
molecular causes and cellular effects of the reactive oxygen
species unless results are validated under more physiologic con-
ditions. Most cells in an in vivo environment are relatively oxy-
gen starved and may not be able to generate the levels of oxi-
dants observed in cell culture. Therefore, the induction of
oxidative stress by hormones in proliferating hormone-depen-
dent cells remains to be validated in vivo to be fully convincing.

In summary, the oxidative stress observed in proliferating
LNCaP prostate carcinoma cells stimulated by androgen may
not have been induced by the hormone treatment. Rather, it may
be an unintended consequence of hormone-stimulated cellular
synthetic activity in preparation for cell proliferation under non-
physiologic, oxygen-rich culture conditions. The exact molecu-
lar cause of the induction of elevated oxidative stress is not clear
and requires further investigation. It is possible that a high meta-
bolic rate in preparation for rapid proliferation results in elevated
production of oxidants or that cellular antioxidant defenses are

overwhelmed in this proliferative phase by an as yet undetected
pathophysiologic condition.
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Indoor Radon Exposure and Lung Cancer:
Risky or Not?—All Over Again

Jonathan M. Samet*

For several decades, we have known that the air in homes is
contaminated to varying degrees by radon, an invisible gas that
causes lung cancer through damage to the respiratory epithelium
induced by its alpha-emitting progeny (1). In the United States,
public awareness and concern mounted in the 1980s after homes
with extremely high levels of radon were identified, and the
Environmental Protection Agency launched a national program
to reduce residential radon exposures (2).

The impetus for this program came from risk assessments
which projected that more than 10000 lung cancer deaths in the
United States annually were caused by indoor radon exposure
and were, in theory, preventable (3). The risk assessments used
the exposure–response relationship from studies of miners of
uranium and of other ores and extended this relationship down-
ward to typical indoor exposures by use of a linear nonthreshold
risk model (1,4). Adjustments were also made for physical and
physiologic differences between exposures in homes and mines.
Uncertainty is inherent in this approach, arising from the ex-
trapolation of risks from miners to the general population and
the assumption of the linear nonthreshold model. The risk as-
sessment approach has been questioned, and critics have argued
that the Environmental Protection Agency’s risk management
program is premature and not anchored in a sufficiently strong
base of scientific evidence (5-7).

What information on risk is needed to guide management of
indoor radon? A sufficiently certain characterization of the risk
of indoor radon is needed that can justify the implementation of
a national program and support the elements of the program
toward achieving this answer.

How close are we to having the needed information? New
epidemiologic evidence is beginning to fill the gaps. The cur-

rent, miner-based approach to risk assessment has been strength-
ened by the findings from analyses of a pooled database from 11
epidemiologic studies of miners, including 68000 individuals
and 2700 lung cancer deaths. (8). These analyses have provided
a new risk model, strengthened the evidence at lower levels of
exposure, and offered new insights into the effects of dose rate
and of smoking on risk. Risk has been found to increase at lower
exposure rates, suggesting possibly greater risks from indoor
exposures, and the exposure–response relationship has been
characterized in nonsmokers.

Another complementary approach to characterizing the risk
of indoor radon exposure is to conduct epidemiologic case–
control studies that compare estimated radon exposures of case
patients with lung cancer and control subjects and thereby di-
rectly estimate the risk of indoor radon exposure. The meta-
analysis of the findings of these studies to date is reported in this
issue of the Journal by Lubin and Boice (9) and shows that the
evidence from these studies can also contribute to estimating the
risk of indoor radon exposure. The initial studies of this design
used surrogate indicators of exposure; however, in a second
generation of studies, implemented over the last decade, expo-
sures are estimated by measuring indoor radon concentrations in
homes (1,10). The results of eight studies have been published to
date, and 11 more studies are in progress or are coming to
completion (11). Methodologic problems, particularly the diffi-
culty of estimating radon exposure over a lifetime, have limited

*Correspondence to:Jonathan M. Samet, M.D., Department of Epidemiology,
School of Hygiene and Public Health, The Johns Hopkins University, 615 North
Wolfe St., Suite 6039, Baltimore, MD 21205.

