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Abstract
Ɠ Precision medicine is the Holy Grail of interventions that areBackground

tailored to a patientƠs individual characteristicsƔ HoweverƑ conventional
clinical trials are designed to find differences in averagesƑ and interpreting
these differences depends on untestable assumptionsƔ Although only an
idealƑ a constant effect of treatment would facilitate individual managementƔ
A direct consequence of a constant effect is that the variance of the
outcome measure would be the same in the treated and control armsƔ We
reviewed the literature to explore the similarity of these variances as a
foundation for examining whether and how often precision medicine is
definitively requiredƔ

Ɠ We reviewed parallel clinical trials with numerical primaryMethods
endpoints published in ʹʷʷʻƑ ʹʷʷʾƑ ʹʷʸʷ and ʹʷʸʺƔ We collected the
baseline and final standard deviations of the main outcome measureƔ We
assessed homoscedasticity by comparing the variance of the primary
endpoint between arms through the outcome variance ratio ƺtreated to
control groupƻƔ

Ɠ The review provided ʹʷʿ articles with enough information toResults
conduct the analysisƔ One out of five studies ƺn ̏ ʻʷƑ ʸˀƔʹ̈ƻ had
statistically different variances between groupsƑ implying a
nonƖconstantƖeffectƔ The adjusted point estimate of the mean outcome
variance ratio ƺtreated to control groupƻ is ʷƔʿˀ ƺˀʼ̈ CI ʷƔʿʸ to ʷƔˀʾƻƔ
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Any reports and responses or comments on the
article can be found at the end of the articleƔ

variance ratio ƺtreated to control groupƻ is ʷƔʿˀ ƺˀʼ̈ CI ʷƔʿʸ to ʷƔˀʾƻƔ
Ɠ The mean variance ratio is significantly lower than ʸ and theConclusions

lower variance was found more often in the intervention group than in the
control groupƑ suggesting it is more usual for treated patients to be stableƔ
This observed reduction in variance might also imply that there could be a
subgroup of less ill patients who derive no benefit from treatmentƔ This
would require further study as to whether the treatment effect outweighs the
side effects as well as the economic costsƔ We have shown that there are
ways to analyze the apparently unobservable constant effectƔ
Keywords
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Introduction
The goal of precision medicine is to develop prevention and 

treatment strategies that take into account individual character-

istics. As Collins and Varmus stated, “The prospect of applying 

this concept broadly has been dramatically improved by recent 

developments in large-scale biologic databases (such as the 

human genome sequence), powerful methods for character-

izing patients (such as proteomics, metabolomics, genomics, 

diverse cellular assays, and mobile health technology), and  

computational tools for analyzing large sets of data.” With this 

words in mind, US President Obama gave his strong endorse-

ment in launching the 2015 Precision Medicine initiative to  

capitalize on these developments1,2. Here, we aim to quantify the  

proportion of interventions that may beneit from this idea.

The fundamental problem of causal inference is that for each 

patient in a parallel group trial, we can know the outcome for 

only one of the interventions. That is, we observe their responses 

either to the new treatment or to the control, but not both. By 

experimentally controlling unknown confounders through  

randomization, a clinical trial may estimate the averaged causal 

effect. In order to translate this population estimate into effects 

for individual patients, additional assumptions are needed. 

The simplest and strongest one is that the effect is constant.  

Panels A and B in Figure 13–12 represent two scenarios with a 

common effect in all patients, although it is null in the irst case.  

Following Holland13, this assumption has the advantage of  

making the average causal effect relevant to each patient. All other 

scenarios (Figure 1, Panels C to F) require additional parameters  

to fully specify the treatment effect.

As an example, the 10 clinical trials published by the jour-

nal Trials in October 2017 (Supplementary File 1: Table S1) 

were designed without explicitly allowing for an effect that was 

not constant within the study population. Furthermore, all their  

analyses intended to estimate just an average effect with no 

indication of any possible interaction with baseline variables  

(Figure 1, Panels C and E), nor did they discuss any random 

variability for the treatment effect (Figure 1, Panels D and F).  

Therefore, without further speciications, it seems that they 

were either hoping for the treatment effect to be the same for all 

patients or assuming that it was not useful to try and investigate 

this. As a contrary example, Kim et al.14 designed their trial to  

test an intervention for: 1) non-inferiority in the overall popu-

lation and 2) superiority in the subgroup of patients with high  

epidermal growth factor receptor expression.

The variability of a clinical trial outcome measure is relevant 

because it conveys important information about whether or not 

precision medicine is achievable. Does variance come only 

from unpredictable sources of patient variability? Or should it 

also be attributed to different treatment effects that require more  

precise prescription rules15–17? One observable consequence of 

a constant effect is that the treatment will not affect variability,  

and therefore the outcome variances in both arms should be  

equal (“homoscedasticity”).

Below, we will elucidate whether the comparison of observed  

variances may shed some light on the non-observable individual 

treatment effect.

Our objectives are, irst, to compare the variability of the main 

outcome between arms in parallel randomized controlled tri-

als published in medical journals; and, second, to provide a 

rough estimate of the proportion of studies that could poten-

tially beneit from precision medicine. To assess the consistency  

of results, we also explore the evolution of the variability of the 

treated arm over time (from baseline to the end of the study).

Methods
Population
Our target population was parallel, randomized controlled trials 

with numerical primary endpoint. The trials should provide 

enough information to assess two homoscedasticity assump-

tions in the primary endpoint: between arms at trial end; and 

baseline to outcome over time in the treated arm. Therefore, 

baseline and inal SDs for the main outcome were necessary 

or, lacking those, we required at least one measure that would 

allow us to calculate them (variances, standard errors or mean  

conidence intervals).

Data collection
Using the Medline database, we selected articles on parallel 

clinical trials from the years 2004, 2007, 2010 and 2013 with 

the following criteria: “AB (clinical trial* AND random*) AND 

AB (change OR evolution OR (difference AND baseline))” [The 

word “difference” was paired with “baseline” because the initial 

purpose of the data collection (although it was subsequently  

modiied) was to estimate the correlation between baseline 

and inal measurements]. The rationale behind choosing these 

years was to have a global view of the behavior of the studies 

over a whole decade. For the years 2004 and 2007, we selected  

all papers that met the inclusion criteria. However, we retrieved 

a greater number of articles from our search for the years 2010 

and 2013 (478 and 653, respectively); therefore, we chose a  

random sample of 300 papers (Section II in Supplementary File 1).

Data were collected by two researchers (NM, MkV) in two 

phases: 2004/2007 and 2010/2013. Later, two statisticians (JC, 

MtV) veriied the data and made them accessible to readers  

through a Shiny application and through the Figshare repository18.

Variables
Collected variables were: baseline and outcome SDs; experi-

mental and control interventions; sample size in each group; 

medical ield according to Web of Science (WOS) classiication; 

main endpoint; indication; type of disease (chronic versus acute); 

endpoint type (measured versus scored); intervention type 

(pharmacological versus non-pharmacological); improvement  

      Amendments from Version 4

- We have modified Figure 2 (flowchart) by including standard 
percentages.

- Different datasets mentioned in Table S4 of the Supplementary 
Material have been named in order to avoid ambiguities.

- English wording has been improved and we have restructured 
the Discussion section.

See referee reports
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Figure 1. Scenarios representing fictional trials using 8 participants with systolic blood pressure as the primary endpoint. Because 
of the random allocation to one of two treatment arms, we will observe only one of the two potential outcomes for each patient: either under 
T or under C. Fully saturated colors represent observed systolic blood pressure (SBP) values, and transparent squares represent missing 
potential SBP values. The line slope indicates the individual non-observable effect for each patient. Densities are the potential distributions of 
the outcome in each group: As both random samples come from the same target population, the average causal effect is estimable without 
bias. Panel A shows the potential outcome values that we could obtain if there were not any treatment effect; as the intervention has no effect 
at all, both groups have the same distribution (i.e., mean and variance). Panel B shows the scenario of a constant effect, meaning that the 
intervention lowers the SBP by a single value in every patient and thus implying the same variability in both arms. For instance, the study from 
Duran-Cantolla et al.3 compared the 24-hour SBP in 340 patients randomized to either continuous positive airway pressure (CPAP) or sham–
CPAP, and they observed a greater decrease of 2.1 mmHg (95% CI from 0.4 to 3.7) in the intervention group compared to the control group. 
Furthermore, baseline standard deviations (SDs) were 12 and 11; and final SDs were 13 for both groups. Therefore, their results fully agree 
with the trial design’s assumption of a constant effect (scenario B) and nothing contradicts the inference that each patient exhibits a constant 
reduction of 2.1mmHg, although uncertainty from sampling makes the results compatible with a constant effect that lies somewhere between 
0.4 and 3.7. Panel C represents a situation with 2 different effects in 2 subpopulations (“treatment by subgroup interaction”). Although the 
effects are identical within them, the observable distribution in the treated arm would have higher variability. Here, finer eligibility criteria for 
classifying patients in those subpopulations might allow us to assume a constant effect again. In Panel D, the treatment has a variable effect 
in each patient, resulting also in greater variability within the treated arm but without any subgroup sharing a common effect. The results are 
poorly predictive about the effects on future patients. In the study by Kojima et al.4, the primary outcome measure was the 3-hour postprandial 
area under the curve of apolipoprotein B48, with outcome SDs being, respectively, 0.78 and 0.16 in the treated and reference arms, thus 
showing an outcome variance ratio of 23.77. This is compatible with different treatment effects that could need additional refinements through 
precision medicine, since a greater variance in the treated arm indicates that “the interpretation of the main treatment effect is controversial”5. 
In that case, guidelines for treating new patients should be based either on additional eligibility criteria (“precision medicine”, panel C) or on 
n-of-1 trials (“individualized medicine”, panel D)6–10. W. S. Gosset already highlighted this “treatment by patient interaction” in his 1908 paper, 
where he introduced the Student t-distribution11. Alternatively, interactions can result in smaller variances in the treated arm. Panel E shows a 
different effect in 2 subgroups; but the variability is now reduced, thus indicating that the best solution would be to identify the subpopulations 
in order to refine the selection criteria. In Panel F, the treatment again has a variable effect on each patient; but unlike Panel D, in this case 
the consequence is less variability within the treated arm. In the study from Kim et al.12, the primary endpoint was the PTSD Checklist–Civilian 
Version (PCL-C). This scale is based on the sum of 17 Likert-scale symptoms, ranging from 17 (perfect health) to 85 (worst clinical situation). 
At the end of the trial, the respective outcome SDs were 16 and 3 for the control and treated arms, meaning that variance was reduced around 
28 times. This situation can correspond to scenarios E or F, and it merits statistical consideration, that is beyond the scope of this paper.
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direction (positive versus negative); and whether or not the main  

effect was statistically signiicant.

For studies that reported more than one numerical endpoint and 

failed to clarify which endpoint was the primary endpoint, the 

latter was determined using the following hierarchical criteria:  

(1) objective or hypothesis; (2) sample size determination;  

(3) main statistical method; (4) irst numerical variable reported  

in results.

In the same way, the choice of the “experimental” arm was 

determined depending on its role in the following sections of 

the article: (1) objective or hypothesis; (2) sample size deter-

mination; (3) rationale in the introduction; (4) irst comparison  

reported in results (in the case of more than two arms).

Statistical analysis
We assessed homoscedasticity between treatments and over 

time. For the former, our main analysis compared the outcome 

variability between treated (T) and control (C) arms at the end 

of the trial. For the latter, we compared the variability between  

outcome (O) and its baseline (B) value for the treated arm.

Three different methods were used to compare the variances: 

1) a random-effects model; 2) a heuristic procedure based on 

the heterogeneity obtained from the previous random-effects  

model; and 3) a classical test for equality of variances.

To distinguish between the random sampling variability and  

heterogeneity, we itted a random-effects model. The response 

was the logarithm of the outcome variance ratio at the end of 

the trial. The covariates were the study as a random effect, while 

the logarithm of the variance ratio at baseline served as a ixed  

effect19.

The main itted model for between-arm comparison was:

                       
log .logOT BT

i i

OC BCi i

V V
S e

V V
µ β

   
   = + + +
   

( ) ( )20, 0,i i iwithS N and e N v∼ ∼τ2

where V ij represents the variances of the outcome in each arm 

(V
iT,

 V
iC

) at the end of the study (V
OT,

 V
OC

) and at baseline (V
BT,

 

V
BC

). The parameter µ is the logarithm of the average variance 

ratio across all the studies; s
i
 represents the heterogeneity of 

the between-study effect associated with study i and having  

variance τ2; β is the coeficient for the linear association with the 

baseline variance ratio; and e
i
 represents the intra-study random  

errors with variance vi2 .

The parameter µ represents a measure of the imbalance 

between the variances at the end of the study, which we call  

heteroscedasticity.

The estimated value of τ2 provides a measure of heterogene-

ity, that is, to what extent the value of µ is applicable to all  

studies. The larger τ2 is, the lesser the homogeneity.

The percentage of the response variance explained by the  

differences among studies in respect to the overall variance is  

measured by the I2 statistic20. That is:

                                     
2

2

2 2
I

v

τ
τ

=
+

v2 is the mean of the error variances 
iv
2.

An analogous model was employed to assess the homoscedas-

ticity over time. As there is only one available measure for each 

study, it is not possible to differentiate both sources of variability:  

(i) within-study or random variability; and (ii) heterogeneity. To 

isolate the second, the irst was theoretically estimated using either 

the delta method, in the case of comparison between arms, or some 

approximation, in the case of comparison over time (see details in 

Sections VI and VII of Supplementary File 1). Thus, the within-

study variance was estimated using the following formulas:

                 

2 2

2 2

OT

OC OT OC

V
V log (between arms)

V n n

  
  = + 

− −  
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2

,4
2 1

1 /( 1)

OT BTOT
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Corr Y YV
V log log (over time)
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     2⋅     = − ⋅ + 
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Funnel plots centered at zero are reported in order to help inves-

tigate asymmetries. They represent the variance ratios as a  

function of their standard errors. The irst and main analysis 

considers the studies outside the triangle delimited by ± 2 times 

the standard error to be those that have statistically signiicant  

differences between variances.

The second analysis is heuristic. In order to obtain a reference 

value for τ2 in the absence of treatment effect, we irst mod-

eled the baseline variance ratio as a response that is expected to 

have heterogeneity equal to 0 due to randomization – provided 

no methodological impurities are present (e.g., considering the 

outcomes obtained 1 month after the start of treatment to be  

the baseline values). This reference model allows us to know 

the proportion of studies in the previous models that could 

increase heterogeneity over levels that are incompatible with a 

constant effect situation. (Section III in Supplementary File 1).  

Speciically, studies with larger discrepancies in variances were 

removed one by one until the estimated value of τ was as close  

as possible to that of the reference model. These deleted stud-

ies were considered to be those that had signiicantly differ-

ent variances, perhaps because the experimental treatment 

either increased or decreased the variance. From now on, the  

complete dataset and the resulting dataset after removing the 

abovementioned studies will be called CDB (complete dataset) 

and RDB (reduced dataset) for between-arm comparison and  

CDO (Complete) and RDO (Reduced) for over-time comparison.

Thirdly, as an additional sensitivity analysis, we also assessed 

homoscedasticity in each single study by using tests for com-

paring variances: (a) between outcomes in both arms with an 
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F-test for independent samples; and (b) between baseline and 

outcome in the treated arm with a test for paired samples21  

when the variance of the paired difference was available. All  

tests were two-sided (α=5%).

Several subgroup analyses were carried out according to the  

statistical signiicance of the main treatment effect and to the  

different types of outcomes and interventions.

All analyses were performed with the R statistical package  

version 3.2.5. (The R code for the main analysis is available from  

https://doi.org/10.5281/zenodo.123953922)

Results
Population
A total of 1214 articles were retrieved from the search. Of 

those papers, 542 (44.6%) belong to the target population and 

208 (17.1%) contained enough information to enable us to  

conduct the analysis (Figure 2).

The majority of the selected studies were non-pharmacologi-

cal (122, 58.6%); referred to chronic conditions (101, 57.4%); 

had a continuous outcome measured with units (132, 63.8%) 

instead of a constructed scale; had an outcome that was meas-

ured (125, 60.1%) rather than assessed; and had lower values 

of the outcome indicating positive evolution (141, 67.8%).  

Regarding the primary objective of each trial, the authors found 

statistically signiicant differences between arms (all of which 

favored the treated group) in 83 (39.9%) studies. Following the 

Web of Science criteria, 203 articles (97.6%) belonged to at least  

one medical ield. The main areas of study were: General & Inter-

nal Medicine (n=31, 14.9%), Nutrition & Dietetics (21, 10.1%), 

Endocrinology & Metabolism (19, 9.1%), and Cardiovascular  

System & Cardiology (16, 7.7%).

Figure 2. Flow-chart of the articles in the study. Percentages represent the number of papers with respect to the ones retrieved from the 
bibliographic search. The number of articles for each year (2004/2007/2010/2013) is specified in the second line of each box (separated by 
slashes). $300 papers were randomly selected for years 2010 and 2013. *Four papers were excluded because the variance of the change 
over time was inconsistent with both the baseline and final variances, which would lead to impossible absolute correlation estimates greater 
than 1. CDB and RDB are the datasets used in the main and heuristic analysis, respectively, for the between-arm comparison. CDO and RDO 
are the datasets used in the main and heuristic analysis, respectively, for the over-time comparison.
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Homoscedasticity
In descriptive terms, the average of the outcome variance ratio 

is 0.94, relecting lower variability in the treated arm. At the end 

of the study, 113/208 (54%, 95% CI, 47 to 61%) papers showed 

less variability in the treated arms (Supplementary File 1:  

Figure S1 and Figure S2). Among the treated arms, 111/208  

(53%, 95% CI, 46 to 60%) had less or equal variability at the 

end of follow-up than at the beginning (Supplementary File 1 :  

Figure S3 and Figure S4).

Based on the random-effects model (Supplementary File 1: 

Table S4, model 3 with CDB) the adjusted point estimate of 

the mean outcome variance ratio for comparison between 

arms (Treated to Control group) is 0.89 (95% CI 0.81 to 0.97).  

This indicates that treatments tend to reduce the variability of 

the patient’s response by about 11% on average. As for the com-

parison over time (Supplementary File 1 : Table S4, Model 6 with 

CDO), the average variability at the end of the studies is 14% 

lower than that at the beginning. Figure 3 shows the funnel plots 

derived from the random-effects models. The triangles delimit  

the 95% conidence regions of random variability. In the  

between-arm comparison, the studies (represented by the circles) 

to the right of the triangle have variances that are signii-

cantly larger in the treatment arm than in the control arm, while 

those on the left are signiicantly larger in the control arm. 

As for the over-time comparison, the studies to the right have a  

signiicantly higher variance at the end of the study in the treated 

group, while those on the left are signiicantly larger at the  

beginning of the study. Table 1 (random-effects method) shows 

the frequencies and percentages of the studies according to the  

classiication illustrated in these funnel plots.

The second heuristic analysis was motivated by the fact that the 

estimated baseline heterogeneity (τ2) was 0.31 (Supplementary 

File 1 : Table S4, Model 1 with CDB), which is a very high 

value that could be explained by methodological laws  

similar to those presented by Carlisle23. Fortunately, the exclu-

sion of the four most extreme papers reduced it to 0.07  

(Supplementary File 1 : Table S4, Model 1 with RDB); one of 

these was the study by Hsieh et al.24, whose “baseline” values 

were obtained 1 month after the treatment started. When we 

modeled the outcome instead of the baseline variances as the 

response, estimated heterogeneity (τ^=0.55) was almost doubled  

(Supplementary File 1 : Table S4, Model 6 with CDB). We found 

30 studies that compromised homoscedasticity: 11 (5.3%) with 

higher variance in the treated arm and 19 (9.1%), with lower  

variance (see heuristic method in Table 1). Based on the 

classical variance comparison tests (sensitivity analysis),  

these igures were slightly higher: 41 studies (19.7%) had  

statistically signiicant differences between outcome vari-

ances; 15 (7.2%) favored greater variance in the treated arm; and  

26 (12.5%) were in the opposite direction. Larger proportions  

were obtained from the comparisons over time of 95 treated 

arms: 16.8% had signiicantly greater variability at the end of 

the study and 23.2% at the beginning. Table 1 also summarizes  

those numbers for the F-test and paired Test.

Subgroup analyses suggest that signiicant interventions had 

an effect on reducing variability (Supplementary File 1 :  

Figures S5–S7), a fact which has already been observed in  

other studies25,26. Even more importantly, lower variances in 

the treated arm occur only in outcomes for which a positive 

response is deined as a decrease from baseline. This is in line 

with other works that have found a positive correlation between 

the effect size and its heteroscedasticity27,28. The fact is that it 

is dificult to ind heteroscedasticity when there is no overall  

treatment effect. The remaining subgroup analyses did not raise  

concerns (Section V in Supplementary File 1).

Discussion
Main findings
We aimed to show that comparing variances provides evidence 

about whether or not precision medicine is a sensible choice. 

