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Time-to-event curves analyzed by Cox proportional hazards
regression are commonly used to describe the outcome of drug
studies. This methodology has the advantage of using all avail-
able information, including patients who fail to complete the
trial, such as in cancer chemotherapy or human immunodefi-
ciency virus antiviral treatment studies. The goal of treatment
in such studies may be to prevent the development of a com-
plication, for example, Pneumocystis carinii pneumonia, and to
describe the likelihood of this complication’s developing in the
treatment group compared to the control group. The hazard
ratio describes the relative risk of the complication based on
comparison of event rates.

Hazard ratios have also been used to describe the outcome
of therapeutic trials where the question is to what extent treat-
ment can shorten the duration of the illness. However, the
hazard ratio, a type of relative risk, does not always accurately
portray the degree of abbreviation of the illness that occurred.
In these circumstances, time-based parameters available from
the time-to-event curve, such as the ratio of the median times
of the placebo and drug groups, should be used to describe the
magnitude of the benefit to the patient. The difference be-
tween hazard-based and time-based measures is analogous to
the odds of winning a race and the margin of victory. The
hazard ratio is the odds of a patient’s healing faster under
treatment but does not convey any information about how
much faster this event may occur.

We have observed that there is substantial confusion among
clinicians and clinical investigators about the difference be-
tween the hazard ratio and the median ratio. This report pre-
sents examples of this confusion, the exact distinction between
the two statistics, and proper use of the hazard ratio and
median ratio when interpreting the results of clinical trials to
patients.

COX PROPORTIONAL HAZARDS MODEL

Time-to-event analysis. Clinical trials commonly record the
length of time from study entry to a disease endpoint for a
treatment and a control group. These data are commonly de-
picted with a Kaplan-Meier curve (Fig. 1), from which the
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median (time at which 50% of cases are resolved) and the
mean (average resolution time) can be derived. The groups are
compared by a time-to-event analysis (survival analysis) (1, 7).
Time-to-event analysis provides a method to include patients
who fail to complete the trial or do not reach the study end-
point (censored data) by making comparisons between the
number of survivors in each group at multiple points in time.
The alternative approach, excluding patients who are lost to
follow-up, may introduce considerable bias because the data
that these patients generate prior to their exit are important to
the power and validity of the study. Time-to-event analysis can
also incorporate information about subjects that may change
over time (time-dependent covariates). Clinically important
differences in the effect of treatment may be obscured if the
proportions of survivors or recovered individuals in the treat-
ment group are simply compared to that of the control group
at a single point in time, such as at the conclusion of the trial
(7). Time-to-event analysis is therefore a potentially more
powerful and informative method of analysis.

Cox proportional hazards model and hazard ratio. There
are several methods available to analyze time-to-event curves,
such as Cox proportional hazards, log-rank, and Wilcoxon two-
sample test, for example. The Cox proportional hazards model
has been the most widely used procedure over many years of
experience in medical research because of its applicability to a
wide variety of types of clinical studies (2, 3).

The Cox model, a regression method for survival data, pro-
vides an estimate of the hazard ratio and its confidence inter-
val. The hazard ratio is an estimate of the ratio of the hazard
rate in the treated versus the control group. The hazard rate is
the probability that if the event in question has not already
occurred, it will occur in the next time interval, divided by the
length of that interval. The time interval is made very short, so
that in effect the hazard rate represents an instantaneous rate.
An assumption of proportional hazards regression is that
the hazard ratio is constant over time. Thus, in a clinical trial
where disease resolution is the endpoint, the hazard ratio in-
dicates the relative likelihood of disease resolution in treated
versus control subjects at any given point in time.

