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Aim: The aim of the present study is to evaluate and quantify the bias of competing risks in

an  Italian oncologic cohort comparing results from different statistical analysis methods.

Background: Competing risks are very common in randomized clinical trials and obser-

vational studies, in particular oncology and radiotherapy ones, and their inappropriate

management causes results distortions widely present in clinical scientific articles.

Materials and methods: This is a single-institution phase II trial including 41 patients affected

by  prostate cancer and undergoing radiotherapy (IMRT-SIB) at the University Hospital of

Udine.

Different outcomes were considered: late toxicities, relapse, death.

Death in the absence of relapse or late toxicity was considered as a competing event.

Results: The Kaplan Meier method, compared to cumulative incidence function method,

overestimated the probability of the event of interest (toxicity and biochemical relapse)

and of the competing event (death without toxicity/relapse) by 9.36%. The log-rank test,

compared to Gray’s test, overestimated the probability of the event of interest by 5.26%.

The Hazard Ratio’s and cause specific hazard’s Cox regression are not directly compara-

ble  to subdistribution hazard’s Fine and Gray’s modified Cox regression; nonetheless, the

FG  model, the best choice for prognostic studies with competing risks, found significant

associations not emerging with Cox regression.
Conclusions: This study confirms that using inappropriate statistical methods produces a

10% overestimation in results, as described in the literature, and highlights the importance

of  taking into account the competing risks bias.
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1.  Background

Time-to-event outcomes are very common in randomized
clinical trials and observational studies.

In these cases, a competing risk is an event whose occur-
rence precludes the observation of the primary event of
interest.1–4

Competing risks are a well-known problem but scien-
tific literature, including high impact journals, is widely bias
affected.

Three articles, published in 2010,5 in 20156 and 2017,1

describe such bias in the recent medical literature.
The first study5 reports that 37 papers, of the 50 considered,

published between 2008 and 2011, had at least one endpoint
definition implying the presence of competing risks, and that
only 2 articles had correctly used the curves based on the
cumulative incidence function (CIF) in the presence of com-
peting risks.

The second research6 was performed on MEDLINE to iden-
tify all published studies in 2013 in which a survival analysis
was performed using the Kaplan Meier (KM) method in the
‘core clinical journals’. This restriction was deemed useful as
it allowed to identify articles published in well-known journals
easily accessible to clinicians.

Of the 100 articles identified, forty-six studies had con-
ducted a KM analysis susceptible to the bias. Sixteen studies
had provided the number of competing events, allowing to
estimate the bias; of these, a third had overestimated by 10%
or more  the risk of outcome using the KM method.

Austin and Fine1 conducted a review of randomized con-
trolled trials with survival outcomes published in high-impact
general medical journals.

Of the 40 studies identified, published in the last 3 months
of 2015, 31 were potentially susceptible to competing risks and
only 5 reported CIF.

Articles with survival outcomes susceptible to bias of
competing events have proved to be significantly present in
journals with a high impact factor (≥4.901). This is because
the KM method is easier to understand and implement with
common statistical packages.

Nonetheless, the KM method does not fit very well to pre-
dict the probability of a certain outcome in the presence of
competing events. It can handle only one event at a time:
all the other events are treated as censored observations and
often competing risks are mistakenly conceptualized as cen-
soring events7.

The assumption of independent censoring is also violated,
which means patients who  experience a competing event will
no longer have the same possibility of developing the event of
interest as patients that continue to be included in the study.
As a result, the KM method overestimates the probability of
the event of interest giving misleading results in the presence
of competing risks.

The alternative method to KM for competing risk man-
agement is based on the CIF and takes into account all the

3,8
events and the informative nature of the competing events
censoring.9

Competing events are “censored” in a particular way
remaining in the risk set10 up to a hypothetical censoring.4,9,11
iotherapy 2 4 ( 2 0 1 9 ) 511–519

The cumulative incidence of an event assessed considering
competing risks is the probability of experiencing the event of
interest within a certain time and not experience a competing
event within the same time.

