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Survival Analysis: Where, Why, What and How?
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Durations of any event, such as duration of hospitalization, is usually found to have a highly skewed distribution and incomplete values
due to dropouts and limited follow-up. The usual methods of statistical analysis are, therefore, not applicable. The method of survival
analysis is a nonparametric method and is designed to overcome these problems. Survival is a generic term and is used for any time-to-
event data. The entire survival pattern at different points in time is studied by the Kaplan-Meier method under certain conditions. Log-
rank method is used to compare survival pattern in two or more groups. Hazard is the rate of occurrence of an event per unit of time and
studied by Cox method. The concept of survival and all these methods of survival analysis are briefly discussed in this short note in a

non-mathematical format for medical audience.
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rvivad anaysis is an important concept in

biostatistics with extensive usage in medical

ch. This is a multi-faceted technique and

as evolved as a full subject. For medical

researchers, we herein discuss, in brief, where and why

survival analysisisneeded, what it is, and how itisdonein
practical settings.

WHERE AND WHY?

A specia quantitative measurement in medicineisthetime
taken for the occurrence of an event. This requires that the
time of beginning and the time of the end, both, are well
defined. Duration of hospitalization isacommonly studied
duration, measured from thetime of admissionto thetimeof
discharge or death. The effect of oxygen saturation targets
on the duration of respiratory support, oxygen therapy,
and hospitalization in extremely preterm infants [1] and
continuation duration after contraception insertion among
adolescentsand young adults[2] have been recently studied
using the method of survival analysis. Such durations have
two specia features that make them distinct from other
guantitative measurements and render the usud statistical
methodsinapplicable.

Censoring

Quite often, the full duration is not observed such as
duration of hospitalization in the case of a patient who |eft
againgt medica advice (LAMA) or when a patient is
transferred. Such incompl ete observationsmore commonly
happen when afollow-up of patientsis planned for, say, two
years, but the patient becomes untraceabl e or uncooperative
after oneyear, or when the event under consideration, such
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as death, does not occur within the two-year period. The
latter would mean that the survival isknown for at least two
years, but the full duration is not known. Such truncated
durations are cdled ‘ censored’, meaning thereby that the
observationisincomplete.

This censoring is of three types. The example we have
cited is for ‘right censoring’ where the endpoint has not
reached at the time of the last observation. In rare cases, it
could be ‘left censoring’ also where the beginning point is
not known but the end point is known. This can happen
whentheinterest isinthe duration of disease, but the day of
onset is not known or cannot be assessed. This has
happened for many COVID-19 cases. The third could be
‘interval censoring’ where the exact duration is not known
but only the interva is known. If surgery patients are
followed quarterly for any complication, theonly information
available in the case of complication is that it occurred
somewhere between, say, 9 and 12 months when no
complicationwasreported at 9-month foll ow-up but reported
at 12-month follow-up. Thus, theexact timeof complicationis
not known. The present communicationisrestricted to only
theright-censored databecausethat isthe predominant type
of censoringinmedical research.

Skewed Distribution of the Durations

The second distinctive feature of durations is that the
durationisgenerally relatively small for most casesbut long
or very long in some cases. For example, the duration of
hospitalization in most heart surgery cases could be around
7 daysbut somedevel op complicationsand stay for 30, 40, or
even 90 days. Thus, the datistical distribution of most
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durationsishighly skewedtotheright. Thismakestheusua
Gaussian based parametric analysisinapplicable and either
logarithmic transformation or non-parametric methods are
needed for analysis. In the case of highly skewed distri-
bution, mean and standard deviation are mideading, and
recourseto median andinter-quartilerange (IQR) istaken.

Due to these two special features of data - censored
values and highly skewed distribution - the usual statistical
methodsfor quantitative measurementsare not applicableto
durations and a special method, called surviva anadysisis
required. Thisisanonparametric method and can beused for
any kind of duration data. Yet, themethod requiresareason-
able sample size, at least 30 in each group, preferably 50 or
more.

WHAT IS SURVIVAL ANALYSIS?

