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Executive summary 39 
Baseline covariates impact the outcome in many clinical trials. Although baseline adjustment is not 40 
always necessary, in case of a strong or moderate association between a baseline covariate(s) and the 41 
primary outcome measure, adjustment for such covariate(s) generally improves the efficiency of the 42 
analysis.  43 

Baseline covariates may be accounted for at the design stage of a clinical trial and/or in the statistical 44 
analysis. When dealing with baseline covariates the following recommendations are made: 45 

• Stratification may be used to ensure balance of treatments across covariates; it may also be used 46 
for administrative reasons (e.g. stratification for country).  The factors that are the basis of 47 
stratification should normally be included as covariates in the primary model. 48 

• Variables known a priori to be strongly, or at least moderately, associated with the primary 49 
outcome and/or variables for which there is a strong clinical rationale for such an association 50 
should also be considered as covariates in the primary analysis.  The variables selected on this 51 
basis should be pre-specified in the protocol. 52 

• Baseline imbalance observed post hoc should not be considered an appropriate reason for including 53 
a variable as a covariate in the primary analysis. 54 

• Variables measured after randomisation and so potentially affected by the treatment should not 55 
normally be included as covariates in the primary analysis. 56 

• In case of an ordinary linear model, if a baseline value of a continuous outcome measure is 57 
available, then this should usually be included as a covariate.  This applies whether the primary 58 
outcome variable is defined as the ‘raw outcome’ or as the ‘change from baseline’. 59 

• Only a few covariates should be included in a primary analysis.  Although larger data sets may 60 
support more covariates than smaller ones, justification for including each of the covariates should 61 
be provided. 62 

• In the absence of prior knowledge, a simple functional form (usually either linearity or 63 
dichotomising a continuous scale) should be assumed for the relationship between a continuous 64 
covariate and the outcome variable. 65 

• The validity of model assumptions must be checked when assessing the results.  This is particularly 66 
important for generalised linear or non-linear models where mis-specification could lead to 67 
incorrect estimates of the treatment effect.  Even under ordinary linear models, some attention 68 
should be paid to the possible influence of extreme outlying values. 69 

• Whenever adjusted analyses are presented, results of the treatment effect in subgroups formed by 70 
the covariates (appropriately categorised, if relevant) should be presented to enable an 71 
assessment of the validity of the model assumptions. 72 

• Sensitivity analyses should be pre-planned and presented to investigate the robustness of the 73 
primary analysis.  Discrepancies should be discussed and explained.  In the presence of important 74 
differences that cannot be logically explained – for example, between the results of adjusted and 75 
unadjusted analyses – the interpretation of the trial could be seriously affected. 76 

• The primary model should not include treatment by covariate interactions.  If substantial 77 
interactions are expected a priori, the trial should be designed to allow separate estimates of the 78 
treatment effects in specific subgroups. 79 

• Exploratory analyses may be carried out to improve the understanding of covariates not included in 80 
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the primary analysis, and to help the sponsor with the ongoing development of the drug. 81 

• In case of missing values in baseline covariates the principles for dealing with missing values as 82 
outlined in the guideline on missing data applies. 83 

• A primary analysis, unambiguously pre-specified in the protocol, correctly carried out and 84 
interpreted, should support the conclusions which are drawn from the trial.  Since there may be a 85 
number of alternative valid analyses, results based on pre-specified analyses will carry most 86 
credibility. 87 

Besides editorial changes the major change with this revision of the Guideline relates to the use of 88 
dynamic allocation methods. 89 

1. Introduction  90 
The note for guidance on statistical principles for clinical trials (ICH E9) briefly addresses the problem 91 
of adjustment for covariates.  It advises experimenters ‘to identify the covariates expected to have an 92 
important influence on the primary outcome’ and to specify ‘how to account for them in the analysis in 93 
order to improve precision and to compensate for any lack of balance between groups’.  It also 94 
cautions against adjusting for ‘covariates measured after randomisation because they may be affected 95 
by the treatments’. 96 

A baseline covariate in the context of this guideline is defined as a qualitative factor or a quantitative 97 
variable measured or observed before randomisation and expected to influence the primary variable to 98 
be analysed. 99 

