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abstract

PURPOSE Comparative efficacy research performed using population registries can be subject to significant bias.
There is an absence of objective data demonstrating factors that can sufficiently reduce bias and provide
accurate results.

METHODSMEDLINE was searched from January 2000 to October 2016 for observational studies comparing two
treatment regimens for any diagnosis of cancer, using SEER, SEER-Medicare, or the National Cancer Database.
Reporting quality and statistical methods were assessed using components of the STROBE criteria. Randomized
trials comparing the same treatment regimens were identified. Primary outcome was correlation between
survival hazard ratio (HR) estimates provided by the observational studies and randomized trials. Secondary
outcomes included agreement between matched pairs and predictors of agreement.

RESULTSOf 3,657 studies reviewed, 350 treatment comparisons met eligibility criteria and were matched to 121
randomized trials. There was no significant correlation between the HR estimates reported by observational
studies and randomized trials (concordance correlation coefficient, 0.083; 95% CI, 20.068 to 0.230). Forty
percent of matched studies were in agreement regarding treatment effects (k, 0.037; 95% CI,20.027 to 0.01),
and 62% of the observational study HRs fell within the 95% CIs of the randomized trials. Cancer type, data
source, reporting quality, adjustment for age, stage, or comorbidities, use of propensity weighting, instrumental
variable or sensitivity analysis, and well-matched study population did not predict agreement.

CONCLUSIONWe were unable to identify any modifiable factor present in population-based observational studies
that improved agreement with randomized trials. There was no agreement beyond what is expected by chance,
regardless of reporting quality or statistical rigor of the observational study. Future work is needed to identify
reliable methods for conducting population-based comparative efficacy research.

J Clin Oncol 37. © 2019 by American Society of Clinical Oncology

INTRODUCTION

In the last decade, there have been significant strides in
cancer treatment, with the introduction of precision
medicine, new targeted therapies and immune modu-
lating agents, and technologic advances in surgery,
imaging, and radiotherapy. As the field of oncology
continues to evolve, comparative efficacy research
(CER) is paramount in understanding how new thera-
pies should be integrated into patient care and in de-
veloping health care policies. Randomized controlled
trials (RCTs) are the gold standard for comparing
treatment efficacy. However, because of the financial
burden and time of running randomized trials and the
selectivity of patients eligible for most randomized trials,
there is growing interest in alternative CER methods that
can keep up with the pace of change in oncology.

Population-based observational studies have been
increasingly leveraged to compare treatment

outcomes and have been used to influence clinical
decisions and guideline recommendations.1-6 How-
ever, without randomization, associations between
treatment and outcomes suggested by observational
research may be influenced by confounding factors.
Furthermore, incomplete or incorrect data in registries
may bias outcomes.7,8 Several national organizations,
including the Agency for Healthcare Research and
Quality,9 the Institute of Medicine,10 and the American
Society of Clinical Oncology,11 have endorsed the use
of observational CER to complement RCTs, with the
caveat that it must be performed using rigorous
methodologies to minimize bias. However, no study to
our knowledge has objectively demonstrated methods
that reproducibly and sufficiently reduce bias in
population-based CER.

Herein, we perform a comprehensive analysis of
modern population-based comparative effectiveness
studies focused on cancer treatments and compare
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the results with corresponding RCTs. We hypothesized that
there would be overall poor agreement between the two
study types but that factors that improve agreement could
be identified.

METHODS

Study Selection

A systematic MEDLINE search was performed using con-
trolled vocabulary (Data Supplement) to identify all obser-
vational studies published between January 2000 and
October 2016 using the three most common population-
based registries for cancer research in the United States:
SEER, SEER-Medicare, and the National Cancer Database
(NCDB). These three databases are described in the Data
Supplement.12 Search results were screened to identify
treatment comparisons for any cancer with an overall (OS) or
cancer-specific survival end point. When studies included
multiple comparisons, each comparison was recorded.
Comparisons were excluded if sample size was not provided.

