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Background: The hazard ratio (HR) is the most appropriate measure for time to event
outcomes such as survival. In systematic reviews, HRs can be calculated either from the
raw trial data obtained as part of an individual patient data (IPD) meta-analysis or from the
appropriate trial-level summary statistics. However, the information required for the latter
are seldom reported in sufficient detail to allow reviewers to calculate HRs. In contrast, the
median survival and survival rates at specific time points are frequently presented. We
aimed to evaluate retrospectively the performance of meta-analyses using median
survival times and survival rates by comparing them with meta-analyses using IPD to
calculate HRs.

Methods: IPD from thirteen published meta-analyses (MAs) in cancers with high mortality
rates were used. Median survival and survival rates were calculated from the IPD rather
than taken from publications so that the same trials, patients, and extended follow-up are
used in each analysis.

Results and Conclusions: We show that using median survival times or survival rates at
a particular point in time are not reasonable surrogate measures for meta-analyses of
survival outcomes and that, wherever possible, HRs should be calculated. Individual trial
publications reporting on time to event outcomes, therefore, should provide more

detailed statistical information, preferably logHRs and their variances, or their

estimators.

Keywords: Meta-analysis, Summary data, Median survival time, Survival analysis, Time
to event outcomes

updated IPD, have been described as the gold standard of
Individual patient data (IPD) meta-analyses (MAs), which systematic review (7;20). However, this approach is not al-
involve the central collection, checking, and re-analysis of =~ ways practical, often due to economic, resource, or time
constraints. Some meta-analyses use summary data, which
This work was supported in part by an unrestricted grant received from are supplied by the trialists, but more often than not, meta-
Aventis France. analyses are performed by extracting the data from the
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published literature. This approach is prone to many biases,
such as reporting bias (25), publication bias (8;10), and pa-
tient exclusion bias (27).

Furthermore, analyses are often performed at either a
single fixed point in time or at a series of time points. This
is unlikely to cause major difficulties for binary outcomes.
However, for time to event outcomes like survival, it can
be problematic. Most commonly, the numbers of individuals
who have experienced an event and those who are event-free
are used to calculate odds ratios (OR) at fixed points in time.
However, such analyses relate only to the point in time at
which they are calculated, giving the overall odds of expe-
riencing an event on experimental compared with control
treatment, and can easily misrepresent the overall effect if
points of maximum or minimum difference between survival
curves are chosen (26). Time to event outcomes are most
appropriately analyzed by calculating HRs where individual
durations of survival are used to calculate the overall instan-
taneous risk of event on experimental compared with control
intervention. Such analyses are most easily done using indi-
vidual patient data and indeed many IPD meta-analyses are
done primarily because time to event analyses are essential
to the project.

Methods to make better use of summary statistics to
calculate or estimate HRs within meta-analyses that rely on
extracting data from published reports have been described
(18). However, in practice, the most appropriate statistics,
the logHR and the variance, are seldom reported. For exam-
ple, while carrying out a meta-analysis of the literature that
looked at the impact of increasing the number of chemother-
apy drugs in metastatic lung cancer, we observed that the
logHR was reported in only 3 percent of 131 therapeutic com-
parisons, it’s p value more frequently in 37 percent of cases,
but often presented without the number of observed deaths.
One-year survival was reported in 28 percent of publications
and could be read off the survival curve in an additional
15 percent of cases. The median survival times appeared
to be the most frequently reported summary statistic in the
retrieved publications (73 percent). These observations are
similar to figures reported (3) before the CONSORT (16)
statement was published. In view of the paucity of data mak-
ing it difficult to apply the methods described by Parmar
et al. (18), we decided to explore an alternative method using
median survival times, which may be more readily avail-
able in publications. We aimed to compare this strategy with
the standard approach of calculating ORs and with the HR
obtained from analyzing individual patient data.

METHODS

Data from several IPD MAs coordinated by the Institute
Gustave Roussy (IGR), the Meta-analysis Group in Cancer
(MAGIC), and the MRC Clinical Trials Unit (CTU) were
used to compare empirically the utility of the OR method and

the median survival method against the actual HRs obtained
from analysis of the IPD.