There are many types of baseline covariates and their nature depends upon the context of the study.  100 
They may be demographic variables such as age or weight, disease characteristics such as duration or 101 
severity, true prognostic factors for which there is a commonly accepted pathophysiological rationale, 102 
or factors such as centre or investigator.  Quite commonly baseline values of the primary outcome are 103 
also available. 104 

A baseline covariate can be considered at two stages in a clinical trial: it can be accounted for within 105 
the randomisation process (typically by using stratified randomisation) and/or it can be adjusted for in 106 
the analysis. 107 

There are many different techniques for adjusting for baseline covariates, the choice of which often 108 
depends on the nature of the covariate and outcome variable.  Methods commonly used are analysis of 109 
variance or analysis of covariance (when the primary outcome is quantitative), logistic regression 110 
(when the outcome is binary or categorical), and Cox-regression (for time-to-event data). 111 

The guideline aims to clarify when and why baseline covariates should be included in the primary 112 
analysis that will be specified in the protocol, and how the results in the study report should be 113 
presented and interpreted.  A question that is often encountered is whether the adjusted or unadjusted 114 
analysis should be declared as primary in the protocol.  This guidance document addresses that critical 115 
issue. 116 

2. Scope  117 
This guideline is intended to provide advice on how to address important baseline covariates in 118 
designing, analysing and reporting clinical trials. Its content is mostly concerned with confirmatory 119 
randomised trials.  120 

Non-randomised trials, such as observational studies as well as technical and theoretical aspects of 121 
methods to account for covariates and discussions on the clinical relevance of particular choices of 122 
covariates are outside the scope of this guideline. 123 
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3. Legal basis and relevant guidelines  124 
The Guideline should be read in conjunction with Annex I to Directive 2001/83/EC, as amended, and all 125 
other relevant EU and ICH guidelines. These include, but are not limited to:  126 

CPMP/ICH/363/96, ICH Topic E9 Step 4 Note for Guidance on Statistical Principles for Clinical Trials.  127 

Guideline on missing data in confirmatory clinical trials (EMA/CPMP/EWP/1776/99 Rev. 1) 128 

Points to consider on multiplicity issues in clinical trials (CPMP/EWP/908/99) 129 

4. Main text 130 

4.1.  DESIGN CONSIDERATION 131 

4.1.1.  Stratification 132 
Randomisation is expected to balance treatment groups among the covariate levels but, in practice, it 133 
is not unusual to observe imbalances post hoc.  Such imbalances are of particular concern if they 134 
favour the experimental group.  Stratified randomisation is often used to reduce the likelihood of such 135 
imbalances between treatment groups within the levels of specified covariates (generally qualitative 136 
covariates or categorised quantitative covariates). 137 

Additional reasons why stratified designs are used include: 138 

• Balance of treatment groups with respect to one or more specific prognostic covariates can 139 
enhance the credibility of the results of the trial. 140 

• Stratification might improve the efficiency of the estimation  of the treatment effect, especially for 141 
small or even moderately sized trials. Stratification at the stage of randomisation and adjustment 142 
for covariates in the analysis may be seen as complementary methods of accounting for covariates. 143 

• If the effect of treatment is expected to vary substantially across important pre-specified 144 
subgroups (for example, age groups or race), then stratifying for these subgroups can help in 145 
interpreting the treatment effect and its consistency across these subgroups.  This can also 146 
enhance the credibility of some subgroup analyses that are a priori of high interest. For further 147 
details refer to regulatory documents on subgroup analysis.  148 

• Stratification may sometimes be used for reasons of administrative convenience. 149 

Stratification can become overwhelming if there are many influential covariates or covariates with 150 
many strata in the trial.  This is particularly true for small trials where stratification on more than a few 151 
covariates is often not feasible due to small sample sizes within strata.  Even in large trials, although 152 
theoretically possible to stratify by many factors, the number of factors should be restricted to the 153 
most clinically important and/or strongly prognostic covariates. With an increasing number of strata 154 
the chance of empty / infrequently occupied strata increases, thus the targeted treatment allocation 155 
within strata might not be achieved. Furthermore, a huge number of strata might impose problems 156 
with the analysis (see 4.3.2). 157 

