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Cases in which a two-compartment mo-
del reduces to a one-compartment model

V1 V2
Q

CL

·Q→ 0,

·Q→∞ or

·V2→ 0

Workflow for parametric bootstrap
1. Fit one-compartment model to data x

2. Simulate new sample data xi from fitted model and
calculate likelihood ratio test statistics Λ(xi)

3. Determine (1−α)-quantile q1−α(Λ(xi)) of test sta-
tistics

4. Calculate test statistic Λ(x) for data x

5. Classify data as two-compartment system if
Λ(x) > q1−α(Λ(xi))

How to estimate two-compartment mo-
dels with barely identifiable parameters
to prevent numerical problems due to unidentifiability:

1.V2 fixed on a discrete grid (uniform on log-scale) and
V1, Q, CL and residual error σ estimated

2. all parameters continously estimated in neighbourhood
of best model estimates from previous step

Power comparison dependent on threshold
· classical one- and two-compartment models with multiplicative log-normal residual error

· power increases with more distinct deviation from one-compartment model (different Q values)
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Models for simulation

determine
empirical
quantiles

0.00

0.25

0.50

0.75

1.00

0 1 2 3 4
Q
[
L
h

]

S
ta

ti
st

ic
al

P
ow

er

Power of test with empirical
or χ2

2-quantile as threshold

V1 = 15 L, V2 = 40 L, CL = 0.5 L
h, σ = 0.2, t = 0, 0.5, 1, 4, 8, 24 h

Dense timescheme: 10 measurements
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Parameters V1 = 40L, V2 = 20L, CL = 4L/h
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Simulation study for decision between one- and two-compartment models

· likelihood ratio test (LRT): decision between models using ratio of their likelihoods

· likelihood ratio test statistic (LRTS):

Λ(x) = 2 log

(
maxfull model `(x|θ)

maxreduced model `(x|θ0)

)
,

or equivalently the difference between their log-likelihoods

· decision based on difference in objective function value is also a likelihood ratio test:

Λ(x) = OFVreduced model(x)− OFVfull model(x)

·model selection: as threshold for LRTS, the (1−α)-quantile of χ2-distribution with
dof = ∆number of parameters is recommended (e.g. in NONMEM [1])

if Λ(x) > q1−α(χ
2
∆p), then the reduced model is rejected

· common misconception: LRTS under reduced model is asymptotically χ2-distributed

Where is the LRT with the χ-distribution assumption used?

· (1−α)-quantile of distribution of LRTS under the reduced model as threshold gua-
rantees asymptotic type I error α

Wilks theorem [2]: If

·models are nested

· parameters of reduced model not on the
boundary of full parameter space

·models are identifiable

· likelihood functions are differentiable

· full model has p more parameters than
reduced model

⇒ the LRTS Λ(x) under the reduced model is
asymptotically χp-distributed

BUT: conditions not fulfilled in PK model-
ling and LRTS under reduced model not χ2

95%-quantiles
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Why is the χ-distribution used and why is this a problem?

Work on asymptotics for likelihood ratio tests under non-identifiability:

· LRTS under the reduced model is asymptotically the supremum of a squared Gaussian
process (quantiles also typically determined by simulation) [3]

· for application on one- and two-compartment systems assumptions like uniform dis-
tribution of sampling time needed (not realistic) [4]

Work on parametric bootstrap in pharmacometric modelling:

· in covariate modelling, χ2 seems to be anti-conservative, i.e. when using χ2-quantiles,
the nominal α-level is not attained [5]

What has been done previously?

In our simulations:

· 95%-quantile of χ2 up to twice as large as actual 95%-quantiles

· aiming for α-level of 5% results in actual α-level of ∼1-2%

·χ2-quantiles are more restrictive than intended → reduced power of the test

When using χ-quantiles, contrary to what is intended, no statements
can be made about the level of the test and it can be far from the
targeted value.

How does the χ-quantile as treshold influence model selection?
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