Various statistical methods can be used to obtain a sin-
gle “effect” estimate from a particular summary statistic at
the trial level (22;30;31). We compared two aggregated data
methods: one based on the median survival time and the other
on the OR of survival rates. Each of these findings was then
compared with the method considered as the “gold standard”
for individual patient data with time to event outcomes, the
pooled HR method. For each of the three measures, a fixed
effect model is applied (30). We compared like with like, that
is, the same trials, patients, and extended follow-up are used
in each analysis. The main end point used was death. The me-
dian survival times and 1-year survival rates were calculated
from the IPD database rather than taken from publications.
We have not explored how the method affects estimates of
heterogeneity.

Hazard Ratio

Assume that we have k trials comparing an experimental
arm with a control arm. IPD meta-analysis of survival type
data is generally based on the stratified log rank test and the
overall pooled HR (31). For each trial, the HR and its vari-
ance are derived from the log rank statistic, calculated with
time to event for individual patients. The pooled logHR is a
weighted average of the logHRs with the weights inversely
proportional to the variances of the studies. Asymptotically,
the logHR follows a standard normal distribution under the
null hypothesis of no treatment effect. The overall pooled
HR represents the overall risk of dying on the experimental
treatment compared with the control treatment.

Odds Ratio

The OR at a particular point in time is the ratio of the odds
of dying in the experimental arm compared with the con-
trol arm up to that time point. For each trial, we estimate
the logOR and its variance using the Yusuf et al. method
(31). The pooled logOR is a weighted average of the logORs
with the weights inversely proportional to the variances of
the k individual studies. The logOR is asymptotically nor-
mal under the null hypothesis of no treatment effect. The OR
of survival at 1-year was considered to maximize statistical
power (6;26). It has been suggested (29) that, when estimat-
ing from published survival curves, the OR method should be
corrected for censoring. Because we have IPD data with ex-
cellent follow-up in the first year, no adjusting was required.
To compare HRs and ORs on the same scale, transformations
into absolute survival differences are applied (9;26).

Median Survival Ratio

The median survival time is commonly estimated as the first
observed event (death) at which the Kaplan—Meier survival
function is less than or equal to 0.5. For combining me-
dian survival times across studies a pooled ratio of median
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Table 1. Characteristics of the 13 Meta-analyses

Median survival times and meta-analysis

Meta-analysis No.of  No. of Control Experimental Average trial  Heterogeneity
(reference) trials  patients  Death rate treatment treatment size p value
Lung 1 (5) 7 987 0.86 CT(+4/—RT) CT(+/—RT) + PCI 141 95
Lung 2 (17) 11 1190 0.96 SC SC+CT 108 <.01
Lung 3 (19) 13 2536 0.91 CT CT +RT 195 .10
Lung 4 (17) 25 3033 0.93 RT RT +CT 96 .56
Lung 5 (21) 9 2128 0.64 SURG SURG + RT 236 11
Colorectal 1 (15) 7 1216 0.91 SFU(+/—-LV) CI SFU(+/—LV) bolus 174 91
Colorectal 2 (2) 9 1380 0.87 SFU 5FU + LV 153 .59
Colorectal 3 (13) 10 1544 0.85 SFU(+/-LV) 5FU(+4/—LV) + IFN 154 24
Colorectal 4 (13) 6 1031 0.79 S5FU 4+ LV 5FU + IFN 172 .50
Colorectal 5 (1) 8 1168 0.91 SFU SFU + MTX 146 57
Colorectal 6 (14) 5 494 0.92 HAI No HAI 99 .76
Esophageal (4) 6 1147 0.85 (+/—CT) + SURG  (+/—CT) + SURG + RT 191 .07
Glioma (11) 12 3004 0.89 RT RT 4+ CT 250 27

CI, continuous infusion; CT, chemotherapy; RT, radiotherapy; PCIL, prophylactic cranial irradiation; SC, supportive care; SURG, surgery; SFU, 5-fluorouracil;
LV, folinic acid; IFN, interferon; MTX, methotrexate; HAI, hepatic arterial infusion.

survival times has been proposed (22). The pooled log ratio
of median survival times (log(MR)) is a weighted average
of the log ratio of median survival times for each trial, with
the weights inversely proportional to the variances of the
individual studies.

