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Abstract
Objectives: To evaluate in how many cancer-related Cochrane reviews hazard ratio (HR)-based absolute effects in summary of findings
(SoF) tables have been correctly calculated and reported.

Study Design and Setting: We identified all Cochrane cancer intervention reviews that reported an HR for at least one outcome and
provided a SoF table, published between January 2011 and December 2017 in the Cochrane Database of Systematic Reviews.

Results: In 28 reviews (29%) of 96 included Cochrane reviews, absolute effects in the SoF tables were calculated in a correct manner.
In 23 reviews (24%), absolute effects had been correctly calculated, but there was no explanation given why authors calculated event-free
survival (e.g., overall survival) throughout the review but reported number of events in SoF tables (e.g., death). Twelve reviews (13%) pro-
vided incorrect absolute effects. For seven reviews (7%), it was unclear if absolute effects were correctly calculated. In 26 (27%) reviews,
no absolute effects based on the given HR were calculated.

Conclusions: In less than one-third of cancer-relatedCochrane reviews, absolute effect size estimateswere correctly calculated and reported.
There is a need for guidance on how to calculate and report absolute effect estimates based onHRdata. � 2018 Elsevier Inc. All rights reserved.
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What is new?

Key findings
� We identified errors in the presentation of absolute

effect measures in summary of findings (SoF) ta-
bles of cancer-related Cochrane reviews and
describe common pitfalls to avoid.

� The errors in calculation of hazard ratios can be
minimized if the review authors first assess direc-
tion of effect measure (event or nonevent) and then
accordingly calculate the respective corresponding
absolute effects. For example, the event that is
typically measured is mortality (death), but the
outcome reported is often overall survival (1- mor-
tality), which goes into opposite direction.

What this adds to what is known?
� The appropriate presentation of absolute effect size

estimates based on hazard ratios in SoF tables has
not been evaluated previously.

What is the implication, what should change now?
� There is an urgent need for additional training

materials and guidance for authors on how to
calculate and present absolute effects based on
time-to-event data.

1. Introduction

Absolute effect estimates are more understandable to pa-
tients, clinicians, and other users of systematic reviews than
relative effect measures and are the recommended effect
measure to communicate risks [1]. They reflect the clinical
importance of outcomes and can ground exaggerated
outcome perceptions of clinicians and patients, which
may occur if solely relative effects are reported [2e4]. Ab-
solute effects provide important supplementary information
that considers risk-specific control event rates over a given
time period. Absolute effect estimates are a routine part of
the user-friendly format of ’summary of findings" (SoF) ta-
bles or evidence profiles [5]. Reviews published by Co-
chrane, which is widely known for establishing
methodological standards for conducting and reporting
high quality systematic reviews, regularly include such
SoF tables. SoF tables are prepared according to the
GRADE guidance papers and can be calculated using soft-
ware products such as GRADEpro GDT (gradepro.org) or
MAGICapp (app.magicapp.org) [5].

In many fields of health care, in particular oncology, ana-
lyses that assess the time to a given event for one or several
groups of patients are commonly used. For patients with can-
cer, one of themost relevant outcomes is overall survival (OS).
It describes the survival time of patients until death for any
reason which occurs within a certain period of follow-up. In
addition, another outcome like progression-free survival
(PFS), that is the survival time without detectable worsening
of disease (progress, relapse, death) over a considered time-
period, is often assessed. This outcome measure provides
complimentary information for OS. Both outcomes are so
called time-to-event outcomes, as they involve the assessment
of both whether a particular event occurs, and alsowhen it oc-
curs [6]. To compare time-to-event outcomes of two groups of
patients, hazard ratios (HR)with corresponding confidence in-
tervals that provide relative effect size estimates are used.