EDITORIALS Journal of the National Cancer Institute, Vol. 89, No. 1, January 1, 19974

 by guest on June 9, 2016
http://jnci.oxfordjournals.org/

D
ow

nloaded from
 

http://jnci.oxfordjournals.org/


interpretation of the findings (12,13). Sample size calculations
have shown that the individual studies are not large enough to
reach the statistical power needed to address the key uncertain-
ties in risk assessment (12).

Not surprisingly, given the inadequate power and other limi-
tations of the individual studies, the results completed to date
have been viewed as inconsistent and inconclusive. Their find-
ings in published reports have been summarily and inappropri-
ately judged as ‘‘positive’’ or ‘‘negative,’’ confusing the public
and policy makers alike. The seeming inconsistency, however,
reflects the inadequate power of the individual studies and the
rush to judgment, even as the evidence from the case–control
studies continues to accumulate to a possibly informative de-
gree.

Lubin and Boice (9) report a meta-analysis of the case–
control studies that summarizes the current weight of evidence.
Data from eight studies conducted in the United States, Canada,
Sweden, Finland, and China were used; of these, three had
shown a statistically significant association between radon ex-
posure and lung cancer, whereas the findings of the remaining
five were not significant. In spite of the apparent heterogeneity
of the findings of these studies, the meta-analysis found a sta-
tistically significant trend of increasing risk with exposure. The
trend was consistent with the extrapolated risks from the pooled
miner data and not due to the data from any particular study,
although, overall, there were significant differences in the risk of
radon exposure among the studies.

This snapshot of the evidence provides some assurance that
risk models based on the miner studies are not markedly off
target in predicting risks of indoor radon exposure. In spite of the
many differences in the manner in which miners and the general
population are exposed to radon, the estimated risks from the
miner data and from the case–control data are remarkably close
at lower levels of radon exposure. This concordance supports the
use of the linear nonthreshold model for risk assessment of
indoor radon exposure.

One widely cited ecologic study by Cohen (14) has shown a
negative association between estimates of average radon expo-
sures for counties in the United States and lung cancer mortality
rates for those counties. Cohen has argued that the linear non-
threshold model should be reconsidered because of the finding
of this ecologic study. This surprising finding, which is likely to
reflect limits of the ecologic method itself and of the data used
in the analysis (15), is clearly divergent from the findings of the
case–control studies, as summarized in the meta-analysis, and of
the miner studies. Given the abundance of data from the more
informative case–control studies in the general population and
the cohort studies in the miners, the findings of ecologic studies
should not receive emphasis in setting policies for indoor radon.

The new meta-analysis by Lubin and Boice is, as stated, only
a snapshot, and the findings of 11 additional studies, anticipated
to have about 12000 cases, remain to be reported (11). The
limitations of the individual studies have been widely recog-
nized, and plans are in place to pool the data. Plans have been
made for separate pooled analyses of the European and North
American studies, followed by an overall pooling. These analy-
ses should be completed by the year 2000. Pooled analyses at the
individual participant level will be more informative than meta-

analyses of the summary data, and the planned pooled analyses
should be conducted, regardless of the findings of this and sub-
sequent meta-analyses. The results of the individual studies will
also be reported; restraint will be needed in interpreting these
individual reports, and we should look to the pooled analyses for
the most informative summaries of the evidence.

In 1994, in commenting on the findings of one of the case–
control studies published in this Journal, I characterized the find-
ings of the individual case-control studies as ‘‘. . . only small
pieces in a much larger puzzle’’ (16). Those other pieces come
not only from epidemiologic studies but also from laboratory-
based research on the induction of cancer by alpha particles and
other lines of investigation of carcinogenesis. Progress is being
made in these areas as well, and the puzzle will be completed
eventually. The new puzzle piece, the finding of the meta-
analysis, should raise confidence in the current risk assessment
approach, as the evidence from the studies of miners and of the
general population has converged. Given the extent of the epi-
demiologic evidence already in hand, new observational data are
not likely to lead to a markedly different characterization of the
hazard posed by indoor radon exposure from that estimated us-
ing the current risk assessment paradigm. Our next summary of
the evidence and a new risk model will come with the publica-
tion of the next report from the Biological Effects of Ionizing
Radiation (BEIR) VI Committee of the National Research Coun-
cil (17), which is anticipated for the spring of 1997.
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Methodologic Guidelines for Review Papers

