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Background
Real-world data (RWD) are collected outside of traditional clinical trials and may include electronic health
records, patient registries, and administrative health
care claims.1,2 Real-world evidence (RWE) is derived
from analysis and aggregation of these data. Published
reports of RWE have increased substantially in recent
years. A PubMed search on the terms “real world
data,” “real world evidence,” and “registry” showed
a 600% increase in citations during the period 2002 to
2016 (from 2,435 citations per year to 14,956 citations
per year). RWD have historically been used to answer
questions related to trends in cancer incidence and
mortality; quality of and access to care delivered in
routine practice; outcomes of rare cancers; and understanding the incidence of rare events and toxicities
in the general population. There is growing interest in
the use of RWD to study effectiveness of treatments in
the real world (ie, comparative effectiveness research
[CER]). Although other reports have highlighted the
beneﬁts and some pitfalls of RWE,3-7 in this commentary, we highlight a speciﬁc scenario in which
readers of CER should be cautious in their interpretation of reported results. We wrote this commentary because such studies are increasingly
common and have the potential for patient harm if
therapies are adopted solely on the basis of analyses of
RWD. This is particularly important because there are
signals that regulatory agencies may begin approving
drugs on the basis of observational data.8
What Is Comparative Effectiveness Research?
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CER in this context can be deﬁned as observational
studies that compare the outcomes of two or more
treatments in a real-world population of patients not
randomly assigned to a treatment. Although these
studies can offer important insights into outcomes
achieved in routine practice, it is essential that they are
carefully designed and considered in the context of
existing evidence. Their interpretation should be held to
the same level of rigor as that of a clinical trial. The most
important methodologic limitation of these of studies is
selection bias. Treatment selection in routine practice is
strongly inﬂuenced by a patient’s baseline characteristics; in turn, this results in an inherent imbalance

between treatment groups, which in itself can lead to
very different outcomes. Although several statistical
methods can mitigate this bias (eg, multivariate regression analysis, propensity score analysis), these can
only be applied to variables that are known and measurable. Residual confounding, therefore, remains
a major limitation and can lead to signiﬁcant overestimates of effect size.9 In light of these methodologic
shortcomings, we propose a hierarchy of scenarios in
which to consider studies of comparative effectiveness.
Placing CER in Context With Existing Evidence
At the top of this hierarchy is the setting in which
a randomized controlled trial (RCT) has shown efﬁcacy
and RWD are being used to determine if this efﬁcacy is
translated into effectiveness in routine practice. RCTs
are the gold standard for evaluation of new drugs and
are at the top of the evidence-based medicine hierarchy.10 The strength of RCTs is the high degree of
internal validity that is achieved through randomization. However, most RCTs have stringent eligibility
criteria that may exclude several important subsets of
the population (eg, elderly patients and those with
comorbidity11), which may result in limited external
validity (ie, generalizability), making it difﬁcult to determine which patients will beneﬁt in a heterogeneous
real-world population. The use of RWE in this context,
therefore, can augment the results of a clinical trial. For
example, after several pivotal RCTs, our group explored uptake of adjuvant chemotherapy (ACT) for
non–small-cell lung cancer in routine practice. Data
from the Ontario population showed an improvement
in overall survival (OS) in the era of ACT that was
comparable to the results of RCTs.12 This study used
time as an instrumental variable (ie, comparison of the
outcome of all surgical cases before and after publication of data from the pivotal RCTs), which mitigates
some common forms of bias, including selection bias
and immortal time bias. Meyerhardt et al13 conducted
an analysis using the SEER database to determine the
effectiveness of bevacizumab with ﬁrst-line combination chemotherapy for patients with stage IV
colorectal cancer. They also found evidence of effectiveness that was consistent with efﬁcacy reported
in RCTs.
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Studies using RWD may also ﬁnd lack of effectiveness
despite efﬁcacy, as was the case in the analysis by Sanoff
et al14 of sorafenib for hepatocellular carcinoma. These
discordant ﬁndings are not unexpected when one considers
the outcomes of delivering a toxic therapy to ﬁt patients in an
RCT compared with treatment of older and sicker patients in
routine practice. These “negative” effectiveness studies are
equally important as those that conﬁrm efﬁcacy and should
lead to important questions about the extent to which
a novel therapy offers beneﬁt in the real world.
The second context in which CER using RWD can be
potentially helpful is when there is some (but not level 1)
evidence of efﬁcacy (ie, underpowered RCTs). In this case,
RWE can be a useful addition to the knowledge base but
should not be considered a substitute for a large phase III
RCT. For example, the results of several small RCTs of ACT
for bladder cancer have indicated improved outcomes, but
deﬁnitive evidence was lacking. In this context, Galsky
et al15 conducted an observational study of 5,653 patients
with pathologic T3/T4 and/or node-positive bladder cancer
using the National Cancer Database. Using propensity
scores and landmark analysis, they found that ACT was
associated with improved OS. Furthermore, this beneﬁt was
seen across all subgroups, including patients older than
70 years, that are often underrepresented in RCTs.15 This
and similar studies were a valuable addition to the existing
literature and provided further evidence that ACT is a reasonable standard of care.16
The third scenario is the most problematic context in which
to use RWD for the purpose of CER: when previous RCTs
have shown lack of efﬁcacy. In these cases, we believe the
a priori risk of a spurious result is so high that these studies
should not be performed. It is difﬁcult to imagine a cancer
treatment that does not work under the ideal circumstances
of an RCT but that does beneﬁt patients in the general
population. Bayesian logic suggests that results demonstrating effectiveness in this setting are far more likely to be
artifact compared with data showing effectiveness in a scenario where preexisting RCT evidence has established
efﬁcacy. The following two studies in colorectal cancer illustrate what can go wrong when investigators look for effectiveness when RCTs have found no evidence of efﬁcacy.
