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Introduction
The Outcome Measures in Rheumatology (OMERACT) ‘3x3’ method analyzes the occurrence of
benefit and harm simultaneously at the individual patient level. We applied this method to two
recent rheumatoid arthritis (RA) trial datasets.

Methods
Treatment of Early Aggressive RA (TEAR) and the RA Comparison of Active Therapies (RACAT)
randomized trial outcomes for safety were defined according to OMERACT as no events, non-serious
events, and serious events. Treatment efficacy was defined as good, moderate, or no response. A
good treatment response without any events was labeled an ‘unqualified success’, and no treatment
response but at least one adverse event an ‘unmitigated failure’. Chi-square or exact tests assessed
the association between benefit and harm, as appropriate.

Results
In TEAR, 612 of 755 patients had response data at 48 weeks: 14% of patients experienced
unqualified success and 9% unmitigated failure, with no difference between the treatment arms.
Treatment response and adverse event rates were not correlated. In RACAT, 309 of 353 patients had
response data at 48 weeks: 6% of patients experienced unqualified success and 11% unmitigated
failure, with no differences between the treatment arms. Response and adverse event rates were
negatively correlated: frequency of AE and SAE increased as response decreased (p=0.008).

Conclusion
We found some evidence that clinical response may be reduced by the co-occurrence of adverse
events.

Significance and Innovations




Clinical trials mostly report on benefit, and the limited information on the occurrence of
harm is not related to the benefit results.
The Outcome Measures in Rheumatology (OMERACT) ‘3x3’ method analyzes the occurrence
of benefit and harm simultaneously at the individual patient level.
Application of this method to two recent trials in RA showed some evidence that clinical
response may be reduced by the co-occurrence of adverse events.
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Most clinical trial reports provide far more detailed benefit assessments than harms. Frequently, the
expected benefit of the experimental treatment is expressed in a responder index, e.g. the
proportion of rheumatoid arthritis (RA) patients experiencing relevant benefit (e.g. American College
for Rheumatology improvement criteria (ACR20),1 or European League Against Rheumatism (EULAR)
response criteria.2 In contrast, adverse events typically are counted and summarized as frequencies
at the treatment group level. Differences between treatments in these outcomes are sometimes
summarized both as the number of patients needed to treat (NNT) or number needed to harm
(NNH). However, the comparison of benefit and harm of interventions is therefore considered
separately, leaving the reader unsure of how the interventions truly compare to each other.

The Outcome Measures in Rheumatology (OMERACT) Initiative has suggested trial reports can be
enhanced by analyzing the occurrence of benefit and harm simultaneously, at the level of the
individual patient rather than at the group treatment level.3 The underlying idea is that patients and
physicians not only need to know what the chances of benefit and harm of a treatment are, but also
whether these chances are correlated: in other words, it could be that the patients who are
benefitting from the intervention are the same patients who are more (or less) likely to experience
harms. This approach has the potential ability to inform more personalized care and improve shared
decision making, in that it can be conducted in important subgroups to understand the unique
benefit-risk profile of interventions across heterogeneous patient phenotypes.