Identifying Matching RCTs

For every observational comparison, MEDLINE was
searched for matching RCTs on the basis of treatment
comparison, study population, and presence of a survival
end point. This search was supplemented by the obser-
vational study discussion, National Comprehensive Cancer
Network guidelines, and published reviews. If multiple
RCTs were identified, they were additionally screened for
the best-matching inclusion criteria by age, stage of dis-
ease, and treatment details. Finally, if multiple studies
remained, the largest study was selected. To quantify how
well matched an observational study and RCT were,
a match level was defined on the basis of the age and stage
inclusion criteria used in both studies. The match for each
criterion was scored on a scale of 0 to 2, indicating different,
overlapping, or exactly the same criteria. These were added
for a total match level between 0 and 4, in which 1 to 2
indicated a moderately matched pair and 3 to 4 indicated
a well-matched pair.

Data Extraction

Two independent investigators (P.D.S. and D.E.S.)
extracted data from each study. Treatment comparisons
were grouped into four categories: addition of surgery,
radiotherapy, systemic therapy, or other (Data Supple-
ment). Data on publication year, journal impact factor,
disease site, treatment comparison, sample size, disease
stage, and age of patients were collected. Quality of
reporting was captured by whether a study reported age
(eg, mean, median, or range) of included patients, median
follow-up, and extent of and methods for handling missing
data. Statistical rigor was captured by whether adjustments
for age, extent of disease, comorbidities, and geographic
region were performed. Use of advanced statistical
methods was captured, defined as use of multivariable
models, propensity score methods, instrumental variable

approaches, and sensitivity analyses. Finally, survival data,
hazard ratios (HRs), and 95% CIs were extracted.

Statistical Analysis

The primary aim of this study was to characterize agree-
ment between population-based observational studies and
matching RCTs in terms of treatment effect estimates on OS
or cancer-specific survival. Qualitatively, agreement was
determined if both studies reported a statistically significant
OS or cancer-specific survival benefit with the same
treatment or both reported no significant difference. Sig-
nificance was defined by each study. Weighted and un-
weighted k statistics were calculated to quantify and test for
significant agreement beyond chance alone.

Quantitatively, agreement was assessed by HR estimates. A
concordance correlation coefficient (CCC) was calculated
to quantify concordance between the HRs reported in
matched comparisons. This measure captures deviation be-
tween each point and the line of perfect agreement (y = x).13

To account for potential correlation induced by matching, the
observational HRwasmodeled as a function of the RCTHR in
a mixed effect model including a random intercept for each
RCT and observational study. Furthermore, the percentage of
observational HRs falling within the 95% CIs reported in the
RCTs was calculated.

In the primary analyses, each pair was weighted equally. In
sensitivity analyses, different weighting schemes were used
to give each RCT the same cumulative weight (to account
for RCTs matched to multiple observational comparisons)
and to give each observational study the same weight (to
account for observational studies with multiple treatment
comparisons). Information on methodology is detailed in
the Data Supplement. Furthermore, both quantitative and
qualitative analyses of agreement were repeated for
a subset of rigorously performed observational studies that
were well matched to randomized trials (match level, 3 to
4). All observational studies included in this subset ad-
justed for age and extent of disease and performed at least
one advanced statistical strategy (multivariable models,
propensity score methods, instrumental variable ap-
proaches, or sensitivity analyses).

Univariable and multivariable logistic regression models
were fit to identify predictors of qualitative agreement.
Variables included year of publication, journal impact
factor, data source, sample size, disease type, treatment
modality, observational outcome, primary end point of RCT,
and measures of reporting quality, statistical rigor, and
match level. A Cochrane-Armitage trend test was per-
formed to determine if a better match was associated with
better agreement. Statistical significance for the univariable
model was set at P, .0016. This P value was derived using
a Bonferroni correction to account for multiple testing. For
all other statistical analyses, P , .05 was considered
statistically significant.
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RESULTS

A total of 3,657 observational studies were identified from
the initial search. After applying eligibility criteria, 456 were
selected, of which 172 (38%) included multiple treatment
comparisons. In total, 755 comparisons were identified,
and 350 (46.4%) were matched to 121 RCTs (Fig 1).
Multiple observational comparisons (median, two) investigating

the same treatments in similar populationswerematched to the
same RCT (Data Supplement).