Effectiveness in CER But Lack of Efﬁcacy in RCTS
Casadaban et al17 reported a population-based study in which
they evaluated the effectiveness of ACT for stage II colon
cancer. Previous RCTs18-21 and a large meta-analysis22 did not
ﬁnd a statistically signiﬁcant OS beneﬁt for ACT in stage II
colon cancer. The IMPACT B2 (International Multicentre
Pooled Analysis of B2 Colon Cancer Trials) meta-analysis
included 1,016 patients with stage II disease and reported
comparable survival outcomes at 5 years (82% with ACT and
80% with observation; P 5 .57).34 Although it is possible that
prior RCTs were underpowered to detect a statistically signiﬁcant difference, the existing data suggest that if there is

a survival beneﬁt with ACT, it is certain to be small. However, in
a retrospective study of 153,110 patients from the National
Cancer Database, the authors reported that ACT was associated with an astounding 18% absolute improvement in OS
at 5 years (hazard ratio, 0.71; P , .001).17 Moreover, this
degree of beneﬁt was observed in all subgroups, including
those with no high-risk features. Despite the authors’ use of
standard statistical approaches (ie, multivariate regression
analysis and propensity score analysis), the large effect size
strongly hints of residual confounding. On careful review of the
study methodology, it appears the authors did not adjust their
primary analysis for the effect of comorbidity, and even when it
was later added, these data were missing for 60% of patients.
Moreover, this study is vulnerable to immortal time bias,
whereby patients could not be included in the ACT treatment
group unless they survived long enough to get ACT.23 Conversely, patients who did not receive ACT were not subject to
this restriction. Although the authors partially mitigated this
risk by excluding patients from the study who died within
30 days of surgery, existing literature shows that the vast
majority of patients in routine practice start ACT more than
30 days after surgery. This means there would be a disproportionate number of early deaths (ie, between 30 days
postsurgery and the start of ACT) among the no-ACT group.
These fundamental limitations, together with the fact that prior
RCTs have failed to show a survival beneﬁt with ACT, makes it
far more likely that the difference in outcome between the ACT
and non-ACT treatment groups reﬂects residual confounding
and other forms of bias than a true treatment effect.
In another recent study, Freischlag et al24 used the NCDB
to evaluate whether incomplete delivery of neoadjuvant
radiotherapy (RT) was associated with inferior survival
among patients with locally advanced rectal cancer treated
during 2006 to 2012. Once again, the research
question is problematic. RCTs have clearly demonstrated
that neoadjuvant RT for localized rectal cancer improves
local control rates and reduces need for colostomy.25-28
However, in the era of total mesorectal excision (TME),
current evidence suggests that preoperative RT offers no
(or very small) survival beneﬁt.29 Results of older metaanalyses reported conﬂicting results.25-27,30 However, the
studies included in these meta-analyses predated adoption
of TME. The Dutch Colorectal Cancer Group, reporting on
its pivotal RCT, said that in the era of TME, preoperative RT
was associated with reduced local recurrence but not with
OS.31 Thus, the existing evidence suggests that if there is
any association between preoperative RT and OS, it is likely
to be small.
Freischlag et al24 explored this issue in a retrospective study
of 17,600 patients treated during 2006 to 2012. They
reported that complete delivery of neoadjuvant radiation
was associated with a 10% improvement in OS at 5 years
compared with incomplete RT (73% v 63%; P , .01).
Moreover, in contrast to ﬁndings of previous RCTs,32,33 they
did not ﬁnd any difference in resection margin positivity or
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permanent colostomy rate.24 Is it plausible that despite the
results from a large RCT with long follow-up times, this
study found a 10% improvement in OS but no beneﬁt in
local control? Again in this study, the large “survival beneﬁt”
observed is more likely due to residual confounding from
patient characteristics that allowed complete delivery of RT
rather than the RT itself.
Conclusion
Although RWD can provide valuable insight into the beneﬁt
of treatments in the real world, there are inherent limitations
to this study design. Studies of comparative effectiveness
are ideally performed with a multidisciplinary team involving clinicians, epidemiologists, and biostatisticians.
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These studies are best suited for settings in which there is
existing evidence to believe that a given treatment is efﬁcacious (ie, to understand if efﬁcacy translates to effectiveness). In settings where RCTs do not exist or may not be
feasible, RWD can be informative; however, these
studies should be interpreted with caution. Clinicians
should not adopt new therapies on the basis of RWE in
isolation. This is particularly true when RCTs have
revealed no evidence of treatment beneﬁt; reports of “effectiveness” in this setting are more likely artifact and may
be misleading. Journal editors and clinicians should be
critical of studies that report effectiveness in the absence of
efﬁcacy and should question the plausibility of such
ﬁndings.
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25. Glimelius B, Grönberg H, Järhult J, et al: A systematic overview of radiation therapy effects in rectal cancer. Acta Oncol (Madr) 42:476-492, 2003
26. Colorectal Cancer Collaborative Group: Adjuvant radiotherapy for rectal cancer: A systematic overview of 8,507 patients from 22 randomised trials. Lancet 358:
1291-1304, 2001
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