Douglas L. Weed*

Reading a good review paper is one of the most efficient
ways of becoming familiar with state-of-the-art research and
practice on any topic in cancer biology, epidemiology, preven-
tion, or treatment. Yet, what constitutes a good review? It must
be clearly organized, recently written by a knowledgeable (ex-
pert) scientist, and describe a topic appropriate to the general
readership of theJournal of the National Cancer Institute.A
10-year methodologic discussion, however, suggests that there is
more to the quality of reviews than judgments about writing
style, author’s expertise, and choice of topic (1-18). Review
papers are sources of scientific information and should be read
(and written) with specific methodologic considerations in mind.
The purpose of this editorial is to propose a set of guidelines for
reviews submitted to the Journal, a general oncology journal.

Background

Methodologic guidelines for review papers (and the related
issue of quality) have been discussed in several journals, includ-
ing in alphabetical order:

American Journal of Preventive Medicine(8)
Annals of Internal Medicine(3)

Annals of the New York Academy of Science(12)
British Medical Journal(9,15-17)
Canadian Family Physician(11)

Canadian Medical Association Journal(2,4,5)
Journal of the American Medical Association(18)

Journal of Clinical Epidemiology(6,7)
Journal of Epidemiology and Community Health(10,14)

Otolaryngology—Head and Neck Surgery(13)

These discussions reflect a historical trend on the part of
journal editors to improve the quality of reviews (8). This trend
is traceable to Light and Pillemer’s (1) classic book and to a
study published in 1987 showing that 50 randomly selected re-
view papers published in four prominent American medical
journals (Annals of Internal Medicine, Archives of Internal
Medicine, Journal of the American Medical Association,and
New England Journal of Medicine) did not use scientific meth-
ods in the identification, assessment, and synthesis of informa-
tion (3). Some journals now require a description of methods
used in preparing a review or a structured abstract (8,11,13). In
general, methodologic guidelines—whether required or sug-
gested—provide an objective basis on which editors and referees
can judge submissions of review papers to journals (8). Guide-
lines also help readers assess the extent to which the information
in reviews is complete and unbiased and if the research and/or

practice recommendations made by the author(s) of the review
are reasonable (8).

Guidelines
The following guidelines are recommended for authors sub-

mitting reviews to this Journal and may also be useful for edi-
tors, referees, and readers in their assessment of the quality of
submitted and published reviews.

Statement of Purpose

A review paper should include a clearly stated purpose in
terms of questions to be answered or goals to be met. Noting that
the purpose is to review a topic is insufficient. Reviews sum-
marize evidence for several possible purposes including, but not
limited to, making research recommendations, making causal
conclusions, or making public health or medical practice recom-
mendations. Not all purposes are appropriate for a given review,
but all reviews should include a clear statement of purpose.

Search Methods and Inclusion/Exclusion Criteria

A review paper should describe the information sources
searched. Computerized and manual databases, such as Medline,
CANCERLIT, Index Medicus, and Current Contents, are typical
examples. Other sources include reprint files and reference lists
in books or published papers. In addition, a review paper should
describe the inclusion criteria used in selecting the papers cited.
Inclusions (and therefore exclusions) can be made on the basis of
time period (e.g., papers published after 1990), type of publica-
tion (e.g., peer-reviewed, published, in press, abstracts, and pro-
ceedings), and by language (e.g., English). Inclusions may also
be made on the basis of study design (e.g., observational/
epidemiologic studies), topic (e.g., specific exposure–cancer as-
sociation or class of chemotherapeutic agent), and by population
studied (e.g., Hispanics, women, or animal models). Once these
inclusion criteria are described, a review article may specify the
number of studies identified by the search methods and the
proportion selected for review. The reader of any review should
have a clear idea of the search techniques used, what evidence
was assessed, and what evidence was excluded.

Criteria for Evaluating Validity (or Quality) of Studies

A review paper should describe the criteria used to evaluate
the quality of the evidence. There are many examples of such
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