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Generalizing from the results of randomized studies of treatment: Can 
non‑randomized studies be of help?
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Different patients who have the same illness may receive 
different forms of treatment. By documenting their treat-
ment and the progression and complications of their illness, 
an attempt can be made to draw inferences regarding the 
relative impact of these different treatments. However, the 
interpretation of such comparisons can be compromised 
by underlying differences in the likelihood of the various 
outcome events among the patient treatment groups. Dif-
ferences of opinion exist with respect to the frequency and 
magnitude of the confounding that may arise from these 
underlying differences. Benson and Hartz [1] concluded that 
“misuse of observational studies [of the efficacy of therapy] 
does not often occur in the recent literature”, and that non-
randomized studies of therapy “usually do provide valid 
information.” On the other hand, Pocock and Elbourne [2] 
state that greater reliance on the results of nonrandomized 
studies of therapeutic efficacy could lead to “considerable 
dangers to clinical research and even to the well-being of 
patients.” Particularly strident on this point was an editorial 
[3] which opined that “In an era of evidence-based medi-
cine, controlled clinical trials are required to introduce new 
therapies into the clinic.”

Previously, I have argued for a middle ground [4], sug-
gesting that the results of nonrandomized studies of treat-
ment effects are likely to provide valid information when: (a) 
there is a large observed difference in the incidence of the 
health outcome in question between treatment groups; and 
(b) the issue of confounding can be dealt with adequately (in 
the study design and/or analysis). Because people differ in 
their perception of what is “large” and what is “adequate”, 
it is not surprising that there can be differences of opinion 
regarding the interpretation of a given non-randomized study 
of treatment effects.

The issue of the validity of non-randomized studies of 
treatment has been brought into focus by concerns regard-
ing the generalizability of the results of randomized trials 
of therapy. For example, in the area of treatment of cancer, 
Elting [5] has contended that randomized trials “are not suf-
ficient to improve therapy among subpopulations that are 
excluded from trials”, and advocates the conduct of “obser-
vational studies of the effectiveness of cancer therapies 
across the entire population to extend the benefits of new 
therapies to all cancer patients.”

In this commentary, I will describe circumstances in 
which results obtained in randomized trials of treatment are 
and are not more broadly applicable, and the potential pit-
falls of a too-casual reliance on non-randomized studies to 
gauge therapeutic impact in the types of persons who were 
not represented in the trials’ study populations.

There can be limitations 
to the generalizability of the results 
of randomized trials, due to…

1.	 Differences between the trial participants and the 
broader population regarding characteristics that influ-
ence the impact of the therapy under consideration

Situations exist in which there is reason to believe that 
the findings of a randomized trial will not be applicable to 
a different population, or to a subgroup of persons not well 
represented in the trial [6]. For example, among patients 
with congestive heart failure who were receiving an angio-
tensin-converting enzyme (ACE) inhibitor, randomization to 
a potassium-sparing diuretic was associated with a decrease 
in all-cause mortality without an appreciable increase in 
the incidence of hyperkalemia [7]. However, patients with 
a limited ability to regulate electrolyte levels—those with 
impaired renal function—were excluded from the trial, and 
so there would be a basis for concern that the findings of the 
trial with respect to the incidence of hyperkalemia might not 
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be applicable to a broader range of patients. In a later, non-
randomized, study of hyperkalemia among Ontario residents 
ages 65 years and older who had been receiving an ACE 
inhibitor (which included those with and without evidence of 
renal disease) [8], a higher proportion of cases (8.2%) than 
controls (0.3%) had been prescribed a potassium-sparing 
diuretic during the prior week (adjusted odds ratio = 20.3, 
95% confidence interval = 13.4–30.7). That the incidence of 
hyperkalemia truly was elevated among elderly persons in 
Ontario with heart failure who took both an ACE inhibitor 
and a potassium-sparing diuretic is suggested not only by 
the strong association seen, but also by the investigators’ 
ability to adjust for the presence of renal failure and for the 
use of other medications that bear on potassium metabolism.