Characteristics of all observational comparisons and the
matched subset are listed in Table 1, demonstrating that
the quality of the matched subset is representative of all
observational comparisons. RCT characteristics are pro-
vided in the Data Supplement. Comparative observational
studies have been increasing in publication over the last
17 years, with 50% published in the last 4 years (Data
Supplement). Multivariable analyses (81%) were regularly
used. Propensity adjustments (27%), instrumental variable
analyses (4%), and sensitivity analyses (12%) were
infrequent.

A majority (68%) of published observational comparisons
reported a statistically significant survival difference be-
tween compared treatments. However, only 31% of the
RCTs reported significant survival differences (Data Sup-
plement). Observational studies were significantly more
likely to demonstrate longer survival with the addition of
surgery thanwith radiotherapy (odds ratio [OR], 0.33;P, .001)
or systemic therapy (OR, 0.4; P = .003). No such pattern was
identified among RCTs (Data Supplement).

Only 40% (n = 138) of matched pairs reported the same
conclusion. The k statistic for agreement was 0.037 (95%CI,
20.027 to 0.01), suggesting no agreement beyond that
expected by chance alone. Sensitivity analyses provided
similar results (Data Supplement). In 91% of the disagreeing
pairs, one study reported a significant survival difference
between treatments, whereas the other reported no signif-
icant survival difference. In the remaining 9% (n = 20 pairs),
both studies found significant survival differences but in
opposite directions.

HRs for OS were provided by both studies in 165 matched
pairs (47%). No significant correlation was identified be-
tween the matched HR estimates, with a CCC of 0.083
(95% CI, 20.068 to 0.230; Data Supplement). Additional
analyses of correlation by treatment modality are provided
in the Data Supplement. Mixed effect regression models
demonstrated that the RCT HR was not a statistically sig-
nificant predictor for the observational HR (estimate, 0.093;
95% CI, 20.16 to 0.345; P = .47). Sensitivity analyses
described in the Data Supplement similarly failed to
demonstrate a relationship. In 151 pairs, the RCTs also
provided 95% CIs for their HRs. Only 62% of the obser-
vational HRs fell within the 95% CIs reported by the RCTs
(Data Supplement).

Analysis of Rigorous Well-Matched Observational Studies

Of the 350 matched observational studies, 238 (68%) met
our criteria for being rigorous and well matched. Agreement
among matched pairs remained low at 40.3% (n = 96). Of
those pairs that agreed, 40.6% (n = 39) had significant
findings and 59.4% (n = 57) did not. Of those that dis-
agreed, 5.6% (n = 8) had significant findings in opposite
directions and 94.4% (n = 134) had differing results.

Excluded                      (n = 2,878)
 Use of other database
 Not on cancer
 Not comparing two treatments
 Not reporting on OS or CSS

Excluded                         (n = 323)
 Not comparing two treatments
 Missing sample size

Matching randomized trials identified using 
MEDLINE search

(n = 121)

No duplicates

Identification

Screening

Eligibility

Included

Articles meeting inclusion criteria
(n = 456)

Treatment comparisons identified from 
included articles

(n = 755)

Comparisons matched to 121 randomized trials
(n = 350)

Records screened
(N = 3,657)

Records identified through 
MEDLINE search

(N = 3,657)

Articles reviewed for eligibility
(n = 779)

FIG 1. Preferred reporting items for systematic reviews and meta-analyses.
CSS, cancer-specific survival; OS, overall survival.
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There were 121 pairs within this subset in which both
studies reported an HR. Concordance among these HRs
remained low (CCC, 0.128; 95% CI, 0.046 to 0.295;
Fig 2A). The RCT HR was again not a statistically significant
predictor of the observational HR (estimate, 0.108; 95%
CI, 20.038 to 0.254). Only 64% (n = 75) of observational
HRs from this subset fell within the 95% CIs reported by the
well-matched RCTs (Fig 2B).