4.1.2.  Multicentre trials 158 
Most multicentre trials are stratified by centre (or investigator) either for practical reasons or because 159 
centre (or investigator) is expected to be confounded with other known or unknown prognostic factors.  160 
When multicentre trials are not stratified by centre, then the reason for doing so should be explained 161 
and justified in the protocol. 162 

When the number of patients within each centre is expected to be very small, it may not be practical to 163 
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stratify the randomisation by centre.  In that case it should be considered whether randomisation could 164 
be stratified by, for example, country or region.  Such a choice might be driven by similarities in co-165 
medication, palliative care or other factors that might make stratification advisable.  The reasons and 166 
justification for the choice should be described in the protocol. 167 

4.1.3.  Dynamic Allocation 168 
As stated above, stratification for more than a few prognostic factors is not always possible, especially 169 
for small trials.  In this situation, techniques of dynamic allocation are sometimes used to achieve 170 
balance across several factors simultaneously.   Deterministic schemes should be avoided and possible 171 
implications of dynamic allocation methods on the analysis e.g. with regard to bias and type I error 172 
control should be carefully considered, taking into account that for some situations (e.g. planned 173 
unbalanced treatment allocation) it is has been shown that these methods might impact the validity of 174 
conventional statistical methods.  To properly account for such problems the use of re-randomization 175 
methods in the analysis should be considered. 176 

4.2.  CRITERIA FOR INCLUDING OR EXCLUDING A COVARIATE IN THE 177 
PRIMARY ANALYSIS 178 

4.2.1.  Association with the Primary Outcome 179 
The main reason to include a covariate in the analysis of a trial is the existence of strong or moderate 180 
association between the covariate and the primary outcome measure.  Adjustment for such covariates 181 
generally improves the efficiency of the analysis and hence produces stronger and more precise 182 
evidence (smaller P-values and narrower confidence intervals) of an effect.  However, it should be 183 
emphasised that simply producing smaller P-values may not be sufficient to produce convincing 184 
evidence of a clinically useful effect: the size of the treatment effect and its consistency across levels of 185 
covariates will always be important considerations. 186 

Known or expected associations with the primary outcome variable should be justified on the basis of 187 
previous evidence (possibly data from previous or other current trials) and/or on clinical grounds.  The 188 
reasons for including  a covariate in the primary analysis should be explicitly stated in the protocol.  189 

4.2.2.  Stratification 190 
The primary analysis should reflect the restriction on the randomisation implied by the stratification.  191 
For this reason, stratification variables – regardless of their prognostic value – should usually be 192 
included as covariates in the primary analysis.  Any mismatch of covariates between stratification and 193 
adjustment in the primary analysis must be explained and justified. 194 

4.2.3.  Multicentre trials 195 
When multicentre trials are stratified by centre, then centre should be adjusted for in the primary 196 
analysis regardless of its prognostic value.  However, sometimes, the number of patients per centre is 197 
too small to allow the inclusion of centre as a covariate in the analysis, particularly when the outcome 198 
variable is binary or a time-to-event response.  In this situation, stratifying the randomisation by 199 
centre may not be appropriate and an unadjusted analysis may be justified. 200 

Adjusting for many small centres might be possible but raises analytical problems for which there is no 201 
best solution.  Analyses either ignoring centres used in the randomisation or adjusting for a large 202 
number of small centres might lead to unreliable estimates of the treatment effect and P-values that 203 
may be either too large or too small.  Furthermore, pooling small centres to form one centre of size 204 
comparable to that of other centres has little or no scientific justification.  If an applicant chooses not 205 
to include centre in the analysis when it was included in the randomisation scheme, they should 206 
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explain why and demonstrate through sensitivity analyses that the trial conclusions are not 207 
substantially affected because of this.  208 

4.2.4.  Baseline imbalance observed post hoc 209 
A pronounced baseline imbalance is not expected a priori in a randomised trial: if the randomisation 210 
process has worked correctly, any observed imbalance must always be a random phenomenon. 211 
Therefore, if a baseline imbalance is observed this should not be considered an appropriate reason to 212 
include this baseline measure as a covariate in the primary analysis. In case the baseline imbalance is 213 
for a possible risk factor, sensitivity analyses including the baseline measure as a covariate should be 214 
performed in order to assess the robustness of the primary analysis.   215 

