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2The rate is the new missing rate, that is proportion of patients who begin to
have missing data at that week. Those already missing at Week 12 or week
28 are also missing at week 44

Linear progression was assumed: Proportion of patients with no progression is 0.68 and 0.6 for active arm and PBO arm, respectively; linear progression rate (mTSS units per week) is 0.046 and
0.065 for active arm and PBO arm respectively; difference between active arm and PBO arm at week 44 is -0.496; bias=difference between average of simulation sample mean and true value, the
smaller the better; RMSE=a measure of variation among simulation samples, the smaller the better; power=rate of rejecting false null hypothesis (there is no) in all simulations, the larger the better

treatment effect

ANCOVA=analysis of covariance; LE=linear extrapolation; LOCF=last observation carried forward; RC=random coefficient; RMSE= root mean square error

Figure 2 Assessment of analysis methods with simulated progression data (slowed progression in active arm and assumed

linear progression).

RESULTS

The effect of missing data on the robustness of analysis
methods was assessed following simulation of the data
and analysis using the RC and ANCOVA models, using
both the observed (OBS) and imputed datasets (LE and
LOCF). The effect of the different methods used on data
with no treatment difference and linear progression is
shown in figure 1. In this situation, all analysis methods
delivered unbiased, robust results, with type 1 error rates
close to the nominal levels. As expected, differences in
RMSE were observed following changes in sample size,
with a larger sample size resulting in a lower RMSE.
Similar trends were observed under quadratic progres-
sion assumptions (data not shown).

Figure 2 shows the effect of different analysis methods
in the simulated scenario of linear progression, with the
‘active’ arm causing a slowing of progression (ie, the
intervention is displaying efficacy). In this scenario, the
ANCOVA+LOCF method displayed a notably higher
level of bias. Both RC+OBSand ANCOVA+LE methods
displayed a similar level of RSME, bias and statistical
power. The trend of higher sample sizes resulting in
smaller RMSE values and higher statistical power was
observed in all analysis methods assessed. The effect of
non-linear progression on the different analysis methods
was more pronounced. As shown in figure 3, assessment
of the analysis methods with assumed convex quadratic
progression led to a large degree of observed bias where

Figure 3 Assessment of analysis methods with simulated progression data (slowed progression in active arm and assumed

convex quadratic progression).
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2The rate is the new missing rate, that is proportion of patients who begin to
have missing data at that week. Those already missing at Week 12 or week
28 are also missing at week 44

Concave quadratic progression was assumed. Proportion of patients with no progression is 0.68 and 0.6 for active arm and PBO arm respectively; linear progression rate is 0.093 and 0.11 for active
arm and PBO arm respectively; quadratic progression rate is -0.0011 and -0.0009 for active arm and PBO arm respectively. The difference between active arm and PBO arm at week 44 is -0.611;
bias=difference between average of simulation sample mean and true value, the smaller the better; RMSE=a measure of variation among simulation samples, the smaller the better; power=rate of

rejecting false null hypothesis (there is no treatment effect) in all simulations, the larger the better

ANCOVA=analysis of covariance; LE=linear extrapolation; LOCF=last observation carried forward; RC=random coefficient; RMSE= root mean square error

Figure 4 Assessment of analysis methods with simulated progression data (slowed progression in active arm and assumed

concave quadratic progression).