The calculation of absolute effects based on HR is error
prone because both beneficial (event-free survival) and
adverse effects (events) can easily be confused and because
calculation of HR is based on difficult to interpret exponen-
tial functions. As there is currently no written guidance on
how to calculate absolute effects based on HR, and how to
best present these in SoF tables, it might be especially diffi-
cult for review authors to do this properly, as well as for
journal editors and peer reviewers to identify mistakes.
Another potential challenge arises around the consistent
definition of time-to-event outcomes across all parts of
the review including the abstract, results section, and the
SoF table. Because of that absolute effects based on re-
ported time-to-event outcomes are difficult to calculate,
present, and interpret. Although often the event is measured
(e.g., death), the event-free survival (e.g., OS) is reported
throughout individual studies and the corresponding sys-
tematic review, review authors must be aware to calculate
the respective absolute effect (for the event or for event-
free survival). Until a recent update (September 2018),
the GRADEpro GDT software allowed calculation of abso-
lute effects based on HR only for outcomes and baseline
risks corresponding to events (such as mortality) but not
for event-free survival (like overall survival).

In this methodological review, we evaluated in how
many current cancer-related Cochrane reviews absolute ef-
fects based on HR in SoF tables have been correctly calcu-
lated and reported.
2. Materials and methods

We report our methodological review according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) [7]. The project was conducted
according to an a priori developed protocol. As this is a
methodological review, it was not eligible for a registration
in the International Prospective Register of Systematic Re-
views (PROSPERO). The protocol can be accessed on
request from the review authors.
2.1. Eligibility criteria

Cancer-related Cochrane intervention reviews and over-
views of reviews were eligible for inclusion if they

http://gradepro.org
http://app.magicapp.org
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provided an SoF table in which the effect size for at least
one time-to-event outcome based on a pooled HR was
included. Reviews in which an HR for an outcome was
given from a single study only were also eligible. Reviews
that reported HR from several studies for the same outcome
but did not pool the respective HR were excluded. This was
to ensure that only one single HR per outcome in the review
was reported, which could be used to calculate one corre-
sponding absolute effect estimate. The results for this
time-to-event outcome must have been mentioned in at
least one of the following sections: abstract, methods, or re-
sults. Therapeutic, preventive, or prophylactic intervention
reviews were eligible. Reviews not meeting all these
criteria were excluded. We excluded reviews in which ef-
fects were presented in risk ratios or odds ratios (ORs) only.
We used the original English version of each Cochrane re-
view for data extraction and assessment.
2.2. Study identification and selection

We systematically identified all Cochrane intervention re-
views that examined questions in the context of oncology,
irrespective of type of cancer, stage of disease, type of inter-
vention, outcomes assessed, or study design of included
studies. This was done by using the function: ‘‘Browse by
topic’’ and by choosing the following options: ‘‘Cancer’’
and ‘‘Stage: Review’’ in the Cochrane Database of System-
atic Reviews. This function is based on tags, which are
manually applied by the operators of the Cochrane Library.

The current version of SoF tables was first described in
2010, and the first GRADE guidelines were published in
2011 [5,8]. We did not expect any Cochrane Reviews to
include SoF tables before 2011. Therefore, we restricted the
included Cochrane Reviews to a 6-year period between
January 2011 and December 2017. In case a review was pub-
lishedmore than once during this time period, for example, as
primary publication and as an update, we included only the
most recent publication. Three authors (N.S., A.W., and
M.G.) independently screened titles, abstracts, and full texts
identified in the Cochrane Database of Systematic Reviews
for eligibility according to the inclusion criteria. Review
screening was carried out in one step because it is necessary
toview a review full text to assess the availability of SoF tables
and time-to-event outcomes. If any disagreement regarding
the inclusion of reviews occurred, the authors tried to resolve
it by discussion or involved another author (EvD) until
consensus was achieved.
2.3. Data extraction

All included reviewswere randomly allocated to eightmem-
bers of the research team (N.S., M.G., P.D., A.W., V.L., J.J.M.,
K.D., EvD) to be extracted independently in duplicate. In case
oneof these individualswas involved in thepublicationof a spe-
cificCochrane review (e.g., as an author ormember of the edito-
rial group), this particular review was reassigned to other,
nonconflicted members of the research team. We used a dedi-
cated pilot-tested extraction form. Any discrepancies during
data extractionwere resolved throughdiscussionor if necessary
with involvement of a third author.