4.2.5.  Covariates affected by the treatment allocation 216 
A covariate that may be affected by the treatment allocation (for example, a covariate measured after 217 
randomisation such as duration of treatment, level of compliance or use of rescue medication) should 218 
not normally be included in the primary analysis of a confirmatory trial.  When a covariate is affected 219 
by the treatment either through direct causation or through association with another factor, the 220 
adjustment may hide or exaggerate the treatment effect.  It therefore makes the treatment effect 221 
difficult to interpret.  However, such covariates (e.g. duration of treatment) might be included in 222 
secondary (exploratory) analyses and might offer the sponsor useful insights during the drug 223 
development process.  Alternatively, subgroup analyses might offer similar insights. 224 

4.2.6.  ‘Change from baseline’ analyses 225 
When the analysis is based on a continuous outcome there is commonly the choice of whether to use 226 
the raw outcome variable or the change from baseline as the primary endpoint.  Whichever of these 227 
endpoints is chosen, the baseline value should be included as a covariate in the primary analysis.  The 228 
use of change from baseline without adjusting for baseline does not generally constitute an appropriate 229 
covariate adjustment. Note that when the baseline is included as a covariate in a standard linear  230 
model, the estimated treatment effects are identical for both ‘change from baseline’ and the ‘raw 231 
outcome’ analysis.  Consequently if the appropriate adjustment is done, then the choice of endpoint 232 
becomes solely an issue of interpretability. 233 

4.3.  SPECIFICATION OF THE PRIMARY ANALYSIS 234 

4.3.1.  General considerationsCovariates to be included in the primary analysis must be pre-235 
specified in the protocol. When a confirmatory (typically phase III) trial starts, the important covariates 236 
should have already been identified through previous trials and other available evidence.  However, if 237 
the state of knowledge changes between the writing of the protocol and the completion of the study it 238 
may be appropriate to re-consider and update the description of the analysis in a protocol amendment 239 
prior to unblinding. The justification (at this time) for including new covariates (or excluding others 240 
that were previously identified) should be stated unambiguously.  Both clinical and statistical 241 
justifications should be considered.  When there is a lack of such established prior knowledge, it is 242 
safer to use a simple model with no, or only a few, covariates.  In all cases, analyses including many 243 
covariates will always be less convincing than analyses with fewer, well-chosen, covariates. 244 

The nature and the number of covariates included in the analysis may affect the interpretation of the 245 
analysis, especially in non-linear models.  In such models the adjusted parameters and unadjusted 246 
parameters have different interpretations: it is essential that in any presentation of adjusted analyses, 247 
the applicant clearly and precisely explains the meaning of the estimated effect size. 248 
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Methods that select covariates by choosing those that are most strongly associated with the primary 249 
outcome (often called ‘variable selection methods’) should be avoided.  The clinical and statistical 250 
relevance of a covariate should be assessed and justified from a source other than the current dataset. 251 

In some cases, not all of the relevant sensitivity analyses for a particular study can be anticipated in 252 
the protocol.  However some sensitivity analyses should be pre-planned to establish whether the 253 
conclusions drawn from the primary analysis are robust.  In particular, sensitivity analyses should be 254 
designed to test specific assumptions about covariates. 255 

4.3.2.  Number of covariates in the analysis 256 
No more than a few covariates should be included in the primary analysis.  Even though methods of 257 
adjustment, such as analysis of covariance, can theoretically adjust for a large number of covariates it 258 
is safer to pre-specify a simple model.  Results based on such a model are more likely to be 259 
numerically stable, the assumptions underpinning the statistical model are easier to validate and 260 
generalisability of the results may be improved. 261 

There is no formal rule for specifying the maximum number of covariates that can be included in any 262 
analysis, although larger trials might tolerate more covariates than smaller trials.  Potential covariates 263 
are often strongly correlated and so knowledge of the correlation can be a useful basis for eliminating 264 
some stratification variables at the planning stage.  Clinical considerations should be taken into 265 
account when doing this. 266 