We considered three different estimators for the variance
of the log ratio of median survival times for each trial: (i)
Using the number of deaths in the control arm and in the
experimental arm of each trial (22). This estimator is the
maximum likelihood estimator for the variance of log(MR)
if the survival distributions are exponential (23). (ii) Using
the total number of deaths in each trial (18). We suppose
that the allocation ratio in the two groups is 1:1 and that the
expected treatment effect will be rather small. (iii) Using
the total number of patients in each trial. We suppose that the
event rate is very high and again that the allocation ratio in
the two groups is 1:1 and that the expected treatment effect
will be rather small.

Normality of the pooled log(MR) can be assumed with-
out a normality assumption of the individual log(MR)s based
on the central limit theorem, but Simes (22) argues that they
will be approximately so for large studies with sufficient
follow-up. We also considered the logarithm of the ratio of
Kaplan—Meier median survival times as normally distributed,
although it is essentially a ratio of two nonparametric esti-
mators. When converting the MR into absolute survival dif-
ferences, we have applied the HR’s transformation formula
and, hence, implicitly assumed that MR is an estimate for
HR.

RESULTS

Data were available from 13 meta-analyses consisting of
128 randomized controlled trials, 20,858 patients and 18,047
deaths in non-small cell lung cancer (5;17;19;21), colorec-
tal cancer (1;2;13-15), esophageal cancer (4), and high-
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grade glioma (11). The number of trials included in the
meta-analyses ranges from 5 to 25. The average mortality
across the trials was 88 percent. The highest mortality rate of
96 percent was observed in Lung 2 (17), and the lowest of
64 percent is in Lung 5 (21). Kaplan—Meier median survival
times in the control arms range from 3 to 55 months, with
an average of 11 months, whereas median survival times in
the experimental arms range from 4 to 40 months, also with
an average of 11 months. The basic characteristics of the
meta-analyses are summarized in Table 1.

Detailed Example Using Lung 1

Prophylactic cranial irradiation (PCI) is known to reduce the
incidence of brain metastases in patients with small-cell lung
cancer (SCLC). The IPD MA (5), which analyzed 987 pa-
tients with SCLC in complete remission, showed that PCI
improved overall survival with an HR of 0.84 (95 percent
confidence interval [CI], 0.73-0.97; p =.01) or a reduction
in the risk of death of 16 percent compared with the control
group. The results of the meta-analyses using the three dif-
ferent types of summary statistics when applied to this data
are shown in Figure 1.

For this particular example, the estimates for the overall
treatment effect do not differ considerably from the overall
HR. The overall pooled OR is 0.83 (95 percent CI, 0.65—1.08;
p =.16), and the overall pooled MR is 0.88 (95 percent CI,
0.77-1.01; p =.07). The HR corresponds to an absolute sur-
vival difference of 5.9 percent at 1-year in favor of PCI,
the OR also to a survival difference of 4.5 percent, and the
MR to 4.3 percent. Neither the OR or ratio of medians are
statistically significant at the 0.05 level. In contrast, the HR
is statistically significant at the 0.01 level. For the second
trial, in Figure 1, the treatment effect as estimated by the
OR (1b) is in the opposite direction to the HR (1a) and MR
(1c) estimates, owing to a higher percentage of deaths in the
experimental arm in the beginning of the trial, whereas at the
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Figure 1. Forest plots for the prophylactic cranial irradiation meta-analysis obtained with (a) the hazard ratio (HR) method,
(b) the odds ratio (OR) method, (c) the median survival ratio (MR) method using method i for estimating variance.

end, the percentages are very similar. The median survival
times of the two arms of the 7th study are equal, leading to
an estimated MR of 1.0.

Trial Level Results

Figure 2 plots the log(OR) versus the log(HR), and the
log(MR) versus log(HR), divided by their respective stan-
dard errors (denoted as “standardized”). The plots reveal a
correlated pattern but indicate that some under- and over-
estimations of the treatment effect may occur for both the
OR and the MR method. We also evaluate the performance
of the three methods by counting the number of significant
results with the 5 percent significance level. The HR yields
12/128 trials with a significant treatment effect. The MR
method (with variance approximation (i) detects seven of
these twelve significant trials, and falsely indicates a further
10 trials as significant. Applying variance approximation (ii)
or (iii) gives more false significant trial results, 16 and 18,
respectively. The OR method detects fewer true significant
trials (5 of 12) but also fewer false significant trials (8 of 12).

