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Historically, numerous industries have used a variety of methods
to obtain early warning signs of potential future problems. One of the
most well known of these is the canary that miners would bring into
the mine with them. The idea was that an ailing canary was an early
warning signal of the invisible, but deadly, poisonous fumes. Only at
their peril did miners ignore a sick or dead canary. Today, cancer
research in the United States has been presented with such an early
warning sign with respect to the future of clinical trials.

In this issue of Journal of Clinical Oncology, Wang-Gillam et al1

offer one such warning through their reporting of disturbing statistics
about the differences between US and European lung cancer trials at
academic medical centers with respect to time-to-opening and accrual
for clinical trials. With phase II industry-sponsored oncology trials,
the most homogeneous data set in Wang-Gillam et al, the median
calendar time from submission of a proposal to the opening of a trial
was more than twice as long in the United States as in Italy (239.5 days
v 112.5 days). As a management scientist who has studied the automo-
bile industry for years, this called to my mind an unwelcome compar-
ison. In the 1980s, the US automotive industry, referred to collectively
as the Big Three, required 9.5 years to develop a new car versus the 4.5
years required by the Japanese auto industry.2 Japanese cars were of
measurably higher quality and lower cost. Under this threat, the Big
Three cut their average new car development time in half, increased
their quality, and lowered their costs. But during the same period, the
Japanese automobile industry decreased development time even
more, increased their quality even higher, and generally maintained a
low-cost position. What was the result of these differences? The US
public, indeed the rest of the world, began first to try and then to prefer
foreign cars.

It appears that pharmaceutical firms are following the same path
with respect to clinical research. A recent study by Glickman et al3

found that approximately one third of industry-sponsored, phase III
clinical trials (157 of 509) are being conducted solely outside the
United States and that more than half of study sites (13,521 of 24,206)
are located outside the United States. Although there are myriad
reasons for this, time and cost are primary among them.

Arguments for moving trials outside the United States could be
tempered by showing that the longer time to opening of US-based
trials results in research that is of demonstratively higher quality or
that accrual rates were higher domestically compared with European
results. Unfortunately, there is no measure of quality to compare trials,
and as clearly shown in the article by Wang-Gillam et al, there is a
significantly higher likelihood that a US trial will result in zero accruals
than that its European counterpart will (21.8% of trials in the United

States have zero accruals compared with 5.6% in Europe). These
results are in line with other oncology research.4 Most recently, Dur-
ivage and Bridges5 reported about results of 2,685 industry and coop-
erative group–sponsored, therapeutic clinical trials at 14 US cancer
centers and showed that 1,455 (54.2%) of these trials did not accrue a
single patient.

The time it takes to open a trial and the likelihood of having zero
accruals are related. In a forthcoming article by Cheng et al,6 their
research on 5 years of clinical trials that were sponsored by the Na-
tional Cancer Institute’s Cancer Therapy Evaluation Program showed
a significant inverse relationship between the time to bring an idea
from letter of intent or concept to trial activation and the final accrual
performance of the trial.

Even with these gloomy findings, there are some bright spots.
First, the National Cancer Institute’s Operational Efficiency Working
Group report released in March set timelines that trials must achieve
to be opened; otherwise, the development will automatically be
stopped.7 Second, the Institute of Medicine released a report in April
stressing the need for fully funding innovative and promising trials,
enhancing collaboration among the various stakeholders, consolidat-
ing functions within the cooperative group system, and streamlining
oversight.8 Such recommendations from both reports, if adopted, will
make major strides in the much-needed re-engineering of the clinical
trial system in the United States.

Despite these promising developments, however, there are still
some significant barriers to address. First, some researchers appear to
believe that these issues are merely a matter of money, and that, if
funds for clinical research were significantly increased, the problems
would resolve themselves. Although I agree that the per case reim-
bursements to many clinical trials, particularly those of cooperative
groups, are well below treatment costs, the impact of lack of resources
pales in comparison with that of lack of cooperation among the vari-
ous stakeholders in the US clinical trials process. As demonstrated by
Wang-Gillam et al,1 a major issue contributing to an extended ap-
proval time in the United States is regulatory approval, which required
more than 7X longer in the United States than in Italy. The Big Three
automakers fell into the same trap when they spent decades and
billions of dollars attempting to improve internal systems, whereas
the Japanese automakers spent the same time, but significantly less
money, encouraging suppliers to become partners in the de-
sign process.

Second, although Wang-Gillam et al have done an excellent job
of documenting the differences between the United States and Eu-
rope, theirs is not the first call to change the existing system of clinical
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trials in oncology in the United States. Thirteen years ago, the Armit-
age report9 highlighted the need to reduce the “Tower of Babel” in
clinical cancer research, which, unfortunately, the most recent report
from the Institute of Medicine also highlights. Again, the history of the
US automobile industry shows an eerily similar situation. In the 1980s,
the US auto industry received the first of many early warnings of a
major challenge from overseas.10 In the early 1990s, the industry
received additional warnings that were only partially heeded.11 Fewer
than two decades later, two of the Big Three were bankrupt. Let us
hope that oncology clinical trials in the United States do not follow the
same path.

Finally, it will take more than evidence, recommendations, and
hope to solve the existing problematic situation with clinical cancer
research in the United States. The early warning signs are there; the
canary is not looking at all well. Other seemingly dying industries
have overcome major international competition to come back
even stronger, semiconductor chip manufacturers being one ex-
ample. Oncology clinical research in the United States can choose
to follow this path instead of that of the US automakers. But it will
take commitment from all major stakeholders to set aside differ-
ences and to concentrate on finding practical solutions that work
for all.
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Advancement of treatment for cancer patients requires evidence
that administering a treatment will result in better clinical outcomes.
This evidence allows one to make a causal inference—an intervention
causes a change in an outcome. A randomized clinical trial (RCT) offers
the best ability to make a causal inference concerning treatments. If the
patients randomly assigned to the experimental treatment arm do
better than the patients randomly assigned to the control arm, then we
know (with a certain confidence that depends on the sample sizes) that
the experimental treatment caused the better outcomes. When biosta-
tisticians refer to causal inference, however, they are usually not refer-
ring to the straightforward case of comparing randomized treatment
arms. Instead, they are referring to a comparison of interventions
that were not randomized but with the aim of drawing the same
inference as if there had been a randomization; this is the meaning
we will use here. Examples of causal inference include drawing
inferences about the effect of a treatment from epidemiologic/obser-
vational data, evaluating the effect of an intervention in an RCT in the
presence of competing risks, and estimating the efficacy of an interven-

tion in an RCT when there is noncompliance to the assigned random-
ized treatments.1

In this issue of Journal of Clinical Oncology, London et al2 address
an important issue in the evaluation of cancer treatments using causal
inference methods—evaluating the effect of a treatment on a defini-
tive clinical end point in an RCT when there are intervening events
that can lead to additional nonrandomized treatments for some of the
patients. In their application, the randomized treatments being eval-
uated are two chemotherapy regimens for relapsed neuroblastoma,
the definitive clinical end point is overall survival (OS), and the inter-
vening treatment is autologous stem-cell transplantation (ASCT). For
the intent-to-treat analysis, the choice of chemotherapy regimen had
no effect on survival. However, the interpretation of the effects of the
chemotherapy regimens on survival is complicated by the fact that
some, but not all, patients received ASCT. For example, one can
imagine a hypothetical scenario where chemotherapy regimen A leads
to more tumor responses than regimen B, and ASCT is used preferen-
tially for those patients with a response. If ASCT were hypothetically
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