To classify the baseline characteristics of the included
SRs, we extracted information on the cancer type (e.g.,
breast, lung, colorectal), but also ‘‘cancer in general’’ and
‘‘mixed’’ (multiple diseases, but not cancer in general)
and year of publication. To examine how absolute effects
were calculated, we extracted data for the first two time-
to-event outcomes, which were reported in a SoF table
and the description for these outcomes with corresponding
HR and their 95% confidence intervals as reported in ab-
stract, methods section, and/or results section. For Co-
chrane reviews in which a (pooled) HR was given, we
assumed that this effect measure and its associated confi-
dence intervals had been correctly calculated. We extracted
the first two HR outcomes because in cancer reviews these
are commonly OS and PFS. Overall survival as an outcome
measures includes only the single event "death", whereas
PFS includes the events "death," "progression," and
"relapse". Comparing the reported baseline risks for these
two outcomes allowed to determine whether the baseline
risks applied to events or event-free survival (as described
in the next paragraphs). In addition, we extracted the
description of the same outcomes as reported in the SoF ta-
ble and the absolute effects as well as information
regarding assumption of the underlying baseline risk. If
several SoF tables were included, we used data from the
first SoF table that listed an eligible time-to-event outcome.

For each outcome, we interpreted the meaning of an
HR ! 1, that is, whether this favored the control or inter-
vention arm, based on the choice of the event as docu-
mented in the methods section of the review. If absolute
effects were reported in the SoF table and review authors
provided information on how the control group risk had
been determined, we extracted this information. In case re-
view authors did not provide information on how they
determined the control group risk, we assessed whether
they used the number of people with the event (e.g., people
being dead at a specific time point) or the number of people
event-free (e.g., people being alive at a specific time point)
to calculate absolute effects for the intervention group. If at
least two HR outcomes, like OS and PFS, were reported in
the review, we compared the absolute numbers in the esti-
mated control group risk for both outcomes, as shown in
Figs. 1e3. If the absolute number for the outcome OS
(based on the event people being dead) was lower than
for the outcome PFS (based on the event people with pro-
gressive disease), we assumed authors had used number
of people being event-free to calculate absolute effects
for the intervention arm (see Fig. 1).

If the number was lower for OS than for PFS (see
Fig. 2), we assumed authors had used number of people
with the event to estimate the control group risk and calcu-
late numbers for the intervention arm.



Fig. 1. Extract from an exemplar SoF table. Numbers for the estimated control group risks are marked in red (for the outcomes overall survival and
the combined outcome progression-free survival). (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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If the absolute numbers in both estimated control groups
were identical (see Fig. 3), it was impossible to judge
whether authors used absolute numbers of people with
event or people being event-free to determine control group
risk for their calculations. One would expect a higher over-
all number of people who survived compared to the number
of people who survived without progression (PFS), as OS is
based on deaths only, but PFS is the sum of people being
dead, with relapse, or progression.

In case authors reported event-free survival like OS and
PFS throughout the review but used number of events (i.e.,
Fig. 2. Extract from an exemplar SoF table. Numbers for the estimated contr
outcome sum of mortality, relapse, and progress). (For interpretation of the re
version of this article.)
people being dead or with progress) to calculate absolute
effects, we extracted information on how authors com-
mented on this in the SoF table like ‘‘Instead of OS, mor-
tality is reported in this SoF table, for technical reasons’’.
2.4. Recalculation of absolute effect size estimates

To check whether review authors calculated the abso-
lute effects from the HR outcome correctly, we recalcu-
lated absolute effects based on methods described by
Tierney et al. [9]. This article recommends using
ol group risks are marked in green (for the outcomes mortality and the
ferences to color in this figure legend, the reader is referred to the Web



