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VERSION 1 - REVIEW 

REVIEWER Des Powe 
Department of Cellular Pathology  
Queens Medical Centre  
Nottingham University Hospitals NHS Trust  
Nottingham 

REVIEW RETURNED 16-Jan-2015 

 

GENERAL COMMENTS Review  
Can analyses of electronic patient records be independently and 
externally validated? Study 2: the Effect of Beta-Adrenoceptor 
Blocker Therapy on Cancer Survival; a Retrospective Cohort Study  
 
The investigators performed a retrospective (up to 10 years follow-
up) cohort analysis of the effects of beta-blocker therapy on all-
cause mortality (as the primary outcome) in cancer patients using 
the CPRD (11302 patients) and the Doctors’ Independent Network 
(DIN; 3462 patients) databases. Sensitivity analyses were performed 
to test sample characteristics.  
 
Differing results were obtained for the two databases. Using CPRD, 
beta-blocker (BB) use was not associated with cancer mortality but 
in DIN BB users patients were found to have a higher mortality. The 
results were significant when analysing patients on BBs only and in 
addition, some variation in results were observed according to 
different cancer types. The authors concluded broad agreement was 
attained between the two databases for primary outcome measures 
but cautioned that confirmatory studies are required for small 
treatment effects and subgroup results.  
 
General comments  
This study is greatly needed because of the potential wealth of 
information and increasing recognition of patient-focused electronic 
medical records databases. Moreover, validating the huge CPRD 
database in the context of beta-blockers is a good and timely choice 
because it could help to resolve the lack of consensus reported for 
these drugs and their impact on mortality in cancer patients. Various 
reasons have previously been suggested for study discrepancies 
including type of data/quality and so the present study could assist in 
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increasing user confidence by validating particular applications of 
electronic databases.  
 
The study design is strong because it independently validated two 
different electronic databases by selecting similar patient 
populations. The authors replicated the methodology approach used 
by Shah et al (based on a DIN database) to test the same question 
and so a possible weakness would be that any methodology errors 
occurring in Shah’s study would apply to both studies. But, as a 
means of verifying Shah’s findings this is unavoidable.  
 
 
Specific comments  
The study identified that patients in the CPRD cohort were more 
likely to live in a more deprived area and to have a higher incidence 
of prostate cancer – the authors might consider performing a 
sensitivity analysis to test the association?  
 
The authors report a (significant) increase in mortality for beta-
blocker only usage in patients represented in the DIN database (as 
used/reported by Shah et al, BJCP 2011;72(1):157-161), but not in 
the CPRD database despite similar population characteristics. The 
authors conclude that different PCDs produce similar effect 
estimates; but, do they? An alternative view is that the disparity 
identified in these two databases, in particular for prostate and 
pancreatic cancer, raise concern that there are some fundamental 
and as yet unexplained differences between the two databases. The 
CPRD generated outcome is supportive of Bangalore’s meta-
analysis (Lancet Oncol 2011;12:65-82) in finding beta-blockers 
(only) are not associated with increased cancer death. Perhaps 
more than anything, this study shows the authors have successfully 
replicated Shah’s protocol using the same database but stop short of 
resolving previous lack of consensus seen in previous studies. 
 
The reviewer also provided a marked copy with detailed comments. 
Please contact the publisher for full information about it. 

 

REVIEWER Morten Wang Fagerland 
Oslo Centre for Biostatistics and Epidemiology  
Oslo University Hospital  
Norway 

REVIEW RETURNED 16-Feb-2015 

 

GENERAL COMMENTS Review of "Can analyses of electronic patient records be 
independently and externally validated? Study 2: the Effect of Beta-
Adrenoceptor Blocker Therapy on Cancer Survival; a Retrospective 
Cohort Study"  
 
This is a well-written and well-reported study. By all appearances, 
the study was also well conducted too. Its topic is important: to 
independently and externally validate studies of electronic health 
records (EHR). Like all register-based studies, EHR-studies are 
subject to spurious findings, and the risks of publication bias and 
"fishing for significant results" may very well be high. This article 
offers a welcome and sobering view about exciting findings in large 
observational databases. As the authors make clear, there is no 
guarantee that an internally validated database can produce 
generalizable results. Great care must be exercised in interpreting 
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results. I wholeheartedly agree with the authors’ conclusion that 
"confirmatory studies using at least one other independent data 
source are strongly recommended." The authors show that there is 
no shortcut in conducting external validation.  
 
I have no major concerns about this article. It has a clearly stated 
research problem, which is of importance both as a specific case of 
external validation, but also as a general contribution to the topic, 
and perhaps also as a template for future validation studies. The 
methods and data are suitable to answer the research question, and 
the conclusions and interpretations are appropriate and well 
balanced. Methods and results are clearly stated. I particularly like 
the way the authors use sensitivity analyses as an important part of 
the validation process. The study’s limitations are properly handled 
in the discussion.  
 