data was missing, and a pronounced effect on RMSE
and statistical power: in cases of missing data, RC+OBS
displayed the smallest bias, followed by ANCOVA+LE.
RC+OBSalso displayed a smaller RMSE and larger statis-
tical power compared with the other analysis methods
used. RC+FULLand ANCOVA+FULL were unbiased,
and had smaller RMSE and greater statistical power.
Assessment of the analysis methods with assumed
concave quadratic progression (figure 4) demonstrated
similar effects as concave progression for the ANCO-
VA+LOCF method; however, the RC+OBSand ANCO-
VA+LE methods displayed similar performance overall.
Baricitinib is an oral selective inhibitor of Janus kinase
(JAK) 1 and JAK 2 that has been approved for the treat-
ment of moderately to severely active RA in adults.
RA-BEAM (NCTO01710358) was a randomised, double-
blind, double-dummy, placebo-controlled and active-
controlled, parallel-arm, 52-week study conducted at 281
centres in 26 countries. Patients enrolled in RA-BEAM
had an inadequate response to methotrexate and were
randomised 3:3:2 to placebo once daily, baricitinib 4 mg
once daily or adalimumab 40mg biweekly."! X-ray data
were scheduled at screening, week 16, week 24 and week
52, with week 24 as primary evaluation time point. X-ray

data were only taken at early termination if the most
recent X-ray was more than 12 weeks earlier. To reduce
imputation and use available data as much as possible,
postbaseline X-ray administered within 14 days prior to
the scheduled visit data, or within 30 days after the sched-
uled visit date were used as if scheduled. The LE method
was prespecified as the primary imputation method for
X-ray data to impute missing data at time points when
analyses were conducted (including the analyses at week
24 and week 52). LOCF was also prespecified as an alter-
native imputation method for missing data.

We used X-ray data from RA-BEAM as a case study
to illustrate the use of ANCOVA+LE, ANCOVA+LOCF
and RC+OBS methods. For the RC+OBS method, we
also considered three ways of incorporating time infor-
mation: (1) use scheduled week (week 24) and base-
line week=week 0; (2) use scheduled week (week 24)
and baseline week=-3.3 (average of actual relative week
to randomiSation); (3) use day (actual relative day to
day of randomisation) and baseline day=0. Results are
summarised in table 2.

In all methods, a statistically significant decrease in
the progression of mTSS was observed for the baricitinib
group for the study duration. RC+OBS, with day relative

Table 2 Case study from RA-BEAM on mTSS analyses

Model Base time Label Treatment difference at week 24 P value Slope estimate
ANCOVA+LE Week=0 BARI-4mg vs PBO —0.4890 <0.0001

ANCOVA+LOCF Week=0 BARI-4mg vs PBO -0.4514 <0.0001

RC+obs Week=0 BARI-4mg vs PBO —-0.6206 <0.0001 —-0.026

RC+obs Week=-3.3 BARI-4mg vs PBO -0.5141 <0.0001 -0.021

RC+obs Day=0 BARI-4mg vs PBO -0.4894 <0.0001 -0.020

ANCOVA, analysis of covariance; BARI, baricitinib; LE, linear extrapolation; LOCF, last observation carried forward; obs, observed; PBO,

placebo; RA, rheumatoid arthritis; RC, random coefficient.
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of simulation sample mean and true value, the smaller the better; RMSE=a measure of variation among simulation samples, the smaller the better; type | error rate=rate of
rejecting true null hypothesis (there is no treatment effect) in all simulations, the closer to 0.05 (alpha level in this simulation study) the better

ANCOVA=analysis of covariance; LE=linear extrapolation; LOCF=last observation carried forward; RC=random coefficient; RMSE= root mean square error

Figure 1 Assessment of analysis methods with simulated progression data (no treatment difference and linear progression).

to randomisation as the time variable, provided a similar
estimate for ANCOVA+LE. It also provided slope esti-
mate that could be used for time points without data if
we continue to assume linear progression.

