
Avoiding immortal time bias in
observational studies

To the Editor:

We read with interest the recent study by SUISSA et al. [1] published in the European Respiratory Journal.
The study used population-based administrative data from the province of Quebec, Canada, to evaluate the
association between inhaled corticosteroid (ICS) exposure and lung cancer risk in patients with COPD.
The results of the study indicated that ICS use was not associated with lung cancer risk in this patient
population.

Our particular interest in reading this study stems from our own work published in the ERJ, which
addressed the same question using administrative health data from the province of British Columbia,
Canada, but showed different results [2]. A major strength of our study was that we directly linked health
administrative data with the British Columbia Cancer Registry file, which enabled us to accurately
ascertain the date of the lung cancer diagnosis, as well as the histological subtype of tumour for each
patient (discussed further below), and employed multiple methods of measuring exposure. Our results
indicate a protective effect resulting from ICS exposure on lung cancer risk across several time-dependent
methods of defining medication exposure.

SUISSA et al. [1] draw attention to the concept of immortal time bias in our analysis as a possible
explanation for the discordant findings between their results and ours. The authors have compiled a
commendable body of research identifying immortal time bias in observational studies, particularly in
studies where cancer is an outcome. Immortal time bias arises in different contexts, but commonly when
the definition of exposure is satisfied at some point during the follow-up time but is applied to the entire
follow-up period, thus requiring patients to survive (and overestimating time considered as exposed) until
the time of exposure (additional details and discussion of immortal time bias available in [3, 4]). This is,
unfortunately, an all too common occurrence in observational studies, particularly those using
administrative data.

However, we would like to objectively refute the claim that our design suffered from immortal time bias.
The authors cite the following phrase from our study: “…based on having filled a prescription after the
start of follow-up”, failing to cite the previous sentence which clearly states: “The time-dependent ‘ever’
exposure…” explicitly stating that our exposure definition was time-dependent. Thus, our analysis was not
based on a “fixed” exposure definition, but rather ICS exposure was defined as a time-dependent variable.
This point was explicitly stated throughout our report (see the “Abstract”, “Methods” section entitled “ICS
exposure”, table 3, table 4, table 5 and table 6). To enable others to view our approach, we have also posted
the relevant section of our analysis code online (https://sites.google.com/view/analysiscode-raymakersetal2019/
home). Our approach appropriately classifies an individual as unexposed during the time after entry into the
cohort and before the first ICS prescription, which avoids immortal time bias.

The question remains as to why the study by SUISSA et al. [1] arrived at a different conclusion from our own.
One possible difference is that our identification of lung cancer cases was obtained from a directly linked
cancer registry database and as such, our lung cancer diagnoses were histopathologically confirmed, whereas
lung cancer diagnoses in SUISSA et al. [1] were on the basis of hospital discharges. If the diagnosis of lung
cancer using these records might include additional diagnoses beyond lung cancer, specifically diagnoses
that would not be affected by ICS exposure, there could be an ascertainment bias towards a null effect.

In closing, we certainly appreciate the expertise of the authors and their previous contributions to this area
of research; however, we feel that in this instance they have misunderstood important details of our analysis.
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As such, we feel the need to draw attention to this misunderstanding and state explicitly to the readers of
the ERJ that our analysis used appropriate methods to avoid immortal time bias.
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From the authors:

We thank A.J.N. Raymakers and co-workers for their letter, which clarifies the method of data analysis
used in their study of the association between inhaled corticosteroids (ICS) and lung cancer incidence in
COPD [1]. Indeed, as shown by the computing code they provide, the data analysis did consider ICS use
as a time-dependent exposure, thus avoiding immortal time bias.

Our assumption that this bias affected their study arose mainly because of the scarcity in data
presentation, in particular the crude rates. The Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines make extensive recommendations that allow to better understand and
interpret data from observational studies, thus avoiding such misunderstandings [2]. In particular, it
advocates that in “a cohort study with events as outcomes, report the numbers of events for each outcome
of interest … the event rate per person-year of follow-up … presenting such information separately for
participants in different exposure categories of interest … giving the unadjusted analyses together with the
main data” [2]. A presentation of these data by A.J.N. Raymakers and co-workers, including information
on the person-time and crude rates before and after ICS initiation, would have mitigated concerns about
potential immortal time bias in the design and analysis of this observational study.

We agree that the availability of a cancer registry, such as the excellent one from British Columbia, with
the confirmed diagnoses used in their study, provides more accurate outcome events than claims-based
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diagnoses. Nevertheless, validation studies in other databases have shown good accuracy for the diagnosis
of lung cancer from claims data [3, 4]. This suggests that the resulting magnitude of the potential dilution
of the hazard ratio towards the null in our study is likely marginal.

In all, it is reassuring to find out that the study of RAYMAKERS et al. [1] used the proper time-dependent
analysis that avoided immortal time bias. On the other hand, the relatively good accuracy of the diagnosis
using claims data in our study likely does not fully explain the wide discrepancy in results between the two
studies, namely a 30% reduction versus no reduction in lung cancer incidence with ICS use [5]. Thus, in
view of our and other studies that also found no reduction in lung cancer incidence with ICS use, further
research is needed to better understand this association, particularly if the suggestion of a randomised trial
is contemplated [6].
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