Fig. 3. Extract from an exemplar SoF table. Numbers for the estimated control group risks are marked in red (for the outcomes overall survival and
progression-free survival). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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event-free survival data to interpret HR using the
following formula:
Corresponding intervention risk; per 10005 ðexp½lnðproportion of patients event� freeÞ � HR�Þ � 1000; per 1000
These calculations were made based on the HR and
baseline risk estimates, which were reported in the Co-
chrane review.
3. Results

3.1. Search results

Asshown in the studyflowchart (seeFig. 4), our search led to
483 Cochrane reviews, which were determined to be cancer-
related. Study selection showed that 210 of these included an
SoF table and of these, 96 reported for at least one time-to-
event outcome an HR in the SoF table. The references of the
included Cochrane reviews are listed in the online Appendix.

3.2. General characteristics of included reviews

The vast majority of studies, 52 (54%), was published in
2017 or 2016, see also Appendix Table 1. Only one review,
without an update publication, has been published in 2011.
The largest number of reviews evaluated interventions for
hematological malignancies (21 reviews, 22%), 12 reviews
(13%) assessed interventions for patients with breast can-
cer, and four reviews (4%) evaluated ‘‘cancer in general’’.
No overviews of reviews were identified.
Five reviews (5%) reported only one outcome with an HR.

Ten reviews (10%) mentioned in a comment or footnote, how
they determined the baseline risk in the control group, but
none of this information was useful to evaluate whether re-
view authors used the number of people with an event or
the number of people being event-free to calculate absolute
effect size estimates. This was because authors did not report
whether the patients were alive or dead at the respective time
point. Also, transparent reporting of information where base-
line risk data is derived from was often missing.

3.3. Presentation of absolute effect estimates in
included reviews

Table 1 summarizes the presentation of absolute effect
estimates in the included reviews.

3.3.1. Absolute effects correctly calculated with consis-
tent labeling of outcomes throughout the review

Twenty-eight reviews (29%) correctly calculated abso-
lute effects and labeled the time-to-event outcomes in a



Fig. 4. PRISMA flow diagram of Cochrane reviews.
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consistent manner throughout the review, that is, making a
clear distinction between people being event-free (e.g., peo-
ple alive at a specific time point) and people with an event
(e.g., people dead at specific time point). Accordingly,
time-to-event outcomes were labeled consistently
throughout abstract, methods, results section, and SoF table
of the respective reviews (see an example in Fig. 5).
3.3.2. Absolute effects correctly calculated but inconsis-
tent presentation of outcomes in SoF table and other
parts of the review

Twenty-three reviews (24%) correctly calculated the ab-
solute effects. However, there was inconsistency in how la-
bels for the time-to-event outcomes were used throughout
the review. In the SoF table, events (e.g., number of deaths)
were used to calculate the absolute effect, whereas in other
parts of the review, event-free survival (e.g., OS) was re-
ported, without any explanation in the comment section
as shown in Fig. 5, why the name of the outcome changed
within the review.
3.3.3. Incorrect calculation of absolute effects
Twelve reviews (13%) provided incorrect absolute effect

estimates. The underlying reason was that instead of
Table 1. Presentation of absolute effect estimates in the included Cochrane

Calculation of absolute effects and labeling of outcomes

Absolute effects correctly calculated

Consistent labeling of outcomes throughout the review

Inconsistent labeling of outcomes throughout the review

Absolute effects incorrectly calculated

Unclear results

No absolute effects calculated
correctly entering the number of people with the event,
the review authors entered the number of people without
an event into calculation software, then applying the HR.
This led to incorrect results with less people instead of
more being alive in the favored arm (see Fig. 6). The review
authors reported these incorrect results in the SoF table on-
ly; none of the review authors reported these incorrect
numbers in the abstract, plain language summary, results,
or discussion section.