I only have two minor requests:  
 
1. Iterative Proportional Fitting: This is not explained in any detail but 
there is a reference to an article in the Encyclopedia of Biostatistics. 
This article may not be that easily available to readers, and in case 
they get their hands on it, would require considerable effort to 
understand how it works. I would like to see a – preferable brief – 
description of this method. The supplementary document is a 
suitable location.  
 
2. The Wald test is used to compare HRs. Because this is used 
several times in the article, and thus is a central tool, I would like to 
see some details on this as well. Again, the supplementary 
document can be used. 

 

 

REVIEWER Carol Coupland 
University of Nottingham, UK 

REVIEW RETURNED 27-Feb-2015 

 

GENERAL COMMENTS This paper reports on the comparison of results from analyses of 
beta blocker therapy and cancer survival in two different electronic 
databases (DIN and CPRD) and complements a previous study by 
the same authors of the association of statins with mortality in 
patients with ischaemic heart disease, comparing CPRD with 
QResearch. In both papers the authors have used identical methods 
to define the study sample and analyse the data in CPRD as those 
used in the original publications, so that any differences in results 
would be likely to be due to either random variation or systematic 
differences between the databases rather than differences in study 
design or analytical methods.  
 
These sorts of databases are increasingly used for assessing the 
benefits and risks associated with different medications in large 
primary care populations, so it is of interest to examine how robust 
and reproducible the findings are in different databases.  
 
The results do show quite a complex pattern of similarities and 
differences. The interpretation is difficult, but I think the authors have 
overemphasised the results of significance tests comparing 
estimates, since lack of significance doesn’t mean equivalence, and 
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more consideration of the magnitude of the difference would be 
helpful. The findings of the original study were of significant 
increases in mortality, this would lead to concern about these drugs 
and their safety when published, whereas the CPRD analyses found 
no significant association, and if published as a ‘standalone’ study 
would be reassuring, and so it could be argued that the results and 
conclusions drawn from the two studies are completely different. The 
authors conclude though that ‘the principal clinical conclusion was 
the same’ and that different databases produce treatment estimates 
that are in most respects comparable, but I think the results show 
that different conclusions could be drawn from analyses in different 
databases. So I suggest it would be helpful to have more discussion 
about the different conclusions that could be drawn, and of possible 
explanations for this (e.g. differences in patients’ characteristics, 
mortality rates, age distributions, biases, chance, type 1/type 2 
errors).  
 
I just have a few additional comments.  
1. The title should reflect that this is a replication study rather than a 
validation study, as the study is generally described in the text as a 
replication study.  
2. It’s a concern that the two databases had very different mortality 
rates, and that no information is available on how all-cause mortality, 
the primary outcome, was defined in the two analyses, although it is 
stated as a limitation in the Discussion that the two datasets differed 
in their definitions of all-cause mortality, as each has its own 
bespoke algorithm. This lack of information, though unfortunately 
unavailable to the authors, makes it difficult to interpret any 
differences. Some further information on the sensitivity analysis 
which used ONS data would be helpful here – such as what the 
mortality rate in this subset was compared with the rate in the total 
cohort .  
3. The authors should add details on how they handled any missing 
data.  
4. Add the number of CPRD practices included in the analysis to the 
Results.  
5. In the text in the Results it wasn’t always clear what the 
comparison groups were when hazard ratios are presented. The 
Tables refer to ‘controls’, but these weren’t referred to in the Results 
text. Table 3 should have a footnote to say that the Wald’s test 
compares CPRD vs DIN HRs.  
6. The Abstract should say that the ‘hazard ratios’ were not 
significantly different, rather than ‘rates’, and should include the 
hazard ratios for beta-blockers alone, and also indicate what the 
reference group is. It would be helpful to briefly define the treatment 
subgroups in the ‘Primary and secondary outcome measures’ 
section. 
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VERSION 1 – AUTHOR RESPONSE 

Reviewer 1:  

 

1. This study is greatly needed because of the potential wealth of information and increasing 

recognition of patient-focused electronic medical records databases. Moreover, validating the huge 

CPRD database in the context of beta-blockers is a good and timely choice because it could help to 

resolve the lack of consensus reported for these drugs and their impact on mortality in cancer 

patients. Various reasons have previously been suggested for study discrepancies including type of 

data/quality and so the present study could assist in increasing user confidence by validating 

particular applications of electronic databases.  

 

The study design is strong because it independently validated two different electronic databases by 

selecting similar patient populations. The authors replicated the methodology approach used by Shah 

et al (based on a DIN database) to test the same question and so a possible weakness would be that 

any methodology errors occurring in Shah’s study would apply to both studies. But, as a means of 

verifying Shah’s findings this is unavoidable.  