USE OF THE COX MODEL IN TRIALS OF
DISEASE DURATION

Interpretation of hazard ratio with time-based endpoints.
The hazard ratio derived from the Cox model does not trans-
late directly into information about the duration of time until
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FIG. 1. Kaplan-Meier curve. Time to symptom resolution is compared between treatment and placebo groups. HR, hazard rate ratio =
treatment hazard rate/placebo hazard rate. The hazard ratio is constant under the Cox proportional hazard model. The P value is used to reject
the null hypothesis that HR = 1, i.e., treatment is not beneficial. Median, time at which half the cases are resolved and half are not resolved. MR,
median ratio = placebo median time/treatment median time. Mean, average resolution time (based on the area under the Kaplan-Meier curve).

events. If the hazard ratio indicates a beneficial treatment
effect, this implies that the time to the endpoint was reduced by
treatment. However, as found in the clinical trial literature, the
magnitude of the hazard ratio may be greater or less than the
treatment benefit apparent from the median endpoint times.
To compare these two statistics, the median endpoint time
ratio can be calculated by dividing the control group median
value by the treatment group median value. If there were a
direct relationship between hazard ratio and median ratio, in a
successful trial where the hazard ratio was 2, the median ratio
would also be 2, indicating that the time to the endpoint in the
treated group was half that of the control group.

Examples of such an outcome can be found. In Fig. 2B, a
herpes zoster treatment study examining the effect of antiviral
therapy on the duration of pain, the hazard ratio was 1.9 while
the median ratio for the placebo and the 750-mg famciclovir
groups was 119/61 days (2.0) (9). However, in Fig. 2A, a genital
herpes treatment study, the hazard ratio was 1.9 when the ratio
of median episode lengths for the placebo and the 500-mg
valaciclovir groups was 5.9/4.0 days (1.5) (8). The reverse may
also be seen. In a study of the effect of antiviral treatment on
the duration of herpes zoster pain (Fig. 2C), the hazard ratio
was 1.5 when the median ratio for the placebo and acyclovir
groups was 62/20 days (3.1) (6, 11).

We have observed substantial confusion among clinicians as
to the meaning of hazard ratio. For many clinicians, hazard
ratio is a relative speed. Words found in the literature that
describe the effect of treatments on the resolution of viral

diseases when the hazard ratio was significantly greater than
one have included “accelerated time [hazard ratio shown],”
“resolved [hazard ratio shown] times faster,” “hazard ratios
indicate a 1.3 to 1.5-fold faster time,” “more than twice as fast
[hazard ratio = 2.13],” and “healing time was 15% shorter
[hazard ratio = 0.85]” (9-12).

Accordingly, a hazard ratio of 2.0 may be misinterpreted as
showing that patients in the treated group healed twice as fast
as those in the control group. Twice as fast could mean to the
clinician that the median healing time was cut in half by the
treatment; that twice as many patients were likely to have
healed on a particular day; that twice as many patients were
likely to have healed by a particular day; or that the treatment
group was likely to have healed twice as rapidly as the control
group. None of these interpretations is correct. Clinicians may
confuse velocity, the amount of distance traveled per unit of
time, and the hazard, the rate of events per person-time. While
velocity can be measured in a single object based on its dis-
tance traveled during a period of time, the hazard rates can
only be inferred in a probabilistic sense from the occurrence of
events in a population of at-risk individuals during a follow-up
time interval.

A hazard ratio of 2 does means that treatment will cause the
patient to heal faster, but in a very specific sense. In the context
of hazard ratio, “fast” means that a treated patient who has not
yet healed by a certain time has twice the chance of being
healed at the next point in time compared to someone in the
control group. Since this definition is markedly different from
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FIG. 2. Examples of the variable relationship between the hazard ratio and median ratio with clinical trials of antiviral agents as examples.
While more than one drug dose was tested in two of the examples, outcomes were similar, and the statistics shown could apply to either curve.
(A) Effect of valaciclovir on length of recurrent herpes genitalis episodes (8); hazard ratio = 1.9 and median ratio = 1.5. (B) Effect of famciclovir
on time to resolution of postherpetic neuralgia (9); hazard ratio = 1.9 and median ratio = 2.0. (C) Effect of acyclovir on time to resolution of
postherpetic neuralgia (6, 11); hazard ratio = 1.5 and median ratio = 3.1. The graphs were adapted from the indicated references.
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FIG. 3. The hazard ratio can be misleading if used to assess the amount of treatment benefit. Benefits of therapy depend not only on the hazard
ratio but also on the shape of the underlying probability distribution, which is disease related. The survival functions in this figure are Weibull
distributions that are standardized so the median survival time of the placebo group is one time unit. Mean survival times for the placebo groups
are 1.0 (top figure) and 2.9 (bottom figure) time units. (Top) A relatively large hazard ratio can yield small treatment effects. These sinusoidal
survival curves have a hazard ratio of 3, but both median and mean survival times are reduced only 10% by treatment. Although treatment increases
the hazard rate, the effect is concentrated over such a limited time period that the overall benefit is minimal. (Bottom) A relatively small hazard
ratio, in contrast, can yield large treatment effects. These concave survival curves have a hazard ratio of only 1.5, but both median and mean survival