When both arms have equal variances, then a simple and believ-

able interpretation is that the treatment effect is constant, which, 

if correct, would render futile any search for predictors of dif-

ferential response. This means that the average treatment 

effect can be seen as an individual treatment effect (not directly 

observable), which supports the use of a unique clinical guide-

line for all patients within the eligibility criteria, thus in turn 

also supporting the use of parallel controlled trials to guide 

decision-making in these circumstances. Otherwise, hetero-

scedasticity may suggest a need to specify further the eligibility  

criteria or search for an additive scale25,29. Because interaction  

analyses cannot include unknown variables, there might be value 

in repeating trials once any new potential interaction variable  

emerges (e.g., a new biomarker) as a candidate for a new sub-

group analysis. We have described how homoscedasticity can 

be assessed when reporting trials with numerical outcomes,  

regardless of whether every potential effect modiier is known.

We have provided a rough estimate of the proportion of inter-

ventions with different variability that might beneit from more 

precise medicine: Considering the most extreme result from 

Table 1 for comparison between arms, 1 out of 14 interventions 

(7.2%) had greater variance in the treated arm while 1 out 

of 8 interventions (12.5%) had lower variance. That is, we 

have found evidence of effect variation in only 1 out of 5 trials  

(40/208), suggesting a limited role for tailored interventions. 

These might be pursued by either a iner selection criteria  

(common effect within speciic subgroups), or with n-of-1 trials  

(no subgroups of patients with a common effect).

The sensitivity analysis of the change over time in the treated 

arm agreed with the indings in the comparison between arms, 

although this comparison is not protected by randomization. For 

example, the existence of eligibility criteria at baseline may have 

limited the initial variance (a hypertension trial might recruit 

patients with baseline SBP between 140 and 159 mm Hg),  

leading to the variance increasing naturally over time.

Regarding the subgroup analyses, we found that variability 

seems to decrease for treatments that perform signiicantly better 
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Figure 3. Funnel plots of variance ratio. Funnel plots of outcome variance ratio between arms (Panel A) and of outcome variance ratio over time (Panel B). The first shows all 208 
studies while the second shows only the 95 studies in which the variance of the difference between the baseline and final response was available. Vertical axis indicates precision for 
the comparison of variances; with points outside the triangle being statistically significant. Additionally, red points mark significant differences between the means, which correspond 
to each study’s objective to assess main treatment effects. In Panel A, points on the right indicate higher outcome variability for the treated individuals, as expected if there is patient-
by-treatment interaction; similarly, points on the left correspond to lower variability, although this is compatible with traditional Evidence-Based Medicine. Eleven (5.2%) out of 208 
studies reported exactly the same outcome variability in both arms. We observe more red points on the left, indicating that changes in the average accompany reductions in the 
variance. In Panel B, points on the right indicate higher variability in the treated arm at the end of the study, as expected in a scenario of heterogeneous treatment effect; points on 
the left correspond to lower variability at the end, which implies a more homogenous response after treatment. The largest number of points on the left side indicates a majority of 
experimental interventions that reduce variability. In addition, several of these interventions yielded significant results in the main endpoint. V

OT
: variance of the outcome in the treated 

arm. V
OC

: variance of the outcome in the control arm. V
BT

: variance of the outcome at baseline in the treated arm.

Page ʿ of ʼˀ

FʸʷʷʷResearch ʹʷʸˀƑ ʾƓʺʷ Last updatedƓ ʸʹ JUN ʹʷʸˀ



than the reference; otherwise, it remains similar. Therefore, the 

treatment seems to be doing what medicine should do: hav-

ing larger effects in the most ill patients. Two considerations 

may be highlighted here: (1) as the outcome range becomes 

reduced, we may interpret that, following the intervention, this  

population is under additional control; but also, (2) as subjects 

are responding differently to treatment, this opens the way for 

not treating some (e.g., those subjects who are not very ill and 

thus lack the scope to respond very much), which subsequently  

incurs savings in side effects and costs.

This reduced variability could also be due to methodological 

reasons. One is that some measurements may have a “ceiling” 

or “loor” effect (e.g., in the extreme case, if a treatment heals 

someone, no further improvement is possible). In fact, according 

to the subgroup analysis of the studies with outcomes that indi-

cate the degree of disease (high values imply greater severity; 

e.g., pain), a greater variance (25%) is obtained in the treated 

arm (see Figure S5). However, in the studies with outcomes  

that measure the degree of healthiness (high values imply bet-

ter condition; e.g., mobility), the average variances match 

between arms, and this does not suggest a ceiling effect. As men-

tioned above, another reason might be that the treatment effect 

is not additive on the scale used for analysis, suggesting that it 

would be suitable to explore other metrics and transformations.  

For example, if the treatment acts proportionally rather than  

linearly, the logarithm of the outcome would be a better scale.

Limitations
There are three reasons why these indings do not invalidate  

precision medicine in all settings. First, there are studies where  

the variability in the response is glaringly different, indicating 

the presence of a non-constant effect. Second, the outcomes 

of some type of interventions such as surgeries, for example, 

are greatly inluenced by the skills and training of those admin-

istering the intervention; and these situations could have some 

effect on increasing variability. And, third, this study focuses 

on numerical endpoints; thus, time-to-event or categorical  

outcomes are out of scope.

The results rely on published articles, which raises some rel-

evant issues. First, some of our analyses are based on Normal-

ity assumptions that are unveriiable without access to raw 

data. Second, a high number of manuscripts (61.6%, Figure 2)  

act contrary to CONSORT30 advice in that they do not report 

variability. Thus, the included studies may not be representa-

tive. Third, trials are usually powered to test constant effects 

and thus the presence of greater variability would lead to an 

underpowered design; that is, if the control group variance is 

used to plan the trial, increased treatment group variance would 

reduce power (perhaps leading to non-publication). Fourth, the  

heterogeneity observed in the random-effects model may be the 

result of methodological inaccuracies23 arising from typographi-

cal errors in data translation, inadequate follow-up, insuficient 

reporting, or even data fabrication. On the other hand, this het-

erogeneity could also be the result of relevant undetected fac-

tors interacting with the treatment, which would indeed justify 

the suitability of precision medicine. A ifth limitation is that  

many clinical trials are not completely randomized. For exam-

ple, multicenter trials often use a permuted blocks method. 

This means that if variances are calculated as if the trial 

were completely randomized (which is standard practice), 

the standard simple theory covering the random variation of  

variances from arm to arm is at best approximately true25

The main limitation of our study arises from the fact that, although 

a constant effect always implies homoscedasticity on the cho-

sen scale, the reverse is not true; i.e., homoscedasticity does not 

Table 1. Variance comparison. Alternative possible methods for estimating the number and 
percentage of studies with different variances on comparisons between arms and over-time. 
Limits for declaring different variances come from different statistical methods: (1) the analysis 
relying on random-effects model and funnel plots; (2) the heuristic analysis based on number of 
studies that have to be deleted from the random-effects model in order to achieve a negligible 
heterogeneity (studies with larger discrepancies in variances were removed one by one until 
the estimated value ofτ was as close as possible to that of the reference model – the one 
that compares the variances of the response at baseline. See Methods for details); (3) classic 
statistical tests for comparing variances (F for independent outcomes or Sachs’ test21 for related 
samples).¥ This comparison was performed on studies reporting enough information to obtain 
the variability of the change from baseline to outcome, for example because they provide the 
correlation between outcome and baseline values.

Comparing 
variances

N Method After treatment, variability is…

Increased 
n (%)

Decreased 
n (%)

Not changed 
n (%)

Outcome between 
treatment arms

208 Random-effects 
model

14(6.7%) 26 (12.5%) 168(80.8%)

Heuristic 11 (5.3%) 19 (9.1%) 178 (85.6%)

F-test 15 (7.2%) 26 (12.5%) 167 (80.3%)

Outcome versus 
baseline in treated 
arm

95 ¥ Random-effects 
model

16 (16.8%) 22(23.2%) 57(60.0%)

Heuristic 13 (13.7%) 19 (20.0%) 63 (66.3%)

Paired test 16 (16.8%) 22 (23.2%) 57 (60.0%)
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necessarily imply a constant effect. For example, the highly 

speciic and non-parsimonious situation relected in Figure 4  

indicates homoscedasticity but without a constant effect. Nev-

ertheless, a constant effect is the simplest explanation for homo-

scedasticity (Section VIII of Supplementary File 1: Conditions 

for homoscedasticity to hold without a constant effect under  

an additive model).

Conclusion
In summary, for most trials, the variability of the response to 

treatment scarcely changes or even decreases. Thus, if we take 

into account the limitation previously explained in Figure 4, 

this suggests that the scope of precision medicine may be less 

than what is commonly assumed. Evidence-Based Medicine 

(EBM) operates under the paradigm of a constant effect assump-

tion, by which we learn from previous patients in order to  

develop practical clinical guidelines for future treatments. Here, 

we have provided empirical insights to postulate that such a 

premise is reasonable in most published parallel randomized  

controlled trials. However, even where one common effect applies 

to all patients fulilling the eligibility criteria, this does not imply 

that the same decision is optimal for all patients. More spe-

ciically, this is because different patients and stakeholders may 

vary in their weighting not only of eficacy outcomes, but also 

of the harm and cost of the interventions – thus bridging the gap  

between common evidence and personalized decisions.

Our results uphold the assertion by Horwitz et al. that there 

is a “need to measure a greater range of features to determine 

[...] the response to treatment”31. One of these features is an old 

friend of statisticians, the variance. Looking only at averages  

can cause us to miss out on important information.

Data availability
Data is available through two sources:

•    A shiny app that allows the user to interact with the data 

without downloading it: http://shiny-eio.upc.edu/pubs/

F1000_precision_medicine/

•    The Figshare repository: https://doi.org/10.6084/

m9.igshare.555265618

In both sources, the data can be downloaded under a Creative  

Commons License v. 4.0.

The code for the main analysis is available at the following  

link: https://doi.org/10.5281/zenodo.123953922
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Figure 4. Scenario representing a fictional trial with 8 participants 
and having homoscedasticity but a non-constant effect. SBP 
potential values of each patient in both groups (C: control; T: 
treated) under a highly hypothetical scenario: the treatment effect 
has no value if systematically applied to the whole population; but if  
n-of-1 trials could be performed in this situation, the best treatment 
strategy would be chosen for each patient and the overall health of 
the population would be improved.
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Page ʸʷ of ʼˀ

FʸʷʷʷResearch ʹʷʸˀƑ ʾƓʺʷ Last updatedƓ ʸʹ JUN ʹʷʸˀ

http://shiny-eio.upc.edu/pubs/F1000_precision_medicine/
http://shiny-eio.upc.edu/pubs/F1000_precision_medicine/
https://dx.doi.org/10.6084/m9.figshare.5552656
https://dx.doi.org/10.6084/m9.figshare.5552656
https://dx.doi.org/10.5281/zenodo.1239539
https://f1000researchdata.s3.amazonaws.com/supplementary/13490/9a9383bb-90d4-4de1-83ab-edee1fd9850a_Supplementary_File_1_v5.pdf


- Section I: Constant effect assumption in sample size rationale

- Section II: Bibliographic review

- Section III: Descriptive measures

- Section IV: Random-effects models

- Section V: Subgroup analyses

- Section VI: Standard error of log(V
OT

/V
OC

) in independent samples

- Section VII: Standard error of log(V
OT

/V
BT

) in paired samples

- Section VIII: Conditions for homoscedasticity to hold without a constant effect under an additive model

References

1. Collins FS, Varmus H: A new initiative on precision medicine. N Engl J Med. 

2015; 372(9): 793–5.  

PubMed Abstract | Publisher Full Text | Free Full Text 

2. Kohane IS: HEALTH CARE POLICY. Ten things we have to do to achieve 

precision medicine. Science. 2015; 349(6243): 37–8.  

PubMed Abstract | Publisher Full Text 

3. Durán-Cantolla J, Aizpuru F, Montserrat JM, et al.: Continuous positive airway 

pressure as treatment for systemic hypertension in people with obstructive 

sleep apnoea: randomised controlled trial. BMJ. 2010; 341: c5991.  

PubMed Abstract | Publisher Full Text 

4. Kojima Y, Kaga H, Hayashi S, et al.: Comparison between sitagliptin and 

nateglinide on postprandial lipid levels: The STANDARD study. World J 

Diabetes. 2013; 4(1): 8–13.  

PubMed Abstract | Publisher Full Text | Free Full Text 

5. International conference on harmonisation: Statistical principles for clinical trials 

ICH-E9. 1998. Accessed September 14 2017.  

Reference Source

6. Shamseer L, Sampson M, Bukutu C, et al.: CONSORT extension for reporting 

N-of-1 trials (CENT) 2015: Explanation and elaboration. BMJ. 2015; 350: h1793. 

PubMed Abstract | Publisher Full Text 

7. Araujo A, Julious S, Senn S: Understanding Variation in Sets of N-of-1 Trials. 

PLoS One. 2016; 11(12): e0167167.  

PubMed Abstract | Publisher Full Text | Free Full Text 

8. Senn S: Individual response to treatment: is it a valid assumption? BMJ. 2004; 

329(7472): 966–68.  

PubMed Abstract | Publisher Full Text | Free Full Text 

9. Senn S: Mastering variation: variance components and personalised medicine. 

Stat Med. 2016; 35(7): 966–77.  

PubMed Abstract | Publisher Full Text | Free Full Text 

10. Wang R, Lagakos SW, Ware JH, et al.: Statistics in medicine--reporting of 

subgroup analyses in clinical trials. N Engl J Med. 2007; 357(21): 2189–94. 

PubMed Abstract | Publisher Full Text 

11. Senn S, Richardson W: The first t-test. Stat Med. 1994; 13(8): 785–803.  

PubMed Abstract | Publisher Full Text 

12. Kim SH, Schneider SM, Bevans M, et al.: PTSD symptom reduction with 

mindfulness-based stretching and deep breathing exercise: randomized 

controlled clinical trial of efficacy. J Clin Endocr Metab. 2013; 98(7): 2984–92. 

PubMed Abstract | Publisher Full Text | Free Full Text 

13. Holland P: Statistics and Causal Inference. J Am Stat Assoc. 1986; 81(396): 945–60.  

Publisher Full Text 

14. Kim ES, Hirsch V, Mok T, et al.: Gefitinib versus docetaxel in previously treated 

non-small-cell lung cancer (INTEREST): a randomised phase III trial. Lancet. 

2008; 372(9652): 1809–1818.  

PubMed Abstract | Publisher Full Text

15. Schork NJ: Personalized medicine: Time for one-person trials. Nature. 2015; 

520(7549): 609–11.  

PubMed Abstract | Publisher Full Text 

16. Willis JC, Lord GM: Immune biomarkers: the promises and pitfalls of 

personalized medicine. Nat Rev Immunol. 2015; 15(5): 323–29.  

PubMed Abstract | Publisher Full Text 

17. Wallach JD, Sullivan PG, Trepanowski JF, et al.: Evaluation of Evidence of 

Statistical Support and Corroboration of Subgroup Claims in Randomized 

Clinical Trials. JAMA Intern Med. 2017; 177(4): 554–60.  

PubMed Abstract | Publisher Full Text 

18. Cortés J: Variability measures for clinical trials at baseline and at the end of 

study. [Data set]. 2018.  

http://www.doi.org/10.6084/m9.figshare.5552656.v3

19. Bartlett MS, Kendall DG: The statistical analysis of variance-heterogeneity and 

the logarithmic transformation. J R Stat Soc. 1946; 8(1): 128–38.  

Publisher Full Text 

20. Higgins JP, Thompson SG, Deeks JJ, et al.: Measuring inconsistency in meta-

analyses. BMJ. 2003; 327(7414): 557–560.  

PubMed Abstract | Publisher Full Text | Free Full Text 

21. Sachs L: Applied Statistics: A Handbook of Techniques. 2nd ed. New York: 

Springer-Verlag, 1984.  

Publisher Full Text 

22. Cortés J: R code for analysis of homoscedasticity in clinical trials. Zenodo. 2017.  

http://www.doi.org/10.5281/zenodo.1239539

23. Carlisle JB: Data fabrication and other reasons for non-random sampling 

in 5087 randomised, controlled trials in anaesthetic and general medical 

journals. Anaesthesia. 2017; 72(8): 944–952.  

PubMed Abstract | Publisher Full Text 

24. Hsieh LL, Kuo CH, Yen MF, et al.: A randomized controlled clinical trial for low 

back pain treated by acupressure and physical therapy. Prev Med. 2004; 39(1): 

168–76.  

PubMed Abstract | Publisher Full Text 

25. Senn S: Controversies concerning randomization and additivity in clinical 

trials. Stat Med. 2004; 23(24): 3729–53.  

PubMed Abstract | Publisher Full Text 

26. Jamieson J: Measurement of change and the law of initial values: A computer 

simulation study. Educ Psychol Meas. 1995; 55(1): 38–46.  

Publisher Full Text 

27. Senn S: Trying to be precise about vagueness. Stat Med. 2007; 26(7): 1417–30. 

PubMed Abstract | Publisher Full Text 

28. Greenlaw N: Constructing appropriate models for meta-analyses. University of 

Glasgow, 2010. Accessed September 14, 2017.  

Reference Source

29. Rothman KJ, Greenland S, Walker AM: Concepts of interaction. Am J Epidemiol. 

1980; 112(4): 467–70.  

PubMed Abstract | Publisher Full Text

30. Schulz KF, Altman DG, Moher D, et al.: CONSORT 2010 statement: updated 

guidelines for reporting parallel group randomised trials. BMJ. 2010; 340: c332. 

PubMed Abstract | Publisher Full Text | Free Full Text 

31. Horwitz RI, Cullen MR, Abell J, et al.: Medicine. (De)personalized medicine. 

Science. 2013; 339(6124): 1155–6.  

PubMed Abstract | Publisher Full Text 

Page ʸʸ of ʼˀ

FʸʷʷʷResearch ʹʷʸˀƑ ʾƓʺʷ Last updatedƓ ʸʹ JUN ʹʷʸˀ

http://www.ncbi.nlm.nih.gov/pubmed/25635347
http://dx.doi.org/10.1056/NEJMp1500523
http://www.ncbi.nlm.nih.gov/pmc/articles/5101938
http://www.ncbi.nlm.nih.gov/pubmed/26138968
http://dx.doi.org/10.1126/science.aab1328
http://www.ncbi.nlm.nih.gov/pubmed/21106625
http://dx.doi.org/10.1136/bmj.c5991
http://www.ncbi.nlm.nih.gov/pubmed/23493856
http://dx.doi.org/10.4239/wjd.v4.i1.8
http://www.ncbi.nlm.nih.gov/pmc/articles/3596777
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Efficacy/E9/Step4/E9_Guideline.pdf
http://www.ncbi.nlm.nih.gov/pubmed/25976162
http://dx.doi.org/10.1136/bmj.h1793
http://www.ncbi.nlm.nih.gov/pubmed/27907056
http://dx.doi.org/10.1371/journal.pone.0167167
http://www.ncbi.nlm.nih.gov/pmc/articles/5131970
http://www.ncbi.nlm.nih.gov/pubmed/15499115
http://dx.doi.org/10.1136/bmj.329.7472.966
http://www.ncbi.nlm.nih.gov/pmc/articles/524113
http://www.ncbi.nlm.nih.gov/pubmed/26415869
http://dx.doi.org/10.1002/sim.6739
http://www.ncbi.nlm.nih.gov/pmc/articles/5054923
http://www.ncbi.nlm.nih.gov/pubmed/18032770
http://dx.doi.org/10.1056/NEJMsr077003
http://www.ncbi.nlm.nih.gov/pubmed/8047737
http://dx.doi.org/10.1002/sim.4780130802
http://www.ncbi.nlm.nih.gov/pubmed/23720785
http://dx.doi.org/10.1210/jc.2012-3742
http://www.ncbi.nlm.nih.gov/pmc/articles/3701284
http://dx.doi.org/10.2307/2289064
http://www.ncbi.nlm.nih.gov/pubmed/19027483
http://dx.doi.org/10.1016/S0140-6736(08)61758-4
http://www.ncbi.nlm.nih.gov/pubmed/25925459
http://dx.doi.org/10.1038/520609a
http://www.ncbi.nlm.nih.gov/pubmed/25814400
http://dx.doi.org/10.1038/nri3820
http://www.ncbi.nlm.nih.gov/pubmed/28192563
http://dx.doi.org/10.1001/jamainternmed.2016.9125
http://www.doi.org/10.6084/m9.figshare.5552656.v3
http://dx.doi.org/10.2307/2983618
http://www.ncbi.nlm.nih.gov/pubmed/12958120
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pmc/articles/192859
http://dx.doi.org/10.1007/978-1-4612-5246-7
http://www.doi.org/10.5281/zenodo.1239539
http://www.ncbi.nlm.nih.gov/pubmed/28580651
http://dx.doi.org/10.1111/anae.13938
http://www.ncbi.nlm.nih.gov/pubmed/15207999
http://dx.doi.org/10.1016/j.ypmed.2004.01.036
http://www.ncbi.nlm.nih.gov/pubmed/15580598
http://dx.doi.org/10.1002/sim.2074
http://dx.doi.org/10.1177/0013164495055001004
http://www.ncbi.nlm.nih.gov/pubmed/16906552
http://dx.doi.org/10.1002/sim.2639
http://theses.gla.ac.uk/1497/1/2010greenlaw1msc.pdf
http://www.ncbi.nlm.nih.gov/pubmed/7424895
http://dx.doi.org/10.1093/oxfordjournals.aje.a113015
http://www.ncbi.nlm.nih.gov/pubmed/20332509
http://dx.doi.org/10.1016/j.jclinepi.2010.02.005
http://www.ncbi.nlm.nih.gov/pmc/articles/2844940
http://www.ncbi.nlm.nih.gov/pubmed/23471391
http://dx.doi.org/10.1126/science.1234106