In the presence of competing events, the CIF is estimated
for the event of interest and for all the competing events and
their estimates depend on one another.3,8

When there is only one type of event, the estimate of the
cumulative incidence using the KM method and the compet-
ing risks method is the same. Similarly, in a study design, if
we are interested in the cumulative incidence estimate only
of the first event, in the presence of multiple events, there are
no competing events.

In the literature there are many  examples of how the KM
method overestimates the probability of both the event of
interest and the competing one, by 10%,6 while the probability
of not having events remains unchanged.2

The Kaplan Meier method is therefore an inadequate statis-
tic in the presence of competing risks and the use of the CIF
method is recommended.

The cumulative incidence in various groups can be com-
pared using non-parametric tests such as the log-rank test
when censoring is independent and incidences are based on
the KM method, or Gray’s test,12 in the presence of competing
risks, by comparing the underlying subdistribution hazards.

In the absence of censoring for competing events, Gray’s
test and the log-rank test yield identical results.

In a competing risk setting, to identify the correct regres-
sion method, we  need to know whether the research is
etiological or prognostic.2 We can choose between two  types of
a hazard function: the cause specific hazard (CSH), represent-
ing the instantaneous rate of a cause, and the subdistribution
hazard (SDH), representing the hazard corresponding to the
cumulative incidence function for a cause.13

Etiological studies use CSH to estimate the effect size, while
prognostic studies use the model of risk subdistribution, a
modified Cox regression model proposed by Fine and Gray14

in 1999 defining the hazard of the cumulative incidence func-
tion. The difference between the two types of hazard function
lies in the risk set. In the cause specific hazard, the risk set
decreases at any time when an event occurs for a cause other
than the event of interest, while in the subdistribution hazard
the subjects that experience a competing event remain in the
risk set (rather than being censored and eliminated), although,
in reality, they are no longer at risk of experiencing the event
of interest, up to a potential censoring, as clarified in Fig. 1.

For etiological research, the CSH model may be more
appropriate than the SDH method because the regression
parameters estimated with this method directly quantify the
HR among the subjects that are actually at risk of developing
the event of interest. In this case, Cox regression analysis is
applied for each of the specific events.

Differently, an SDH represents a ratio in a non-existent pop-
ulation, including those who have experienced the competing
event and could no longer experience the event of interest.
This measure is useful for the prediction and prognosis, in

2
order to evaluate realistic clinical situations.
Right now all the main statistical packages, like SAS,15–17

STATA18 and R (i.e. ‘cmprsk’,19 ‘gcerisk’,20 ‘survminer’21 pack-
ages), are able to manage relatively friendly competing risks

https://doi.org/10.1016/j.rpor.2019.08.001
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Fig. 1 – Different risk set for different regression 

ias. It is basic to define carefully the outcome and to apply the
orrect censoring method before managing survival analyses.

The objective of our study was to evaluate and quantify
he bias of competing risks comparing results from different
ensoring and statistical analysis methods.

.  Methods

ata used in this study come from a single-institution phase
I trial including 41 patients affected by prostate cancer and
ndergoing radiotherapy (IMRT-SIB) from 2009 to 2012 at the
niversity Hospital of Udine (ASUIUD).22

The research ethics board of the University Hospital of
dine (ASUIUD) approved the study, and all the patients
nrolled signed an informed consent, according to the Helsinki
eclaration.

Eligible patients had histologically confirmed prostate can-
er with at least one of the following high-risk features: clinical
tage T2c/T3 or PSA level ≥20 but <100 ng/mL or Gleason score
8.22,23

Exclusion criteria comprised lymph nodes involvement,
istant metastasis, a history of inflammatory bowel dis-
ase, active collagen vascular disease, previous malignancy
ithin 5 years of prostate carcinoma diagnosis (except non-
elanomatous skin cancer), prior pelvic RT, hip prosthesis and

evere urinary symptoms.22

IMRT-SIB treatment planning is described elsewhere.22

Once a week during treatment full blood work, physical
xamination and toxicity evaluation were performed.