The method of survival analysisis needed when the study
requiressurvival experience at different pointsintime. The
term ‘survival’ in this caseis generic and could mean any
event such asdischargefrom thehhospital or occurrenceof a
complication. Survival anaysis tells us the percentage
survived at different pointsintime—oneyear, two years, €tc.
- even when some of the durationsare censored. It plotsthe
survival pattern over time, called the survival curve, which
can beusedto draw inferences. Anexampleisgiven|ater that
wouldfix theidea

If theinterest is not in survival pattern but only in the
percentage of patients who survived for, say, at least 3
monthsor atleast 1 year, andif thedurationisavailablefor all
(no censored values), thereis no need of the method of the
survival analysis. This percentage can be calculated in the
usual manner and the inference regarding it being a pre-
specified value or for difference between two groups (such
asonewith treatment A and the other with treatment B) can
be drawn as usual for proportions. This can be done even
when the distribution of the duration is highly skewed.
However, if some values are censored, survival anaysis
would beneeded evenfor thisproportion. Similarly, median
survival time can bedirectly obtained without going through
theprocessof survival analysiswhenthedurationfor all the
subjectsis known but this too would require the method of
survival analysisif somedurationsaretruncated (censored).
Survival analysisisalso needed if theentiresurvival pattern
at different points in time is under study, whether the
observations are censored or not.

Surviva analysis requires that the duration for the
occurrence of the event under investigation is recorded for
each subject and the censored durations are marked.
Consider the survival of children living with human
immunodeficiency virus (HIV) [3]. Suppose these are
followed up for 12 months after start of the antiretroviral
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therapy (ART). Theduration of survival for 10 patientsmay
beasshowninTablel.

The plus sign is for censored values. The third patient
migrated and lost tofollow-up after 4 monthsbut wasadiveat
that time. Petient numbers5, 8, and 9werealiveat 12-month
follow-up visit but were not followed-up thereafter. Their
duration of survival is known at least 12 months but not
beyond. Note in this case that mean or median duration of
survival and percentage surviving 12 monthsor at any other
time cannot be directly computed because of censored
values.

Two extensonsof survival anadysisarecommonly used.
Firgt, to comparethesurviva curvesof two or more groups
such asduration of hospitalizationinmild and severe cases,
and second, to find risk factors that affect the survival
pattern such asthe effect of age and timethe antibodies are
administered on the duration of survival in pediatric septic
shock patients. The first requires log-rank test (discussed
later) and the second isCox regression, which alsoisbriefly
discussed later in the context of hazard rates. The Cox
regression isalso used to estimate hazard ratio relative to a
reference base. Other agpects are not discussed here and
availableintheliterature[4].

HOW SURVIVAL ANALYSIS IS DONE?
Kaplan-Meier Method

The method of survival analysisis quite mathematical, but
we explain it here in simple terms. The primary method of
survival anadysisisthe Kaplan-Meer (K-M) method. This
method givesthe proportion surviving at different pointsin
timesuchasat 6 monthsand oneyear. Surviva attimetinthis
caseistheproportion surviving longer thant and themethod
considers the censored observations only till the time the
subjectswerelast seendive. After that they areignored. This
proportionisan estimate of thechanceof survival attimetin
the target population after due consideration of censored
values. Thiscan beeasily obtained for eachtime-point with
thehelp of an appropriate statistica package.

Tablel Duration of Survival of Children With HIV on ART

Patient number Duration (mo)

7
3
4+
10
12+
5
9
12+
12+
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The estimated surviva proportion can be plotted for
different time-points t. This plot is caled the surviva
function or surviva curve. Only the uniquetime pointsare
considered. If a time point is applicable to two or more
subjects, it is counted only once. This method requires the
calculation of as many surviva rates as there are events
unless severd events occur at the sametime. The morethe
number of time-points, the smoother thesurvival curve. This
means that a smooth survival function is obtained when
many time points are observed. In case the survival
durations are not arranged in increasing order in your data,
these should be arranged in ascending order before the
caculations. The survival function can be used to find the
mean and median duration of survival dong with their
confidence interval, which can easily be done using a
computer program. This is explained with the help of an
example

Example — Waingtock, et al. [5] studied neurological
morbidity inchildrenbornto severely anemic (Hb <7 mg/dL)
women. Thefollow-uptimevariedintheir sudy fromchildto
child, but weassumeit to befixed 10 yearsfor our example.
Theincidenceof neurological morbidity isgenerdly low, but
supposethefollowing duration was observedin 20 children
for devel oping neurological morbidity.