Predictors of Agreement

There was no significant improvement in agreement be-
tween observational andmatched RCTs among studies that
used adjustments or advanced statistical strategies to
address bias (P = .20 to .94; Fig 3). There was also no
significant association between howwell matched the study
populations were and agreement (P = .63; Data Supple-
ment). On univariable analysis, only the conclusion of the

TABLE 1. Characteristics of Observational Studies

Characteristic

No. (%) of Observational
Studies

P
All

(n = 755)
Matched
(n = 350)

Sample size .22

Mean 8,686 10,610

SD 26,017 23,159

Median 2,096 3,430

IQR 807-6,612 1,306-9,084

Impact factor .02

Mean 5.3 6.3

SD 5.6 7.4

Median 4.1 4.3

IQR 3.0-5.7 3.0-5.7

Year published .33

# 2007 89 (12) 51 (15)

2008-2012 270 (36) 129 (37)

2013-2016 396 (53) 170 (49)

Data source .55

SEER 473 (63) 213 (61)

SEER-Medicare 169 (22) 89 (25)

NCDB 111 (15) 46 (13)

Multiple 2 (0.3) 2 (1)

Disease type , .001

Breast 77 (10) 44 (13)

Endocrine 31 (4) 1 (0.3)

CNS 36 (5) 7 (2)

GI 208 (28) 108 (31)

Genitourinary 101 (13) 50 (14)

Gynecologic 57 (8) 28 (8)

Head and neck 47 (6) 12 (3)

Hematologic 45 (6) 11 (3)

Pediatric 8 (1) 1 (0.3)

Sarcoma 30 (4) 11 (3)

Skin 6 (1) 2 (1)

Thoracic 109 (14) 75 (21)

Type of comparison .002

Addition of surgery 128 (17) 34 (10)

Addition of
radiotherapy

296 (39) 163 (47)

Addition of
systemic
therapy

106 (30) 60 (17)

Other 294 (39) 122 (35)

(continued in next column)

TABLE 1. Characteristics of Observational Studies (continued)

Characteristic

No. (%) of Observational
Studies

P
All

(n = 755)
Matched
(n = 350)

Reporting quality

Any age metric
reported

567 (75) 267 (76) .78

Median follow-up
reported

290 (38) 138 (40) .80

Extent of missing
data reported

548 (73) 225 (71) .54

Handling of
missing data
reported

475 (63) 204 (64) .80

Statistical rigor

Adjustments

Age 652 (86) 312 (89) .23

Extent of disease 654 (87) 318 (91) .06

Comorbidities 256 (34) 124 (35) .67

Geographic
region

259 (34) 135 (39) .19

Advanced statistical methods

Multivariable
analysis

611 (81) 292 (83) .36

Propensity
adjustment

202 (27) 124 (35) .004

Instrumental
variable

27 (4) 16 (5) .53

Sensitivity
analysis

87 (12) 50 (14) .23

Abbreviations: IQR, interquartile range; NCDB, National Cancer
Database; SD, standard deviation.
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observational study predicted agreement. Observational
studies demonstrating no significant survival difference
were much more likely to agree with corresponding RCTs
(OR, 11.64; P, .001; Data Supplement). On multivariable
analysis, after adjusting for disease type and stage, the
conclusion of the observational study remained the
strongest predictor of agreement (OR, 33.16; P , .001).
Studies assessing the addition of radiotherapy (OR, 0.19;
P , .001) or studies in the treatment comparison group
termed other (OR, 0.1; P , .001) had a low likelihood of
agreeing with their RCTs. The area under the curve for this
model was 0.89 (Data Supplement). Registry-based
studies typically have large sample sizes and may be
able to identify small but statistically significant differences
in survival. Of the 211 disagreeing observational studies,
169 provided a HR (Data Supplement). Only 12% of these
studies reported a HR between 0.9 and 1.1 and 34%
between 0.8 and 1.2, suggesting this phenomenon alone
does not explain the lack of agreement