DISCUSSION

Here, we used systemic simulation to examine the perfor-
mance of the RC model. The following observations were
made, in cases with no treatment effect, all methods were
generally unbiased, with similar type 1 error rates close
to the nominal level. ANCOVA and RC provide similar
performance when there is no missing data. However,
when data are missing, RC+OBS provided better or at
least equivalent performance as ANCOVA+LE in power
and bias. As expected, the more missing data in early
visits, the larger bias, the smaller power and the larger
RMSE. ANCOVA+LOCF have much larger bias in linear
(figure 2), and concave quadratic (figure 3) change
patterns compared with ANCOVA+LEand RC+OBS.
When change patterns are convex quadratic (figure 4),
all models have large bias when data are missing. ANCO-
VA+LOCF had the largest bias whereas RC+OBS had the
smallest bias, followed by ANCOVA+LE. Our simulations
support the hypothesis that the RC model is superior to
LOCF. In fact, it is known from the literature that LOCF
canyield bias, and it may even yield bias if data are missing
completely at random." '

There are several limitations in this work. First, our
simulations were conducted under a specific assumption
of monotone missing pattern. Therefore, the RC model
may not be sufficiently robust to fit all possible scenarios.
However, this assumption fits well in the most common
missing data scenario in RA trials where patients would
be considered to have missing data after switching to
the rescue treatment for clinical improvement, or after
dropping out of the trial. In RA-BEAM (the case study),

among those patients who had missing data, 84% were
monotonic. Although we have not studied nonmonotone
missingness patterns, it is known from the literature that
linear mixed models generally give unbiased results for
monotone as well as nonmonotone missingness patterns,
as long as the data are missing at random.'” Furthermore,
RC model itself is sufficiently robust to handle the data
that are missed at the target time point but are collected
atalternative time points. For example, if a patient missed
a scheduled X-ray visit but took a make-up X-ray shortly
after the missed visit, before the next scheduled X-ray
visit. Second, the current model only assumes linear
progression in modelling. However, we generated the
data from a quadratic progression assumption to inves-
tigate the robustness of the RC model, and this model
appeared to be robust. While a more flexible model
may be implemented to have a random quadratic coef-
ficient, such complexity may not be necessary given the
small bias and reasonable power observed with a linear
coefficient. An even more saturated linear mixed effect
model such as mixed model repeated measure (MMRM),
in which time is considered a factor, may also be used
to model X-ray data. This model can estimate all types
of change assumption, such as worsening then improved
(less damage compared with before) or improved then
worsening (more damage compared with before).
However, MMRM does not have the flexibility of the RC
model because it requires the data collection visit window
to be the same for individual subjects, and does not allow
inference in time points when no data were collected.
Conversely in the RC model, the estimated coefficients
may be used to estimate treatment effect at time points
when no data were collected. Furthermore, the nature of
RA disease progression may not allow ‘improved’ struc-
ture over time. While negative values could be observed
due to measurement error, a more complicated structure

6
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may not be necessary. Third, we assume the active treat-
ment and placebo arm have the same missing data rate. A
more complex scenario can be considered with two arms
having different missing data rates and different missing
mechanism. Last, our simulations were conducted with
commonly used statistical methods (ie, we make compar-
isons between the RC model and other commonly used
models). Applying less commonly used methods may
further enhance statistics precision. Some studies have
demonstrated that constrained analysis increases preci-
sion as compared with ANCOVA under the assump-
tions of missing at random and no systemic difference
in baseline measures of interest.'®'7 Of note, our longi-
tudinal evaluation of radiographic structure in RA is
likely to meet these assumptions because it is not likely
to have systematic differences at baseline between treat-
ment groups in blinded randomised controlled clinical
trials, and the most hypothesised missing at random is
plausible in radiographic progression evaluation. Given
that the random slope model is a form of linear mixed
effect model, inference is valid only under the missing at
random mechanism which is plausible in evaluation of
radiographic structural changes in RA.

CONCLUSION

The results presented here support that RC+OBS is both
more a sensitive and more a precise alternative to the
commonly used ANCOVA+LE as a primary method for
analysing mTSS in long-term extension and paediatric
studies with a higher likelihood of missing data. The RC
model can also provide a reference for time points when
no data are collected via the estimated slope. The current
standard method, the ANCOVA+LE model, can be used
for sensitivity analysis, however, ANCOVA+LOCF is not
recommended as it has higher bias and lower power than
other methods for the assessments.
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