Methods
The OMERACT method suggests creating 2 or 3 levels of benefit (e.g., good, moderate or no
response) and likewise 2 or 3 levels of harm (e.g., no adverse events [AE], non-serious AE and serious
adverse events [SAE]). The trial outcome for each patient is expressed as a pair of values expressing
the level both of benefit and harm, and a contingency table (2x2 or 3x3) can be created. In the 3x3
table, patients achieving a good response without any adverse event can be labeled as ‘unqualified
success’4, and patients experiencing no response but at least one adverse event as ‘unmitigated
failure’.
The 6 and 12-month data data of two recent active comparator trials were re-analyzed according to
this framework: the Treatment of Early Aggressive Rheumatoid Arthritis (TEAR) trial5 and the ‘RA
Comparison of Active Therapies’ (RACAT) trial.6
The TEAR trial used a factorial design and randomized 755 early RA patients to one of 4 treatments:
two groups received immediate combination therapy of either methotrexate (MTX) plus etanercept
or oral triple therapy with MTX, sulfasalazine and hydroxychloroquine; and two groups received
initially MTX monotherapy with the step-up to combinations at 24 weeks after insufficient response
based on DAS28 score. In the primary study report, analysis at 6 but not at 12 months showed a
better response in the immediate treatment groups compared to the delayed groups, and no
differences in safety between the 4 treatment groups.
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The RACAT trial compared addition of sulfasalazine and hydroxychloroquine or etanercept to MTX in
353 RA patients with inadequate response to MTX. Patients were randomized to one of the two
treatment strategies and were switched to the alternative strategy if they showed no clinical
improvement after 24 weeks. At 24 and 48 weeks (primary analysis) triple therapy was non-inferior
to etanercept plus MTX.

For this post-hoc analysis, initially 3 benefit/harm categories were made as described above by
applying the EULAR response criteria and examining AE reports for each patient. Patients dropping
out prematurely for a patient or investigator-reported reason of “side effects or any other medical
issue” were assigned a code of AE even if such an event had not otherwise been explicitly reported.
In addition, the data were further collapsed into 2x2 tables categorizing patients as experiencing
harm according to two scenarios: harm = SAE, or harm = any AE; and likewise, as experiencing
benefit or no benefit according to two scenarios: benefit = good response; or benefit = good or
moderate response. We designed a new way to present this data: each cell of the 2x2 table also
contains a color-coded bar with a length proportional to the percentage in that cell. On the
orange/blue (bottom left to top right) diagonal, one can see the balance between worst and best;
and on the on the light grey/purple (top left to bottom right) diagonal, one can see the balance
between the tradeoff categories, i.e. ‘no benefit + no harm’ vs ‘benefit + harm’. The Figure was
designed in Microsoft Powerpoint and drawn by hand (line tool) where necessary. Colors were
chosen to respect color blindness.7 The distributions were tested for significance by chi-square tests,
without adjustment for multiple comparisons.

Results
TEAR trial
Of the 755 randomized patients, 693 had response data at 24 weeks and 617 at 48 weeks. At 48
weeks, 66% had experienced a non-serious AE, and 7% a serious AE (Figure 1, left top panel).
Overall, 14% patients experienced an unqualified success (EULAR good response and no AE) and 9%
an unmitigated failure (no EULAR response and either a non-serious AE or SAE; Figure 1). At 24
weeks, results were similar (data not shown). No clear pattern emerged to suggest that the
occurrence of benefit and harm was correlated. In the 2x2 analyses, combining the counts of good
and moderate responders increased the numbers of patients with unqualified success, as expected
(24%), and combining those of moderate and non-response increased the numbers with unmitigated
failure (36%). None of the statistical tests were significant and none found differences in the
distribution of benefits and harms across the four treatment groups (Figure 1, right top panel for one
of the 2x2 analyses).

RACAT trial
Of the 353 randomized patients, 321 had response data at 24 weeks, and 309 at 48 weeks. At 48
weeks, 73% experienced a non-serious, and 15% a serious AE. Overall, 6% of patients experienced an
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unqualified success while 11% experienced an unmitigated failure. Benefit was negatively associated
with harm: frequency of AE and SAE increased as response decreased (p=0.008; Figure 1, left bottom
panel). In the 2x2 table analysis, this association was significant in the scenarios that contrasted SAE
with no SAE (Figure 1, right bottom panel). Results for 24 weeks were similar, but the association
between benefit and harm was not significant (data not shown).

Discussion
Reporting the occurrence and benefit and harm together is a new way to report trial results, and
makes the trade-offs involved in choosing a certain therapy more explicit. This would aid in
discussions with patients and provide for further shared decision making. We studied two activecomparator trials, and in RACAT the occurrence of treatment benefit was associated with a lower
occurrence of harm, regardless of treatment allocation. In addition, RACAT clearly had more patients
with AE, impacting the proportion of patients with an unqualified success.