 

Open Peer Review
      Current Peer Review StatusƓ

Version 5

 12 June 2019Reviewer Report

httpsƓƭƭdoiƔorgƭʸʷƔʼʹʼʽƭfʸʷʷʷresearchƔʹʸʻʹˀƔrʻˀʾʹʿ

ʛ ʹʷʸˀ Berger VƔ This is an open access peer review report distributed under the terms of the Creative Commons
Ƒ which permits unrestricted useƑ distributionƑ and reproduction in any mediumƑ provided the originalAttribution Licence

work is properly citedƔ

 Vance WƔ Berger
National Cancer InstituteƑ RockvilleƑ MDƑ USA

 No competing interests were disclosedƔCompeting InterestsƓ

I have read this submissionƔ I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standardƔ

Version 4

 15 May 2019Reviewer Report

httpsƓƭƭdoiƔorgƭʸʷƔʼʹʼʽƭfʸʷʷʷresearchƔʹʷʹʹʽƔrʻʾʽʽʽ

ʛ ʹʷʸˀ Lendrem DƔ This is an open access peer review report distributed under the terms of the Creative Commons
Ƒ which permits unrestricted useƑ distributionƑ and reproduction in any mediumƑ provided the originalAttribution Licence

work is properly citedƔ

   Dennis WƔ Lendrem
Musculoskeletal Research GroupƑ Institute of Cellular MedicineƑ Newcastle UniversityƑ Newcastle upon
TyneƑ UK

This paper makes an important point and goes some way to tempering the high expectations placed on
precision medicineƔ 

Have the authors shown that the comparison of variances is a useful but not definitive tool for assessing
whether or not the assumption of a constant effect holdsƜ  I think they haveƔ

Would more data be usefulƜ I think it wouldƔ The paper could be misinterpreted as an attack on precision
medicineƔ This is unfairƔ  In this versionƑ the authors have tempered their conclusions in an appropriate

Page ʸʹ of ʼˀ

FʸʷʷʷResearch ʹʷʸˀƑ ʾƓʺʷ Last updatedƓ ʸʹ JUN ʹʷʸˀ

https://doi.org/10.5256/f1000research.21429.r49728
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5256/f1000research.20226.r47666
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0001-6268-5509


 

Would more data be usefulƜ I think it wouldƔ The paper could be misinterpreted as an attack on precision
medicineƔ This is unfairƔ  In this versionƑ the authors have tempered their conclusions in an appropriate
mannerƔ The study is based on just ʹʷʿ of the eligible studiesƔ It seems likely that studies permitting the
analysis are a select subset of the studies availableƔ AndƑ given the uncertainties surrounding estimates of
variance componentsƑ it seems not unreasonable to assume that not all studies were equally likely to
have detected differences in outcome varianceƔ HoweverƑ the authors have defined a method and a
process permitting evidence in support of precision medicine to be discussed rationallyƔ

Is the work clearly and accurately presented and does it cite the current literatureƜ
Yes

Is the study design appropriate and is the work technically soundƜ
Yes

Are sufficient details of methods and analysis provided to allow replication by othersƜ
Yes

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
Yes

Are all the source data underlying the results available to ensure full reproducibilityƜ
Partly

Are the conclusions drawn adequately supported by the resultsƜ
Partly

 No competing interests were disclosedƔCompeting InterestsƓ
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I have read this submissionƔ I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standardƔ

Author Response ʺʸ May ʹʷʸˀ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

This paper makes an important point and goes some way to tempering the high expectations
placed on precision medicineƔ

We are grateful to Professor Dennis Lendrem for his review and for his commentsƑ which
positively evaluate our articleƔ IndeedƑ the message that we want to highlight in our work
is that precision medicine can be useful under certain circumstancesƑ but there is still ƺa

medicineƑ and researchers must take into account that the studylot ofƻ room for ơgenericƢ 
of variability in their data provides valuable information to all of societyƔ

Have the authors shown that the comparison of variances is a useful but not definitive tool for
assessing whether or not the assumption of a constant effect holdsƜ  I think they haveƔ

Thank youƔ We have shown some prudence in this statement because we know that there
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ʸƔ  

Thank youƔ We have shown some prudence in this statement because we know that there
may be other techniques to evaluate the presence of a constant effectƑ such as the one
proposed by Caughey et alƔ ƾʸƿ

Caughey DƑ Dafoe AƑ Miratix LƔ Beyond the sharp nullƓ permutation tests actually
test heterogeneous effectsƔ Summer meeting of the Society for Political
Methodologyƒ ʹʸƯʹʺ July ʹʷʸʽƒ Rice Universityƒ

Would more data be usefulƜ I think it wouldƔ The paper could be misinterpreted as an attack on
precision medicineƔ This is unfairƔ  In this versionƑ the authors have tempered their conclusions in
an appropriate mannerƔ The study is based on just ʹʷʿ of the eligible studiesƔ It seems likely that
studies permitting the analysis are a select subset of the studies availableƔ AndƑ given the
uncertainties surrounding estimates of variance componentsƑ it seems not unreasonable to
assume that not all studies were equally likely to have detected differences in outcome varianceƔ
HoweverƑ the authors have defined a method and a process permitting evidence in support of
precision medicine to be discussed rationallyƔ

Thank youƔ We completely agreeƔ Our work focuses on a narrow spectrum of studies with
a specific design ƺparallel randomized controlled trialsƻ and with a numerical outcomeƔ In
additionƑ the lack of information in many studies due to poor reporting may suggest that
the sample is not completely representativeƔ For these reasonsƑ we believe that more

 studies should be conducted around this topicƔ
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The methods involve only variabilityƑ yet the conclusions are about precision medicineƔ It is not entirely
clear what the one has to do with the otherƔ YesƑ I get that heterogeneity can mess up the analysis of
precision medicineƑ but it can also mess up standard analyses of standard treatments tooƔ  MoreoverƑ is
this really the strongest argument against precision medicineƜ Because it does not seem to be
insurmountableƑ so if anythingƑ it seems to argue against the research methods used to evaluate precision
medicineƑ rather than against precision medicine itselfƔ AlsoƑ the writing is fairly poorƑ which is surprisingƑ
since DrƔ Senn is one of the best writers I have ever had the pleasure of readingƔ

Is the work clearly and accurately presented and does it cite the current literatureƜ
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Is the study design appropriate and is the work technically soundƜ
Partly
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Are sufficient details of methods and analysis provided to allow replication by othersƜ
Yes

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
Yes

Are all the source data underlying the results available to ensure full reproducibilityƜ
Yes

Are the conclusions drawn adequately supported by the resultsƜ
Partly

 No competing interests were disclosedƔCompeting InterestsƓ

I have read this submissionƔ I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standardƑ however I have significant reservationsƑ as outlined
aboveƔ

Author Response ʺʸ May ʹʷʸˀ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

The methods involve only variabilityƑ yet the conclusions are about precision medicineƔ It is not
entirely clear what the one has to do with the otherƔ YesƑ I get that heterogeneity can mess up the
analysis of precision medicineƑ but it can also mess up standard analyses of standard treatments
tooƔ

Many thanks for your comments that will help us to clarify our paperƔ

YesƑ we have concentrated on the analysis of variabilityƔ As we show ƺeƔgƔƑ figures ʸƑ
panels A and Bƻ a constant effect of the intervention allows stakeholders to provide
unique advice to patients within the eligibility criteriaƔ And also ƺʹ  paragraph of the
introductionƻƑ a constant effect implies equal variances among the treatment groupsƔ SoƑ
our aim was to show readers that the comparison of variances could be a useful way to
provide information about the need to further personalize the clinical adviceƔ

In our article we deal with heteroscedasticity and heterogeneityƔ The former is the main
objective of the study and it refers to the presence of different variances in the two
treatment armsƔ The measure we used to quantify it was the ratio of variances between
armsƔ The heterogeneityƑ howeverƑ refers to how this measure oscillates between the
different included studiesƔ The measure to assess it was the tauʗʹ statistic obtained from
the randomƖeffects modelƔ As this referee points outƑ the high heterogeneity in the
variance ratio across the studies indicates that we cannot establish a single conclusion
for every single studyƔ Our results highlight that heteroscedasticity is negligible in most of
the published parallel trials with numerical outcomeƑ and thusƑ precision medicine would
seem unjustifiedƔ
As we argue in the discussion sectionƑ we do not want to end precision medicineƒ we
simply advocate the rational use of it while assessing the costs and benefits of its
implementation in each specific situationƔ
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MoreoverƑ is this really the strongest argument against precision medicineƜ Because it does not
seem to be insurmountableƑ so if anythingƑ it seems to argue against the research methods used to
evaluate precision medicineƑ rather than against precision medicine itselfƔ

Thanks for the appraisementƔ YesƑ you are rightƒ surelyƑ this is not the definitive argument
against precision medicineƑ but we believe it is a wellƖfounded method ƺvariance
comparisonƻ that every researcher could easily apply in their studies for assessing the
constant effect assumptionƔ We just want to emphasize thatƑ in any senseƑ we have to
develop and use methods to observe the convenience for precision medicineƔ As we
mentioned in the previous pointƑ we warn against abuse when there is no evidence that
the treatment effect varies among patientsƔ

AlsoƑ the writing is fairly poorƑ which is surprisingƑ since DrƔ Senn is one of the best writers I have
ever had the pleasure of readingƔ

Of courseƑ we share your opinion about Stephen Sennͱs writing skillsƔ The three main
authors ƺJCƑ JAG and ECƻ are not native English speakersƔ We have worked closely with
Matthew ElmoreƑ an author working both as English editor and patient representativeƔ As
a result of your commentƑ in this latest version we have done our best to really improve
the readability of the manuscript and we have completely restructured the Discussion
section to clarify the messageƔ 

 No competing interests were disclosedƔCompeting InterestsƓ
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ʛ ʹʷʸˀ Nunan D et alƔ This is an open access peer review report distributed under the terms of the Creative Commons
Ƒ which permits unrestricted useƑ distributionƑ and reproduction in any mediumƑ provided the originalAttribution Licence

work is properly citedƔ

 Richard Stevens
University of OxfordƑ OxfordƑ UK

   David Nunan
University of OxfordƑ University of OxfordƑ OxfordƑ UK

We enjoyed reading the paper by Cortes and colleagues as it very usefully surveys the literature for
evidence that personalised effects existƑ and finds littleƔ This wellƖconceived study has also been
wellƖexecuted but does not currently meet the same quality of reportingƔ

The authors also need to be careful not to overstate their caseƓ they find the absence of evidenceƑ
not evidence of absenceƔ WhilstƑ on the wholeƑ they express this correctlyƑ in a few placesƑ a previous
reviewer correctly challenges them on thisƔ

Regarding the verb ͱneedͱƑ the first reviewer is right Ɩ it is too much to say ͱIf the effect randomly varies ƔƔƔ
we need to characterize its distributionͱƔ The authors themselves clarifyƑ later in their reply to this reviewerƑ
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we need to characterize its distributionͱƔ The authors themselves clarifyƑ later in their reply to this reviewerƑ
that what they mean is ͱthe best clinicians would like to know ƔƔƔͱƔ  ͱneedͱ is a much stronger word than
ͱwould likeͱƔ The Oxford English Dictionary defines it in terms of ͱnecessaryͱƑ which in turn is defined as
ͱIndispensableƑ vitalƑ essentialƑ requisiteͱƔ  
 
Prof White is also correct to challenge the remark on page ˀ that ͱthe simplest interpretation ƔƔƔ thus
rendering futile any search ƔƔƔͱ

The problem here is that the current wording suggests futility follows from equal variancesƔ We feel it
needs some form of wording that makes it clear that the ͱfutileͱ is conditional on ͱthe simplest
interpretationͱ being true and suggest ͱƔƔƔ treatment effect is constantƑ whichƑ if correctƑ would render futile
any ƔƔƔͱ

Additional areas for clarification includeƓ

Abstract conclusion Ɩ where the authors state Ɵƕoutcome variance was more often smallerƕƠƑ we find the
results in both the Abstract and main Results section do not fully support this conclusionƔ Table ʸ
indicates that the most common outcome by far is ͱvariability not changedͱƔ The authors should reƖwrite
the Abstract in such a way that the results directly support the conclusionsƔ

Methods Ɩ regarding the target populationƑ it could be made more clear that ͱquantitative outcomesͱ refers
to outcomes with continuous dataƔ
 
Results Ɩ the results section cites figures in the Supplementary material but the Table ƺTable ʸƻ and Figure
ƺFigure ʺƻ included in the main paper are not discussedƔ  It is hard to map results in the Abstract to the
corresponding points in the main Results and hard to map conclusions directly to resultsƑ especially within
the AbstractƔ

Figure ʹ Ɩ the percentages in brackets are confusingƔ Reporting according to current reporting standards
is recommendedƔ

DiscussionƓ on page ˀ ƾPDFƿ where the authors state Ɵƕthus in turn also supporting evidenceƖbased
medicineƠ and later on page ʸʷ ͱHereƑ we have provided empirical insights for the rationale behind
EvidenceƖBased MedicineƔͱ
Both statements equate the entire philosophy and practice of evidenceƖbased medicineƭpractice with ͱletͱs
use parallel group trialsͱƔ This paper deals with one element of EBMƭP Ɩ that of treatment decisions and a
further distillation still down to the use of parallel controlled trials to guide decision making in these
circumstancesƔ The authors should reƖword these occurrences accordinglyƔ

Is the work clearly and accurately presented and does it cite the current literatureƜ
No

Is the study design appropriate and is the work technically soundƜ
Yes

Are sufficient details of methods and analysis provided to allow replication by othersƜ
Yes

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
Yes
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Yes

Are all the source data underlying the results available to ensure full reproducibilityƜ
Yes

Are the conclusions drawn adequately supported by the resultsƜ
Partly

 No competing interests were disclosedƔCompeting InterestsƓ

Reviewer ExpertiseƓ EvidenceƖbased medicineƑ critical appraisalƑ medical statistics

We have read this submissionƔ We believe that we have an appropriate level of expertise to
confirm that it is of an acceptable scientific standardƑ however we have significant reservationsƑ
as outlined aboveƔ

Author Response ʺʸ May ʹʷʸˀ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

We enjoyed reading the paper by Cortes and colleagues as it very usefully surveys the literature for
evidence that personalised effects existƑ and finds littleƔ This wellƖconceived study has also been
wellƖexecuted but does not currently meet the same quality of reportingƔ

We are grateful to Professor Richard Stevens and Professor David Nunan for their
commentsƑ which helped us to clarifyƭimprove our manuscriptƔ
NextƑ we answer their comments and specify the modifications introduced in the
manuscript accordinglyƔ

The authors also need to be careful not to overstate their caseƓ they find the absence of evidenceƑ
not evidence of absenceƔ WhilstƑ on the wholeƑ they express this correctlyƑ in a few placesƑ a
previous reviewer correctly challenges them on thisƔ

ThatƠs rightƔ The correct message is exactly thatƓ there is not enough evidence for wide
use of personalized medicineƑ but some sentences still remained impreciseƔ We are
grateful to the previous referees who alerted us to this factƔ

Regarding the verb ͱneedͱƑ the first reviewer is right Ɩ it is too much to say ͱIf the effect randomly
varies we need to characterize its distributionͱƔ The authors themselves clarifyƑ later in their reply to
this reviewerƑ that what they mean is ͱthe best clinicians would like to know ƔƔƔͱƔ  ͱneedͱ is a much
stronger word than ͱwould likeͱƔ The Oxford English Dictionary defines it in terms of ͱnecessaryͱƑ
which in turn is defined as ͱIndispensableƑ vitalƑ essentialƑ requisiteͱƔ 

Thank youƔ We tried to clarify this issue in response to Prof WhiteƔ HoweverƑ we want to
emphasize that this sentence came from an answer to the refereeƒ but it has never been
included in the manuscriptƔ
AnywayƑ in this new versionƑ we have replaced the term ͲneedͲ in almost every sentence
where it appeared ƺʸ of them in the Abstractƻ for other expressions in order to ease the
messageƔ

Prof White is also correct to challenge the remark on page ˀ that ͱthe simplest interpretation ƔƔƔ thus
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Prof White is also correct to challenge the remark on page ˀ that ͱthe simplest interpretation ƔƔƔ thus
rendering futile any search ƔƔƔͱ The problem here is that the current wording suggests futility follows
from equal variancesƔ We feel it needs some form of wording that makes it clear that the ͱfutileͱ is
conditional on ͱthe simplest interpretationͱ being true and suggest ͱƔƔƔ treatment effect is constantƑ
whichƑ if correctƑ would render futile any ƔƔƔͱ

Thank you for this important insightƔ FirstƑ we have tried to soften the tone of the phrase
by changing Ͳthe simplest interpretationͲ to Ͳa simple and believable interpretationͲƔ
SecondƑ we have reworded the last part of the sentence according to the reviewersƠ
suggestionƓ
ơƕtreatment effect is constantƑ whichƑ if correctƑ would render futile any search for
predictors of differential responseƢ
With these wording improvementsƑ we have decided to move this sentences to the
beginning of the DiscussionƔ

Additional areas for clarification includeƓ
Abstract conclusion Ɩ where the authors state Ɵƕoutcome variance was more often smallerƕƠƑ we
find the results in both the Abstract and main Results section do not fully support this conclusionƔ
Table ʸ indicates that the most common outcome by far is ͱvariability not changedͱƔ The authors
should reƖwrite the Abstract in such a way that the results directly support the conclusionsƔ

Ɣ Thank you for your suggestion We refer to merely descriptive resultsƔ HoweverƑ to avoid
ambiguitiesƑ we have rewritten the Abstract and the Results sectionƓ

Previous AbstractƓ We found that the outcome variance was more often smaller in the
intervention groupƑƕ
Current AbstractƓ The mean variance ratio is significantly lower than ʼ and the lower
variance was found more often in the intervention group than in the control groupƑ
suggesting it is more usual for treated patients to be stableƔ

Previous ResultsƓ On averageƑ the outcome variance ratio is close to oneƑ with evidence of
smaller variability in the treated armƔ
Current ResultsƓ The mean variance ratio is significantly lower than ʼ and the lower
variance was found more often in the intervention group than in the control groupƔ

Methods Ɩ regarding the target populationƑ it could be made more clear that ͱquantitative outcomesͱ
refers to outcomes with continuous dataƔ

Thank you for the commentƔ  In factƑ our work includes both studies with continuous and
discrete outcomes ƺeƔgƔƑ scalesƻƔ For this reasonƑ we have changed the term ͲquantitativeͲ
to ͲnumericalͲƑ which we believe best reflects the outcome type in the eligibility criteriaƔ

Results Ɩ the results section cites figures in the Supplementary material but the Table ƺTable ʸƻ and
Figure ƺFigure ʺƻ included in the main paper are not discussedƔ  It is hard to map results in the
Abstract to the corresponding points in the main Results and hard to map conclusions directly to
resultsƑ especially within the AbstractƔ

Thank you for this pointƔ On the one handƑ nowƑ we have introduced Figure ʺ earlier and
we have included some sentences to explain itƔ On the other handƑ we have repeated the
citation of Table ʸ in several places in order to clarify the source of each percentage
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citation of Table ʸ in several places in order to clarify the source of each percentage
showed in itƔ

Figure ʹ Ɩ the percentages in brackets are confusingƔ Reporting according to current reporting
standards is recommendedƔ

Thank you for your commentƔ We have rewritten the percentages in Figure ʹ according to
the total number of initial documents obtained from the bibliographic searchƔ

DiscussionƓ on page ˀ ƾPDFƿ where the authors state Ɵƕthus in turn also supporting
evidenceƖbased medicineƠ and later on page ʸʷ ͱHereƑ we have provided empirical insights for the
rationale behind EvidenceƖBased MedicineƔͱ Both statements equate the entire philosophy and
practice of evidenceƖbased medicineƭpractice with ͱletͱs use parallel group trialsͱƔ This paper deals
with one element of EBMƭP Ɩ that of treatment decisions and a further distillation still down to the
use of parallel controlled trials to guide decision making in these circumstancesƔ The authors
should reƖword these occurrences accordinglyƔ

We agree that the interpretation is overemphasized according to the findings of our workƔ
We have tried to improve both sentencesƓ

Previous sentenceƓ ƕthus in turn also supporting evidenceƖbased medicine
Current sentenceƓ ƕthus in turn also supporting the use of parallel controlled trials to
guide decisionƖmaking in these circumstancesƔ