Following the end of radiotherapy, patients were mon-
tored on a quarterly basis, in the first 2 years, and on

 6-month basis, in the next 3 years and then annually.
ollow-up period continued until last observation or patients’
eath.

Different outcomes were considered: late rectal toxic-
ty, late gastrointestinal toxicity, late genitourinary toxicity,
elapse, death.

Primary end points related to late toxicity were defined
s any event persisting or occurring more  than 3 months

fter RT completion and biochemical relapse within 6
ears. The toxicity events were prospectively recorded using
he Radiation Therapy Oncology Group (RTOG) morbidity
riteria.23,24
ods: SDH vs CSH.Adapted from Noordzij et al.2

According to the Phoenix definition, biochemical recur-
rence was defined, as an increase in the PSA level of 2 ng/mL
or more  above the PSA nadir after RT.25

Death in the absence of relapse or late toxicity was consid-
ered as a competing event.

Each type of event was analyzed separately.
The end of the follow up was set at 31/03/2017.

3.  Statistical  analyses

The Simon’s two-stage design method was conducted to deter-
mine the sample size.26

The trial was planned to evaluate primarily rectal toxicity,
considering as acceptable a late toxicity rate ≤5%, and con-
sidering as unacceptable a late toxicity rate ≥25%, with a 90%
power and a significance level of 5%. The stopping rule laid
down by the investigation was ≥4 patients with 41 patients
enrolled.

The study population features were investigated per-
forming descriptive statistics on categorical and numerical
variables. Frequency distributions were used for cate-
gorical variables. For numerical variables, we  considered
mean, median, interquartile range, standard deviation,
25◦ and 75◦ percentile, minimum and maximum values.
Kolmogorov–Smirnov test was performed for checking nor-
mality of the distribution for numerical variables.

A study on toxicity profiles was conducted with two sur-
vival analyses: one survival analyses without considering
competing risks, i.e., censoring patient who  died and patients
who completed follow up without any toxicity (or relapse) with
no distinction; one survival analysis applying an informative
censoring to patients who died without any toxicity or relapse,
i.e., taking competing events into account. Both death and tox-
icity (or relapse) events can be considered as competing events
one for the other.

In the analyses conducted without competing events, we
used the Kaplan Meier estimator (survival estimate), log-rank
test (survival estimate, p-value), Cox regression univariate and
age-adjusted models (HR, p-value).
The survival analyses with competing risks were man-
aged through the calculation of cumulative incidence function
(CIF), the homogeneity test of Gray (CIF, p-value), Cox regres-
sion model obtaining the cause specific hazard (CSH, p-value)

https://doi.org/10.1016/j.rpor.2019.08.001
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Table 1 – Patients characteristics.

Characteristic Value

Number of patients 41
Age, yr

Mean ± SD 71.83 ± 6.14
Median 72.00
Range (min–max) 51.00–81.00
IQR 6.00

Late rectal toxicity event, N (%) 5 (12.20)
Late gastrointestinal toxicity
event, N (%)

7  (17.07)

Late genitourinary toxicity event,
N (%)

6  (14.63)

Relapse, N (%) 3 (7.32)
Death, N (%) 8 (19.51)
Follow-up LRT, mo

Median 62.39
Range (min–max) 4.24–92.68
IQR 21.62

Follow-up LGiT, mo
Median 62.85
Range (min–max) 0.00–92.68
IQR 35.09

Follow-up LGuT, mo
Median 62.39
Range (min–max) 5.98–92.68
IQR 22.80

Follow-up relapse, mo
Median 62.85
Range (min–max) 6.05–92.68
IQR 21.42

With diabetes, N (%) 5 (12.20)
With hypertension, N (%) 22 (53.66)
With oral anti-coagulant, N (%) 10 (24.40)
Rectal dosimetric parameters
Mean* ± SD/median◦ ± IQR
(min–max)