This analysis method has limitations, and should be regarded as complementary, not a replacement
of current analysis and reporting strategies. One is inherent in the way adverse events are assessed
and reported: unlike benefit, the ‘adverse event experience’ of a patient is not easily summarized.
The three categories of harm as proposed in this system are a simplification, and the largest
category, ‘non-serious AE’ is very broad. And even with this simplification, presenting a 2-arm trial
with two 3x3 tables side by side requires the reader to compare 2x9 numbers, a hard task. This can
be simplified by reporting the best and worst outcomes (unqualified success and unmitigated
failure), by collapsing the results into 2x2 tables, and adding a graphical representation. Graphs may
ease interpretation through visual pattern recognition. The downside of course is further
simplification and loss of accuracy: e.g. should we combine all AE into one category, or should we
contrast SAE vs no SAE? In addition, our analysis strategy does not improve on well-known
limitations of current AE definitions: the consideration of non-serious but potentially treatment
adherence limiting side-effects and the likelihood of relationship to treatment. In the case of the
RACAT dataset, the statistical analysis result depended on the definition of the categories.

An advantage of the method is that it is flexible, i.e. neutral to the definition of benefit and harm,
preference weighting of harm (e.g. to incorporate the patient perspective), and attribution of harm
to treatment. Such choices should be made in the protocol phase, and the results interpreted
accordingly. For example, it could be argued that some mild AE should not be considered harm at all;
and the definition of SAE is mandated by regulatory authorities, sometimes resulting in
misclassification from the clinician’s point of view: some AE are not grouped under the category of
SAE even though they are reported as ‘severe’ in intensity, and some are categorized as SAE where
the clinician reports them as moderate or mild in severity.
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The finding of an association between less benefit and more harm in RACAT is unexpected and
novel. Given its occurrence in only 1 of 4 comparisons (2 time points in 2 trials) it may also be the
play of chance. The expectation would be to find a positive association, i.e., more benefit, but also
more harm, but perhaps this requires a stronger contrast between therapies, as in a placebocontrolled trial. In addition, the treatments in TEAR and RACAT are known to be well-tolerated.

In conclusion, we have applied the OMERACT methodology of combined reporting of benefit and
harm to two active comparator trials in RA, and suggested a new graphical summary. As a
complement to existing methods, this approach is likely to provide a useful framework for
simultaneously considering the risks and benefits of treatments at a patient level, both overall and
for important patient subgroups such as older individuals and other patients with high comorbidity
burdens, who are more likely to suffer harms.
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Figure 1.
Results of the combined assessment of benefit and harm in two randomized trials.
Top panels: TEAR trial (617 evaluable patients). Bottom panels, RACAT trial (309 evaluable patients).
In each panel, benefit increases from left to right, and harm increases from top to bottom.
In the panels on the left, results of treatment groups are pooled and categorized according to the
combined occurrence of benefit and harm, each in 3 categories. Results are expressed as percentage
of the total group, corrected for rounding. White lines delineate the cutoffs for the 2x2
categorization in the right-hand panels.
nsAE: non-serious adverse event; SAE: Serious adverse event.
The panels on the right present the results (%) per treatment group, with combined occurrence of
benefit and harm each in 2 categories: for benefit, EULAR good response (yes/no); for harm,
occurrence of any serious adverse event (SAE; yes/no). Length of the diagonal bar in each cell is
proportional to the percentage of patients in that cell.
The orange/blue (bottom left to top right) diagonal, shows the balance between worst and best; the
light grey/purple (top left to bottom right) diagonal shows the balance between two types of
tradeoff: ‘no benefit + no harm’ and ‘benefit + harm’.
MTX: methotrexate; ETN, etanercept; triple: MTX, sulfasalazine, hydroxychloroquine.
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