Meta-Analysis Level Results

The overall HR method indicates ten treatment effects signif-
icant at the p = .05 level in thirteen meta-analyses. All three
approximations of the MR variance yield the same results for
the pooled MR, identifying 6 of 10 correct significant results
and 1 false significant result. The pooled OR shows 5 of 10
true significant results but has no false significant results.

The estimations of the overall treatment effects calculated by
each method together with 95 percent confidence limits, p
values, and transformations into 1-year survival differences
are given for individual meta-analyses in Table 2.

The confidence intervals for the MR are similar in width
to the confidence intervals for the overall pooled HR, whereas
the confidence intervals for the overall OR are much wider.
There was no clear tendency that the OR performed much
better than the MR method when considering the absolute
survival differences. The largest difference between the sur-
vival benefit estimated with the OR and HR method can be
found in the meta-analysis with the largest treatment effect
[Colorectal 6 (14)]. It is well known that Peto’s one-step OR
estimator (31) tends to be biased for pooling results from
trials involving large treatment effects (12).

The discrepancies between the overall HR and the
pooled MR are likely to stem from differences at the trial
level, in particular when the differences between the sur-
vival curves are not constant over time. This finding can
be illustrated by application of a two-sample test sensitive
to crossing hazards alternatives, developed by Stablein and
Koutrouvelis (24). The two meta-analyses (17;19) with the
highest percentage of trials for which the two-sample test
rejects the null hypothesis of no crossing hazards at p = .05
(5 of 11 and 8 of 13 trials, respectively), correspond to large
differences between the estimated overall HR and MR. It is
also noteworthy that one of these meta-analyses (17) was the
only meta-analysis with strong evidence for heterogeneity
using the HR method. On the whole, the number of trials in
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Figure 2. (a) Standardized log(OR) vs. standardized log(HR) and (b) standardized log(MR) vs. standardized log(HR) for all
128 trials from the individual patient data database with 95 percent confidence limits (bold lines). Each trial is represented by
one point. Shaded areas correspond to discordant results of significance test for a treatment effect (the 95 percent confidence

limits are based on normal approximations).

the meta-analysis or number of patients in the trial, did not
seem to influence the occurrence of the shifts in the estima-
tion of the overall effect or the statistical significance for the
MR.

DISCUSSION AND CONCLUSIONS

For many diseases, the most important measures of treat-
ment outcome involve time to event analyses. In individual
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trials, analyses of time to event outcomes, like survival, are
common. In systematic reviews and meta-analyses, they are
relatively rare. IPD meta-analyses that collect and reana-
lyze the “raw” trial data are able to use individual survival
times within trials to calculate pooled HR. However, such
projects remain in the minority. Several methods have been
developed for calculating/estimating HRs (18;28) that would
enable other types of systematic review to calculate or esti-
mate HRs from trial reports. However, the summary statistics
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Table 2. Main Results of the Comparison between the Hazard Ratio (HR), Odds Ratio (OR), and Median Survival Ratio Method
(MR; using method i for estimating variance) on the Meta-analysis Level