Mean dose (Gy) 35.58* ± 2.06 (33.25–42.62)
Median dose (Gy) 39.03* ± 1.27 (36.17–41.55)
V 50 (%) 16.12* ± 2.43 (11.44–20.66)
V 66 (%) 1.92* ± 1.58 (0.01–5.80)
V 70 (%) 0.04◦ ± 0.31 (0.00–2.69)

Bladder dosimetric parameters
Mean* ± SD/median◦ ± IQR
(min–max)

Mean dose (Gy) 45.30* ± 2.72 (40.57–53.63)
Median dose (Gy) 43.38* ± 3.19 (37.72–53.49)
V 50 (%) 27.67◦ ± 11.76 (11.74–68.08)
V 60 (%) 9.35* ± 4.35 (2.28–19.38)
V 65 (%) 4.48* ± 2.58 (0.53–9.91)
V 70 (%) 0.36◦ ± 0.95 (0.00–4.32)

SD: standard deviation; IQR: interquartile range; Yr: years; mo:
months; LRT: late rectal toxicity; LGiT: late gastrointestinal toxic-
514  reports of practical oncology an

and Fine and Gray modified Cox regression model with the
subdistribution hazard (SDH, p-value), both univariate and age
adjusted.

In both cases we  produced survival tables and curves.
Results of KM and CIF estimates, as well as the results

from log-rank test and Gray’s test, were compared through
the percentage difference, considering as 100% reference CIF
values and then considering proportionally 1-KM values. The
overestimation was calculated as the difference between the
complementary to 1 of the KM estimate and CIF value.

Before performing regression analyses, the Cox regression
proportionality assumption was checked using the Schoen-
feld’s residuals; only the variables respecting the assumption
(p ≥ 0.05) were included in the models.

Age adjusted analyses were conducted considering two
age-groups: <or ≥ median age at the beginning of radiotherapy
(72 years).

Dosimetric–toxicity relation was investigated with unad-
justed and age adjusted analyses considering dosimetric
parameters, such as the mean and median dose and dose dis-
tribution parameters, such as V45, V50, V66, V70 (percentage
irradiated tissue for dose) evaluated as numeric continuous
variables.

Since the results of the CSHs model and Cox regression
(HRs) were the same, they were reported just once as CSHs.

We compared CSHs and SDHs and calculated their percent-
age differences, considering as 100% reference SDH values and
then considering proportionally CSH values.

All statistical analyses were performed using SAS© soft-
ware,  version 9.4 (SAS institute, Inc., Cary, NC, USA) and R 3.4.2.
The significance level was set at 0.05.

4.  Results

Patient characteristics are summarized in Table 1. Median
age was 72 years (range, 51–81 years), 12.2% of patients had
diabetes, 24.4% were on anti-coagulant therapy and 53.7%
suffered from hypertension. Median follow-up duration was
between 62.39 and 62.85 months (range, 0.00–92.68 months).

The CIF and 1-KM estimates of event (toxicity or relapse)
and competing event (death without toxicity or relapse) were
compared and the results shown in Figs. 2 and 3 and Table 2.

Probability estimates curves of events and competing
events using CIF and 1-KM methods are illustrated in Fig. 2.
Percentage probabilities of events, competing events and cen-
soring at the end of follow up and their sum with KM and CIF
estimates are illustrated in the stacked barplot in Fig. 3, con-
sidering as 100% reference the sum of the three with the CIF
method.

Table 2 presents CIF and 1-KM estimates with their per-
centage difference, considering CIF values as 100% reference
and considering 1-KM values proportionally. The KM method
overestimates the probability of the event and the competing
event by 9.36% (mean value; range: 1.58–19.61) considering the
events separately.
Results of survival analyses stratified by groups through
CIF and 1-KM methods comparing the groups with log-
rank test and Gray’s test are shown in Fig. 4 and Table 3.
The KM method overestimates the probability of event by
ity; LGuT: late genitourinary toxicity; N (%) number of patients with
percentages in parentheses; *Mean ± SD; ◦Median ± IQR.