Previous sentenceƓ HereƑ we have provided empirical insights for the rationale behind
EvidenceƖBased MedicineƔ
Current sentenceƓ HereƑ we have provided empirical insights to postulate that such a

 premise is reasonable in most published parallel clinical trialsƔ
 No competing interests were disclosedƔCompeting InterestsƓ
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I consider each of the points in turnƔ

ʸƔ We are debating whether ơconventional clinical trials are designed to find differences with the implicit
assumption that the effect is the same in all patients within the eligibility criteriaƢƔ

The authors quote Paul HollandƔ The passage quoted is a careful definition of the ơconstant effect
assumptionƢƑ but it does not support the authorsƠ argument Ɩ it does not claim that this assumption is
required in randomised trialsƔ Indeed elsewhere in his paperƑ Holland points out the value of an average
causal effectƓ

ơThe value of the average causal effect T is of potential interest for its own sake in certain types of studiesƔ
It would be of interest to a state education director who wanted to know what reading program would be
the best to give to all of the first graders in his stateƔ The average causal effect of the best program would
be reflected in increases in statewide average reading scoresƔƢ

I entirely agree with the authors that

ơWithout this ƾconstant effectƿ assumptionƑ the value of the ơaverage causal effectƢ is not enough to
convey all the information about the treatment effectƔƢ

but I donƠt agree that

ơIf the effect randomly varies among the different units ƺas shown in panel D of Figure ʸƻƑ we need to
characterize its distributionƓ for exampleƑ by a normal distribution with its mean ƺdeltaƻ and standard
deviation ƺSDƻƔƢ

My disagreement is over the word ơneedƢƔ It would be really    to characterize the distributionƔ But weuseful
usually canƠt do that in RCTs ƺcrossƖover trials and nƖofƖʸ trials being notable exceptionsƻƔ If we canƠt
characterize the distributionƑ the mean is still usefulƑ as in the reading program example aboveƑ or as in
treatment of a group of patientsƔ As I said in my original reviewƓ

ơThis is why the trials community worries so much about external generalisabilityƓ for exampleƑ if a trial
treated ʽʷ̈ women and ʻʷ̈ men and showed a benefit of treatmentƑ then a clinician treating women
and men in the same ratio can be confident of giving a benefit overallƑ but a clinician treating women and
men in a different ratio cannot be so confidentƔƢ

ʹƔ Here we are debating whether the authorsƠ conclusions follow validly from the observed reduction in
variance in the treated armƔ The authors have included plenty of caveatsƔ But their primary statement ƺin
the abstractƻ remains ơtreated patients ƕ would not require further precision medicineƢƓ I still disagree
with thisƔ Other overƖstatements in the discussion are

ơWhen both arms have equal variancesƑ then the simplest interpretation is that the treatment effect is
constantƑ thus rendering futile any search for predictors of differential responseƔƢ ƺpˀƻ

ơFor most trialsƑ the variability of the response to treatment changes scarcely or even decreasesƑ which
suggests that precision medicineƠs scope may be less than what is commonly assumedƢ ƺpʸʷƻ

ơThere is evidence of effect variation in around ʸ out of ʾ trialsƑ suggesting a limited role for tailored
interventionsƢ ƺpʸʷƻ
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ʺƔ I find the presentation of the methods and results clearer nowƑ though some parts remain poorly
explainedƓ

In the formula for IʗʹƑ nuʗʹ is not the expected value of the error varianceƑ since the latter is not a
random variableƔ
The formulae for VƾlogƺVͨOTƭVͨOCƻƿ and VƾlogƺVͨOTƭVͨBTƻƿ are in fact formulae for their
withinƖstudy variances nuͨiʗʹƓ this should be made clearƔ As writtenƑ they wrongly appear to be the
total variancesƑ which also involve tauʗʹ
In Table ʸƑ ơRandom modelƢ is an inadequate description of the complex procedure described in
the captionƔ

ʻƔ I fully apologise for not seeing the authorsƠ response to Erica MoodieƠs commentsƔ I agree that they did
respondƔ

For the above reasons ʸ and ʹƑ I do not approve the paper as a wholeƔ I do approve the methods and
resultsƑ which provide useful insightsƔ It is only the authorƠs interpretation of their results that I do not
approveƔ An advantage of the open reviewing platform is that the paper remains available and those who
disagree with my opinions remain able to read itƔ

I am still learning how to review papers in nonƖconventional journals like this oneƔ Usually I would not
expect to review a ʹ  submission ƺsuch as thisƻƔ I will not review a ʺ  submissionƔ

Is the work clearly and accurately presented and does it cite the current literatureƜ
Yes

Is the study design appropriate and is the work technically soundƜ
Yes

Are sufficient details of methods and analysis provided to allow replication by othersƜ
Yes

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
No

Are all the source data underlying the results available to ensure full reproducibilityƜ
Yes

Are the conclusions drawn adequately supported by the resultsƜ
No

 No competing interests were disclosedƔCompeting InterestsƓ

I have read this submissionƔ I believe that I have an appropriate level of expertise to state that I
do not consider it to be of an acceptable scientific standardƑ for reasons outlined aboveƔ

Author Response ʷʸ Mar ʹʷʸˀ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

We are thankful for the comments from ProfƔ Ian WhiteƑ which have helped us greatly in
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We are thankful for the comments from ProfƔ Ian WhiteƑ which have helped us greatly in
rethinking our paperƔ

ʸƔ We are debating whether ơconventional clinical trials are designed to find differences with the
implicit assumption that the effect is the same in all patients within the eligibility criteriaƢƔ
The authors quote Paul HollandƔ The passage quoted is a careful definition of the ơconstant effect
assumptionƢƑ but it does not support the authorsƠ argument Ɩ it does not claim that this assumption
is required in randomised trialsƔ Indeed elsewhere in his paperƑ Holland points out the value of an
average causal effectƓ
ơThe value of the average causal effect T is of potential interest for its own sake in certain types of
studiesƔ It would be of interest to a state education director who wanted to know what reading
program would be the best to give to all of the first graders in his stateƔ The average causal effect
of the best program would be reflected in increases in statewide average reading scoresƔƢ

We agree that Holland is using the concept of Average Causal Effect ƺACEƻƒ howeverƑ he
also mentions that ͲThe assumption of constant effect makes the value of the average
causal effect relevant to every unitƑ and thereforeƑ allows T to be used to draw causal

ͲƔ HoweverƑ we wonder to whom this quote is relevantƓ toinferences at the unit level 
health managersƜƒ or to doctors giving specific advice to individual patientsƜ In any caseƑ
our statement will still remain validƓ health managers would like to know the amount of
variability added by the treatmentƒ orƑ even betterƑ they would like to know any additional
measure of the amount of deviations from the causal effect assumptionƔ

I entirely agree with the authors that
ơWithout this ƾconstant effectƿ assumptionƑ the value of the ơaverage causal effectƢ is not enough to
convey all the information about the treatment effectƔƢ
but I donƠt agree that
ơIf the effect randomly varies among the different units ƺas shown in panel D of Figure ʸƻƑ we need
to characterize its distributionƓ for exampleƑ by a normal distribution with its mean ƺdeltaƻ and
standard deviation ƺSDƻƔƢ
My disagreement is over the word ơneedƢƔ It would be really useful to characterize the distributionƔ
But we usually canƠt do that in RCTs ƺcrossƖover trials and nƖofƖʸ trials being notable exceptionsƻƔ If
we canƠt characterize the distributionƑ the mean is still usefulƑ as in the reading program example
aboveƑ or as in treatment of a group of patientsƔ

Thank you for this observationƒ howeverƑ we disagreeƔ While it is certainly true that
science currently cannot provide this informationƒ that does not mean that we donƠt need
this information in order to provide individualized adviceƔ For usƑ ơneedƢ is the correct
wordƔ Perhaps our disagreement is simply a question of nuanceƑ for exampleƑ maybe ProfƔ
White would prefer ơneed to be able toƢ or something similarƔ 

As I said in my original reviewƓ
ơThis is why the trials community worries so much about external generalisabilityƓ for exampleƑ if a
trial treated ʽʷ̈ women and ʻʷ̈ men and showed a benefit of treatmentƑ then a clinician treating
women and men in the same ratio can be confident of giving a benefit overallƑ but a clinician
treating women and men in a different ratio cannot be so confidentƔƢ

Thank youƑ although we disagreeƔ As stated beforeƓ maybe some patients may rely on an
average treatmentƔ HoweverƑ the best clinicians would like to know the effect on both
subgroupsƓ this is why we ơneedƢ to know the ơdistributionƢ of the effect size among the
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subgroupsƓ this is why we ơneedƢ to know the ơdistributionƢ of the effect size among the
populationƔ 

ʹƔ Here we are debating whether the authorsƠ conclusions follow validly from the observed
reduction in variance in the treated armƔ The authors have included plenty of caveatsƔ But their
primary statement ƺin the abstractƻ remains ơtreated patients ƕ would not require further precision
medicineƢƓ I still disagree with thisƔ

Thank youƑ although we still disagree with ProfƔ Ian WhiteƠs interpretationƔ 
If the constant effect assumption does not holdƑ new paradoxes may appearƔ For exampleƑ
we agree that a different effect in some units may justify a tailored recommendationƔ
HoweverƑ in the case of a reduced variance with a similar mean ƺas in panel EƑ Figure ʸƻƑ
more patients would finish within reference or ơnormalityƢ valuesƑ which may be
interpreted as the goal of interventionsƔ 

Other overƖstatements in the discussion are
 ơWhen both arms have equal variancesƑ then the simplest interpretation is that the treatment effect
is constantƑ thus rendering futile any search for predictors of differential responseƔƢ ƺpˀƻ

 AgainƑ thank youƑ although we disagreeƔ As a constant ƺ ƻ is independent of anyeffect
variableƑ we wonder why this should be considered an ơoverƖstatementƢ

ơFor most trialsƑ the variability of the response to treatment changes scarcely or even decreasesƑ
which suggests that precision medicineƠs scope may be less than what is commonly assumedƢ
ƺpʸʷƻ

As beforeƔ

There is evidence of effect variation in around ʸ out of ʾ trialsƑ suggesting a limited role for tailoredơ
interventionsƢ ƺpʸʷƻ

AgainƑ ơidemƢƓ we also disagree with ProfƔ Ian WhiteƠs interpretationƔ 

ʺƔ I find the presentation of the methods and results clearer nowƑ though some parts remain poorly
explainedƓ
In the formula for IʗʹƑ nuʗʹ is not the expected value of the error varianceƑ since the latter is not a
random variableƔ

Thank youƔ We have corrected itƓ ơnuʛʽ is the mean of the error variances nuͬiʛʽƢ

The formulae for VƾlogƺVͨOTƭVͨOCƻƿ and VƾlogƺVͨOTƭVͨBTƻƿ are in fact formulae for their
withinƖstudy variances nuͨiʗʹƓ this should be made clearƔ As writtenƑ they wrongly appear to be the
total variancesƑ which also involve tauʗʹ

Thank youƔ We have clarified this issue adding this sentence before the formulasƔ
ơThusƑ the withinƖstudy variance was estimated using the following formulasƓƢ

In Table ʸƑ ơRandom modelƢ is an inadequate description of the complex procedure described in
the captionƔ
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the captionƔ

Thank youƔ As a consequence of your suggestionsƑ we have decided to expand the table
by specifying the ʺ performed analyses based onƓ ʸƻ the random effects modelƒ ʹƻ the
heuristic method of eliminating oneƖtoƖone studies ƺwhat we previously called Ͳrandom
modelͲ and now we call Ͳheuristic methodͲƻƒ ʺƻ the classic tests of variance comparisonƔ 

ʻƔ I fully apologise for not seeing the authorsƠ response to Erica MoodieƠs commentsƔ I agree that
they did respondƔ

Thank youƔ 

For the above reasons ʸ and ʹƑ I do not approve the paper as a wholeƔ I do approve the methods
and resultsƑ which provide useful insightsƔ It is only the authorƠs interpretation of their results that I
do not approveƔ An advantage of the open reviewing platform is that the paper remains available
and those who disagree with my opinions remain able to read itƔ

Thank youƔ We are happy Prof White thinks it ơprovides useful insightsƢ and that he likes
that it should ơremain availableƢƔ As we interpret his commentsƑ he appears to believe that
the paper is now a worthwhile contribution to scienceƔ AnywayƑ we wonder if a
nonƖindexed paper could be considered as ơavailableƢ

I am still learning how to review papers in nonƖconventional journals like this oneƔ Usually I would
not expect to review a ʹnd submission ƺsuch as thisƻƔ I will not review a ʺrd submissionƔ
Competing InterestsƓ No competing interests were disclosedƔ I have read this submissionƔ I believe
that I have an appropriate level of expertise to state that I do not consider it to be of an acceptable
scientific standardƑ for reasons outlined aboveƔ

It seems to us that we agree more than we disagree with ProfƔ Ian WhiteƔ  We agree that
the assumption of a constant effect is as unrealistic as some statements from the Normal
GaussƖLaplace distributionƔ HoweverƑ the constant effect has nevertheless served as a
useful assumption for facilitating medical and social decisions arrived at on the basis of
evidenceƖbased medicineƔ The relevant question is not whether or not the assumption is
trueƑ but how much the effects deviate from a constant modelƔ This is the point of our
proposalƑ namely that it is necessary to quantify how much variability is added by the
treatmentƔ 

In any caseƑ we would like to thank again ProfƔ Ian WhiteƔ Despite having different
interpretationsƑ he has helped us to significantly improve the articleƔ 

 No competing interests were disclosedƔCompeting InterestsƓ
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ʛ ʹʷʸʿ le Cessie SƔ This is an open access peer review report distributed under the terms of the Creative Commons
Ƒ which permits unrestricted useƑ distributionƑ and reproduction in any mediumƑ provided the originalAttribution Licence

work is properly citedƔ

   Saskia le Cessie
Department of Clinical EpidemiologyƑ Leiden University Medical CenterƑ LeidenƑ The Netherlands

Although the paper has been improvedƑ there are still important shortcomings in the abstractƑ introductionƑ
description of the methods and the discussionƔ

I completely agree with Ian WhiteƔ The statement in the abstractƓ ơHoweverƑ conventional clinical
trials are designed to find differences with the implicit assumption that the effect is the same in all
patients within the eligibility criteriaƢƑ  is definitely not trueƔ Trials are designed to answer questions
about   effects in populationsƓ what would happen if everyone would be treated withaverage
treatment A versus treatment BƔ This does not imply that the effect in all subgroups or in all
individuals is the sameƔ This also apply to the discussion with statements like ͲEvidenceƖBased
Medicine operates under the paradigm of a constant effect assumptionͲ
 
The description of the methods is insufficientƔ The main fitted model has two random effect Sͨi and
eͨiƑ and the model is therefore not estimableƔ You do not clearly state that you circumvent this
problem by estimating the variance  nuͨi  from the sample sizes in the two trial armsƔ  
 
The parameter mu is not the average variance ratioƑ it is the logarithm of itƔ And the notation should
be sͨi ʘNƺʷƑ tauʗʹƻ instead of sͨi ʘNƺʷƑ tauƻƑ idem eͨi ʘNƺʷƑ nuͨiʗʹƻƔ
 
The definition of Iʗʹ is not clearƑ  it is unclear what nuʗʹ isƔ
 
I am uncertain about the added value of using IʗʹƔ Why not just look at the size of tauƑ and use it to
determine the prediction interval for the ratio of variancesƜ
 
It is unclear how the model to assess homoscedasticity over time is formulatedƔ
 
In the heading of Table ʸ it is now explained how the distinction between increased variabilityƑ
decreased variability and not changed is madeƔ Please add this information to the methods
sectionƔ
 
I can see how the distinction between increasedƑ decreased and not changed stability based on
the FƖtests is made ƺalthough the term masked tests is unknown to meƻƔ However the random
model method is rather heuristicƔ What is meant by a ơneglectable heterogeneityƢƜ And what is
meant byƢ studies are removed one by one until achieving an estimated value of tauƑ similar to the
reference modelƢƔ Which reference modelƜ What difference is considered to be similarƜ
 
The presentation of the results is in some parts unclearƔ eƔgƔ ơThe estimated baseline
heterogeneityƢƔ I assume that this is the estimate of the between study variance of an analysis with
the log varianceƖratio at baseline as dependent variableƔ Is that correctƜ  Page ʽƔ ơheterogeneity

was almost doubledƢƔ Do you mean that tau is doubledƜ Or tauʗʹƜ ơThe sensitive analysisƢ To
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was almost doubledƢƔ Do you mean that tau is doubledƜ Or tauʗʹƜ ơThe sensitive analysisƢ To
which analysis do you refer hereƜ
 
The word ơoutcomeƢ has multiple meaningsƔ Sometimes it is the outcome variableƑ sometimes it is
outcome variableƑ measured at end of the studyƔ See for example the legend of  Figure ʺƓ the terms
ơvariance of outcomeƢ and ơvariance of outcome at baselineƢ are not very clearƔ Please rewordƔ
 
In the discussionƑ you still equate heteroscedastic with precision medicine eƔgƔ sentences like  ơa
rough estimate of the proportion of interventions with different variability that would require more
precise medicineƢƔ
 
Page ʾ The part starting with ͲConsidering the mostͲ until ͲProvided there are no differences in
meansƑ the latter implies a larger proportion of ơcuredƢ patientsƑ within the normality rangeƔƢ I did
not understand this partƔ Why do you assume that there are no differences in meansƜ And what do
you mean with normality rangeƜ
 
Page ˀƓ ơFirstƑ the heterogeneity found in our analysis indicates that the observed lower variability
in the experimental arm cannot be extrapolated to all individual studiesƔƢ This remark is unclearƔ

Is the work clearly and accurately presented and does it cite the current literatureƜ
No

Is the study design appropriate and is the work technically soundƜ
No

Are sufficient details of methods and analysis provided to allow replication by othersƜ
No

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
No

Are all the source data underlying the results available to ensure full reproducibilityƜ
No

Are the conclusions drawn adequately supported by the resultsƜ
No

 No competing interests were disclosedƔCompeting InterestsƓ

Reviewer ExpertiseƓ Medical Statisticsƒ Epidemiologyƒ Methods for Observational studies

I have read this submissionƔ I believe that I have an appropriate level of expertise to state that I
do not consider it to be of an acceptable scientific standardƑ for reasons outlined aboveƔ

Author Response ʷʽ Nov ʹʷʸʿ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

We are sincerely thankful for the critical review from ProfƔ Saskia le CessieƔ NextƑ we will
try to clarify the raised issuesƔ
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try to clarify the raised issuesƔ

Although the paper has been improvedƑ there are still important shortcomings in the abstractƑ
introductionƑ description of the methods and the discussionƔ

ʸƔ I completely agree with Ian WhiteƔ The statement in the abstractƓ ơHoweverƑ conventional clinical
trials are designed to find differences with the implicit assumption that the effect is the same in all
patients within the eligibility criteriaƢƑ  is definitely not trueƔ Trials are designed to answer questions
about   effects in populationsƓ what would happen if everyone would be treated withaverage
treatment A versus treatment BƔ This does not imply that the effect in all subgroups or in all
individuals is the sameƔ This also apply to the discussion with statements like ͲEvidenceƖBased
Medicine operates under the paradigm of a constant effect assumptionͲ

As this question deals with the same issue posed by Professor Ian WhiteƑ we use more or
less the same answerƓ
Paul Holland ƾʸƿƑ in his paper about statistics and causal inferenceƑ statedƓ ơThe
assumption of constant effect is that the effect of t on every unit is the same ƾƕƿƔ ƾItƿ

Ƣ makes the value of the average causal effect relevant to every unitƔ
Without this assumptionƑ the value of the ơaverage causal effectƢ is not enough to convey
all the information about the treatment effectƔ If the effect randomly varies among the
different units ƺas shown in panel D of Figure ʸƻƑ we need to characterize its distributionƓ
for exampleƑ by means of a normal distribution with its mean ƺdeltaƻ and standard
deviation ƺSDƻƔ Depending on the value of this SDƑ we may consider applying the
intervention to the full population or notƔ In the case of an interaction with measurable
baseline characteristics ƺas shown in panel C of Figure ʸƻƑ we need to specify the different
delta values for each groupƔ
Without specification of the further parameters required to characterize a nonƖconstant
effectƑ the reader cannot distinguish whetherƓ ƺaƻ the authors were looking for a
nonƖconstant effectƑ but they erroneously omitted those further details required to specify
this sophisticated effectƒ or ƺbƻ they were just assuming a constant effect ƺperhaps
unconsciouslyƻƔ We agree with ProfƔ White that authors should be fully transparent about
those assumptionsƒ and with Grissom and Kim ƾʹƿ in the sense that those further
sophisticated situations may require a broader approach than just looking at the meansƔ 
ƾʸƿ HOLLANDƑ P ų PAULƑ WƔ ƺʸˀʿʽƻƔ Statistics and Causal InferenceƔ Journal of the
American Statistical AssociationƑ ʿʸƺʺˀʽƻƑ ˀʻʼƖˀʽʷƔ
ƾʹƿ GRISSOMƑ RƔ JƔ ų KIMƑ JƔ JƔ ƺʹʷʷʼƻƔ Effect Sizes for ResearchƓ a Broad Practical
ApproachƔ Lawrence Erlbaum AssociatesƑ MahwahƑ NJ
 