times are reduced 50% by treatment.

any intuitive meaning of the word fast described above, the
hazard ratio can be misinterpreted. As illustrated in Fig. 2,
reliance solely on the hazard ratio can lead to major errors in
assessing treatment benefit in clinical trials. This is because the
benefits of therapy depend not only on the hazard ratio but
also on the shape of the underlying probability distribution,
which is disease related (Fig. 3). Another way to express the
distinction between hazard ratio and time-based measures of
association is to consider the hazard as corresponding to effects
on the vertical axis of a survival curve and time as correspond-
ing to effects on the horizontal axis.

Hazard ratio, odds, and probability of healing. There is an
alternative interpretation of the hazard ratio that may be in-
tuitively easier to understand. The hazard ratio is equivalent to
the odds that an individual in the group with the higher hazard

reaches the endpoint first. Thus, in a clinical trial examining
time to disease resolution, it represents the odds that a treated
patient will resolve symptoms before a control patient. Stated
another way, for any randomly selected pair of patients, one
from the treatment group and one from the control group, the
hazard ratio is the odds that the time to healing is less in the
patient from the treatment group than in the patient from the
control group. With the following equation, the probability of
healing first can easily be derived from the odds of healing first,
which is the probability of healing first divided by the proba-
bility of not healing first: hazard ratio (HR) = odds = P/(1 —
P); P = HR/(1 + HR). A hazard ratio of 2 therefore corre-
sponds to a 67% chance of the treated patient’s healing first,
and a hazard ratio of 3 corresponds to a 75% chance of healing
first.
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When the hazard ratio is thought of as the odds that a
patient will heal faster with treatment, a unitless term not
directly reflective of the fundamental time units of the study, it
also becomes more evident that the hazard ratio cannot convey
information about how much faster this event may occur. The
difference between hazard-based and time-based measures is
analogous to the odds of winning a race and the margin of
victory.

QUESTIONS ASKED BY PATIENTS

A patient has recurrent herpes genitalis and is interested to
know how episodic treatment with a new antiviral drug will
improve the signs and symptoms of his recurrences. The phy-
sician has a copy of the results of a pertinent clinical trial (8).
Cox proportional hazards regression was used to analyze the
healing time, and a hazard ratio of 1.9 (95% confidence inter-
val, 1.6 to 2.3) was reported for the lower of two drug doses
tested. The median healing time was reduced by approximately
2 days, or 33%. The Kaplan-Meier curve is shown in Fig. 2A.
The questions and the recommended responses by the physi-
cian are followed by a brief discussion. A fundamental chal-
lenge for the physician is to understand that the patient is
asking about him- or herself, while the data by which the
physician answers his or her questions derives from a popula-
tion.

Q: Doctor, does this drug really work?

A: Yes, a clinical study has shown that the new drug pro-
motes healing.

The hazard ratio is a clinical trial statistic that allows the
physician to say with confidence that healing is faster with the
new drug. The hazard ratio must be >1 and the lower limit of
the 95% confidence interval of the hazard ratio must be >1,
which was the case in this example.

Q: Doctor, what are the chances I will do better on this new
drug compared to no treatment?

A: The odds are roughly 2:1 (the probability is 66%) that you
will have an episode of shorter duration than someone who did
not take the drug.