5.26% (median value), considering Gray’s test results as 100%
reference and considering those of the log-rank test propor-
tionally.

There are no differences in significance between log-rank
and Gray’s test.

The results of Cox regression model (CSHs) and Fine and

Gray’s modified Cox regression model (SDHs) with their dif-
ferences, both univariate and age adjusted, are shown in
Table 4.

https://doi.org/10.1016/j.rpor.2019.08.001
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Fig. 2 – CIF and 1-KM curves for events and competing events. LRT: late rectal toxicity; LGiT: late gastrointestinal toxicity;
LGuT: late genitourinary toxicity; 1-KM: complementary to 1 of the Kaplan Meier estimate; CIF: cumulative incidence
function.

Fig. 3 – Percentage probabilities of toxicity/relapse, death without toxicity/relapse, censoring at the end of follow up without
toxicity/relapse and their sum with KM and CIF estimates. LRT: late rectal toxicity, LGiT: late gastrointestinal toxicity; LGuT:
late genitourinary toxicity; 1-KM: complementary to 1 of the Kaplan Meier estimate; CIF: cumulative incidence function.

Table 2 – The complementary to 1 of the KM estimate and the CIF estimate for the toxicity/relapse event and for the
death event and their percentage difference ((1-KM)-CIF) considering CIF values as 100% reference and considering 1-KM
values proportionally.

Outcome Toxicity/relapse probability estimate Death probability estimate

1-KM CIF E (n) CE (n) Diff. % 1-KM CIF E (n) CE (n) Diff. %

LRT 0.1316 0.1254 5 8 +4.94 0.2776 0.2473 8 5 +12.25
LGiT 0.1734 0.1707 7 8 +1.58 0.2787 0.233 8 7 +19.61
LGuT 0.1567 0.1488 6 7 +5.31 0.2585 0.2226 7 6 +16.13
Relapse 0.1030 0.0987 3 7 +4.36 0.5880 0.5313 7 3 +10.67

LRT: late rectal toxicity; LGiT: late gastrointestinal toxicity; LGuT: late genitourinary toxicity; 1-KM: complementary to 1 of the Kaplan Meier
estimate; CIF: cumulative incidence function; E (n) number of events; CE (n) number of competing events.

https://doi.org/10.1016/j.rpor.2019.08.001
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Fig. 4 – CIF and 1-KM curves for events and competing events stratified by diabetes mellitus, anticoagulation therapy,
hypertension. LRT: late rectal toxicity; LGiT: late gastrointestinal toxicity; LGuT: late genitourinary toxicity; 1-KM:
complementary to 1 of the Kaplan Meier estimate; CIF: cumulative incidence function; DM:  diabetes mellitus; AT:
anticoagulation therapy; HTN: hypertension.

Table 3 – Log-rank test and Gray’test p-values and cumulative incidence values and their percentage differences,
considering Gray’s test results as 100% reference and considering log-rank test ones proportionally.