ʹƔThe description of the methods is insufficientƔ The main fitted model has two random effect Sͨi
and eͨiƑ and the model is therefore not estimableƔ You do not clearly state that you circumvent this
problem by estimating the variance  nuͨi  from the sample sizes in the two trial armsƔ

You are rightƔ Although we have extensively explained it in sections VI and VII of the
supplementary materialƑ we have clarified it in a new version of the manuscriptƓ
BeforeƓ ơAs there is only one available measure for each studyƑ both sources of variability
cannot be empirically differentiatedƓ ƺiƻ within study or random or that one related to
sample sizeƒ and ƺiiƻ heterogeneityƔ In order to isolate the secondƑ the first was
theoretically estimated using the Delta method Ưas explained in Sections V and VI in
Supplementary File ʸƔƢ
AfterƓ ơAs there is only one available measure for each studyƑ both sources of variability
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AfterƓ ơAs there is only one available measure for each studyƑ both sources of variability
cannot be empirically differentiatedƓ ƺiƻ within study or random variabilityƒ and ƺiiƻ
heterogeneityƔ To isolate the secondƑ the first was estimated theoretically using either the
Delta method in the case of comparison betweenƖarm or using some approximation in the
case of comparison over time ƺsee details in Sections VI and VII of Supplementary File ʸƻƓ
  VƾlogƺVͨOTƭVͨOC ƻƿ̏ʹƭƺnͨOTƖʹƻ̊ʹƭƺnͨOCƖʹƻ      ƺbetween armsƻ

   VƾlogƺVͨOTƭVͨBT ƻƿ̏ ʻƭƺnƖʸƻ Ɩ ʹƸlog ƾʸ̊ƺʹƸCorrƾYͨOTƑYͨBT ƿʗʹƻƭƺnʗʹƭƺnƖʸƻƻƿ      ƺover timeƻƢ

 
ʺƔ The parameter mu is not the average variance ratioƑ it is the logarithm of itƔ And the notation
should be sͨi ʘNƺʷƑ tauʗʹƻ instead of sͨi ʘNƺʷƑ tauƻƑ idem eͨi ʘNƺʷƑ nuͨiʗʹƻƔ

ThanksƔ We have corrected itƔ
 

ʻƔ The definition of Iʗʹ is not clearƑ  it is unclear what nuʗʹ isƔ

Thank you for the suggestionƔ Regarding the definition of IʗʹƑ we have added a new
reference ƾʸƿ that contains a broader explanation of its meaningƔ Regarding nuʗʹƑ we have
removed the second definition ƺơthe expected value of the error varianceƢƻƑ since it had
already been previously definedƔ
ƾʸƿ Higgins JPTƑ Thompson SGƑ Deeks JJƑ et alƔƓ Measuring inconsistency in
metaƖanalysesƔ BMJƔ ʹʷʷʺƒʺʹʾƺʾʻʸʻƻƓʼʼʾƖʼʽʷƔ

 
ʼƔ I am uncertain about the added value of using IʗʹƔ Why not just look at the size of tauƑ and use it
to determine the prediction interval for the ratio of variancesƜ

In factƑ although we define the measure of IʗʹƑ our explanations always underlie the
interpretation of tauƔ
The question about why we do not use the prediction intervals is very appropriateƔ This
was our initial ideaƑ but Carlisleͱs paper ƾʸƿ made us think that there could be some
methodological deficiencies in the random assignments that involve artificially different
variances between armsƔ HoweverƑ after making the decisionƑ we found that the number of
studies with statistically different variances using our ͲheuristicͲ method or using the
prediction intervals was very similarƔ This can be checked by comparing the results
shown in Table ʸ with the points outside the triangle in Figure ʺƔ
ƾʸƿ Carlisle JBƓ Data fabrication and other reasons for nonƖrandom sampling in ʼʷʿʾ
randomisedƑ controlled trials in anaesthetic and general medical journalsƔ AnaesthesiaƔ
ʹʷʸʾƒʾʹƺʿƻƓˀʻʻƯˀʼʹƔ ʹʿʼʿʷʽʼʸ ʸʷƔʸʸʸʸƭanaeƔʸʺˀʺʿ

ʽƔ It is unclear how the model to assess homoscedasticity over time is formulatedƔ

The methodology is explained in Section IV of the supplementary fileƔ As the methodology
was relatively similar to the comparison between groupsƑ we decided to omit the details in
the statistical analysis section so as not to wear down the readerƔ

ʾƔ In the heading of Table ʸ it is now explained how the distinction between increased variabilityƑ
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ʾƔ In the heading of Table ʸ it is now explained how the distinction between increased variabilityƑ
decreased variability and not changed is madeƔ Please add this information to the methods
sectionƔ

Thank you for your adviceƔ We have introduced two modificationsƔ
FirstƑ just to clarifyƑ we have added an additional introductory paragraph in the statistical
analysis section mentioning the ʹ methods before explaining themƓ
To compare the variancesƑ two different methods have been usedƓ one based on a
randomƖeffects model and the other based on classical variance comparison testsƔ
SecondƑ it is our opinion that doubts arise in regard to how the randomƖeffects model
determines which studies have significantly different variances ƺsince we believe it is
obvious with variance comparison testsƻƑ therefore we have added the following
explanatory text in the statistical analysis sectionƓ
SpecificallyƑ studies with more extreme outcomes were removed one by one until
achieving an estimated value of ȁ similar to the one obtained from the reference modelƔ
These deleted studies were considered to be those that had significantly different
variancesƑ because the experimental treatment either increased or decreased the
varianceƔ
 
 
ʿƔ I can see how the distinction between increasedƑ decreased and not changed stability based on
the FƖtests is made ƺalthough the term masked tests is unknown to meƻƔ However the random
model method is rather heuristicƔ What is meant by a ơneglectable heterogeneityƢƜ And what is
meant byƢ studies are removed one by one until achieving an estimated value of tauƑ similar to the
reference modelƢƔ Which reference modelƜ What difference is considered to be similarƜ

The term ͲmaskedͲ refered to the fact that this analysis was defined without looking at the
data previouslyƔ To clarifyƑ we have changed Ͳmasked specifiedͲ to ͲpreƖspecifiedͲƔ We
agree that the method which obtains the studies with significantly different variances is
heuristicƔ HoweverƑ it provides almost the same number of significant studies as when
using the limits defined by the funnelƖplots in Figure ʺƔ
The reference model is the one in which the variances of the two groups are compared at
the baselineƓ It is the first model of Table Sʻ of the supplementary fileƔ To clarifyƑ we have
added an additional sentence in the legend of Table ʸƓ 
ơReference model Ư the one that compares the variances of the response at baselineƢƔ
AlsoƑ we have slightly modified the explanation of this heuristic method to clear up
doubtsƓ 
BeforeƓ ơstudies with more extreme outcomes were removed one by one until achieving
an estimated value of tau similar to the one obtained from the reference modelƔƢ 
AfterƓ ơstudies with larger discrepancies in variances were removed one by one until the
estimated value of tau was as close as possible to that of the reference modelƔƢ 

ˀƔ The presentation of the results is in some parts unclearƔ eƔgƔ ơThe estimated baseline
heterogeneityƢƔ I assume that this is the estimate of the between study variance of an analysis with
the log varianceƖratio at baseline as dependent variableƔ Is that correctƜ  Page ʽƔ ơheterogeneity
was almost doubledƢƔ Do you mean that tau is doubledƜ Or tauʗʹƜ ơThe sensitive analysisƢ To
which analysis do you refer hereƜ

You are right in all the matters you mentionƔ
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You are right in all the matters you mentionƔ
Baseline heterogeneity refers to the model that uses the logarithm of the baseline
variances ratio as responseƔ 
In the new version of the manuscriptƑ we have clarified that when we say that
ơheterogeneity is approximately doubledƢƑ we refer to the estimated tauƔ
BeforeƓ ơHeterogeneity was approximately doubledƔƢ
AfterƓ ơEstimated heterogeneity ƺhatͨtauƻ was approximately doubledƔƢ
AlsoƑ instead of using the term Ͳsensitivity analysisͲƑ which is not very specificƑ we now
specifically mention what analysis we are referring toƔ
BeforeƓ ơThese figures were slightly higher in the sensitive analysisƔƢ
AfterƓ ơThese figures were slightly higher in the analysis based on the classical variance
comparison testsƔƢ
 
 
ʸʷƔ The word ơoutcomeƢ has multiple meaningsƔ Sometimes it is the outcome variableƑ sometimes
it is outcome variableƑ measured at end of the studyƔ See for example the legend of  Figure ʺƓ the
terms ơvariance of outcomeƢ and ơvariance of outcome at baselineƢ are not very clearƔ Please
rewordƔ

We have modified the legend of Figure ʺƔ
BeforeƓ ơVͨBTƓ Variance of the Outcome at baseline in the Treated armƢƔ
AfterƓ ơVͨBTƓ Variance at Baseline in the Treated armƢƔ
In the rest of the documentƑ we think that there is no ambiguity in the use of the term
ͲOutcomeͲƑ since it is always explicit when we refer to the baseline valueƔ
 
ʸʸƔ In the discussionƑ you still equate heteroscedastic with precision medicine eƔgƔ sentences like
 ơa rough estimate of the proportion of interventions with different variability that would require more
precise medicineƢƔ

It is not our intention in this statement to make an equivalence between
heteroscedasticity and personalized medicineƑ iƔeƔƓ
Heteroscedasticity ̐Ɩ̑ Precision medicine
With the use of a conditional in the sentenceƑ we want to highlight that the studies where
personalized medicine has more room are those in which different variability has been
observed andƑ thereforeƑ they are those of which we are sure that the effect of the
treatment is not constantƓ
Heteroscedasticity Ɩ̑ Precision medicine
 
ʸʹƔ Page ʾ The part starting with ͲConsidering the mostͲ until ͲProvided there are no differences in
meansƑ the latter implies a larger proportion of ơcuredƢ patientsƑ within the normality rangeƔƢ I did
not understand this partƔ Why do you assume that there are no differences in meansƜ And what do
you mean with normality rangeƜ

We wanted to emphasize that a treatment that is not effective because it does not modify
the mean of the outcome could be beneficial by decreasing the varianceƑ since this
implies that there is a greater number of patients within the reference range ƺwe have
changed the terminology ơnormality rangeƢ to ơreference rangeƢ in order to avoid
ambiguitiesƻƔ We have changed the text in the following wayƓ
BeforeƓ ơProvided there are no differences in meansƑ the latter implies a larger proportion
of ơcuredƢ patients within the normality rangeƔƢ
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of ơcuredƢ patients within the normality rangeƔƢ
AfterƓ ơEven if there are no differences in meansƑ lower variance implies a larger
proportion of patients within the reference rangeƔƢ
 
 
ʸʺƔ Page ˀƓ ơFirstƑ the heterogeneity found in our analysis indicates that the observed lower
variability in the experimental arm cannot be extrapolated to all individual studiesƔƢ This remark is
unclearƔ

Thank youƔ We have tried clarified this sentenceƔ
BeforeƓ ơFirstƑ the heterogeneity found in our analysis indicates that the observed lower
variability in the experimental arm cannot be extrapolated to all individual studiesƔƢ
AfterƓ ơFirstƑ there are studies where the variability in the response is glaringly differentƑ
indicating the presence of a nonƖconstant effectƔƢ

 
We sincerely thank the referee for the time devoted to her commentsƑ because despite not
having considered the manuscript acceptableƑ she has helped us to considerably improve

 the manuscriptƔ 
 No competing interests were disclosedƔCompeting InterestsƓ

 20 June 2018Reviewer Report
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ʛ ʹʷʸʿ White IƔ This is an open access peer review report distributed under the terms of the Creative Commons
Ƒ which permits unrestricted useƑ distributionƑ and reproduction in any mediumƑ provided the originalAttribution Licence

work is properly citedƔ

   Ian RƔ White
Medical Research Council Clinical Trials UnitƑ Institute of Clinical Trials and MethodologyƑ University
College LondonƑ LondonƑ UK

I appreciate the authorsƠ careful response to my reviewƔ They have made a number of changes which
have improved the manuscriptƔ HoweverƑ a number of errors remain which leave me unable to approve
the manuscriptƔ The key errors areƓ

I still do not accept the authorsƠ argument ƺstated in the abstractƻ that ơconventional clinical trials
are designed to find differences with the implicit assumption that the effect is the same in all
patients within the eligibility criteriaƢƔ Their response document does not make a convincing caseƔ I
think the authors see that standard procedures Ɩ the NeymanƖPearson lemmaƑ a sample size
calculation Ɩ use a single parameterƑ and infer that these procedures assume a common treatment
effectƔ But this single parameter is the betweenƖgroup difference of meansƑ which equates to the 

 treatment effectƔ There is no assumption that the treatment effect is the same for allaverage
individualsƔ
The observed reduction in variance does   imply that ơtreated patients ƕ would not requirenot
further precision medicineƢ ƺabstractƻƔ If for example there is a subgroup of less ill patients who
derive no benefitƑ then this would explain the observed dataƑ but excluding this subgroup would
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derive no benefitƑ then this would explain the observed dataƑ but excluding this subgroup would
leave us in the setting of equal variancesƑ which as already argued does not imply no role for
precision medicineƔ
The reportingƑ though much improvedƑ is still unclear in some waysƔ For exampleƑ

what is the ơbaseline heterogeneity ƺȁʹƻƢ that is estimated as ʷƔʺʸ ƺpʽƻƜ
what does this meanƓ ơboth sources of variability cannot be empirically differentiatedƓ ƺiƻ
within study or random or that one related to sample sizeƒ and ƺiiƻ heterogeneityƢƜ
Table ʸ remains unclear to  meƔ

I am also disappointed that the authors have not replied to Erica MoodieƠs critical commentsƔ

Is the work clearly and accurately presented and does it cite the current literatureƜ
No

Is the study design appropriate and is the work technically soundƜ
No

Are sufficient details of methods and analysis provided to allow replication by othersƜ
No

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
No

Are all the source data underlying the results available to ensure full reproducibilityƜ
No

Are the conclusions drawn adequately supported by the resultsƜ
No

 No competing interests were disclosedƔCompeting InterestsƓ

I have read this submissionƔ I believe that I have an appropriate level of expertise to state that I
do not consider it to be of an acceptable scientific standardƑ for reasons outlined aboveƔ

Author Response ʹʽ Jul ʹʷʸʿ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

We are honestly thankful for the critical review from ProfƔ Ian WhiteƑ especially for
highlighting the discrepancies between his and our interpretation regarding the average
treatment effect ƺATEƻ and the constant effectƔ

NeverthelessƑ we have the deep conviction thatƑ by some honest mistakeƑ ProfƔ White did
not see our separate responses to each reviewerƔ Based on his comment that we did not
answer Erica MoodieƑ which we had done as well as some other commentsƔ 

From hereƑ weƠll answer specific issues of this reportƔ 

I appreciate the authorsƠ careful response to my reviewƔ They have made a number of changes
which have improved the manuscriptƔ HoweverƑ a number of errors remain which leave me unable
to approve the manuscriptƔ The key errors areƓ
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to approve the manuscriptƔ The key errors areƓ

ʸƔ I still do not accept the authorsƠ argument ƺstated in the abstractƻ that ơconventional clinical trials
are designed to find differences with the implicit assumption that the effect is the same in all
patients within the eligibility criteriaƢƔ Their response document does not make a convincing caseƔ I
think the authors see that standard procedures Ɩ the NeymanƖPearson lemmaƑ a sample size
calculation Ɩ use a single parameterƑ and infer that these procedures assume a common treatment
effectƔ But this single parameter is the betweenƖgroup difference of meansƑ which equates to the
average treatment effectƔ There is no assumption that the treatment effect is the same for all
individualsƔ

Paul Holland ƾʸƿƑ in his paper about statistics and causal inferenceƑ statedƓ ơThe
assumption of constant effect is that the effect of t on every unit is the same ƺƕƻƔ ƺItƻ

Ƣmakes the value of the average causal effect relevant to every unitƔ

Without this assumptionƑ the value of the ơaverage causal effectƢ is not enough to convey
all the information about the treatment effectƔ If the effect randomly varies among the
different units ƺas shown in panel D of Figure ʸƻƑ we need to characterize its distributionƓ
for exampleƑ by a normal distribution with its mean ƺdeltaƻ and standard deviation ƺSDƻƔ
Depending on the value of this SDƑ we may consider applying the intervention to the full
population or notƔ In the case of an interaction with measurable baseline characteristics
ƺas shown in panel C of Figure ʸƻƑ we need to specify the different delta values for each
groupƔ

Without specification of the further parameters required to characterize a nonƖconstant
effectƑ the reader cannot differentiate betweenƓ ƺaƻ the authors were looking for a
nonƖconstant effectƑ but they erroneously omitted those further details required to specify
this sophisticated effectƒ or ƺbƻ they were just assuming a constant effect ƺperhaps
subconsciouslyƻƔ We agree with ProfƔ White that authors should be fully transparent about
those assumptionsƒ and with Grissom and Kim ƾʹƿ in the sense that those further
sophisticated situations may require a broader approach than just looking at the meansƔ 

ƾʸƿ HOLLANDƑ P ų PAULƑ WƔ ƺʸˀʿʽƻƔ Statistics and Causal InferenceƔ Journal of the
American Statistical AssociationƑ ʿʸƺʺˀʽƻƑ ˀʻʼƖˀʽʷƔ
ƾʹƿ GRISSOMƑ RƔ JƔ ų KIMƑ JƔ JƔ ƺʹʷʷʼƻƔ Effect Sizes for ResearchƓ a Broad Practical
ApproachƔ Lawrence Erlbaum AssociatesƑ MahwahƑ NJƔ 

ʹƔ The observed reduction in variance does not imply that ơtreated patients ƕ would not require
further precision medicineƢ ƺabstractƻƔ If for example there is a subgroup of less ill patients who
derive no benefitƑ then this would explain the observed dataƑ but excluding this subgroup would
leave us in the setting of equal variancesƑ which as already argued does not imply no role for
precision medicineƔ

This is the essential criticismƔ It was raised ƺand answeredƻ in points ʸ to ʺ of the previous
review from Prof WhiteƔ We have added a new section to the supplementary file ʸ ƺ
Conditions for homoscedasticity to hold without a constant effect under an additive model
ƻ showing the conditions required for VƾYƺʸƻƿ̏VƾYƺʷƻƿ under the additive modelƔ

EssentiallyƑ if the effect was randomƑ we need the correlation between the effect and
VƾYƺʷƻƿ to be exactlyƓ 
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VƾYƺʷƻƿ to be exactlyƓ 
Ɩ ̄ ǆ SigmaͨeffectƭSigmaͨYƺʷƻƔ

In the Discussion section of the ʹ  version of the paperƑ we did already include an
extended explanationƓ
ơOur second objective was ƺƔƔƔƻ the remaining ʿʷ̈ of the studies agrees with the design
assumption of a constant effectƔƢ

ʺƔ The reportingƑ though much improvedƑ is still unclear in some waysƔ For exampleƑ

aƻ what is the ơbaseline heterogeneity ƺȁʹƻƢ that is estimated as ʷƔʺʸ ƺpʽƻƜ

This was previously raised by ProfƔ Ian White in the first revision ƺơMethodsƑ point ʹƢƻƑ
which offered us the opportunity to improve our presentation ƺsee our previous answerƻƔ 

It is an estimate of the variability of the logarithm of the ratio of variances at baselineƔ All
the models are specified in the legend of Table Sʻ in Supplementary File ʸƔ

Randomization should lead to this tauʗʹ being close to ʷƒ andƑ in factƑ by removing only
the ʻ most extreme studies reduces tau from ʷƔʺʸ to ʷƔʷʾƑ indicating that these ʻ studies
have some problemsƑ such as in one study using outcomes that were obtained ʸ month
after the start of treatment as the baseline values ƾʺƿƔ

ƾʺƿ Hsieh LLƑ Kuo CHƑ Yen MFƑ et alƔƓ A randomized controlled clinical trial for low back
pain treated by acupressure and physical therapyƔ Prev MedƔ ʹʷʷʻƒ ʺˀƺʸƻƓ ʸʽʿƯʾʽ

bƻ what does this meanƓ ơboth sources of variability cannot be empirically differentiatedƓ ƺiƻ within
study or random or that one related to sample sizeƒ and ƺiiƻ heterogeneityƢƜ

The model can be defined without using scientific notationƓ

      Response ̏ Mean ̊ InterƖstudy variability ̊ IntraƖstudy variability

By having a single measure per studyƑ we do not have enough information to distinguish
between intraƖstudy variability and interƖstudy variability of the measure of interestƔ For
this reasonƑ the delta method was used to estimate the first and distinguish between
themƔ

cƻ Table ʸ remains unclear to meƔ

ƾSee also our previous answer to Saskia Le Cessie comment ʸʸƔƿ

The white rows in Table ʸ are the direct result obtained from a statistical test for
comparing the variances between groups ƺF testƻ or beforeƖafter ƺpaired testƻ in the
experimental armsƔ From hereƑ the studies are divided into not significant or significant in
one or the other directionƔ

nd
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ʸƔ  

ʹƔ  

In the gray rowsƑ  the significant studies are those that should be removed in order to
obtain a heterogeneity as close as possible to the baseline ƺwhich supposedly should be
zero by randomizationƻƔ All those details were explained in either the text or the legend
labelsƔ