There were 70 rigorous observational studies that were well
matched to RCTs with a primary end point of OS. In 35 of
these pairs, the observational study was positive and the
RCT reported either no difference or the opposite finding.
To determine if insufficient sample size contributed to these
differences, individual patient-level meta-analyses were
identified and matched to seven of these observational
studies. Among these seven pairs, only two meta-analyses
(28.6%) agreed with the observational studies. Three meta-

analyses (42.9%) continued to demonstrate no significant
difference between treatments, and two (28.6%) demon-
strated better survival for the opposite treatment approach
(Data Supplement).

DISCUSSION

Population-based comparative effectiveness studies have
been published at exponentially increasing rates in oncology
over the last 17 years, despite a lack of evidence supporting
the reliability of this research method. To better understand
the reliability of population-based CER, we characterized the
agreement between population-registry studies and RCTs, in
what we believe is the most comprehensive analysis of
population-based CER in oncology. We found no agreement
between population-based studies and RCTs regarding
treatment effects beyond what would be expected by chance
alone, even when we limited our analysis to statistically
rigorous population-based studies. This held true even in
amore loosely definedmetric of agreement assessing theHR
estimates of the observational studies and the 95% CIs re-
ported by the RCTs. Although we investigated several ra-
tionales for disagreement, including poor reporting quality,
lack of statistical rigor, and differing study populations and
sample sizes, we failed to identify a single modifiable factor
that would reliably improve agreement.

There are several possible explanations for lack of agree-
ment between observational studies and RCTs. Although

0.0

0.5

1.0

1.5

2.0

2.5

Matched Pairs

HR

Observational HR within RCT 95% CI
Observational HR beyond RCT 95% CI
RCT 95% CI

0.15

0.3

0.5

0.75

1

1.25

2

0.25 0.5

CCC, 0.128; 95% CI, 0.046 to 0.295

Line of perfect agreement (y = x)

Line of best fit

HR Reported by Randomized Controlled Trail

HR
 R

ep
or

te
d 

by
 O

bs
er

va
tio

na
l S

tu
dy

0.75 1 1.5 2

A B

FIG 2. Comparison of hazard ratios (HRs) reported by rigorously performed, well-matched observational studies and randomized trials. (A) Scatter plot
of HR reported by observational study versus randomized controlled trial (RCT) for each matched pair (n = 121). x- and y-axes presented on log scale.
Red dashed line represents the line of best fit; teal dashed line represents where the line of best fit would be if the HRs from the observational study and
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concordance correlation coefficient.
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RCTs have reduced bias and confounding compared
with retrospective population-based CER, bias does exist
within RCTs, and thus, RCT results do not inherently
imply truth. RCTs can also be subject to flaws in design
and analysis,14 and it is unknown whether RCT results
can be extrapolated beyond the exact population stud-
ied. However, well-done RCTs remain the least biased
form and gold standard of CER. Furthermore, a com-
prehensive comparison of patients enrolled in SWOG
trials and nontrial patients has suggested that the biases
introduced into RCTs from stringent enrollment criteria
only affect short-term outcomes. After the first year of
follow-up, OS for patients enrolled in the standard arm of
randomized trials is comparable to that of nontrial pa-
tients, suggesting generalizability of RCTs.15 At a mini-
mum, well-performed population-based CER studies
should be able to generally replicate results from RCTs,
when appropriately matched and adjusted, especially in
cases where there are multiple RCTs demonstrating
a consistent treatment effect. If this is not reliably possible,
this raises concern for the validity of population-based CER
studies, especially when combined with known limitations
of the registries used.8 This could result from limitations in
the data accuracy of registries, data elements available for
adjustment, or conduct of the analysis by the study authors.
Although registries are becoming more robust with the
availability of information regarding comorbidities and
detailed staging and pathologic information with select
tumor profiling, they still lack robust information on

treatment intent, quality and compliance, duration of
therapy, and subsequent therapy, as well as patients’
functional status, smoking status, and overall health, which
can affect treatment selection and survival independent of
age and comorbidities.16-18 Registries are also unable to
capture the complexities of patient-physician interactions
and preferences, which can alter a patient’s treatment
course.