Outcome IV Cumulative incidence Diff. % p-value

Log-rank test Gray’s test Log-rank test Gray’s test

LRT

Diabetes
w  0.4000 0.4000 /

0.04  0.04
w/o 0.0949 0.0877 +8.21

Anticoag.th.
w 0.1000 0.1000 /

0.90  0.85
w/o 0.1419 0.1353 +4.88

Hypertension
w 0.0932 0.0910 +2.42

0.60  0.53
w/o 0.1741 0.1657 +5.07

LGiT

Diabetes
w 0.4000 0.4000 /

0.10  0.15
w/o 0.1414 0.1389 +1.80

Anticoag.th.
w 0.2222 0.2000 +11.10

0.80  0.83
w/o 0.1613 0.1613 /

Hypertension
w 0.2344 0.2273 +3.12

0.30  0.30
w/o 0.1053 0.1053 /

LGuT

Diabetes
w / / /

0.30  0.34
w/o 0.1792 0.1688 +6.16

Anticoag.th.
w 0.1250 0.1120 +11.61

0.60  0.60
w/o 0.1650 0.1613 +2.29

Hypertension
w 0.0476 0.0455 +4.62

0.07  0.05
w/o 0.2763 0.2713 +1.84

 geni

The aim of this study was to evaluate and quantify the
bias of competing risks in an Italian oncologic cohort
comparing the results obtained with methods considering
LRT: late rectal toxicity; LGiT: late gastrointestinal toxicity; LGuT: late
bold values are <0.05.

The median value of overestimate by CSH is 0.68% (range
−3.90 to +24.49) for univariate regression and 1.92% (range
−4.67 to +25.64) for age adjusted regression, considering SDH
results as 100% reference and considering CSH values propor-
tionally.
tourinary toxicity; w: with; w/o: without.

5.  Discussion

https://doi.org/10.1016/j.rpor.2019.08.001
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Table 4 – SDH and CSH values and their percentage difference for numerical continuous and dichotomous variables
univariate and age adjusted regression, considering SDH results as 100% reference and considering CSH values
proportionally.

Type Outcome IV Univariate Age adjusted

SDH p CSH p Diff. % SDH p CSH p Diff. %

Dichotomous
variables

LRT

Age  0.21 0.17 0.21 0.16 −1.44
Diabetes 5.89 0.04 5.66 0.06 −3.90 5.99 0.038 5.71 0.057 −4.67
Hypertension 0.57 0.53 0.60 0.58 +5.08 0.64 0.60 0.69 0.68 +7.81
Anticoag.th. 0.81 0.85 0.87 0.90 +7.16 1.04 0.97 1.29 0.82 +24.04

LGiT

Age 1.10 0.90 1.06 0.94 −3.54
Diabetes 3.33 0.13 3.28 0.16 −1.62 3.33 0.14 3.28 0.16 −1.50
Hypertension 2.31 0.31 2.39 0.30 +3.33 2.31 0.31 2.40 0.30 +3.90
Anticoag.th. 1.20 0.82 1.28 0.77 +6.70 1.18 0.83 1.27 0.78 +7.63

LGuT
Age 0.16 0.08 0.15 0.09 −1.29
Hypertension 0.16 0.10 0.18 0.11 +9.38 0.19 0.13 0.21 0.15 +10.53
Anticoag.th. 0.57 0.58 0.60 0.64 +5.63 0.78 0.80 0.98 0.99 +25.64

Numerical
continue
variables

LRT

Mean dose 1.35 0.17 1.35 0.17 +0.15 1.37 0.21 1.37 0.19 0
Median dose 1.30 0.52 1.30 0.48 +0.46 1.26 0.58 1.27 0.51 +0.79
V 50 1.18 0.28 1.19 0.36 +1.11 1.20 0.28 1.21 0.37 +1.34
V 66 1.44 0.02 1.58 0.11 +9.36 1.30 0.15 1.43 0.21 +10
V 70 1.46 0.32 1.82 0.31 +24.49 1.16 0.74 1.43 0.53 +23.28

LGuT

Mean dose 0.96 0.81 0.95 0.76 −0.42 0.94 0.72 0.93 0.62 −1.60
Median dose 0.96 0.79 0.95 0.71 −0.84 0.93 0.71 0.90 0.53 −3.12
V 50 1.00 0.95 1.01 0.89 +0.30 1.01 0.77 1.01 0.72 +0.30
V 60 1.08 0.48 1.08 0.38 +0.56 1.06 0.52 1.07 0.43 +1.04
V 65 1.17 0.33 1.18 0.29 +1.29 1.08 0.54 1.11 0.48 +2.31
V 70 1.51 0.29 1.52 0.21 +0.79 1.25 0.54 1.27 0.44 +1.92
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LRT: late rectal toxicity; LGiT: late gastrointestinal toxicity; LGuT: late
hazard.

ompeting events with those obtained with traditional
nes.