 

No response required  

 

2. The study identified that patients in the CPRD cohort were more likely to live in a more deprived 

area and to have a higher incidence of prostate cancer – the authors might consider performing a 

sensitivity analysis to test the association?  

 

As described in the paper, we performed a sensitivity analysis specifically to look into whether this 

could account for the differences in results between the studies. We used the iterative proportional 

fitting algorithm to construct a CPRD sample matched to DIN on cancer site prevalence (for all cancer 

types, not just prostate) and area deprivation, as well as year of diagnosis. In addition to correcting for 

the differences in these factors, we showed that the matching also incidentally corrected for an 

imbalance in gender, though not smoking status (but recording of this is well known to have poor 

reliability). Our main findings did not change at all under this analysis, though results for a small 

number of cancer subgroups were affected.  

 

3. The authors report a (significant) increase in mortality for beta-blocker only usage in patients 

represented in the DIN database (as used/reported by Shah et al, BJCP 2011;72(1):157-161), but not 

in the CPRD database despite similar population characteristics. The authors conclude that different 

PCDs produce similar effect estimates; but, do they? An alternative view is that the disparity identified 

in these two databases, in particular for prostate and pancreatic cancer, raise concern that there are 

some fundamental and as yet unexplained differences between the two databases. The CPRD 

generated outcome is supportive of Bangalore’s meta-analysis (Lancet Oncol 2011;12:65-82) in 

finding beta-blockers (only) are not associated with increased cancer death. Perhaps more than 

anything, this study shows the authors have successfully replicated Shah’s protocol using the same 

database but stop short of resolving previous lack of consensus seen in previous studies.  

 

Please see our response to a similar comment by Reviewer 3 below.  

 

Reviewer 2:  

 

1. This is a well-written and well-reported study. By all appearances, the study was also well 

conducted too. Its topic is important: to independently and externally validate studies of electronic 

health records (EHR). Like all register-based studies, EHR-studies are subject to spurious findings, 

and the risks of publication bias and "fishing for significant results" may very well be high. This article 

offers a welcome and sobering view about exciting findings in large observational databases. As the 
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authors make clear, there is no guarantee that an internally validated database can produce 

generalizable results. Great care must be exercised in interpreting results. I wholeheartedly agree 

with the authors’ conclusion that "confirmatory studies using at least one other independent data 

source are strongly recommended." The authors show that there is no shortcut in conducting external 

validation.  

 

I have no major concerns about this article. It has a clearly stated research problem, which is of 

importance both as a specific case of external validation, but also as a general contribution to the 

topic, and perhaps also as a template for future validation studies. The methods and data are suitable 

to answer the research question, and the conclusions and interpretations are appropriate and well 

balanced. Methods and results are clearly stated. I particularly like the way the authors use sensitivity 

analyses as an important part of the validation process. The study’s limitations are properly handled in 

the discussion.  

 

No response required  

 

2. Iterative Proportional Fitting: This is not explained in any detail but there is a reference to an article 

in the Encyclopedia of Biostatistics. This article may not be that easily available to readers, and in 

case they get their hands on it, would require considerable effort to understand how it works. I would 

like to see a – preferable brief – description of this method. The supplementary document is a suitable 

location.  

 

This is a good suggestion and we have now included a summary of the IPF method as a 

supplementary file. This is rather longer than the “preferably brief” description the reviewer asked for, 

as we felt that since this method is not well-known inclusion of an example would be helpful to a 

reader.  

 

3. The Wald test is used to compare HRs. Because this is used several times in the article, and thus 

is a central tool, I would like to see some details on this as well. Again, the supplementary document 

can be used.  

 

The Wald test is a very common statistical method that has been in use since at least the 1940’s. It is 

the ratio of a maximum likelihood parameter estimate to the estimate of its standard error, to produce 

a Z-value tested under the assumption of a Normal distribution. The application of the test to Hazard 

Ratios is described in the reference we provide in the paper. However, we have revised the sentence 

where the term is first used to provide more explanation:  

 

“To make direct comparisons of the overall and cancer-specific treatment effect estimates (hazard 

ratios) from CPRD with those reported by Shah and colleagues for DIN, we used a Wald test, 

computed as the difference between the natural logs of the two hazard ratios divided by the standard 

error (derived from the logged confidence interval limits), tested as a Z-score [35].”  