Limitations should be placed on the number of covariates included in the statistical model and on the 267 
total number of parameters.  Categorical covariates with many levels may lead to a loss of efficiency.  268 
For such covariates, strategies to combine categories or to carry out alternative sensitivity analyses 269 
should be pre-specified in the protocol. 270 

4.3.3.  Relationship between covariates and the primary outcome 271 
The aim of a randomised clinical trial is not to determine the true relationship between covariates and 272 
the primary outcome variable but to provide an unbiased estimate of the true difference between the 273 
treatments. 274 

The true relationship between covariates and the primary outcome variable is often unknown. Thus the 275 
behaviour of the analysis model under mis-specification should be considered when defining the 276 
analysis model. For standard linear models  mis-specification of the correct functional form (such as 277 
linear or quadratic) to relate the covariates to the primary outcome will result in an at least 278 
asymptotically unbiased estimate of the treatment effect. Under certain conditions this is also true for 279 
generalised linear models. However, in general for generalised linear or non-linear models (such as 280 
logistic regression or survival analysis), the issue of an appropriate relationship between the covariates 281 
and the outcome is more crucial and even an asymptotically unbiased estimate of the treatment effect 282 
might not exist in case of model mis-specification. In the absence of any well-established prior 283 
knowledge about the relationship between the covariates and the outcome (which is often the case in 284 
most clinical trials) the model should use a simple form.  For example, when the covariate is 285 
continuous, then the model might be based on a linear relationship between the covariate and 286 
outcome, or on a categorisation of the covariate into a few levels, the number of levels depending 287 
upon the sample size.  In such a case, the rules for determining how the categories will be described 288 
should be pre-specified and sensitivity analyses conducted to ensure substantive conclusions are not 289 
highly dependent on the categories selected. 290 

If there is well-established prior information from previous studies about how the covariates are 291 
related to the outcome, then the primary model should incorporate this information.  The functional 292 
form that relates the covariates to the outcome should be pre-specified and justified in the protocol.  293 
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Nonparametric regression methods may be applied which avoid assumptions about the relationship 294 
between the dependent and independent variables.  However, in these cases, it is important that 295 
appropriate estimates of the size of the treatment effect are still attainable, not just the calculation of 296 
significance levels. 297 

In addition to the functional form relating covariates to the outcome, attention should be paid to 298 
outlying values of either the covariates or the outcome variable as these may have undue influence on 299 
the results.  If the possibility of outlying values is foreseen, then their influence can be minimised by 300 
using suitable robust methods. 301 

4.3.4.  Treatment by covariate interaction 302 
This has already been addressed in ICH E9 and is not an issue specifically related to adjustment for 303 
covariates.  The fact that the treatment effect may be different depending on the baseline value of a 304 
covariate is a matter for concern whether adjustment for this covariate is considered or not. 305 

If there is no reason to suspect an interaction between treatment and a covariate then the primary 306 
analysis should only include the main effects for treatment and covariate.  Conversely, if a substantial 307 
treatment by covariate interaction is suspected at the design stage, then stratified randomisation 308 
and/or subgroup analyses should be pre-planned accordingly.  For details refer to further regulatory 309 
documents dealing with multiplicity and subgroup analysis respectively. 310 

4.4.  REPORT OF THE RESULTS 311 

4.4.1.  General considerationsIf the key covariates were specified clearly in the protocol and 312 
the analysis was correctly performed and interpreted, then appropriate conclusions can be safely 313 
drawn.  However, if the covariates and the method of adjustment for them were not specified 314 
unambiguously, then a number of alternative analyses may be equally valid.  It will be difficult for the 315 
applicant to argue post hoc that a particular analysis is the most relevant. 316 

4.4.2.  Baseline comparisons 317 
Statistical testing for baseline imbalance has no role in a trial where the handling of the randomisation 318 
and blinding has been fully satisfactory.  Baseline summaries with respect to the main covariates 319 
should be presented and discussed from a clinical point of view, irrespective of whether a statistical 320 
test indicated a ‘statistically significant’ difference between treatment groups. 321 