Duration (y) elapsed for occurrence of neurological
morbidity in children bornto severely anemicwomen:

o>+ 7 3 9 10O+ 1+ 8 7 7 5
7 9 &5 4 2 1 9 4 10+ 10+

where + denotes that the observation is censored. Five
childrenwith 10+ did not devel op any neurol ogical morbidity
till theageof 10years, andtwo childrenwithvaues5+and 4+
were lost to follow-up when their age was 5 years and 4
years, respectively. These durations are arranged in
increasing order in Tablel | dongwiththeother detail sof the
K-M procedure.

TheK-M method requiresthat thetime, suchas‘years in
this example, is considered as a continuous variable. This
canbeindecimals. Yet, for darity, first columninTablel | isthe
beginning time when, in our example, the art is from 20
cases. One casedeveloped morbidity at 1 year sothat only 19
remain at risk for devel oping morbidity at the beginning of the
second year. Similarly, the number at risk at other timepoints
is obtained. The K-M method calculates the proportion
surviving at each point in time based on casesdying at each
point in time after excluding the censored vaues.
Subsequent proportion is obtained by multiplying with the
previous proportion. The method is explained in the
calculations shown in Table I I. The event under study is
devel oping neurologica morbidity inour examplein placeof
death.
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The other important requirementsfor valid resultsfrom
theK-M methodsare: i) The censored val ues do not belong
to specia subjects so that the distribution of the censored
duration isthe same as of complete values; ii) The subjects
areindependent. That is, the survival duration of one does
not affect the survival duration of the other; iii) The rate of
the event is the same in early recruiters as in the late
recruiters; iv) In general, the number of censored values
should not exceed the number of completeval ues.

The plot of the survival function against time givesthe
survival curve (Fig. 1). Thisisbased onthedatain Tablel |
on time for the occurrence of neurologica morbidity in
children born to severely anemic women. This shows how
the numbers at risk are declining with time. The censored
values are shown by a“+" sign (there are five overlapping
plussignsat 10 years). The plot can be used to find median
time to develop neurologica morbidity by drawing a
horizontal line at proportion = 0.50 and projecting it down
from the point of intersection to the x-axis. Thisisthetime
when half of the patientsremained at risk and the other half
had the event. In this figure, the median duration of
developing neurological morbidity is nearly 8 years. The
survival table (Table I l) gives amore exact median value,
which is between 7 and 8 years where the surviva
proportionis0.5.

The complimentary of survival (1—proportion survived)
iscaledthehazard sinceit depictsthe proportion of deathsat
different pointsintime, where' hazard’ againisagenericterm
for any outcomeof interest.

Table 11 illustrates that the computations for K-M
survival function are tedious and a Statistical package is
usually used. The software also caculates the confidence
intervalsfor each survival probability. Theestimatesfor the

1.00
0.90

0.80

0.20 Median

0.10 /
0.00

0.00 2.00 4.00 6.00 8.00 10.00

Cummulative proportion developing neurological
morbidity
o
8

Time

Fig. 1 Survival curveand the median survival time.
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Tablell Survival Analysisby K-M Method

Survival function (proportion with no

BEINNING o st risk Developed morbidity) at time ¢
time T i morbidity at Censored so=1
t+l = N — Gy — C¢ : e
tyear o = 20 - & = d
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i ) 20-1
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2 19 1 0 %' 1 - 0900
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4 17 1 1 35 = 0800
16 15—-1
. 15 1 1 = DIS = 0.747
16 14 13—0_0?_"
6 13 0 0 20°15° A8 oo
16 14 13-4 _
16,149 9-1_, .
8 9 1 0 20715 18" &
16 14 B8 8-3
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probability of survival arerdatively unreliablefor thetime
points towards the end because of fewer surviving subjects
at thosetime points. Theareaunder the curveisthe sameas
mean survivingtimebut thatisrarely used.

