effects of occupational exposure to ionizing radiation, .
brings together the results of epidemiological studies of radiation
workers at three locations in the USA. At these sites, work
related to nuclear reactor technology, plutonium production,
nuclear weapons fabrication and radioisotope production has
been going on for more than 40 years. The combined study
populations are relatively large, totalling some 700000 person
years at risk (PYR), but at no site did the average cumulative
radiation exposure over the whole period of observation exceed
the annual maximum permissible individual dose of 50 mSv
(millisieverts) to the whole body. The combined analyses
showed no evidence of a correlation between radiation exposure
and mortality from all cancers or from leukaemia. Of the specific
types of cancer studied, only multiple myeloma was correlated
significantly with radiation exposure. The results of this study
strengthen the growing evidence that the data of high dose expo-
sure when extrapolated do not underestimate the risks of low
dose exposure to ionizing radiation. .

COMMENTS
Studies of the Atomic Bomb Survivor (ABS) populations
of Hiroshima and Nagasaki have provided the basis for
current estimates of the long term effects of exposure to
ionizing radiation. The effects reported in these studies
occurred after very brief exposures to relatively high radia-
tion doses. It is generally accepted that linear extrapolation
to the low dose, low dose-rate regime characteristic of
occupational exposure, has provided a conservative
estimate of effect. Recent revisions of the ABS dosimetry
have, however, raised the possibility that the carcinogenic
effects of ionizing radiation may be greater than earlier
believed to be the case. Epidemiological studies of
occupationally exposed populations are therefore of
considerable interest.

The first report of such a population! was a pilot study
that demonstrated the expected 'healthy worker effect'
and identified some of the problems which would confront
those who are planning formal epidemiological studies of
radiation workers. The National Registry for Radiation
Workers (NRRW) was established in the UK at the begin-
ning of 1976 and similar studies followed in Canada and
the USA. It is only during the past five years that detailed,
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even though preliminary, reports from these programmes
have become available. In comparing the published
results, one is beset by small numbers which are due to the
fact that the study populations are stilI young. In only two
cases--' is the Standardized Mortality Ratio (SMR) for all
cancers in excess of 1.00 (1.06 and 1.01). In the UK4 and
Oak Ridge" studies, the SMRs for allleukaemias are 1.16
and 1.48 based on 26 and 16 observed cases respectively.
In one of the Canadian studies," an excess of rectal cancer,
(SMR 1.39; 13 cases) is seen, while in another? an excess
of liver cancer (SMR 4.35; 2 cases) is reported. The widely
discussed excess of brain cancer at Rocky Flats" rests on
the observation of six cases for an SMR of 1.19, and the
SMR of 1.80 for brain tumours at the Oak Ridge Y-12
plant! is based on 14 observed cases. Among the some
40000 employees in the United Kingdom Atomic Energy
Authority study," mortality from prostatic cancer was
significantly increased in workers who had been moni-
tored for internal exposure to radionuclides and who had
comparatively high exposures to external radiation.
Multiple myeloma is consistently related to external
radiation in the Hanford study, 9 but by contrast irl a study
undertaken at the Atomic Weapons Establishment in the
UK,IO the myeloma mortality of workers with radiation
records was lower than in other workers. All these observa-
tions refer to male. workers.

In the face of these inconsistencies, the paper by
Gilbert and her colleagues is of considerable importance,
because its conclusions are based on large numbers that
can be broken down into smaller groupings. This approach
may be useful, for pooled data can conceal the signifi-
cance of small subsets which may indicate a previously
unsuspected effect. Staff of the International Agency for
Research 0'1 Cancer (IARC) in Lyons, France are at pre-
sent developing a protocol whereby the results of all the
published studies of radiation workers can be pooled, thus'
providing improved statistical power to the conclusions
eventually to be derived.