 

Reviewer 3:  

 

1. The results do show quite a complex pattern of similarities and differences. The interpretation is 

difficult, but I think the authors have overemphasised the results of significance tests comparing 

estimates, since lack of significance doesn’t mean equivalence, and more consideration of the 

magnitude of the difference would be helpful. The findings of the original study were of significant 

increases in mortality, this would lead to concern about these drugs and their safety when published, 

whereas the CPRD analyses found no significant association, and if published as a ‘standalone’ study 

would be reassuring, and so it could be argued that the results and conclusions drawn from the two 

studies are completely different. The authors conclude though that ‘the principal clinical conclusion 
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was the same’ and that different databases produce treatment estimates that are in most respects 

comparable, but I think the results show that different conclusions could be drawn from analyses in 

different databases. So I suggest it would be helpful to have more discussion about the different 

conclusions that could be drawn, and of possible explanations for this (e.g. differences in patients’ 

characteristics, mortality rates, age distributions, biases, chance, type 1/type 2 errors).  

 

This is an important point similar to the point made by Reviewer 1. The findings are complex which 

does make interpretation difficult, but we think that this is what makes the study results particularly 

interesting. We also thank the reviewers for raising this point as it has made us go back to re-consider 

our own interpretation some more. We have revised the discussion and conclusion sections to give 

greater attention to the magnitude of the difference and the different conclusions that could be drawn. 

We feel that the discussion already includes quite a long section on possible explanations for the 

differences between the studies, including all the possible mechanisms listed by the reviewer.  

 

2. The title should reflect that this is a replication study rather than a validation study, as the study is 

generally described in the text as a replication study.  

 

We are keen to present this piece of work as part of a series along with the previous paper replicating 

a study in QResearch and for that reason prefer to keep the title as it is. The objective of the research 

was to produce evidence relating to the external validity of studies undertaken using PCDs; replication 

was the method we used to achieve this. However, we accept that the text emphasises replication, so 

have made some textual changes to be clearer that the objective is to produce evidence related to 

validity.  

 

3. It’s a concern that the two databases had very different mortality rates, and that no information is 

available on how all-cause mortality, the primary outcome, was defined in the two analyses, although 

it is stated as a limitation in the Discussion that the two datasets differed in their definitions of all-

cause mortality, as each has its own bespoke algorithm. This lack of information, though unfortunately 

unavailable to the authors, makes it difficult to interpret any differences. Some further information on 

the sensitivity analysis which used ONS data would be helpful here – such as what the mortality rate 

in this subset was compared with the rate in the total cohort .  

 

We agree that the difference in mortality rates is problematic and welcome the suggestion to add in 

the ONS-only mortality rate. We have added the line “The overall mortality rate was also not reduced 

in the sensitivity dataset restricted to patients with ONS deaths and patient level IMD scores (overall 

mortality rate in CPRD sensitivity analysis 1: 51%).” To the “Comparison of patient Cohorts” section of 

the Analysis.  

 

This comment also alerted us to an ambiguity in our description of the ONS sensitivity analysis, which 

we have now resolved. We had patient-level IMD data for patients from the same practices as we had 

ONS death data for, so the sensitivity was for patients for whom we had both patient level IMD data 

and ONS death dates for those that died. This ambiguity has been resolved in the sensitivity analysis 

section.  

 

Incidentally, we believe that the lack of transparency in the methods of construction of definitions of 

mortality dates in different EHR databases is an excellent example of why EHR providers should be 

encouraged to open-source the algorithms they use to define death dates and other constructed 

variables.  

 

4. The authors should add details on how they handled any missing data.  

 

In this study, we intentionally replicated the methods as closely to Shah as was possible. 
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Consequently, we did not employ any imputation strategy to deal with missing data. We have added a 

line in the manuscript describing the approach to missing data:  

 

“Missing patient demographic information was dealt with by adding a category for “missing” to the 

levels of the variable (see Table 1). For all event variables (ie cancer diagnoses, prescriptions, 

deaths) absence of a relevant code in CPRD was taken to indicate no occurrence.”  

 

5. Add the number of CPRD practices included in the analysis to the Results.  

 

We have now added this in the results section: “As expected from the greater number of practices in 

CPRD, the total sample was much larger (11302 over 582 practices versus 3462 over 171 practices).” 

We have also added a related footnote to Table S1.  

 

6. In the text in the Results it wasn’t always clear what the comparison groups were when hazard 

ratios are presented. The Tables refer to ‘controls’, but these weren’t referred to in the Results text. 

Table 3 should have a footnote to say that the Wald’s test compares CPRD vs DIN HRs.  

 

We have removed the term “controls” from the tables. The legends and footnotes for tables 3 and 4 

have also been revised appropriately.  

 

7. The Abstract should say that the ‘hazard ratios’ were not significantly different, rather than ‘rates’, 

and should include the hazard ratios for beta-blockers alone, and also indicate what the reference 

group is. It would be helpful to briefly define the treatment subgroups in the ‘Primary and secondary 

outcome measures’ section.  

 

The changes have been made to the abstract 
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