I am also disappointed that the authors have not replied to Erica MoodieƠs critical commentsƔ

Our reply to Erica Moodie was published on the Fʸʷʷʷ website at the same time as the
other twoƔ We gave our best efforts in responding to her commentsƔ We are grateful for
her contribution even if we of course refuted any statements that we considered

 erroneousƔ
 No competing interests were disclosedƔCompeting InterestsƓ

Version 1

 03 April 2018Reviewer Report

httpsƓƭƭdoiƔorgƭʸʷƔʼʹʼʽƭfʸʷʷʷresearchƔʸʻʽʻʿƔrʺʸʽˀʹ

ʛ ʹʷʸʿ le Cessie SƔ This is an open access peer review report distributed under the terms of the Creative Commons
Ƒ which permits unrestricted useƑ distributionƑ and reproduction in any mediumƑ provided the originalAttribution Licence

work is properly citedƔ

   Saskia le Cessie
Department of Clinical EpidemiologyƑ Leiden University Medical CenterƑ LeidenƑ The Netherlands

Review reportƔ Does evidence support the high expectations placed in precision medicineƜ A
bibliographic reviewƔ By J Cortés et alƑ

SummaryƓ a review of randomised trials with continuous outcomesƑ measured at baseline and at follow up
has been conductedƔ The aim was to compare the variance of the outcome measure at baseline and
followƖup and to compare the variances at followƖup between the treated and the control groupƔ The
authors argue that a difference in variances may indicate a heterogeneous treatment effectƔ
General impressionƔ The paper is well written and the results are of interestƔ The interpretation of the
results is somewhat speculative but the authors discuss adequately the limitationsƔ
Remarks

AbstractƑ Background Ɠ ơHoweverƑ the conventional design of randomized trials assumes that each
individual benefits by the same amountƔƢ This is not a correct statementƔ In a randomised trialƑ the
average treatment effect in the population is estimatedƑ and no assumptions about homogeneity of
treatment effects are made hereƔ The authors probably mean that many researchers implicitly
assume a homogeneous treatment effect when conducting a randomised trialƑ interpreting the
 average treatment effect in the population as treatment effect at an individual levelƔ
 
IntroductionƔ I liked Figure ʸ with the different explanationsƔ
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IntroductionƔ I liked Figure ʸ with the different explanationsƔ
 
Methods and flow chartƔ The target population was parallel randomized clinical trials with
quantitativeƭnumerical outcomesƔ This is not trueƓ trials with a survival time as outcome are also
trials with a numerical ƺsometimes censoredƻ outcomeƑ but are not into the scope of your paperƔ So
please mention that you are interested in trials with a numerical response variable which are
measured both at baseline and at followupƔ In the FlowƖchartƑ please check whether there were
indeed ʸʼʷ trials with a qualitative outcomeƑ or whether there were ʸʼʷ trials which did not satisfy
the requirement of both having a baseline and a followup numerical measurementƔ
 
Statistical analysisƔ Here I got lostƑ the random mixed effects models should distinguish between
random variability and heterogeneityƑ but how was unclear to meƔ Is adding the variance ratio at
baseline needed to correct for the random variabilityƜ More details of the models and explanation
of the different estimates of the model is neededƑ and should not only be given in the
supplementary materialƔ
 
Did you compare the Varƺchangeƻ between the treated and control groupƜ Power to detect
differences here would be largerƔ
 
It may be of interest to perform a subgroup analysis in the studies where control is placebo
 
Supplementary materialƑ section ʻƔ The model has two random effectsƓ sͨiƑ   the heterogeneity
betweenƖstudy effect and eͨi  the within sample error with variance nuʗʹ Ɣ I guess this should be
nuͨiƑ as each study has its own within sample error varianceƑ estimated form the sample sizes in
the two groups ƺas described in the materialƻƜ
 
The supplementary material did not clearly described which parameterƺsƻ from the models
reflected the heterogeneityƔ From the main text I derived that you used the mean effect mu to
indicate the amount of heterogeneityƔ But then how to interpret the parameter tauƜ
 
Supplementary Table SʻƔ Why not put this Table in Section ʻƑ and make one overview of all the
models fittedƜ And I guess that eͨij should be eͨi hereƔ
 
ResultsƓ I did not find Figure Sʸ and Figure Sʹ very informativeƔ Why not just give a histogram of
logƺvarͨOTƭvarͨCTƻ etcƔ
 
Table ʸƓ How were the results from the random model obtained ƺthe ʸʸ increasedƑ ʸˀ decreased
etcƻƜ
 
Figure ʺƔ Please explain what VͨOTƑ VͨOC etc isƑ as Figures should be selfƖexplainedƔ
 
I did not understand the second paragraph of the discussionƔ I guess that you want to say that the
average treatment effect can be interpreted as an individual treatment effectƑ but I was confused at
first by the words ơnonƖobservable patient treatment effectƢƔ
 
Shocking to see that so many studies do not report measures of variabilityƔ
 
The fourth limitationƓ ơthe random effect model reveals additional heterogeneityƢƔ To which result
are you referring hereƑ comparisons at baselineƑ followup or over timeƜ The estimate of tauƜ Why

should this be the result of methodological accuraciesƜ
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should this be the result of methodological accuraciesƜ
 
Figure G is of interest because this is a situation where precision medicine is of interestƓ for some
patients treatment T would be a better choiceƑ for others treatment C and by performing precision
medicine the subgroups with different responses could be detected and tailored prescriptions
could be givenƔ This indicates that observed homoscedasticity in a study should be interpreted with
care and background knowledge of a study is needed to assess whether a situation as in Figure ʻ
is plausibleƔ

Is the work clearly and accurately presented and does it cite the current literatureƜ
Yes

Is the study design appropriate and is the work technically soundƜ
Yes

Are sufficient details of methods and analysis provided to allow replication by othersƜ
Yes

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
No

Are all the source data underlying the results available to ensure full reproducibilityƜ
Yes

Are the conclusions drawn adequately supported by the resultsƜ
Partly

 No competing interests were disclosedƔCompeting InterestsƓ

Reviewer ExpertiseƓ Medical Statisticsƒ Epidemiologyƒ Methods for Observational studies

I have read this submissionƔ I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standardƑ however I have significant reservationsƑ as outlined
aboveƔ

Author Response ʷʺ Jun ʹʷʸʿ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

JOINT ANSWER to Ian White and Saskia le Cessie

This is a general response to Ian White and Saskia Le Cessie on why we stated that the
standard clinical trial design and analysis assume a constant effectƔ
In the followingƑ ƺʸƻ we update the standard sample size rationaleƒ and ƺʹƻ we explain why
inflated variances may require precision medicine in just two general casesƓ ƺaƻ
interactionƑ as represented in FigƔ ʸƑ panel Cƒ and ƺbƻ random treatment effectƑ FigƔ ʸƑ
panel DƔ

Under the NeymanƖPearson framework to determine sample sizeƑ a single effect
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Under the NeymanƖPearson framework to determine sample sizeƑ a single effect
size value ǎ is specified under the alternative hypothesis HʸƑ assuming in that way
a constant effectƑ as in FigƔ ʸƑ panels A ƺHʷƻ and B ƺHʸƻƔ
We devise two situations thatƑ because they result in higher varianceƑ they would
need personalized medicineƓ

Interaction between treatment and a baseline variable such usƑ for exampleƑ
gender ƺFigƔ ʸƑ panel CƻƔ In this scenario there are two subpopulations ƺeƔgƔƑ
men and womenƻ with different treatment effects that require the effect to be
made further ơpreciseƢƔ
Random treatment effect on each patient ƺFigƔ ʸƑ panel DƻƔ In this scenarioƑ
the effect size does not depend on a known patient baseline characteristic
and the only way to estimate the individual patient effect is by means of
individualized trials ƺơn of ʸƢ trialsƻƔ

 
Those ʹ hypothetical scenariosƑ lead to an increased varianceƔ ConverselyƑ scenarios E
and F represent two similar situations ƺinteraction and random effectƻ but result in
reduced variance Ưwithout relevant changes on the averageƔ Although we agree that in
those two last scenarios leading to reduced variability the specific patient treatment effect
may still be unknown because the outcome has reduced variability with a similar central
overall positionƑ we argue that patients in those situations were subject to ơfurther
controlƢ ƺhaving more stable values within the boundaries of ơnormalityƢƻƔ 
SoƑ the usual sample size rationale specified by statisticians in trials assumes a constantƑ
unique effect that agrees with the clinical and legal interpretation that the effect is the
same Ư or at least similar enough to be considered homogeneous Ư for all the patients
fulfilling the eligibility criteriaƔ

To illustrate this secondary ơargumentƢƑ we reviewed the sample size rationale for the last
ƺat that timeƻ ʸʷ protocols published in TrialsƑ and we found that all of them defined a
single effect size ƺʸʷʷ̈Ƒ twoƖsided ˀʼ̈ confidence interval from ʽˀ̈ to ʸʷʷ̈ƻƔ In
additionƑ we have included a new column in Table Sʸ with the main analysis showing that
the SAP in all those cases ƺʸʷ out of ʸʷƑ ˀʼ̈CI from ʽˀ to ʸʷʷ̈ƻ was also designed to
estimate a singleƑ constant effectƔ

We have modified FigƔ ʸ ƺpanels E and Fƻ to show decreasing variance treatment effectsƑ
but now without affecting the averageƔ We have also improved the ʹ following sentencesƓ

Before ƾAbstractƿƓ HoweverƑ the conventional design of randomized trials assumes that
each individual benefits by the same amountƔ

After ƾAbstractƿƓ HoweverƑ conventional clinical trials are designed to find differences with
the implicit assumption that the effect is the same in all patients within the eligibility
criteriaƔ

Before ƾIntroductionƿƓ The assumption that the average effect equals the single unit effect
underlies the rationale behind the usual sample size calculationƑ where only a single
effect is specifiedƔ As an exampleƑ the ʸʷ clinical trials published in the Trials Journal in
October ʹʷʸʾ ƺsee Supplementary materialƓ Table Sʸƻ were designed under this scenario
of a fixedƑ constant or unique effect in the sample size calculationƔ
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After ƾIntroductionƿƓ The assumption of homoscedasticity in the usual calculations of
sample size is better interpreted under the constant effect model ƺFigure ʸƑ panels AƑ H ƒ
and BƑ H ƻƔ As an exampleƑ the ʸʷ clinical trials published in the Trials Journal in October
ʹʷʸʾ ƺTable Sʸ of Supplementary materialƻ were designed with only a constant for the
effect sizeƔ FurthermoreƑ all their analyses were designed to test ƺand estimateƻ a single
constant for the effect sizeƔ In other wordsƑ there was mention of neither any possible
interaction with baseline variables ƺFigure ʸƑ scenarios C and EƻƑ nor of any random
variability for the treatment effect ƺFigure ʸƑ scenarios D and Fƻƒ and thusƑ all those trials
were designed to test a constant effectƔ

We have also updated the legend of Figure ʸ to highlight that now panels C to F show only
possible individual treatment effects on variances but not on meansƔ

We are deeply grateful to Ian White and Saskia le Cessie for highlighting the need to
clarify this crucial issueƔ

Saskia le Cessie

From hereƑ weƠll answer specific issues 

SummaryƓ a review of randomised trials with continuous outcomesƑ measured at baseline and at
follow up has been conductedƔ The aim was to compare the variance of the outcome measure at
baseline and followƖup and to compare the variances at followƖup between the treated and the
control groupƔ The authors argue that a difference in variances may indicate a heterogeneous
treatment effectƔ
General impressionƔ The paper is well written and the results are of interestƔ The interpretation of
the results is somewhat speculative but the authors discuss adequately the limitationsƔ
Remarks
 
We are grateful to ProfƔ Saskia le Cessie for her suggestionsƑ which definitively help us to
improve our manuscriptƔ 
 
ʸƔ AbstractƑ Background Ɠ ơHoweverƑ the conventional design of randomized trials assumes that
each individual benefits by the same amountƔƢ This is not a correct statementƔ In a randomised trialƑ
the average treatment effect in the population is estimatedƑ and no assumptions about
homogeneity of treatment effects are made hereƔ The authors probably mean that many
researchers implicitly assume a homogeneous treatment effect when conducting a randomised
trialƑ interpreting the average treatment effect in the population as treatment effect at an individual
levelƔ

YesƑ our impression is that at least some trialists are not aware of these assumptionsƔ But
the fact that we wanted to highlight is that trials are usually designed to provide evidence
for just one parameter ƺin our context the ơeffect sizeƢ collected by the difference of
meansƻ without further specificationƑ neither in the sample size rationale nor in the
analysis of the further parameters required by precision medicineƔ We have addressed
this point in the joint answer aboveƔ

ʹƔ IntroductionƔ I liked Figure ʸ with the different explanationsƔ

ʷ
ʸ
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ʹƔ IntroductionƔ I liked Figure ʸ with the different explanationsƔ

Thank youƔ Please note that we have now updated panels C to F to isolate changes just in
varianceƔ

ʺƔ Methods and flow chartƔ The target population was parallel randomized clinical trials with
quantitativeƭnumerical outcomesƔ This is not trueƓ trials with a survival time as outcome are also
trials with a numerical ƺsometimes censoredƻ outcomeƑ but are not into the scope of your paperƔ So
please mention that you are interested in trials with a numerical response variable which are
measured both at baseline and at followƖupƔ In the FlowƖchartƑ please check whether there were
indeed ʸʼʷ trials with a qualitative outcomeƑ or whether there were ʸʼʷ trials which did not satisfy
the requirement of both having a baseline and a followƖup numerical measurementƔ

ThanksƔ We fully agree that discussion was introduced too lateƑ and we have further
clarified it in the Methods section and in the flow chartƔ The modifications are described
belowƔ

Before ƾMethodsƿƓ Our target population was parallel randomized clinical trials with
quantitative outcomes

After ƾMethodsƿƓ Our target population was parallel randomized clinical trials with
quantitative outcomes ƺnot including timeƖtoƖevent studiesƻ

Before ƾFlow chartƿƓ Qualitative outcome

After ƾFlow chartƿƓ Categorical or timeƖtoƖevent outcome
 

ʻƔ Statistical analysisƔ Here I got lostƑ the random mixed effects models should distinguish between
random variability and heterogeneityƑ but how was unclear to meƔ Is adding the variance ratio at
baseline needed to correct for the random variabilityƜ More details of the models and explanation
of the different estimates of the model is neededƑ and should not only be given in the
supplementary materialƔ

ThanksƔ The model includes the ƺlogarithm of theƻ baseline variances ratio because some
imbalances in the initial variability between groups ƺafter randomizationƻ can occur simply
by chanceƔ It is foreseeable that these baseline differences in variability may influence the
final differences in variabilityƔ This baseline logƖratio was highly significant ƺp ̐ ʷƔʷʷʷʸƻ in
the modelƔ 

All your suggestions related to the statistical analysis ƺʻƑ ʾƑ ʿƑ ˀ and ʸʸƻ and the random
effects model have been addressed through a clearer and longer explanation of the model
in the statistical analysis section ƺdetailed here and in the manuscriptƻ

NeverthelessƑ we provide the following rule of thumb for interpreting the parameters ǹ
ƺheteroscedasticityƻ and I  ƺheterogeneityƻ of the randomƖeffects modelƔ

mu ̐ ʷ ƖƖ̑     On averageƑ studies have lower variability in the experimental armƔ

ʹ
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ʸƔ  

mu ̐ ʷ ƖƖ̑     On averageƑ studies have lower variability in the experimental armƔ
mu ̑ ʷ ƖƖ̑     On averageƑ studies have greater variability in the experimental armƔ
 
Iʗʹ ̐ ʹʼ̈ ƖƖ̑ As the point estimate of heterogeneity is not high enoughƑ mu is constant
throughout all the studiesƔ
Iʗʹ ̐ ʹʼ̈ ƖƖ̑ As the point estimate of heterogeneity is highƑ mu does not apply to every
single studyƔ
 
mu ̐ ʷ ų Iʗʹ ̐ ʹʼ̈ ƖƖ̑  Not one study requires precision medicineƔ
mu ̐ ʷ ų Iʗʹ ̑ ʹʼ̈ ƖƖ̑  Some studies require precision medicineƔ
mu ̑ ʷ ų Iʗʹ ̐ ʹʼ̈ ƖƖ̑  All studies require precision medicineƔ
mu ̑ ʷ ų Iʗʹ ̑ ʹʼ̈ ƖƖ̑  Most studies require precision medicineƔ

ƾThe threshold of ʹʼ̈ for Iʗʹ is based on PRISMA Statement ƾʸƿ that considers values
under this cutpoint as lowƔƿ

The estimates of these parameters in our data were mu ̏ ƖʷƔʸʹ and Iʗʹ ̏ ʿʷƔʿ̈Ƒ which
 implies that some studies require precision medicineƔ

Liberati AƑ Altman DGƑ Tetzlaff JƑ Mulrow CƑ Gĸtzsche PƑ et alƔ ƺʽʻʻ˄ƻ The PRISMA
statement for reporting systematic reviews and metaƖanalyses of studies that
evaluate health care interventionsƓ Explanation and elaborationƔ PLoS Med ˁƓ
eʼʻʻʻʼʻʻƔ

ʼƔ Did you compare the Varƺchangeƻ between the treated and control groupƜ Power to detect
differences here would be largerƔ

Strongly agreeƔ For high correlations between baseline and outcomeƑ it follows that V ƺlog
ƺV ƭV ƻƻ ̐ V ƺlog ƺV ƻƻƑ as can be seen in Appendix VII of the supplementary materialƔ
HoweverƑ just ˀʼ out of ʹʷʿ studies provide the Varƺchangeƻ or the baselineƖfinal
correlation that would allow this analysisƔ 

ʽƔ It may be of interest to perform a subgroup analysis in the studies where control is placebo

In factƑ we performed this subgroup analysis beforehand without obtaining relevant
resultsƔ We decided not to include or mention it because the distinction between a
treatment called ͲplaceboͲ and an ͲactiveͲ treatment is not clearƔ ơPlaceboƢ is defined as
a simulator of the experimental treatment that tries to emulate its characteristicsƒ but in
some studies ơcontrolƢ may equal ơbest medical treatmentƢƑ which is also provided to
ơtreatedƢ patientsƑ such that ơPlaceboƢ is complemented by the standard interventionƔ
Because of this ambiguity in the classificationƑ we decided to omit this informationƔ As
illustrative examplesƑ we mention the following included studiesƓ 

Ɩ Ghaleiha AƑ Mohammadi EƑ Mohammadi MƑ et alƔ Riluzole as an adjunctive therapy to
risperidone for the treatment of irritability in children with autistic disorderƓ a

ThedoubleƖblindƑ placeboƖcontrolledƑ randomized trialƔ Paediatr Drugs ʽʻʼʾ ʼˀƓˀʻˀƯˀʼʿƔ 
patients in the reference group took placebo in addition to risperidone ƺtitrated up to ʹ or
ʺ mgƭday based on bodyweightƻ for ʸʷ weeksƔ

Ɩ Carroll MWƑ Jeon DƑ Mountz JMƑ et alƔ Efficacy and safety of metronidazole for pulmonary

Ox Bx Ox
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Ɩ Carroll MWƑ Jeon DƑ Mountz JMƑ et alƔ Efficacy and safety of metronidazole for pulmonary
Ɣ ThemultidrugƖresistant tuberculosisƔ Antimicrob Agents Chemother ʽʻʼʾƒ ˀ˂Ɠʾ˄ʻʾƖ˄

patients in the reference group took placebo for ʿ weeks in addition to an individualized
background regimenƔ

ʾƔ Supplementary materialƑ section ʻƔ The model has two random effectsƓ sͨiƑ   the heterogeneity
betweenƖstudy effect and eͨi  the within sample error with variance nuʗʹ Ɣ I guess this should be
nuͨiƑ as each study has its own within sample error varianceƑ estimated form the sample sizes in
the two groups ƺas described in the materialƻƜ

Thank youƔ We have corrected the typo including the subscript both in the Methods
section and in the supplementary materialƓ ơnuͨiƢ

ʿƔ The supplementary material did not clearly describe which parameterƺsƻ from the models
reflected the heterogeneityƔ From the main text I derived that you used the mean effect mu to
indicate the amount of heterogeneityƔ But then how to interpret the parameter tauƜ

ThanksƔ Tau reflects the heterogeneity in the assessment of the heteroscedasticity
throughout the studiesƔ Following this suggestion and similar comment of Professor Ian
WhiteƑ we have tried to clarify that mu is a measure of heteroscedasticity and tau is a
measure of the heterogeneity of the former throughout all the studiesƔ See also the
answer to question ʻ for more clarificationƔ