Several authors have illustrated the effects of selection
biases on observational research.5,19 For example, in
a SEER-Medicare analysis of men with prostate cancer, the
addition of androgen deprivation therapy to radiotherapy
resulted in an increased prostate cancer mortality, despite
adjustment for stage, comorbidities, and propensity scores
among other confounders. These findings directly con-
tradict four RCTs that have consistently showed the exact
opposite result.20 Likewise, in a comparison between ob-
servation and active treatment for prostate cancer, SEER-
Medicare data suggested patients undergoing surgery for
prostate cancer, a treatment usually reserved for younger,
healthier patients and those with better performance status,
had better survival compared with a matched population of
patients without cancer,5 an unrealistic finding. This is
largely consistent with our study in which observational
comparisons investigating the benefit of surgery were
significantly more likely to be positive than radiotherapy or
systemic therapy comparisons. Our findings suggest that
these biases may be pervasive throughout population-based
studies in oncology.
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We identified a greater than two-fold discrepancy in the
percentage of observational and randomized studies
reporting statistically significant survival differences be-
tween compared treatments. Although large observational
studiesmay be able to identify statistical significance in small
effect sizes, given the large sample sizes, fewer than 35% of
disagreeing comparisons in our study had small effect sizes.
These findings may instead reflect a publication bias.

To our knowledge, there have been only two smaller sys-
tematic comparisons of observational studies and RCTs.1,2

Although both analyses found reasonable agreement, both
were performed in an older era and involved a limited
number of studies. Benson et al1 analyzed comparative
studies published between 1985 and 1998 in 120 journals,
which excluded oncology journals. They identified only 19
different treatment comparisons. Concato et al2 focused
their search on meta-analyses published between 1991
and 1995 in five journals, which included 99 randomized
and observational studies on five different clinical topics.
Fewer than 15% of the observational studies in both re-
views were performed using population-based registries,
and fewer than 20% of the comparisons in both reviews
reported a survival end point. A strength of our study is our
comprehensive search method. By including all compar-
ative efficacy studies published using the three databases
of interest, we minimized biases that could have been
introduced by study selection. Furthermore, our study fo-
cused entirely on population-based observational studies
with survival end points, which are susceptible to more
forms of bias than shorter-term end points. This is im-
portant, because intermediate end points may be more
reliable and less subject to bias but are currently not
available in SEER or NCDB registries.

Limitations of our study exist. We analyzed studies in
oncology performed using the three major cancer da-
tabases in the United States. Conclusions cannot be
made on studies performed in other disciplines or using
other databases. Notably, we searched six additional US
claims data sets, five Nordic cancer registries, and the
Ontario Cancer Registry; there were only 29 eligible
studies across these 12 registries over a 17-year period,
compared with the more than 750 we identified using
SEER, SEER-Medicare, and NCDB, and they were
therefore excluded. Our data suggest that population-
based CER is less commonly performed in other cancer
registries. Second, we identified a nonsignificant trend
toward better agreement with the use of instrumental
variable and sensitivity analyses; however, only six (2%)
of the matched observational studies used propensity
score methods, instrumental variable approaches, and
sensitivity analyses. Until these methods are routinely
used per current recommendations11,21,22 and a larger
sample can be analyzed, it will be difficult to determine
whether studies that use all of these methods have
significantly better agreement with RCTs. Last, many
observational studies did not report median follow-up;
therefore, we do not know if differential follow-up in
matched pairs influenced agreement.

In summary, we were unable to identify any modifiable
factor that improved agreement between population-
based observational studies and RCTs beyond chance
alone, including statistical rigor, matching populations,
or reporting quality. To clinically use population-based
CER to infer treatment effects, research is needed to
provide quantifiable metrics that improve the reliability
and accuracy of this study type.
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