Edtimation of the surviva function or median surviva
timeby itself may not be of much vaueunlessitiscompared
with another group to find wherethesurvival islonger. A plot
of survivd curvesof different groups gives an indication of
which group hasbetter surviva experienceand thestatistical
significance can bechecked withlog-rank test.

Log-Rank Test

In place of comparing just the median survival time or the
proportion surviving at specific timet, the log-rank test is
used to compare the overall survival pattern of one group
with other groups. The median may be nearly the same, but
thepattern could bedifferent (Fig. 2). Inthisfigure, survival
isbetter inonegroup at initial time pointsbut worseat later
timepoints, with surviva curvesshown assmooth curvesfor
illustration. Theright kind of survival patternfor comparison
by log-rank testisshowninFig. 3.

For example, the interest might be in comparing the
pattern of duration of hospitalization of cases on a new
regimenwith thoseon theexigting regimen. Another example
isthetimeto return to school by students with and without
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attention-deficit/hyperactivity disorder (ADHD) following
concussion [6]. Each of these can be compared using log-
rank test.

Log-rank test also isanon-parametric procedure based
on chi-square and used to check whether two or more
survival curves are statistically significantly different. The
null hypothesisis that the difference between the survival
curvesisdueto sampling of casesand not real. For smplicity,
we describe this test for two groups. The test requires that
all theconditionsmentioned earlier for the K-M method are
met. That is, thesamplesizemust belargeand representative,
censored valuesarerandom and not related to survival, early
recruiters have the same surviva asthe late recruiters, and
thesurvival timeisrecorded exactly and notinintervals. In
addition, the survival curves should not cross each other —
oneshould belower thantheother a most timepoints. Thus,
the curves of the type shown in Fig. 2 cannot be compared
withlog-rank test but thosein Fig. 3 can be compared. Also,
the two groups must be independent — the survival of the
patientsin one group should not have any relationship with
thesurvival of patientsinthe other group.

The null hypothesis of identica survival curvesin the
two populationsimpliesthat the probability of survival (or of
death) at each point of timeisthesameinonegroup asinthe
other. Under this null hypothesis, the expected number of
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Fig. 2 Survival curvescrossing each other.

deaths is calculated for each time using the combined
experienceinthetwo groups.

For example, if thereare5 deathsin group-1 at timet when
200 peoplearetill at risk (after deaths and dropouts before
timet), and 7 deathsin group-11 where 100 peopleareat risk,
the expected deaths under the null hypothesisin group-1 are

100
300
sum of thesekindsof numbersover different time-pointsare

usedto calculatethelog-rank test.

. 200
[5+ 7] =4 andingroup-1l are ﬁ[5+?] =8. The

The P value can be obtained in the usual manner using
chi-square. This will only tell you that the difference is
statistically significant or not, but would not tell you about
themagnitude of thedifference. For magnitude, hazardratios
at different pointsof timearecalculated.

One subtle and difficult to understand limitation of the
log-rank method is that statistical significance is mostly

SURVIVAL ANALYSIS
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Fig. 3 Survival curvesin two groups. The declinein survival in
groupA issteeper thaningroup B.

drivenby thedifferenceinsurviva atinitial timepointswhere
the number of subjects is high. The number of available
subjects declines at subsequent time points due to deaths
and dropouts. To overcome this problem, Breslow test or
Tarone-Waretest isused for comparing two survival curves
when the number of subjectsis large in the beginning but
quickly declinesand becomessmall towardstheend. That s,
when the mortality and dropouts are high [7]. Box | lists
when to use and when not to use survival analyses.

Hazard Ratio

Risk is the probahility of occurrence of an event and is
generaly calculated at theend of the study irrespective of the
time; wheress, thehazard rateistherisk per unit of timesuchas
hazard of recurrenceof papillary thyroid cancer per yearina
high-risk population[8]. Thiscan bedifferent from year-to-
year such as alow rate in the first year and progressively
increesng each year. Hazard rateisespecialy usedinsurviva
studiesbecausetimeisanimportant factor inthese studies.