3.3.4. Unclear results
In seven reviews (7%), it was unclear how review au-

thors determined the control group risk and whether direc-
tion of results was correct. This was the case when the
control group risk for both outcomes of interest (e.g., OS
and PFS) was identical, as shown in Fig. 3.

3.3.5. No absolute effects calculated
Twenty-six reviews (27%) did not calculate an absolute

effect. However, five of these reviews reported mean sur-
vival ranges for both the control and intervention arm or
weighted mean survival with 95% confidence intervals in
the SoF table but without any explanation how these had
been calculated. Thus, their provenance remained unclear,
and it could not be judged whether they were correct or
incorrect.
4. Discussion

4.1. Principal findings

This methodological review shows that absolute effects
based on time-to-event outcomes are calculated correctly
and presented in a readily interpretable way in less than
one in three Cochrane reviews related to cancer (out of
96 reviews). In about every fourth review, the absolute ef-
fects were correctly calculated but the respective outcomes
were labeled inconsistently and potentially misleading
without any comment why authors calculated event-free
survival (e.g., OS) throughout the review but reported num-
ber of events (e.g., death) in SoF tables. Twelve percent
provided incorrect absolute effects in the SoF tables,
because inappropriate data were entered into the calculation
software. As the review authors did not report the results of
the incorrect calculations in the abstract, results section, or
reviews

Cochrane reviews (N [ 96) Figure

28 þ 23 (53%) 5

28 (29%)

23 (24%)

12 (13%) 6

7 (7%) 3

26 (27%)



Fig. 5. Extract from an exemplar SoF table. Numbers for the correctly calculated absolute effects and comments are marked in green, assuming the
HR ! 1 favors the intervention group. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)
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conclusion, this error is not transferred to other sections of
the respective reviews. For 7%, it was completely unclear if
absolute effects were correctly calculated, because it was
unclear whether control group risk numbers described peo-
ple with event or people without event. In the remaining
27%, no absolute effect had been calculated at all.
4.2. Strengths and limitations of this methodological
review

We performed this methodological review based on an
a priori developed protocol. The strength to the validity
of our findings is based on a comprehensive search, a
screening process done in duplicate, a piloted data
extraction form, and data abstraction in duplicate. The
reliability of this work is ensured through adherence to
the review methods proposed by Cochrane and reporting
in accordance with the PRISMA standards. The small
sample size might have influenced our results; however,
at the date of the search, no more cancer-related Co-
chrane reviews including time-to-event outcomes
described as HR in a SoF table were available. Another
limitation is that we evaluated only cancer-related re-
views; therefore, our findings are directly applicable to
cancer reviews only. Cochrane reviews evaluating pa-
tients with other types of disease and time-to-event out-
comes should also be assessed, as these reviews might
report other outcomes like time to hospitalization, time
to discharge, or time to recovery, which could result in
different findings. Although the focus of this review
was on Cochrane reviews only, which has recently
mandated the inclusion of absolute effects and SoFs,
we expect similar issues to affect non-Cochrane reviews.
We evaluated 10 high-impact cancer journals publishing
systematic reviews within the same time period as
mentioned above but could not identify any review out
of 177 reporting absolute effects for HR outcomes or
presenting SoF tables (unpublished data).
4.3. Strengths and limitations in relation to other
methodological reviews

To date, there has not been other research directed to
the reporting of absolute effect size estimates specifically



Fig. 6. Extract from an exemplar SoF table. Numbers for the incorrectly calculated absolute effect, assuming that HR ! 1 favors the intervention
group. The incorrect numbers are marked in red. (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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for time-to-event outcomes in SoF tables. With regard to
its specific focus and relevance to all investigators using
time-to-event outcomes in SoF tables, our review is
unique.