Differences between trial participants and other persons 
are not themselves evidence that the trial results do not apply 
more broadly. For example, a double-blind randomized trial 
among men who have sex with men documented a sharp 
reduction in the acquisition of HIV infection associated 
with receipt of pre-exposure prophylaxis (PrEP) with anti-
retroviral drugs [9]. However, there was concern that the 
results might not generalize well outside the trial popula-
tion, in which men receiving PrEP would know their treat-
ment status and thus might adopt high-risk sexual practices 
that could compromise the benefit that the drugs provide. 
This concern was addressed in a subsequent randomized 
study [10] in which there was no blinding as to treatment 
assignment, so as to reflect the “real world” experience. The 
estimate of PrEP efficacy from that study—similar to the 
estimate from the blinded trial—is evidence that the hypoth-
esized behavioral disinhibition associated with knowledge 
of PrEP status did not materially bear on the more general 
applicability of the results of the original trial.

Among patients being treated at a large cancer center 
[11], those entered into randomized trials had (on average) 
different demographic characteristics and features of their 
malignancies than did patients who were not entered into 
those trials. While the authors of that study suggested that 
this “calls into question the generalizability of trial results” 
obtained at that center, treatment efficacy may or may not 
differ according to these characteristics and features. Con-
cern regarding generalizability should be prompted by spe-
cific reasons for suspecting that the benefit (or lack thereof) 
observed in the trial ought to be dissimilar between patients 
with and without a given characteristic.

Similarly, Dutch investigators [12] had concerns regard-
ing the generalizability of the results of their randomized 
trial of different approaches to adjuvant therapy for breast 
cancer. Among women 75 years and older in the trial, all-
cause mortality was 28% lower than among other Dutch 
women with breast cancer who were comparable to the trial 
participants regarding both demographic and tumor charac-
teristics. No similar mortality difference was seen for trial 

participants ages 65–74 years. The authors concluded that 
the “trial participants aged 75 years and above do not rep-
resent elderly breast cancer patients of corresponding age 
from the general population, which hampers the external 
validity” of their trial. In my opinion, the all-cause mortality 
difference has little bearing on the issue of external valid-
ity. Unless there are specific reasons to suspect that, among 
women over 75 years of age, the size of the survival benefit 
associated with a particular form of adjuvant therapy differs 
depending on the underlying likelihood of survival, I would 
believe that the evidence of benefit obtained in the trial 
would be a reflection of that present among elderly Dutch 
women in general.

2.	 A difference in the nature of the intervention (or the 
means by which it is administered) between the trial and 
community setting

In the trial of potassium-sparing diuretics among patient 
with congestive heart failure described earlier [7], there 
was close monitoring of serum potassium levels. This safe-
guard enabled dose reduction or cessation of the diuretic in 
patients with rising potassium levels, before the develop-
ment of serious hyperkalemia. Such close monitoring would 
be expected to take place relatively less often outside the 
trial setting, and so is another possible explanation for the 
disparity between the results of the randomized trial and 
the Ontario case–control study [8] regarding the incidence 
of hyperkalemia.

A pooled analysis of five randomized trials of warfarin 
anticoagulation in patients with chronic atrial fibrillation 
observed an annual incidence of major hemorrhage of 1.3 
per 100 among patients in the active treatment arm of the 
trial, a 30% increase above the rate among patients in the 
placebo arm [13]. Commentators on this analysis suggested, 
with good reason, that the experience of the warfarin-treated 
patients in the trials “may underestimate the true risk of 
hemorrhage in clinical practice [since] the mechanisms used 
in the trials [to measure the level of anti-coagulation] may 
be more reliable than those used in routine practice” [14].

For patients not well‑represented 
by participants in randomized trials, 
can we obtain guidance from the results 
of non‑randomized studies?

Some have suggested that non-randomized studies of 
the efficacy or safety of a particular therapy can comple-
ment randomized trials of that same therapy. For example, 
recently a recommendation has been made for the creation 
of “an archive of patient profiles using data from all study 
types and data sources [from which] the clinician seeking 
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guidance for the management of an individual patient will…
find approximate matches in the archive that describe how 
similar patients responded to a contemplated treatment and 
alternative treatments” [15]. Others have asserted [16] that 
though “clinical trials must remain the gold standard for 
identifying effective strategies for promoting health and 
managing disease, … large-scale observational studies have 
value in … confirming results in understudied patient sub-
sets.” This sentiment has been elaborated upon [17]: “Clini-
cal trials select only a small, artificial subset of the popula-
tion. A regular, ordinary person who walks into a doctor’s 
office doesn’t usually fit…only occasionally have you got a 
clinical-trial-based guideline facing you right now. [Fortu-
nately] tons of applicable evidence are locked away in health 
systems’ electronic medical records.” However, the “tons of 
applicable evidence” that can be derived from “large-scale 
observational studies” often will not provide a valid estimate 
of the consequences of a given therapy in a given patient or 
subgroup of patients. As has been noted previously [18], in 
many instances the large-scale data bases that are increas-
ingly available to evaluate potential treatment impact are 
limited with regard to the information that is present regard-
ing the specifics of treatment and patient outcomes, and also 
with regard to potential confounding factors.