ˀƔ Supplementary Table SʻƔ Why not put this Table in Section ʻƑ and make one overview of all the
models fittedƜ And I guess that eͨij should be eͨi hereƔ

Thank youƑ we have corrected the subscript typoƓ ơeͨiƢ

And yesƑ your suggestion facilitates readabilityƔ We have interspersed all the tables and
figures of the supplementary material in their respective sectionsƔ

ʸʷƔ ResultsƓ I did not find Figure Sʸ and Figure Sʹ very informativeƔ Why not just give a histogram
of logƺvarͨOTƭvarͨCTƻ etcƔ

We have kept Figures Sʸ and Sʹ because we believe that they provide additional
information about whether or not the increase ƺor decreaseƻ in the variability in the
outcome of the experimental arm depends on the outcome variability of the control arm
ƺor on the baseline variability of the experimental groupƻƔ HoweverƑ we have also added
the histograms you mention in order to summarize the essential informationƔ The
histograms can be seen here or in the Supplementary materialƔ

ʸʸƔ Table ʸƓ How were the results from the random model obtained ƺthe ʸʸ increasedƑ ʸˀ
decreased etcƻƜ

We have obtained them as the studies that had to be removed in order to obtain
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We have obtained them as the studies that had to be removed in order to obtain
heterogeneity ƺiƔeƔƑ tauƻ similar to the baseline ƺwhich we expect to be null by
randomizationƻƔ We have tried to clarify this point in the legend of the tableƓ

ơƕor ƺʹƻ number of studies that have to be deleted from the randomƖeffects model in
order to achieve a negligible heterogeneity ƺstudies with more extreme outcome were
removed one by one until achieving an estimated value of ȁ similar to the one obtained
from the reference modelƔ See Methods section for more detailsƕƻƢ

ʸʹƔ Figure ʺƔ Please explain what VͨOTƑ VͨOC etc isƑ as Figures should be selfƖexplainedƔ

ThanksƔ We have included a legend in this figure explaining these abbreviationsƓ
VͬOTƓ Variance of the Outcome in the Treated arm
VͬOCƓ Variance of the Outcome in the Control arm
VͬBTƓ Variance of the Outcome at baseline in the Treated arm
 

ʸʺƔ I did not understand the second paragraph of the discussionƔ I guess that you want to say that
the average treatment effect can be interpreted as an individual treatment effectƑ but I was
confused at first by the words ơnonƖobservable patient treatment effectƢƔ

You are rightƔ We say ơnonƖobservableƢ for the fundamental problem of causal inference
ƺboth potential responses are not observable in the same patientƻƑ which avoids seeing
the treatment effect at the individual levelƔ We have clarified this pointƓ

BeforeƓ This means that treatment effects obtained by comparing the means between
groups can be used to estimate both the averaged treatment effect and the
nonƖobservable patient treatment effectƔ

AfterƓ This means that the average treatment effect can be interpreted as an individual
treatment effect ƺnot directly observableƻƔ

ʸʻƔ Shocking to see that so many studies do not report measures of variabilityƔ

YesƔ It is really surprising that ʽʸƔʽ̈ of studies do not report the variability either at
baseline or at the end of the studyƔ Although CONSORT advises itƑ this guideline does not
provide the historical data on this practice with which it can be comparedƔ

ʸʼƔ The fourth limitationƓ ơthe random effect model reveals additional heterogeneityƢƔ To which
result are you referring hereƑ comparisons at baselineƑ followup or over timeƜ The estimate of tauƜ
Why should this be the result of methodological accuraciesƜ

We are referring to the main analysisƓ comparison between armsƔ NeverthelessƑ this
sentence could be applied to all analysesƔ Heterogeneity among studies is measured by
tau ƺsee response to question ʻƻƔ 

We stated that methodological inaccuracies can be derived in the presence of
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We stated that methodological inaccuracies can be derived in the presence of
heterogeneityƔ In an ideal scenario of constant treatment effect in all the studiesƑ the only
thing that could lead to heterogeneity in the model would be methodological inaccuracies
such as those mentioned in the manuscript or in the referenced paper of CarlisleƓ
transcription errorsƑ insufficient followƖup time for being able to observe this constant
effectƑ or the manipulation of the results in order to achieve greater impactƔ 
 

ʸʽƔ Figure G is of interest because this is a situation where precision medicine is of interestƓ for
some patients treatment T would be a better choiceƑ for others treatment C and by performing
precision medicine the subgroups with different responses could be detected and tailored
prescriptions could be givenƔ This indicates that observed homoscedasticity in a study should be
interpreted with care and background knowledge of a study is needed to assess whether a
situation as in Figure ʻ is plausibleƔ

Fully agreeƑ although this is a highly sophisticated scenario that we hope will not be
viewed as a frequent scenarioƔ

Of courseƑ we think that personalized medicine has already been demonstrated to be
effective in some areasƔ Our point is that unless those demonstrations existƑ most

 interventions should be routinely administrated to all patients fulfilling eligibility criteriaƔ
 No competing interests were disclosedƔCompeting InterestsƓ
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ʛ ʹʷʸʿ Moodie EƔ This is an open access peer review report distributed under the terms of the Creative Commons
Ƒ which permits unrestricted useƑ distributionƑ and reproduction in any mediumƑ provided the originalAttribution Licence

work is properly citedƔ

   Erica EƔMƔ Moodie
Department of EpidemiologyƑ Biostatistics and Occupational HealthƑ McGill UniversityƑ MontrealƑ QCƑ
USA

The authors have performed a review of a sample of clinical trials conducted every three years from
ʹʷʷʻƖʹʷʸʺ to examine whether there exists postƖtreatment heterogeneity in participants responses with
premise that lack of heterogeneity suggests that precision medicine is not warrantedƔ
 
While the question is one that should be askedƔ HoweverƑ the study carried out is not suited to answering
the question as it has been conducted in randomized trials where there is typically little heterogeneityƔ
That isƑ the authors have performed a perfectly reasonable analysis that   answer the pertinentcannot
questionƔ It is well known that randomized trials tend to be populated by homogenous population ƺmore
whiteƑ more maleƑ etcƔƻ Ư seeƑ for example Oh et alƔ ƺʹʷʸʼƻ Diversity in Clinical and Biomedical ResearchƓ
A Promise Yet to Be FulfilledƔ PLoS Med ʸʹƺʸʹƻƓ eʸʷʷʸˀʸʿƑ Caplan ų Friesen P ƺʹʷʸʾƻ Health disparities
and clinical trial recruitmentƓ Is there a duty to tweetƜ PLoS Biol ʸʼƺʺƻƓ eʹʷʷʹʷʻʷ and the references
therein Ư or indeed many other papers on this topicƔ This may be in part a function of recruitment
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therein Ư or indeed many other papers on this topicƔ This may be in part a function of recruitment
strategies and also by designƑ as trialists ƺparticularly those testing new therapiesƻ often determine
inclusion criteria to target the ƺpotentially homogeneousƻ segment of the population who might show the
greatest response to the treatmentƔ ThusƑ the authors have chosen to study a population that is likely to
be homogeneous and not reflective of realƖworld clinical careƔ There are numerous examples
covariateƖtailored treatment algorithmsƑ from the choice of hormonal therapies for women diagnosed with
estrogenƖreceptorƖpositiveƑ HERʹƖnegative breast cancer to the choice of ACE inhibitors vsƔ calcium
channel blockers for hypertensionƑ that the authors choose to overlook as cases where we have learned
about previous patients   to learn about future similar patientsƔwith particular characteristics

Is the work clearly and accurately presented and does it cite the current literatureƜ
Partly

Is the study design appropriate and is the work technically soundƜ
Partly

Are sufficient details of methods and analysis provided to allow replication by othersƜ
Yes

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
Partly

Are all the source data underlying the results available to ensure full reproducibilityƜ
Yes

Are the conclusions drawn adequately supported by the resultsƜ
No

 No competing interests were disclosedƔCompeting InterestsƓ

Reviewer ExpertiseƓ Longitudinal data analysisƑ adaptive treatment strategies

I have read this submissionƔ I believe that I have an appropriate level of expertise to state that I
do not consider it to be of an acceptable scientific standardƑ for reasons outlined aboveƔ

Author Response ʷʺ Jun ʹʷʸʿ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

The refereeƠs objections can be summarized in two pointsƓ

ƺʸƻ ơThere are numerous examples of covariateƖtailored treatment algorithmsƔƢ
ƺʹƻ ơRandomized trials tend to be populated by homogenous populationsƢƑ which in turn does not
reflect a real populationƠs existing variabilityƔ

We understand the reviewerƠs commentsƑ but we disagree with the reviewerƠs conclusionsƓ

ƺʸƻ Our work does not intend to completely invalidate precision medicineƔ We are not stating that
there are not ơexamples of covariateƖtailored treatmentsƢƒ rather that ƺAbstractƻƓ ơWe found that the
outcome variance was more often smaller in the intervention groupƑ suggesting that treated
patients may end up pertaining more often to reference or normality values and thus would not
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outcome variance was more often smaller in the intervention groupƑ suggesting that treated
patients may end up pertaining more often to reference or normality values and thus would not
require further precision medicineƢƔ This was already stated in the discussionƓ ơthese findings do
not invalidate precision medicine in all settingsƔƢ Thus in the quite wide settings of our trialsƑ we
found little evidence that precision medicine would be of any useƔ

ƺʹƻ The referee argues that trials have ơtoo manyƢ selection criteria to reflect ơa real populationƢƔ
This is a standard criticism of explanatory clinical trialsƑ suggesting that the selection criteria are
usually ơtoo manyƢƔ And we agreeƑ because our point is that most trials have ơenoughƢ selection
criteria to provide a homogeneous effectƔ FurthermoreƑ we also agree that we can only talk about
ơpublished trials with eligibility criteriaƢƔ As for whether those selection criteria should be used to
define the target population in clinical guidelinesƑ there is no further need to tailor precision
medicineƔ
DrƔ Moodie argues that our results do not answer the question that is posedƔ We also disagreeƔ
The issue of heterogeneity is obviously one that bedevils the generalizability of clinical trialsƔ
HoweverƑ these are randomized comparisonsƒ soƑ in the absence of a treatment effect we would
expect the two arms to be comparableƑ no matter how heterogeneous the underlying populationƔ
The fact that even in the presence of a treatment effect there was little evidence of heterogeneity
suggests there will be little scope for precision medicine in these populationsƔ One might argue that
with a more heterogeneous populationƑ there is more scope to detect the few nonƖresponders who
would not form part of a general trial populationƔ This does not invalidate our resultsƒ rather it
argues for much larger trials with a more heterogeneous populationƔ The point is that in the
absence of these the evidence base for precision medicine is weakƔ 
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This paper considers randomised trials ƺRCTsƻ of treatment versus control with a quantitative outcomeƔ It
observes that   treatment effects are homogeneous ƺthe same for all trial participantsƻ   the outcomeif then
variance will be the same in both trial armsƔ It therefore reviews the extent to which the outcome variance
is the same across trial arms in ʹʷʿ published RCTsƔ It finds ʻʸ RCTs with significant differences in
outcome varianceƑ and that it is more common for the outcome variance to be smaller in the treatment
arm rather than largerƔ

My overall comment is that the analysis results are usefulƑ but they need to be made clearerƑ and the
interpretation should be much more cautiousƔ Points marked ǆ must be addressed to make the article
scientifically sound ƺwith ǆǆ the top priorityƻƔ
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Background
ǆAbstractƑ backgroundƓ ơThe conventional design of randomized trials assumes that each
individual benefits by the same amountƔƢ This is also asserted elsewhere in the paperƑ but it is not
trueƔ From a causal inference perspectiveƑ a RCT estimates the average causal effectƑ which is
well defined in the presence of treatment effect heterogeneityƔ This is why the trials community
worries so much about external generalisabilityƓ for exampleƑ if a trial treated ʽʷ̈ women and ʻʷ̈
men and showed a benefit of treatmentƑ then a clinician treating women and men in the same ratio
can be confident of giving a benefit overallƑ but a clinician treating women and men in a different
ratio cannot be so confidentƔ This point ƺrepeated elsewhereƻ is not essential to the paperƠs
argumentƑ so should be removedƔ
ǆSimilarlyƑ the argument ơThe assumption that the average effect equals the single unit effect
underlies the rationale behind the usual sample size calculationƑ where only a single effect is
specifiedƢ ƺIntroductionƻ is falseƔ Sample size calculations relate only to comparisons of group
averagesƔ

Methods
The methods used appear entirely appropriateƔ However they are not well describedƔ

ǆTerminology must be improvedƔ For exampleƑ the key outcome in this study is the ratio of
variances between treatment and control armsƑ and this ƺor its oppositeƻ is variously called
ơhomoscedasticityƢƑ ơheterogeneityƢƑ even ơconcordanceƢƔ The authors should choose a term and
stick with itƔ Similarly for the ơrandom mixed effects modelƢ which later becomes the ơrandom
modelƢƔ ƺIƠm going to use ơhomoscedasticityƢ and ơrandomƖeffects modelƢƔƻ
The authors are doing a metaƖanalysisƑ even though they donƠt call it thatƑ so the term
ơheterogeneityƢ should be reserved for ơvariation between studiesƢƑ iƔeƔ tauʗʹ in the random effects
modelsƔ
ǆItƠs not clear to me what the ơrandom modelƢ results in Table ʸ areƔ Since this is a model across
studiesƑ how can it count individual studiesƜ If empirical Bayes estimates of studyƖspecific effects
are being testedƑ this must be explainedƔ
Trials that are ơsignificantƢ are combined Ɩ ơSubgroup analyses suggest that only significant
interventions had an effect on reducing variabilityƢ Ɩ but interventions that increase the mean
should be separated from those that decrease the meanƔ The later conclusion that ơThe variability
seems to decrease for treatments that perform significantly better than the referenceƢ suggests a
different distinction ƺbetterƭworse is not the same as largerƭsmaller because outcomes may be
positive or negativeƻ and is not supported by the results presentedƔ
AbstractƑ ResultsƓ ơThe adjusted point estimate of the mean ratio ƺtreated to control groupƻ of the
outcome variancesƢ is not clear without reading the whole textƔ AgainƑ defining a term ƺơoutcome
variance ratioƢƜƻ will helpƔ
ǆTable ʸƑ ơvariability isƕ increasedƢƓ from the textƑ this means ơsignificantly increasedƢƑ which
should be clarifiedƔ

Interpretation
The results may be interpreted in many waysƑ which are sensibly discussed by the authorsƔ
Most importantlyƑ treatment effect homogeneity implies homoscedasticityƑ but the converse
ƺơhomoscedasticity implies treatment effect homogeneityƢƻ is not trueƓ this is demonstrated very nicely in
Figure ʻƔ
Homoscedasticity is scaleƖdependentƓ for exampleƑ it may be removed ƺor createdƻ by a log
transformation ƺmentioned in the DiscussionƻƔ

ǆThe authors omit one alternative explanation of homoscedasticity over timeƓ clinical trial
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ǆThe authors omit one alternative explanation of homoscedasticity over timeƓ clinical trial
populations have eligibility criteria at baseline which may limit baseline varianceƔ For exampleƑ a
hypertension trial might recruit patients with baseline SBP between ʸʻʷ and ʸʼˀ mm HgƔ In this
caseƑ variance is very likely to naturally increase over timeƔ
ǆǆThe authorsƠ conclusions ignore the alternative interpretations noted aboveƔ Here are some
examples which are illogicalƓ

AbstractƑ ConclusionsƓ ơthe variance was more often smaller in the intervention groupƑ
suggestingƑ if anythingƑ a reduced role for precision medicineƢƑ and DiscussionƓ ơvariability
tends to be reduced on average after treatmentƑ thus making precision medicine
dispensable in most casesƢƔ This is actually falseƔ If a study finds smaller variance in the
treated group then we DO have evidence of treatment effect heterogeneityƑ and indeed the
treatment may be doing exactly what medicine should do Ɩ making the sickest better while
not harming the less sickƔ
IntroductionƓ ơIf this homoscedasticity holdsƑ there is no need to repeat the clinical trial once
a new possible effect modifier becomes measurableƢ Ɩ againƑ this wrongly assumes the
converse stated aboveƔ
DiscussionƓ ơWhen both arms have equal variancesƑ then an obvious default explanation is
that the treatment is equally effective for allƑ thus rendering the search for predictors of
differential response futileƢƓ this is illogicalƔ
DiscussionƓ ơFor most trialsƑ subjects vary little in their response to treatmentƑ which
suggests that precision medicineƠs scope may be less than what is commonly assumedƔƢ Ɠ
this is also illogicalƔ

ǆIn the light of the above argumentsƑ I find the statement ƺAbstractƑ Conclusionsƻ that
ơHomoscedasticity is a useful tool for assessing whether or not the premise of constant effect is
reasonableƢ to be highly debatableƔ Logic suggests it gives a lower bound on the extent of
usefulness of precision medicineƑ and the results of this study do not add any more to thisƔ
ǆThe objectives in the Discussion should be the same as those stated in the IntroductionƔ

Source data
I had trouble opening the source data both in Excel ƺsince the csv file is in fact
semiƖcolonƖdelimitedƻ and in Stata ƺwhich was thrown by line ʿʷƻƔ Could it be provided in a more
convenient format or with some notesƜ

Is the work clearly and accurately presented and does it cite the current literatureƜ
No

Is the study design appropriate and is the work technically soundƜ
Yes

Are sufficient details of methods and analysis provided to allow replication by othersƜ
Yes

If applicableƑ is the statistical analysis and its interpretation appropriateƜ
No

Are all the source data underlying the results available to ensure full reproducibilityƜ
Yes

Are the conclusions drawn adequately supported by the resultsƜ
No
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 No competing interests were disclosedƔCompeting InterestsƓ

I have read this submissionƔ I believe that I have an appropriate level of expertise to confirm that
it is of an acceptable scientific standardƑ however I have significant reservationsƑ as outlined
aboveƔ

Author Response ʷʺ Jun ʹʷʸʿ
Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

JOINT ANSWER to Ian White and Saskia le Cessie

This is a general response to Ian White and Saskia Le Cessie on why we stated that the
standard clinical trial design and analysis assume a constant effectƔ

In the followingƑ ƺʸƻ we update the standard sample size rationaleƒ and ƺʹƻ we explain why
inflated variances may require precision medicine in just two general casesƓ ƺaƻ
interactionƑ as represented in FigƔ ʸƑ panel Cƒ and ƺbƻ random treatment effectƑ FigƔ ʸƑ
panel DƔ

Under the NeymanƖPearson framework to determine sample sizeƑ a single effect
size value ǎ is specified under the alternative hypothesis HʸƑ assuming in that way
a constant effectƑ as in FigƔ ʸƑ panels A ƺHʷƻ and B ƺHʸƻƔ
We devise two situations thatƑ because they result in higher varianceƑ they would
need personalized medicineƓ

Interaction between treatment and a baseline variable such usƑ for exampleƑ
gender ƺFigƔ ʸƑ panel CƻƔ In this scenario there are two subpopulations ƺeƔgƔƑ
men and womenƻ with different treatment effects that require the effect to be
made further ơpreciseƢƔ
Random treatment effect on each patient ƺFigƔ ʸƑ panel DƻƔ In this scenarioƑ
the effect size does not depend on a known patient baseline characteristic
and the only way to estimate the individual patient effect is by means of
individualized trials ƺơn of ʸƢ trialsƻƔ

 
Those ʹ hypothetical scenariosƑ lead to an increased varianceƔ ConverselyƑ scenarios E
and F represent two similar situations ƺinteraction and random effectƻ but result in
reduced variance Ưwithout relevant changes on the averageƔ Although we agree that in
those two last scenarios leading to reduced variability the specific patient treatment effect
may still be unknown because the outcome has reduced variability with a similar central
overall positionƑ we argue that patients in those situations were subject to ơfurther
controlƢ ƺhaving more stable values within the boundaries of ơnormalityƢƻƔ 

SoƑ the usual sample size rationale specified by statisticians in trials assumes a constantƑ
unique effect that agrees with the clinical and legal interpretation that the effect is the
same Ư or at least similar enough to be considered homogeneous Ư for all the patients
fulfilling the eligibility criteriaƔ 

To illustrate this secondary ơargumentƢƑ we reviewed the sample size rationale for the last
ƺat that timeƻ ʸʷ protocols published in TrialsƑ and we found that all of them defined a
single effect size ƺʸʷʷ̈Ƒ twoƖsided ˀʼ̈ confidence interval from ʽˀ̈ to ʸʷʷ̈ƻƔ In
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ƺat that timeƻ ʸʷ protocols published in TrialsƑ and we found that all of them defined a
single effect size ƺʸʷʷ̈Ƒ twoƖsided ˀʼ̈ confidence interval from ʽˀ̈ to ʸʷʷ̈ƻƔ In
additionƑ we have included a new column in Table Sʸ with the main analysis showing that
the SAP in all those cases ƺʸʷ out of ʸʷƑ ˀʼ̈CI from ʽˀ to ʸʷʷ̈ƻ was also designed to
estimate a singleƑ constant effectƔ

We have modified FigƔ ʸ ƺpanels E and Fƻ to show decreasing variance treatment effectsƑ
but now without affecting the averageƔ We have also improved the ʹ following sentencesƓ