Prior methodological work assessing the frequency of
reporting of absolute effects any outcome type systematic
review revealed that they are rarely reported. Alonso-
Coello et al. assessed 98 Cochrane and 104 non-Cochrane
systematic reviews, which were published in 2010 and
not limited to a certain field of disease. Overall only
36.1% of these reviews presented absolute effect estimates
for the most patient-important outcome. In 32 systematic
reviews that included SoF tables, all authors calculated ab-
solute effects. Twenty-nine of these reviews were Cochrane
reviews and three reviews were non-Cochrane reviews. The
relative effect measures on which the absolute effects were
based were primarily risk ratios or ORs; a smaller amount
of only 6.4% were calculated from HRs. If absolute effects
were reported, the source of the baseline risk applied for
calculation was often not given [10]. This is in accordance
with our findings showing sparse reporting of where base-
line risk data are derived from. Agarwal et al. performed
a methodological review to assess the frequency of report-
ing of absolute effects in the abstracts of systematic re-
views. They included 96 Cochrane and 94 non-Cochrane
reviews published in 2010 and revealed that absolute effects
were reported in the abstracts of 22.5% of the respective
systematic reviews. Again, the relative effect estimates cor-
responding to the calculated absolute effects where
predominantly relative risks and ORs, only a small number
(5.8%) were HR [2].

Our review demonstrated incorrect calculation and re-
porting of absolute effects based on HR in the SoF tables
of cancer-related Cochrane reviews. Prior work suggested
flaws in the calculation of absolute effects of clinical
studies. A review evaluating 734 randomized controlled tri-
als, published in high impact general medical journals of
which 373 investigated time-to-event outcomes, found that
only half of randomized controlled trials reporting number-
needed-to-treat or number-needed-to harm from such out-
comes used appropriate calculation methods [11]. Prior
studies have also addressed the challenge of calculating
numbers-needed-to-treat for time-to-event data in the
setting of competing risks and reviewed the potential issue
of varying follow-up times [12,13].
4.4. Meaning of this methodological review:
explanations, implications, and further research

Our methodological assessment shed light on the prob-
lems review authors face when they try to calculate abso-
lute effects based on time-to-event data in SoF tables.
There is currently no written guidance on calculating HR-
based absolute effects and how best to present them in
SoF tables. Therefore, it may be particularly difficult for re-
viewers to do this properly and also for journal editors and
peer reviewers to identify mistakes. This work demon-
strates the need for additional training and guidance of
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review authors working with time-to-event data. A work-
shop addressing this issue was held at an international con-
ference already and further workshops are planned. Also,
additional training materials in the form of written mate-
rials, online modules, and webinars for review authors
and other GRADE users on how to calculate absolute ef-
fects are currently being developed and will soon be
disseminated. Moreover, the GRADEpro GDT software
has been adapted in September 2018 to provide review au-
thors the choice as to whether to enter the number of people
with events or number of people without events for the con-
trol group risk. This will allow better consistency of use of
outcomes throughout the review. In addition, there appears
need for additional oversight of review authors to identify
incorrect and misleading information before publication.

A further key aspect to consider is how review authors
should estimate the absolute risk in the control group for
time-to-event outcomes: should it be based on one study
or on all included studies or on data from representative
observational studies and which time point should be used?
Confidence intervals of calculated absolute effects do not
incorporate uncertainty in the assumed control risks and
are not considered by the calculation according to Tierney
et al. [6]. This is of special concern if we look at long-term
survival with a low or moderate mortality and a correspond-
ing high number of censored patients (i.e., a low number of
patients under risk and a high censoring rate). These as-
pects will be considered in another article.
5. Conclusion

Based on our systematic review, in less than one in three
cancer-related Cochrane reviews that included at least one
time-to-event outcome, absolute effect size estimates were
correctly calculated and appropriately reported. This was
due to missing comments and/or entering incorrect
numbers into the GRADEpro GDT software. There is an
urgent need for additional training materials and guidance
for review authors, editors, and peer-reviewers on how to
calculate and present absolute effects based on HR data.
Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jclinepi.2018.12.006.
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