HR results OR results MR results
Meta- Survival Survival Survival
analysis HR (95% CI)  p value difference OR (95% CI)  p value difference MR (95% CI)  p value difference
Lung 1 0.84 (0.73-0.97) .01 5.9% 0.83 (0.65-1.08) .16 4.5%  0.88 (0.77-1.01) .07 4.3%
Lung 2 0.84 (0.74-0.95) .01 5.3% 0.70 (0.53-0.93) .01 53%  0.73 (0.65-0.82) .00 9.9%
Lung 3 0.86 (0.79-0.94) <.01 5.1% 0.84 (0.71-0.99) .03 4.4%  0.95(0.87-1.03) 21 1.8%
Lung 4 0.90 (0.83-0.97) .01 39% 0.87 (0.75-1.00) .06 34%  0.93 (0.86-1.00) .05 2.7%
Lung 5 1.21 (1.08-1.34) <.01 —53% 1.29 (1.06-1.58) .01 —4.4% 1.14 (1.02-1.27) .02 —-3.5%
Colorectal 1  0.88 (0.78-0.99) .04 4.5% 0.84 (0.67-1.06) .14 43%  0.90 (0.80-1.02) .09 3.6%
Colorectal 2 0.97 (0.86-1.09) .59 1.1% 0.84 (0.68-1.05) 13 42%  0.97 (0.87-1.09) .65 1.0%
Colorectal 3 0.98 (0.88-1.09) .70 0.7%  0.99 (0.81-1.22) .96 0.1%  0.95 (0.85-1.05) 32 1.9%
Colorectal 4 1.16 (1.01-1.33) .04 —52% 1.27 (0.99-1.62) .06 —5.9% 1.15 (1.01-1.32) .04 —5.0%
Colorectal 5 0.87 (0.77-0.98) .03 5.1% 0.77 (0.60-0.97) .03 6.4%  0.87 (0.77-0.98) .03 5.0%
Colorectal 6 0.74 (0.61-0.89)  <.01 10.4% 0.47 (0.33-0.67) <.01 18.3%  0.71 (0.59-0.86) .00 11.7%
Esophagus  0.89 (0.78-1.01) .06 4.0% 0.86 (0.68-1.10) 23 3.6%  0.87 (0.77-0.99) .03 4.8%
Glioma 0.85(0.78-0.92) <.01 59% 0.76 (0.66-0.88) <.01 6.5%  0.94 (0.87-1.02) 12 2.3%

required to make these calculations are not always readily
available.

We, therefore, explored the utility of using the summary
statistics that are most commonly reported in publications of
randomized controlled trials in cancer: the median survival
time and the survival rates. We have compared the results
obtained using a simple method, based on the median sur-
vival time (MR), and the commonly used OR of survival rates
with the actual HRs calculated from individual patient data.
The HR incorporates changes over time, whereas the two
other methods only take one point on the survival curve into
account. This was done using data obtained for thirteen IPD
meta-analyses involving cancers with high mortality rates.
As the median survivals and survival rates were calculated
directly from the IPD databases (as opposed to using infor-
mation extracted from publications) we are comparing like
with like and other sources of bias have been minimized.
We found that both the MR and OR method may result in
serious under- or overestimation of the treatment effect and
major loss of statistical power. It can be expected that the MR
method will be even more biased for meta-analyses involving
trials with lower mortality rates than those used for this study,
as the estimate for the median survival time becomes more
unstable for trials with lower event rates. Furthermore, in
20 percent (25/128) of trials included in this study the
log(MR) had an opposite sign to the log(HR), that is,
whereas one method suggested that treatment was benefi-
cial, the other suggested that it was detrimental. The most
frequently used method in literature-based meta-analyses,
the OR method, did not perform much better than the MR
ratio method when translated into absolute survival dif-
ferences to compare them with HRs. More detailed com-
parisons between the OR and the HR on individual pa-
tient data of a large meta-analysis in chemotherapy in head
and neck cancer have yielded similar results (9). Conse-

quently, neither the median ratio nor the OR can be rec-
ommended as a surrogate method for analyzing time to event
outcomes.

It is extremely important, certainly in oncology, to have
precise estimates of the difference in survival between treat-
ments. This requires calculating an HR either directly from
the individual patient data or from relevant summary statis-
tics. Neither the MR or OR method can provide a reasonable
alternative to this. Trial reports of time to event outcomes,
therefore, should provide sufficient statistical information in
the form of the results of log rank test, the degrees of free-
dom, direction, and the exact p value or the HR, and its con-
fidence interval to enable readers to calculate HRs directly
from these statistics and for those conducting systematic re-
views to combine these summary statistics to obtain pooled
estimates of HRs from similar trials. However, it should be
borne in mind that even if full summary statistics are reported,
other biases (unpublished trials, patient exclusion, duration
of follow-up) (20;26) can potentially influence the outcome
of meta-analyses based on the published literature and that
these will also need to be addressed in any high-quality sys-
tematic review.
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