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The randomised clinical trial (RCT) by Arezzo et al.* studied
the overall survival (OS) and time to progression (TTP) in
patients with neoplastic colon obstruction after 2 possible
interventions, either stent as a bridge to surgery (SBTS) or
emergency surgery (ES). Fifty-six participants were assigned to
SBTS and 59 to ES. We will use this work to illustrate the above
concepts.

Types of variables

Table 1 of the article "photographs" these data: some are
binary (gender) or on a nominal scale (the Hartman surgery
type), or on an ordinal scale (the ASA, Physical Status
Classification System), or with a unit of measurement (the
body mass index). Time to events (OS, TTP or DFS, disease free
survival) are also described. It is a descriptive snapshot, not
intended to infer the population. Let us look at these variables
more closely.

The nominal scale classifies patients in such a way that
those belonging to the same category are equivalent to each
other and different from those in another category. Informa-
tion on these variables is reported as absolute (n) and relative
(%) frequencies. For example, the Hartman-type surgical
procedure was used in 11 patients (20.4%) in the SBTS group
and in 20 in the ES group (33.9%). A possible graphical
representation for this scale is the bar chart.

The ordinal scale allows the calculation of cumulative
probabilities. For example, the ASA” scale measures the
comorbidity status of a patient before an intervention. Ordinal
scales have no unit of measurement, so the increase in
comorbidity between consecutive categories need not be
identical.

Various indicators are available to summarise data with
unit of measurement. The mean and standard deviation
summarise central tendency and dispersion, respectively.
Deviation is most useful with symmetric data, without
extreme values or outliers. If either of these conditions is
not met, it is better to use "robust" measures such as the
median and the interquartile range (IQR), which are not very
sensitive to extreme observations. The median is calculated as
the central observation of the ordered data and the inter-
quartile range is the interval containing 50% of the central
observations. The boxplot and the histogram are the most
commonly used graphical representations. The boxplot is
based on the robust measures mentioned above. The
histogram would allow the detection of bimodal distributions:
a large presence of obese and lean people could be missed in a
boxplot.

Tables and graphs complement each other. Tables
are useful if the precision of the values is relevant or if
the variables have different units. Graphs are useful to
show trends, patterns or large amounts of data in an efficient

way.’
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Survival time

The time that passes to a certain event of interest (e.g., death)
is usually an asymmetric measure, with few long and many
short times, resulting in an asymmetric, right-tailed distribu-
tion.* Survival studies require a long period to observe.
However, some individuals, termed "censored", will end the
follow-up without experiencing the event, indicating that the
event-free time is longer than the observed time. Panel A of
figure 1 in Arezzo’s article represents the survival-to-death
(OS) curves. The numbers at the bottom of the figure indicate
the individuals "at risk" of the event (those alive) at the
beginning of each 12-month interval for each treatment group:
at baseline (time 0) all participants are at risk (53 in the SBTS
group and 55 in ES); but at month 36, 35 and 40 participants
remain in SBTS and ES, respectively. Consequently, 18
(=53-35) and 15 (=55—40) have either died or 'dropped out’
of the study, perhaps because they have had less follow-up
(e.g., they were included less than 36 months ago). The low
number of individuals at risk after 48 months (4 in SBTS and 1
in ES) indicates that from this time onwards the available
information comes from few observations and has greater
uncertainty.

In short, censoring involves partial information about that
individual’s time. The most common is right-handed censo-
ring, which occurs when an individual has not yet experienced
the event, either because they have missed it during the study
or because they have experienced another event that prevents
them from observing the event of interest (competing risks).”

Survival function

The survival function for a time t is the probability that an
individual does not suffer the event of interest before t. The
Kaplan-Meier method allows its estimation using those who
are still at risk at time t and are therefore likely to suffer the
event at t. Panel A of Figure 1 of Arezzo’s paper shows the
Kaplan-Meier curve, with dips at the time points where deaths
are observed and crosses for censorships at the instant they
ended their follow-up. At first glance, it can be seen that there
are no relevant differences between the 2 groups. At 36
months, survival is almost identical in both groups, with a
value around .7, indicating that 70% of patients would survive
more than 36 months. To find the median survival time, a
horizontal line is drawn at the .5 value on the vertical axis, and
thus finds the time for which the survival curve cuts this line:
in our example, the medians are 52 and 42 months for the
SBTS and ES groups, respectively.

Hazard rate function

The hazard rate function for a time t is the instantaneous rate
of suffering the event of interest at time t. This "risk of
suffering the event at time t" reports the events per unit of
time (rate); it is a more sophisticated concept than the
“probability of surviving at time t” provided by the survival
function and should not be interpreted as a probability: it can

be greater than one! It allows us to observe the frequency of
the initial events, among a larger number of individuals, and
the final ones. Its shape helps to define the statistical analysis,
so the clinician must anticipate its expected shape or the
general trend.* For example, the risk of having to undergo a
particular type of surgery (e.g., prostate surgery) in initially
healthy individuals in a particular age range (e.g., 45-50 years)
may be considered constant. In contrast, the risk of death after
highly invasive surgery may be high in the first 24 h and
decrease after the second day. An increasing risk can be
observed in populations with lethal diseases treated with
ineffective treatments.

Competing risks and composite events

Time to disease progression (TTP) competes with time to death
(TOD), in the sense that death from another cause precludes
observing a time to progression that would have been after
death. We are dealing with so-called competing events.
Imagine a surgical intervention with high mortality. If one
does not take into account that in patients who die it will be
impossible to observe recurrence, one could conclude that this
intervention decreases the risk of recurrence.

One way to avoid the problem of competing risks is to use
composite events, such as the disease-free time variable. This
variable captures the time to the first event (death or disease
progression). By considering a single time, not only does this
avoid dealing with the problem of competing events, but it
also eliminates the potential multiplicity problems of
analysing multiple responses.® Composite response variables
also have the advantage of providing a higher probability of
detecting a treatment effect if the components are not highly
correlated.”

Final advice

Confidence intervals: all relevant measures associated with
a study should be reported with their uncertainty.?

Hazard ratio: despite its great popularity, other measures
that are based on lifetime gain (e.g., restricted mean survival
time, RMST) are more interpretable and can help "informed"
decision making.’

Assumptions: if a model (e.g, Cox) is assuming some
assumptions, they must be shown to be at least reasonable.
Censorship: reasons for censorship should be communicat-
ed in any study.®

- Publication guidelines: review the recommendations of
guidelines, e.g., CONSORT"! in the case of a clinical trial,
to increase the transparency and reproducibility of your
study.
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