1.	 Specifics of treatment. The same databases in Ontario, 
Canada, that were so successful in identifying the 
increased risk of hyperkalemia in relation to receipt of 
combined use of an ACE inhibitor and a potassium-
sparing diuretic were unable to contribute useful infor-
mation on the impact of screening colonoscopy on risk 
of fatal colorectal cancer in that same population [19, 
20]. In the available electronic data, though the receipt 
of colonoscopy could be ascertained accurately, there 
was no information regarding whether or not the test was 
done for purposes of screening or, instead, in response 
to symptoms or signs of colorectal cancer.

2.	 Specifics of illness outcomes. For some conditions (e.g., 
hip fracture) the records in some large data bases appear 
to have a high degree of accuracy [21], but for some oth-
ers (e.g., venous thromboembolism) it is clear that they 
do not [22]. Because many data bases are generated from 
billing records, they may not contain information regard-
ing the subclasses of a disease (e.g., tumor molecular 
subtype) that can be important in studies of etiology or 
prognosis.

3.	 Potential confounding variables. As noted at the outset 
of this essay, there are times when the specter of con-
founding can be dealt with successfully in non-rand-
omized studies: Perhaps a characteristic associated with 
disease outcome is not materially related to receipt of a 
particular form of therapy, or it is related but the char-
acteristic can be measured well and adjusted for in the 

data analysis. But experience has taught us to be careful 
here. For example, electronic data from a large pre-paid 
health care plan were used to examine the possibility of 
a reduced risk of all-cause mortality in relation to receipt 
of influenza vaccine during the prior year [23]. Despite 
being able to ascertain and adjust for the presence of 
various conditions that plausibly could be predictors 
both of mortality and receipt of vaccination (e.g., heart 
disease, lung disease), the study observed a strikingly 
low risk of death among vaccine recipients prior to the 
start of flu “season”. It is virtually certain that influ-
enza vaccination did not exert a true benefit during that 
period of time. More plausibly, the association was the 
result of “residual” confounding, due to an association 
of extreme frailty—which could not be assessed in the 
available data—with both mortality and the non-receipt 
of immunization that year.

Even when a database contains information on one or 
more confounding variables, it may not be for the point 
in time at which the treatment being evaluated has been 
initiated. For example, population-based cancer registries 
obtain detailed information regarding the characteristics 
of a patient’s malignancy (such as stage and grade) at the 
time of diagnosis, but generally not afterwards. There-
fore the results of a registry-based study of, say, the use 
of anti-depressant medications initiated months or years 
following cancer diagnosis in relation to survival would 
be difficult to interpret, due to the inability to adjust for 
tumor progression between the time of diagnosis and the 
time when medication had been started.

The interpretation of non-randomized studies of therapy 
conducted among types of persons not well-represented in 
earlier trials of such therapy can be enhanced by includ-
ing, as a separate stratum, persons who were well-rep-
resented in those trials. For example, a meta-analysis of 
trials among patients with early-stage non-small cell lung 
cancer, most younger than 70 years, observed an 11% mor-
tality reduction associated with randomization to receive 
adjuvant chemotherapy [24]. In a non-randomized study 
of the same therapy, conducted within the US Veterans 
Health Administration, Ganti et al. [25] included patients 
older and younger than 70  years. Receipt of adjuvant 
chemotherapy was associated with about a 20% mortal-
ity reduction among persons in both age groups. Though 
the results obtained in this latter study appear to over-
estimate the survival benefit of adjuvant chemotherapy for 
early-stage non-small cell lung cancer, they suggest that 
whatever benefit is present is similar in persons older and 
younger than 70 years.
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