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Background

Survival Is a key parameter in health economic assessments as It drives
costs and benefits In the analyses. Due to limited follow-up of clinical
trials, survival extrapolation iIs commonly needed [1]. The choice of
survival model for extrapolation determines the outcome of the cost-
effectiveness analyses [1].

The selection of the survival model Is partly guided by goodness-of-fit
statistics, namely the Akaike information criteria (AIC) and the Bayesian
information criteria (BIC) [1]. Individual AIC and BIC values are not
Interpretable as they contain arbitrary constants and sample size. Rather,
AIC/BIC are calculated for every candidate model and the “best” fitting
model Is the model with the smallest value. To guide the model selection,
delta AIC (Al = AICI — AICmin) and BIC values (Al = BICI — BICmin) may
be used, where AICmin and BICmin are the smallest values. Survival
models with Al < 2 are considered to be supported by the data and
models with Al >2 may be considered not to be supported [2].

The use of goodness-of-fit statistics has some limitations [1]. For
example, Beca et al. demonstrated, using the exponential distribution,
short follow-ups of large samples produced a large error in AIC and BIC
estimates [3].

The objective of this simulation study was to assess the performance of
AIC and BIC when selecting between six standard parametric survival
models to extrapolate survival data with varying levels of right censoring.

Survival data was simulated from six survival models (exponential,
generalized gamma, Weibull, Gompertz, lognormal, and loglogistic),
using the R programming language. Censoring of patients was simulated
using a uniform distribution. To achieve different levels of censoring, the
upper bound of the uniform distribution was increased gradually until 70%
of events were censored. The level of censoring was defined as low
(=30%) to high (=70%). The six models were fit to each of the six
simulated data sets and the performance of AIC and BIC to identify the
true survival model was assessed. The analysis was repeated 1000 times
for each censoring level. The probabillity of the true survival model being
the best fitting model was calculated using goodness-of-fit statistics. To
assess the selection criteria of AAIC/BIC < 2, the number of times the
correct model would have been rejected was estimated.

With increased censoring the probability of selecting the true survival
model based on goodness-of-fit statistics decreased for the loglogistic,
Gompertz, generalized gamma, and Welibull models. This was true for
both AIC and BIC except for the generalized gamma model where BIC
performed poorly at all censoring levels (Figure 1).

AlIC typically performed better than BIC at all censoring levels. The
declining trend in probabillity of selecting the true model was not observed
for the lognormal and exponential models, and notably BIC performed
better for these models.

Except for the generalized gamma model, the probability of selecting the
true model was approximately 70 — 90% at a censoring level of 30% and
dropped to 40% or lower at a censoring level of 70%. Only for the
exponential and lognormal survival models, the probability remained at
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the same level, irrespective of censoring level.

AlIC and BIC performed poorly when fitting the generalized gamma model
(the probability of selecting this model was 0% at a censoring level of 50%
or higher).

Figure 1. Probability of AIC and BIC selecting the true distribution by censoring
level for six survival models
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Censoring level

Across all censoring levels, AAIC < 2 was observed for all the true models;
whereas ABIC < 2 was only observed for the lognormal, loglogistic,
exponential and Welbull models, irrespective of censoring level. For the
Gompertz and the generalized gamma models, ABIC > 2 was observed In
53% and 100% of simulations, respectively.

Conclusions

Overall, goodness-of-fit statistics AIC and BIC are sensitive to censoring
and should be interpreted with caution when selecting a survival model for
extrapolation. In most simulations, AAIC/BIC supported the use of the true
distribution. Using AAIC as guidance may be appropriate irrespective of
censoring while ABIC should be used with more caution.

The exponential and the lognormal models were the least sensitive to high
censoring. In contrast, the generalized gamma and Gompertz models
showed the highest sensitivity. The good and the poor performance of BIC
for the exponential and the generalized gamma models, respectively, was
expected, as the use of additional parameters (one and three parameters,
respectively) is penalised more highly by the BIC than by the AIC.

Our results have shown that, at high levels of censoring, neither AIC nor
BIC can guide the choice of a survival model. At 70% or more censoring,
weight should be given to other selection criteria such as the clinical
plausibility or visual fit rather than AIC and BIC. Distributions within Al of
two should be considered, as well as the distribution with the minimum AIC
or BIC.
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