If the process of allocating patients to treatments has, in fact, not been random then any resulting bias 322 
cannot be corrected by statistical adjustment.  The appropriate actions (possibly excluding some 323 
patients or centres) will follow from investigations into the cause of the imbalance.  The results should 324 
be interpreted very cautiously in such cases. 325 

When there is some imbalance between the treatment groups in a baseline covariate that is solely due 326 
to chance then adjusted treatment effects may account for this observed imbalance when unadjusted 327 
analyses may not.  If the imbalance is such that the experimental group has a better prognosis than 328 
the control group, then adjusting for the imbalance is particularly important.  Sensitivity analyses 329 
should be provided to demonstrate that any observed positive treatment effect is not solely explained 330 
by imbalances at baseline in any of the covariates. 331 

In the unlikely case of a very strong baseline imbalance, no adjustment may be sufficiently convincing 332 
to restore the reliability of the results.  However, a strong baseline imbalance in a variable (not 333 
necessarily a pre-specified covariate) may also be a reason for including that variable as a covariate in 334 
a sensitivity analysis to allow assessment of the robustness of the conclusions drawn from the primary 335 
analysis. 336 
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4.4.3.  Treatment by covariate interaction 337 
The primary analysis should include only the covariates pre-specified in the protocol and no interaction 338 
terms.  However, treatment by covariate interactions should be explored, as recommended in the ICH 339 
E9 guideline.  Tests for interactions often lack statistical power and the absence of statistical evidence 340 
of an interaction is not evidence that there is no clinically relevant interaction.  Conversely, an 341 
interaction cannot be considered as relevant on the sole basis of a significant test for interaction.  342 
Assessment of interaction terms based on statistical significance tests is therefore of little value. 343 

If some interactions turn out to be large from a clinical point of view or significant from a statistical 344 
point of view, this provides evidence that the effect of treatment may vary across subgroups.  These 345 
findings should be examined carefully; conclusions based on the primary analysis (with no interaction) 346 
should be interpreted cautiously and commented on.  If the observed interaction is particularly large in 347 
size or qualitative in nature, then interpretation of the overall results of the trial may become 348 
impossible. 349 

4.4.4.  Validity of the model assumptions 350 
In the case of simple analysis of variance or covariance, model assumptions generally hold under quite 351 
weak conditions.  Attention should be paid to outlying extreme values of either the covariates or the 352 
primary variable and if such outlying values are observed, then alternative methods should be used to 353 
assess the robustness of the conclusions. 354 

If the analysis is a generalised linear or non-linear model, then mis-specification of the model could 355 
lead to incorrect estimates of the treatment effect.  Thus, assumptions must be checked carefully and 356 
the findings presented in the final study report.  If the model assumptions do not hold, alternative 357 
analyses (ideally pre-specified in the protocol) should be proposed and justified on clear statistical and 358 
clinical grounds. 359 

4.4.5.  Sensitivity analyses 360 
Alternative analyses should always be presented to confirm that the conclusions of the study are not 361 
sensitive to the choice of covariates included or the choice of the relationship between covariates and 362 
outcome that has been assumed.  Findings based on these sensitivity analyses should normally be 363 
considered exploratory but necessary to support the primary analysis.  364 

For ordinary linear models, adjusted estimates of the treatment effect should be compared to 365 
unadjusted estimates.  The estimates of the size of the treatment effect would be expected to be 366 
similar although not necessarily identical.  Since there is generally an expected gain in efficiency with 367 
the adjusted analysis, a less significant result for an unadjusted analysis is not necessarily cause for 368 
concern.  Conversely, if there are strong discrepancies between the conclusions drawn from adjusted 369 
and unadjusted analyses, these should be discussed and interpreted whenever possible.  If the 370 
conclusions from the primary analysis and the sensitivity analyses are very different in terms of clinical 371 
and statistical significance, then the results of the trial could become inconclusive. 372 

For generalised linear models or non-linear models, adjusted and unadjusted treatment effects may 373 
not have the same interpretation and, sometimes, different results may be obtained from adjusted and 374 
unadjusted analyses.  Thus, the choice of the appropriate covariates and the pre-specification of the 375 
primary model are critically important. 376 
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