The KM method overestimated the probability of events
nd competing events.

The KM method can deal just with one event at a time.
ny other event has to be censored, the censoring is not

nformative and, in the presence of competing risks, the KM
ssumption of independent censoring is violated. The com-
lementary to 1 of the KM estimation must be considered as
he probability of the event of interest in a hypothetical world
here a patient can fall only for the event of interest and no
ther case.

Therefore, methods for managing competing events must
ake into account the informative nature of censoring. The
umulative incidence method allows to manage both the
vent of interest and the competing event, which is then cen-
ored in an “informative” way.

Consequently, as seen from our results, in the presence of
ompeting risks, KM,  compared to CIF, overestimates the prob-
bility of the event of interest and of competing event, giving
isleading results.
In this study we  observed an overestimation of 9.36% (range

.58–19.61), consistent with literature where the overestima-
ion of the probability of the event of interest is reported to
e around 10% or more.6 The overestimation is the greater
he more  frequent and prior to the events of interest are the
ompeting events. For example, the minimum overestimation

+1.58%) observed related to gastroenteric toxicity. There were

 events and 8 competing events. The first event of interest
ccurred in the absence of competing events. The following

 events of interest were concentrated between the 1st and
itourinary toxicity; CSH: cause specific hazard; SDH: subdistribution

the 2nd competing event (CE). In this case, the overestima-
tion was caused by just 1 CE out of 8. On the other hand, the
highest overestimation (+19.61%) observed was about death
without LGiT. This was because deaths, i.e., the events of inter-
est, took place after the occurrence of most of the LGiT events
considered as CE.

Evaluating the percentage sum of the probabilities of the
event of interest (LRT, LGiT, LGuT, relapse), of the competing
event (death without toxicity or recurrence), and of censor-
ing (survive without toxicity or recurrence), considering as
100% the reference the sum of the three (event of interest,
competing event and censoring) with the CIF method, we
observed an overestimation with the Kaplan Meier method
which appears to be lower than the overestimation considered
for the individual events. This is because patients censored
who survived without events had the same probabilities with
both methods and, in our study, they were more  numerous
than those who experienced an event, causing a “dilution”
of the overestimation determined by competing events seen
before.

Just as Kaplan Meier, the log-rank test, in the presence of
competing events, determines an overestimate of the Gray
test’s results.

In some cases, we  observed no overestimation from log-
rank test estimates based on the KM method compared to
Gray’s test estimates based on CIF; this did not happen because
there were no competing events in these strata, but because of

the position of the competing event: the last event of interest
happened before the first CE. In this way, competing events did
not have the possibility to cause an increase of the estimate’s
probability of the event of interest.

https://doi.org/10.1016/j.rpor.2019.08.001
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Considering the example of the LRT in the presence of dia-
betes, we  observed the last LRT event at 27 months and the
first competing event at 63 months.

Considering the log-rank and Gray’s test p-values we
observed no differences. Both point out a statistically signif-
icant difference in LRT between patients with and without
diabetes, a relation well known in literature. Many studies27–30

indicate diabetes history as the first risk factor for developing
radiotherapy-related late rectal toxicity events and for devel-
oping LRT events before non-diabetic patients29 as seen in this
study (4 months vs 6 months).

Regression analyses were performed using the Cox model
and the model of Cox modified by Fine and Gray. The sim-
ple Cox regression can be used in the same way to estimate
both the HR in the absence of competing events and the cause
specific hazard (CSH) in the presence of competing risks.