Do not use
area under the survival curve have poor reliability.

must be independent.

Box | Where to Use Survival Analysis

« For analyzing any duration (time-to-event) data if it has highly skewed distribution, particularly if some durations could not be
fully ascertained (censored), but the subjects with censored values should not have special survival pattern.

« When the interest is in studying the complete survival pattern at different points in time even if no duration is incomplete.
« For comparing survival pattern in two or more groups (log-rank test)

« When the number of censored values is more than the complete values because then the median survival duration and the
¢ The log-rank test can give misleading result when the two survival curves cross each other. Also, the groups under comparison

« When the deaths or dropouts are fast, the numbers towards the tail become too small and the log-rank test loses its power.
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Theratio of thetwo hazardscalled hazardratioisused to
compare hazard rate in one group with another, such as
hazard of devel oping anemiaper year in adolescent girls of
low versushigh socioeconomic (SE) status. A hazard ratio of
1.25 saysthat the hazard of developing anemia per year in
girlsof low SE statusis 1.25 times (or 25% higher) of sucha
hazardingirlsof high SE status. If thisratio remainsthesame
over theperiod of thestudy, called proportiond hazards, Cox
[9] has shown that the factors affecting this ratio can be
easily studied by a regression model. This analysis tells
which factor is contributing how much and its significance
towards difference in the hazard rates in the two groups
under study. A more detail ed explanation has been given by
KlenbaumandKlein[10].

CONCLUSIONS

A separatemethod of analysisisrequired for duration (time-
to-event) data because durations generally have censored
values and a highly skewed digtribution. The method of
survival analysis is nonparametric and takes care of both
these' aberrations' inthedata. Surviva isagenericterm, and
themethod i sapplicableto any duration data. Kaplan-Meier
is the method of choice to study the complete survival
pattern when the duration is measured on continuous scale
and when censored values are not related to the surviva
pattern. Thiscan beusedto estimatethemedian survivd time
despite censored values. Comparison of surviva patternin
two or moreindependent groupsisdone by log-rank test.

79

REFERENCES

1. Hanna VY, Laliberté C, Ben Fadel N, et a. Effect of oxygen

saturation targetson theincidence of bronchopulmonary dys-

plasiaand duration of respiratory supportsin extremely pre-
terminfants. Pediatr Child Health. 2020;25:173-9.

. Bryson AE, Cabra HJ, Coles MS. Attendance of an initia
follow-up visit after long-acting reversible contraception
insertion and method continuation among adolescents and
young adults: a retrospective study. J Pediatr Adolesc
Gynecol. 2021:S1083-3188(21)00004-8.

. Jha, UM, DhingraN, Ra Y, et al. Survival of childrenliving
with humanimmunodeficiency viruson antiretroviral therapy
inAndhraPradesh, India. Indian Pediatr. 2018;55;301-5.

. Indrayan A, Mahotra RK. Medica Biostatistics, Fourth
Edition. CRC Press; 2018.

. Wainstock T, Walfisch A, Sergienko R, Sheiner E. Materna
anemiaand pediatric neurological morbidity inthe offspring -
Results from a population based cohort study. Early Hum
Dev. 2019;128:15-20.

. Cook NE, lverson GL, Maxwell B, Zafonte R, Berkner PD.
Adolescents with ADHD do not take longer to recover from
concussion. Front Pediatr. 2021;8:606879.

. ClevesM, Gould W, Marchenko Y. An introduction to
survival analysisusing stata. Third edition. Stata Press; 2016.

. Sirg AK, Parvathareddy SK, Qadri Z, et al. Annual hazardrate
of recurrencein Middle Eastern papillary thyroid cancer over a
long-termfollow-up. Cancers(Basdl). 2020;12:3624.

. Cox DR. Regressionmodelsand lifetables. JRoyal Stat Soc B

1972;34:187-220.

Kleinbaum DG, Klein M. Survival Analysis: A Self learning

text. Second edition. Springer; 2005.

10.

INDIAN PEDIATRICS

79

VOLUME 59—JaNUARY 15, 2022