Before ƾAbstractƿƓ HoweverƑ the conventional design of randomized trials assumes that
each individual benefits by the same amountƔ

After ƾAbstractƿƓ HoweverƑ conventional clinical trials are designed to find differences with
the implicit assumption that the effect is the same in all patients within the eligibility
criteriaƔ

Before ƾIntroductionƿƓ The assumption that the average effect equals the single unit effect
underlies the rationale behind the usual sample size calculationƑ where only a single
effect is specifiedƔ As an exampleƑ the ʸʷ clinical trials published in the Trials Journal in
October ʹʷʸʾ ƺsee Supplementary materialƓ Table Sʸƻ were designed under this scenario
of a fixedƑ constant or unique effect in the sample size calculationƔ

After ƾIntroductionƿƓ The assumption of homoscedasticity in the usual calculations of
sample size is better interpreted under the constant effect model ƺFigure ʸƑ panels AƑ H ƒ
and BƑ H ƻƔ As an exampleƑ the ʸʷ clinical trials published in the Trials Journal in October
ʹʷʸʾ ƺTable Sʸ of Supplementary materialƻ were designed with only a constant for the
effect sizeƔ FurthermoreƑ all their analyses were designed to test ƺand estimateƻ a single
constant for the effect sizeƔ In other wordsƑ there was mention of neither any possible
interaction with baseline variables ƺFigure ʸƑ scenarios C and EƻƑ nor of any random
variability for the treatment effect ƺFigure ʸƑ scenarios D and Fƻƒ and thusƑ all those trials
were designed to test a constant effectƔ

We have also updated the legend of Figure ʸ to highlight that now panels C to F show only
possible individual treatment effects on variances but not on meansƔ

We are deeply grateful to Ian White and Saskia le Cessie for highlighting the need to
clarify this crucial issueƔ
 
 
Ian White

From hereƑ weƠll answer specific issues 

This paper considers randomised trials ƺRCTsƻ of treatment versus control with a quantitative
outcomeƔ It observes that   treatment effects are homogeneous ƺthe same for all trial participantsƻ if

 the outcome variance will be the same in both trial armsƔ It therefore reviews the extent tothen
which the outcome variance is the same across trial arms in ʹʷʿ published RCTsƔ It finds ʻʸ RCTs
with significant differences in outcome varianceƑ and that it is more common for the outcome
variance to be smaller in the treatment arm rather than largerƔ

ʷ
ʸ
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My overall comment is that the analysis results are usefulƑ but they need to be made clearerƑ and
the interpretation should be much more cautiousƔ Points marked ǆ must be addressed to make the
article scientifically sound ƺwith ǆǆ the top priorityƻƔ
 
We are grateful to ProfƔ Ian White for his suggestionsƑ which will definitively help us to
improve our manuscriptƔ
 
Background

ʸƔǆAbstractƑ backgroundƓ ơThe conventional design of randomized trials assumes that each
individual benefits by the same amountƔƢ This is also asserted elsewhere in the paperƑ but it is not
trueƔ From a causal inference perspectiveƑ a RCT estimates the average causal effectƑ which is
well defined in the presence of treatment effect heterogeneityƔ This is why the trials community
worries so much about external generalisabilityƓ for exampleƑ if a trial treated ʽʷ̈ women and ʻʷ̈
men and showed a benefit of treatmentƑ then a clinician treating women and men in the same ratio
can be confident of giving a benefit overallƑ but a clinician treating women and men in a different
ratio cannot be so confidentƔ This point ƺrepeated elsewhereƻ is not essential to the paperƠs
argumentƑ so should be removedƔ

ʹƔ ǆSimilarlyƑ the argument ơThe assumption that the average effect equals the single unit effect
underlies the rationale behind the usual sample size calculationƑ where only a single effect is
specifiedƢ ƺIntroductionƻ is falseƔ Sample size calculations relate only to comparisons of group
averagesƔ

Thanks again for highlighting this hugely important issueƔ We have addressed these two
comments in the previous common answerƔ
 
Methods

The methods used appear entirely appropriateƔ However they are not well describedƔ

ʸƔ ǆTerminology must be improvedƔ For exampleƑ the key outcome in this study is the ratio of
variances between treatment and control armsƑ and this ƺor its oppositeƻ is variously called
ơhomoscedasticityƢƑ ơheterogeneityƢƑ even ơconcordanceƢƔ The authors should choose a term and
stick with itƔ Similarly for the ơrandom mixed effects modelƢ which later becomes the ơrandom
modelƢƔ ƺIƠm going to use ơhomoscedasticityƢ and ơrandomƖeffects modelƢƔƻ

ThanksƔ To simplify the notationƑ we have deleted the term ơconcordanceƢƔ We also
reserved the term heterogeneity for the tauʗʹ statistic resulting from the mixedƖeffects
model ƺsee next answerƻƔ FurthermoreƑ we have homogenized the terms for referring to
the ơrandomƖeffects modelƢ throughout the textƔ 

ʹƔ The authors are doing a metaƖanalysisƑ even though they donƠt call it thatƑ so the term
ơheterogeneityƢ should be reserved for ơvariation between studiesƢƑ iƔeƔ tauʗʹ in the random effects
modelsƔ

We appreciate this insightful observationƔ In the randomƖeffects modelƑ we measured

heteroscedasticity with the mu parameterƑ and heterogeneity between studiesƑ through
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heteroscedasticity with the mu parameterƑ and heterogeneity between studiesƑ through
tauʗʹƔ In order to clarify this as much as possibleƑ we have specified in the Methods
section that tauʗʹ is used for measuring heterogeneityƒ and this has also been included
between brackets in the Results sectionƓ

ơThe estimated value of tauʗʹ provides a measure of heterogeneityƑ that isƑ to what extent
the value of mu is applicable to all studiesƔ The larger tauʗʹ isƑ the less the homogeneityƢ

ʺƔ ǆItƠs not clear to me what the ơrandom modelƢ results in Table ʸ areƔ Since this is a model across
studiesƑ how can it count individual studiesƜ If empirical Bayes estimates of studyƖspecific effects
are being testedƑ this must be explainedƔ

We used the Delta method to estimate the within study variability ƺspecificallyƑ the
variance of the logarithm of the outcome variance ratioƻƔ We have included this
explanation in the Methods sectionƓ ơAs there is only one available measure for each
studyƑ both sources of variability cannot be empirically differentiatedƓ ƺiƻ within study or
random or that one related to sample sizeƒ and ƺiiƻ heterogeneityƔ In order to isolate the
secondƑ the first was theoretically estimated using the Delta method Ưas explained in
Sections V and VI of Supplementary materialơ

ʻƔ Trials that are ơsignificantƢ are combined Ɩ ơSubgroup analyses suggest that only significant
interventions had an effect on reducing variabilityƢ Ɩ but interventions that increase the mean
should be separated from those that decrease the meanƔ The later conclusion that ơThe variability
seems to decrease for treatments that perform significantly better than the referenceƢ suggests a
different distinction ƺbetterƭworse is not the same as largerƭsmaller because outcomes may be
positive or negativeƻ and is not supported by the results presentedƔ

Thanks for this great contributionƔ Following your suggestionƑ we have sought in each
primary endpoint for whether improvements in the response correspond to higher ƺeƔgƔƑ
mobilityƻ or lower ƺeƔgƔƑ painƻ valuesƔ This new factor has been included in the subgroup
analysis ƺsee new figures SʼƖSʾ clicking here or in the Supplementary MaterialƻƑ thus
providing an argument for the existence of a ͲfloorͲ effect in those studies where a lower
value corresponds to a better conditionƔ We have added an interpretation of this finding in
the DiscussionƓ

ơThis reduced variability could also be due to methodological reasonsƔ One is that some
measurements may have a ơceilingƢ or ơfloorƢ effect ƺeƔgƔƑ in the extreme caseƑ if a
treatment heals someoneƑ no further improvement is possibleƻƔ In factƑ according to the
subgroup analysis of the studies with outcomes that indicate the degree of disease ƺhigh
values imply greater severityƒ eƔgƔƑ painƻƑ a greater variance ƺʹʼ̈ƻ is obtained in the
experimental arm ƺsee Figure SʼƻƔ HoweverƑ in the studies with outcomes that measure
the degree of healthiness ƺhigh values imply better conditionƒ eƔgƔƑ mobilityƻƑ the average
variances match between arms and do not suggest a ceiling effectƔƢ
In additionƑ we have included this new factor ƺdirection of the improvementƻ in the Shiny
appƔ

On the other handƑ all the significant studies were in favor of the experimental groupƒ
thereforeƑ in our contextƑ Ͳstatistically significantͲ is equivalent to Ͳbetter response in the
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thereforeƑ in our contextƑ Ͳstatistically significantͲ is equivalent to Ͳbetter response in the
experimental groupͲƔ We have specified this statement in the manuscript and we have
kept the sentenceƓ Ͳthe authors found statistically significant differences between the
arms ƺall of them in favor of the experimental groupƻ in ʿʺ ƺʺˀƔˀ̈ƻ studiesͲ

ʼƔ AbstractƑ ResultsƓ ơThe adjusted point estimate of the mean ratio ƺtreated to control groupƻ of the
outcome variancesƢ is not clear without reading the whole textƔ AgainƑ defining a term ƺơoutcome
variance ratioƢƜƻ will helpƔ

ThanksƔ Corrected both in the Abstract and the main textƓ

Before ƾAbstractƿƓ We assessed homoscedasticity by comparing the outcome variability
between treated and control arms
After ƾAbstractƿƓ We assessed homoscedasticity by comparing the variance of the primary
endpoint between arms through the outcome variance ratio ƺtreated to control groupƻƔ

Before ƾAbstractƿƓ The adjusted point estimate of the mean ratio ƺtreated to control groupƻ
After ƾAbstractƿƓ The adjusted point estimate of the mean outcome variance ratio ƺtreated
to control groupƻ ƕ

Before ƾMethodsƿƓ ƕ we fitted a randomƖmixed effects model using the logarithm of the
variance ratio at the end of the trialƕ
After ƾMethodsƿƓ ƕ we fitted a randomƖeffects model using the logarithm of the outcome
variance ratio at the end of the trial ƕ

ʽƔ ǆTable ʸƑ ơvariability isƕ increasedƢƓ from the textƑ this means ơsignificantly increasedƢƑ which
should be clarifiedƔ

ThanksƔ We have corrected itƓ
Before ƾTable ʸƿƓ increasedƭdecreased
After ƾTable ʸƿƓ significantly increased ƭ significantly decreased

Interpretation

The results may be interpreted in many waysƑ which are sensibly discussed by the authorsƔ
Most importantlyƑ treatment effect homogeneity implies homoscedasticityƑ but the converse
ƺơhomoscedasticity implies treatment effect homogeneityƢƻ is not trueƓ this is demonstrated very
nicely in Figure ʻƔ Homoscedasticity is scaleƖdependentƓ for exampleƑ it may be removed ƺor
createdƻ by a log transformation ƺmentioned in the DiscussionƻƔ

ʸƔ ǆThe authors omit one alternative explanation of homoscedasticity over timeƓ clinical trial
populations have eligibility criteria at baseline which may limit baseline varianceƔ For exampleƑ a
hypertension trial might recruit patients with baseline SBP between ʸʻʷ and ʸʼˀ mm HgƔ In this
caseƑ variance is very likely to naturally increase over timeƔ
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Thanks againƔ We have dealt with this in the DiscussionƓ

ơƕit has been observed that the variability in the experimental arm also decreases from
baseline to the end of the studyƑ although this comparison is not protected by
randomizationƒ for exampleƑ the existence of eligibility criteria at baseline may have
limited the initial variance ƺa hypertension trial might recruit patients with baseline SBP

Ƣbetween ʼʿʻ and ʼˀ˄ mm HgƻƑ leading to the variance naturally increasing over time

ʹƔ ǆǆThe authorsƠ conclusions ignore the alternative interpretations noted aboveƔ Here are some
examples which are illogicalƓ

AbstractƑ ConclusionsƓ ơthe variance was more often smaller in the intervention groupƑ
suggestingƑ if anythingƑ a reduced role for precision medicineƢƑ and DiscussionƓ ơvariability
tends to be reduced on average after treatmentƑ thus making precision medicine
dispensable in most casesƢƔ This is actually falseƔ If a study finds smaller variance in the
treated group then we DO have evidence of treatment effect heterogeneityƑ and indeed the
treatment may be doing exactly what medicine should do Ɩ making the sickest better while
not harming the less sickƔ

ThanksƔ We agreeƔ We have addressed this point in the general response aboveƔ We
provide here further specific commentsƔ

There is heteroscedasticity of effect leading to reduced outcome variabilityƑ such as the
one shown in examples E and F of Figure ʸƔ Those cases with reduced variability show
situations in which the outcome is ơunder additional controlƢ at the endƔ The only
mathematical model that we can imagine here is the one with an effect correlated with
baseline valuesƓ higher effects for higher ƺworseƻ baseline valuesƔ We can imagine this
situation for the ơidealƢ training programƓ worse participants at the beginningƑ which
further increases or reduces variabilityƔ SoƑ although we agree that this is a theoretical
heterogeneityƑ we do not think that it has any practical implication for ơindividualizingƢ the
treatmentƓ all patients benefit ƺalthough to a different degreeƻ from the interventionƒ and at
the endƑ all patients are ơunder additional controlƢƔ

We have performed some changes in the manuscript in order to clarify this pointƓ

Before ƾAbstractƿƓ the variance was more often smaller in the intervention groupƑ
suggestingƑ if anythingƑ a reduced role for precision medicine

After ƾAbstractƿƓ We found that the outcome variance was more often smaller in the
intervention groupƑ suggesting that treated patients may end up pertaining more often to
reference or ơnormalityƢ values and thus would not require further precision medicineƔ
HoweverƑ this result may also be compatible with a reduced effect in some patientsƑ which
would require studying whether the effect merits enduring the side effects as well as the
economic costsƔ 

Before ƾDiscussionƿƓ variability tends to be reduced on average after treatmentƑ thus
making precision medicine dispensable in most cases

After ƾDiscussionƿƓ We found that variability seems to decrease for treatments that
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After ƾDiscussionƿƓ We found that variability seems to decrease for treatments that
perform significantly better than the referenceƒ otherwiseƑ it remains similarƔ ThereforeƑ
the treatment seems to be doing what medicine should do Ưhaving larger effects in the
most ill patientsƔ Two considerations may be highlighted hereƓ ƺʸƻ as the outcome range
becomes reducedƑ we may interpret thatƑ following the interventionƑ this population is
under additional controlƒ but alsoƑ ƺʹƻ as subjects are responding differently to treatmentƑ
this opens the way for not treating some ƺeƔgƔ those subjects who are not very illƑ and so
have no scope to respond very muchƻƑ with obvious savings in side effects and costs

IntroductionƓ ơIf this homoscedasticity holdsƑ there is no need to repeat the clinical trial once
a new possible effect modifier becomes measurableƢ Ɩ againƑ this wrongly assumes the
converse stated aboveƔ

In this caseƑ we have softened the sentence by changing the term ͲneedͲ to ͲevidenceͲƔ

Before ƾIntroductionƿƓ If this homoscedasticity holdsƑ there is no need to repeat the clinical
trial once a new possible effect modifier becomes measurable

After ƾIntroductionƿƓ If this homoscedasticity holdsƑ there is no evidence that the clinical
trial should be repeated once a new possible effect modifier becomes measurable

DiscussionƓ ơWhen both arms have equal variancesƑ then an obvious default explanation is
that the treatment is equally effective for allƑ thus rendering the search for predictors of
differential response futileƢƓ this is illogicalƔ

We are not sure that we understood why this is illogicalƔ AnywayƑ we have softened the
sentence by changing Ͳan obvious default explanationͲ to Ͳthe simplest explanationͲƔ

Before ƾDiscussionƿƓ When both arms have equal variancesƑ then an obvious default
explanation is that the treatment is equally effective for allƑ thus rendering the search for
predictors of differential response futile

After ƾDiscussionƿƓ When both arms have equal variancesƑ then the simplest explanation is
that the treatment is equally effective for allƑ thus rendering the search for predictors of
differential response futileƔ

DiscussionƓ ơFor most trialsƑ subjects vary little in their response to treatmentƑ which
suggests that precision medicineƠs scope may be less than what is commonly assumedƢƓ
this is also illogicalƔ

AgainƑ we are not sure that we understood why this is illogicalƔ NeverthelessƑ we have
referred to the limitations derived from Figure ʻƔ

Before ƾDiscussionƿƓ For most trialsƑ subjects vary little in their response to treatmentƑ
which suggests that precision medicineƠs scope may be less than what is commonly
assumed

After ƾDiscussionƿƓ For most trialsƑ variability of the response to treatment changes
scarcely or even decreasesƑ which suggests that precision medicineƠs scope may be less
than what is commonly assumed Ư while always taking into account the limitation
previously explained in Figure ʻƔ

ʺƔ ǆIn the light of the above argumentsƑ I find the statement ƺAbstractƑ Conclusionsƻ that
ơHomoscedasticity is a useful tool for assessing whether or not the premise of constant effect is
reasonableƢ to be highly debatableƔ Logic suggests it gives a lower bound on the extent of
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reasonableƢ to be highly debatableƔ Logic suggests it gives a lower bound on the extent of
usefulness of precision medicineƑ and the results of this study do not add any more to thisƔ

We have reduced the ostentatious nature of this phraseƑ warning the reader that there are
limitations to this methodologyƓ

ơWe have shown that the comparison of variances is a useful but not definitive tool to
asses if the design assumption of a constant effect holdsƔƢ

ʻƔ ǆThe objectives in the Discussion should be the same as those stated in the IntroductionƔ

ThanksƔ We have simplified the objectives in the introductionƓ

BeforeƓ Our objectives wereƑ firstƑ to compare the variability of the main outcome between
different arms in clinical trials published in medical journals andƑ secondƑ to provide a
firstƑ rough estimate of the proportion of studies that could potentially benefit from
precision medicineƔ As sensitivity analysisƑ we explore the changes in the experimental
armƠs variability over time ƺfrom baseline to the end of the studyƻƔ We also fit a randomƖ
effects model to the outcome variance ratio in order to isolate studies with a variance
ratio outside their expected random variability values ƺheterogeneityƻƔ

AfterƓ Our objectives wereƑ firstƑ to compare the variability of the main outcome between
different arms in clinical trials published in medical journals using a randomƖeffects
modelƒ andƑ secondƑ to provide a rough estimate of the proportion of studies that could
potentially benefit from precision medicineƔ FinallyƑ we explore the changes in the
experimental armƠs variability over time ƺfrom baseline to the end of the studyƻƔ
 
AlsoƑ we have reordered the whole Discussion section according to these objectivesƓ 

ʸƻ Variability comparison between arms and explanation
 
ʹƻ Rough estimate of the studies that potentially benefit from precision medicine ƺgreater
variability in experimental armsƻ
 
ʺƻ Variability comparison between arms and explanation provided in your first suggestion
of this sectionƔ
 

Source data

ʸƔ I had trouble opening the source data both in Excel ƺsince the csv file is in fact
semiƖcolonƖdelimitedƻ and in Stata ƺwhich was thrown by line ʿʷƻƔ Could it be provided in a more
convenient format or with some notesƜ

We have changed the format ƺnowƑ columns are commaƖdelimitedƻ both in the Shiny app
and in the Figshare repositoryƔ We also solved the problem with line ʿʷƑ which included

 some unnecessary quotation marks ƺơƻ in the  fieldƔTitle
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Ƒ Universitat Politècnica de CatalunyaƑ BarcelonaƑ SpainJordi Cortés

Following your suggestions together with those of the other reviewersƑ we have updated the
manuscript with a new version that aims to emphasize the fact that researchersƠ assumption of a
constant effect is not clear as long as they do not mention it explicitlyƔ AdmittedlyƑ in those studies
whose sample size calculation considers some variability in the treatment effectƑ there is no doubt
that this premise has not been consideredƔ 

 No competing interests were disclosedƔCompeting InterestsƓ
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Version 1

Reader Comment ʸʼ Feb ʹʷʸʿ
Ƒ PotentiaMetricsƑ USAJake Westfall

Interesting approachƔ It seems to me that the limitation dismissed inƭaround Figure ʻ is more serious than
is let onƔ The contrived figure makes it seem like an exotic scenarioƑ and the text asserts that the premise
of the study ƺthat variance ratio ̏ ʸ implies constant treatment effectsƻ is far more parsimonious
explanation for a variance ratio ̏ ʸƑ but I disagreeƔ If treatment effects and patient means ƺiƔeƔƑ the means
of patientsͱ potential outcomes Yƺʷƻ ų Yƺʸƻƻ are uncorrelated ƖƖ which is a perfectly reasonable assumption
ƖƖ then the variance ratio ̏ ʸ even when individual treatment effects are highly variableƔ Thereͱs nothing
wild or nonƖparsimonious about thatƔ

Weͱre definitely right to question the unproven assumption that patients differ meaningfully in their
responses to treatmentsƔ But Iͱm doubtful about how strongly the evidence in this paper speaks against
that ideaƔ
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