Cox model modified by Fine and Gray estimates the subdis-
tribution hazard (SDH) in the presence of competing events.
However, it must be remembered that the SDH is not the
same as the CSH and that different approaches to manage
competing risks, as seen with our data, can give different
results, explained by the different composition of the risks
set. With regard to unadjusted analyses, CSH tends to give
higher results than SDH in a greater number of cases. The per-
centage difference between the results obtained with the two
techniques (CSH–SDH) ranges from −3.90% to +24.49%, with a
median of +0.68%. With regard to age adjusted analyses (<72
years, ≥72), even in this case, the CSH tends to give higher
results compared to SDH in a greater number of cases. The
percentage difference among the results obtained with the
two techniques (CSH–SDH) ranges from −4.67% to +25.64%,
with a median of +1.92%. The differences observed between
CSH and SDH depend, as mentioned, on the fact that SDH is
actually a measure different from HR, representing a ratio in
a non-existent population, including those who have experi-
enced the competing event and could no longer experience
the event of interest, whose interpretation is more  difficult.

The HR of 5.66, e.g., related to the relationship between dia-
betes and rectal toxicity obtained with the causal approach,
indicates that at any time after the first three months after the
end of radiotherapy, diabetic patients had a risk of experienc-
ing a rectal toxicity event 5.66 times higher than non-diabetic
patients, among patients alive without any rectal toxicity
event and still present in the risk set at that time.

The SDH greater than one (SDH = 5.89), obtained with the
subdistribution model, means that the cumulative incidence
of rectal toxicity is greater in diabetic patients than in non-
diabetic patients.

However, the value of 5.89 is not easy to interpret as it
expresses the rate of rectal toxicity (toxicity rate ratio) among
patients who are alive without any rectal toxicity event or who
died without any toxicity event at that time.

This measure is useful for prognostic research, as in our
case, rather than to investigate etiological problems.

Regarding the significance of the relationship between the
outcome and the predictors considered, using the SDH we can

27–33
notice some well known significances that are lost with
the CSH in the unadjusted analysis, as the relation dose (V66)
– percentage of irradiated tissue (rectum) (p = 0.017) and dia-
betes (p = 0.042) for rectal toxicity. The relevant relationship
iotherapy 2 4 ( 2 0 1 9 ) 511–519

between diabetes and late rectal toxicity is also significant
in the age adjusted regression analyses with the subdistribu-
tion method, while lost with the causal method (p = 0.038 vs
p = 0.057).

The correct analyses method is therefore fundamental to
study clinical data and to draw conclusions on important cor-
relations.

Unfortunately, the existence of competing risks is yet a
little known bias even if it has an important impact.

In 20171 Jason P. Fine, the father of the Fine and Gray
modified Cox regression model for competing events man-
agement, has underlined the high prevalence of the problem
in high-impact general medical journals and provided advice
and recommendations for improvement.

It is of primary importance that clinicians know the exis-
tence of the competing risk bias, be able to recognize it and
understand the implications of the results. It is crucial not
only for those who write articles but mostly for those who
read studies potentially susceptible.

To that end, it would be helpful if important research qual-
ity checklists, like CONSORT and STROBE, could implement an
item about the presence/absence/management of competing
risk bias.

6.  Study  limitations

The difference of about 10% that we found between the results
of the classic methods of survival analyses and the methods of
competing risks accounting is consistent with literature even
if the low number of patients involved and events observed
could have overestimated it.

It would be interesting to test different methods of survival
analyses on a wider number of patients and events to bet-
ter understand and quantify results and distortions caused by
inconsistent analysis methods.

7.  Conclusions

Competing risks are often present in survival analyses, espe-
cially in oncology and radiotherapy studies, and correct
statistics should be applied to avoid distortions in the results.
We suggest CIF and Gray’s test should be used for survival
analyses to avoid overestimations in the presence of com-
peting risks and to account for competing risks in regression
analyses using the Fine and Gray’s modified Cox regression
model for prognostic studies, not to miss potentially signifi-
cant results.
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