Accurate determination of the long term effects of
exposure to low doses of ionizing radiation delivered at
low dose rates, is important not only to those who may be
occupationally exposed, but also to members of the
general population who may be exposed to much lower
doses as a result of nuclear operations in many countries.
It is therefore imperative that the IARC programme
receive input from as many as possible of those countries
in which there are populations of designated radiation
workers.
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P-glycoprotein: A multi-headed hydra
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SUMMARY
The authors studied 26 patients (7 with multiple myeloma, 6 with
lymphoma and 13with breast cancer) to try and predict resistance
to doxorubicin therapy in vitro by staining for P-glycoprotein.
Ten (38%) of the patients had had no prior chemotherapy and
16 (62%) had received prior cytotoxic chemotherapy including
vinca alkaloids and/or doxorubicin in addition to other agents.
Fresh tumour tissue (bone marrow aspirated from myeloma
patients and lymph node or tumour nodules from patients with
lymphoma and breast cancer) were subjected to immunopatho-
logical examination and in vitro drug sensitivity testing. The
expression of P-glycoprotein was assessed on frozen sections or
cytospin slides from tumour cell suspensions prepared with
murine monoclonal antibodies (JSB-l and C-219). The parenteral
8226 doxorubicin-sensitive myeloma cell lines served as negative
controls, whereas sublines exhibiting 6-fold (DOX 6) and 4O-fold
(DOX 40) doxorubicin resistance relative to the parenteral line
served as.positive controls. I'J-vitro drug sensitivity testing on the
fresh tumour cell suspensions was assessed in a human tumour
clonogenic assay according to standardized procedures for
tumour cell plating in a semisolid medium. The results were
expressed as a percentage reduction in thymidine incorporation
in proliferating tumour cells compared to controls. All laboratory
studies were correlated with the relevant clinical information.

Tumours from 14 (54%) patients were classified to be
P-glycoprotein negative and those from 12 (46%) were
P-glycoprotein positive. There was no association between
prior chemotherapy status and the P-glycoprotein staining reac-
tion. Among the 26 tumours studied, 15 (58%) exhibited in vitro
resistance to doxorubicin. Of these 12 stained positively for
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P-glycoprotein and 3 doxorubicin resistant tumours were nega-
tive for P-glycoprotein. All 11 doxorubicin sensitive tumours
stained negatively for P-glycoprotein. Correlation between a
positive P-glycoprotein staining reaction and in vitro resistance
to doxorubicin was highly significant (p<O.OOI).

Despite the limited sample size within the individual tumour
categories, the relationship between P-glycoprotein expression
and drug resistance was significant in myeloma and breast
cancer (p=0.029 and 0.021 respectively) but not in lymphoma.
Similar conclusions were reached when results of drug sensitivity
tests were ranked in relation to median infective dose rather than
by criteria based on correlations with clinical drug resistance.

COMMENTS
Unlike other cells, the cancer cell represents a variable
and moving target to anticancer drugs. The majority of
malignancies which occur in the adult population are
refractory to presently available chemotherapy; these
tumours arise from the aerodigestive tract, are probably
carcinogen induced and show little or no response to drug
treatment. The initial experience with chemotherapy has
raised questions about the reasons for the failure of drug
therapy. Why are some tumours, particularly those of
epithelial origin resistant to drugs de novo, while others
are highly responsive? A second concern of clinicians is
the development of resistance in tumours which initially
respond to chemotherapy.

A model of chemical carcinogenesis proposed by Solt,
Medline and Farber! has shed light on mechanisms
associated with de novo multi-drug resistance (MDR).
Exposure to a carcinogen leads to the emergence of a
tumour which is resistant not only to an agent which pre-
cipitated the oncogenic transformation, but also to other
structurally dissimilar cytotoxic chemicals. Such a system
may protect normal cells against assault from environmental
carcinogens, but in cancer patients it appears to protect
neoplastic cells against naturally occurring chemo-
therapeutic agents (vinca alkaloids, anthracyclines,
epipodophyllotoxins and actinomycin-D).

When malignant cell lines are made resistant to a single
chemotherapeutic agent by incubation in increasing con-
centrations of drug, some such previously chemosensitive