The odds are equal to the hazard ratio, which is 1.9 in the
present case. The probability of healing sooner can be derived
from the hazard ratio by the following formula: HR = odds =
P/(1 — P); P = HR/(1 + HR). And so, in this example, P =
1.9/2.9 = 0.67.

It is unfortunately not absolutely certain that you will heal
faster on this drug. There are two factors that influence the
lesion healing time: the effect of the drug and natural variation
in episode severity, so that some lesions will be very brief
among untreated patients.

Q: Doctor, when will I heal if I use the new drug?

A: The study showed that about half the people who used
the new drug healed within 4 days, and 95% healed within 8
days. Your experience will vary, like those of the people in the
study, because of the natural variation in severity characteristic
of this illness.

The question of timing can be expressed in several different
ways. How likely is it that I will heal in a certain number of days
if I use this treatment? By what day will I have a certain
likelihood of healing? Answers to these questions can be de-
termined from the Kaplan-Meier curve (see Fig. 2A). Healing
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times cannot be deduced from the hazard ratio unless the data
are fit to an underlying parametric survival distribution (4, 5).

Q: Doctor, how much good will this drug do for me?

A: The new drug reduced the healing time in the study
compared to the placebo group by about a third. Drug-treated
patients had a median healing time of 4 days, compared to 5.9
days for the placebo recipients. If you use the new drug prop-
erly over a period of time, you can expect approximately this
amount of benefit in comparison to what might have happened
if you had let your lesions go untreated.

Reduction in the healing time can be estimated from the
median healing times of the treated and placebo groups as
shown in the survival curve. Here the patient is thinking of
himself as two persons, one who takes the drug for recurrent
herpes episodes over a period of time and one who does not
take the drug. If taken properly, the drug should provide to an
individual, compared to the hypothetical situation where one
does not take the medication, approximately the same benefit
calculated in the study from the difference between the healing
times of the two treatment groups. This is the closest we can
come to personalizing clinical trial results when discussing pro-
spective treatment with a patient. While there may be patho-
physiologic reasons for believing a patient will receive a certain
degree of benefit every time the medication is taken, clinical
data only allow comparisons between groups of individuals. As
pharmaceutical company commercials on television warn, “in-
dividual results may vary.”

CONCLUSIONS AND RECOMMENDATIONS

The Cox proportional hazards model is an appealing analytic
method because it is both powerful and flexible. The hazard
ratio, which is derived from this model, provides a statistical
test of treatment efficacy and an estimate of relative risk of
events of interest to clinicians. Examples of situations where
the risk of an event is the question include the development of
Pneumocystis carinii pneumonia in human immunodeficiency
virus-infected patients, coronary reinfarction following stent
placement, breast cancer in patients on estrogen supplements,
and cardiovascular morbidity in patients taking aspirin.

However, the hazard ratio must be interpreted judiciously in
clinical trials where the duration of events or the disease is the
primary efficacy variable. The hazard ratio may be used for
purposes of statistical hypothesis testing and as one indication
of the amount of benefit (an increase in the odds of healing),
but other measures must also be applied to understand the full
importance of the study. Useful parameters on the time scale
include the mean and median times as well as other percentiles
to the study endpoint across treatment groups, and the median
ratio.

Measuring effects on the time scale is particularly useful
when the event of interest eventually occurs in 100% of the
population (the time-to-event curve drops to zero), such that
risk at the end of follow-up is not an issue. This is commonly
the case in acute disease therapy with illnesses such as herpes
labialis, herpes genitalis, herpes zoster, the common cold, otitis
media, community-acquired pneumonia, and cellulitis in im-
munocompetent hosts.

Time effects are sometimes erroneously inferred from the
hazard ratio. The use of terms such as accelerated time, re-
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solved faster, twice as fast, and time was shorter in the context
of the hazard ratio value suggests to the reader that magni-
tudes of change equivalent to the hazard ratio have been ef-
fected on the time scale, when in fact it is risk that has been
changed. Changes in risk and time can be considerably differ-
ent.
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