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OBJECTIVE

Accuracy, run time, and robustness are primary concerns when selecting a method for
estimation of a population pharmacokinetic model. Historically, the most popular methods
have been the First Order Conditional Estimation (FOCE) methods provided by NONMEM®,
which generally provide acceptable accuracy in parameter estimates and likelihood
evaluation. An alternative FOCE algorithm was proposed by Lindstrom and Bates [1] that
allows a significant simplification to the optimization of the likelihood and should result in
faster runtimes. To our knowledge, an extensive investigation of the accuracy, speed, and
robustness of the Lindstrom-Bates FOCE (FOCE-LB) algorithm with respect to pharmacokinetic
data has not been conducted. This work compares the FOCE-LB algorithm implemented in
Phoenix® NLME 1.1 with NONMEM VIl FOCE (FOCE-ELS) results.

METHODS

For this evaluation we use a large set of test data and models that were previously generated
by Laveille et al [2] for an evaluation of the SAEM algorithm implemented in MONOLIX. The
models were transcribed to Pharsight Modeling Language (PML) for use with Phoenix NLME
and both Phoenix NLME and NONMEM model sets were automated in the same environment
with equivalent settings and initial estimates. We compare run time of the main algorithm
(excludes covariance estimate), ELS log-likelihood to ascertain quality of convergence,
convergence code or message, and parameter estimates. We compare cases where FOCE-ELS
and FOCE-LB both converge and highlight cases where convergence is different.

RESULTS

1. The FOCE-LB algorithm converges in 94% of the cases, compared to 73% for FOCE-ELS.

2. The FOCE-LB algorithm was faster in 94% of the cases where both algorithms converged.
On average FOCE-LB was 4 times faster than FOCE-ELS and it was 13 times faster over all
the mutually converged problems.

3. The FOCE-LB algorithm converged in 97% of the cases in which FOCE-ELS also converged.
Of these, 25% were significantly worse and 23% were significantly better than FOCE-ELS
results.

4. The FOCE-ELS algorithm converged in 77% of the cases in which FOCE-LB also converged.
Of these, 25% converged to a different and significantly worse result and 21% converged
to a different and significantly better result than FOCE-LB results.

DISCUSSION

1. When comparing estimates, we consider results equivalent when: if NONMEM returned
standard errors from the covariance step the FOCE-LB estimate falls within the confidence
interval, or if no standard errors are available, the estimate is within 5%.

2. When comparing objective function values we take a difference greater than 2 to be
significant.

3. When comparing runtimes, we use ratios. The base 2 logarithm is convenient for
comparison because it spans several integer values (for these results) and can be
interpreted as factors of 2 faster or slower.

4. Convergence of FOCE-ELS was gauged as either successful or unsuccessful. The only
failures seen were termination due to precision, which corresponds to the FOCE-LB return
code (-1). Messages of success or probable success from FOCE-ELS correspond, we think,
to FOCE-LB return codes of (1,2) and (3) respectively. The FOCE-LB codes 1, 2, and 3
correspond to convergence by tolerance on gradient, parameter values, and objective
function value, respectively.

5. We found that convergence and runtimes are sensitive to initial estimates of residual error,
with FOCE-ELS performing better with a lower initial estimate while FOCE-LB fared better
with a larger estimate.

6. The models were all reformulated to use a log-additive error model. While this is
certainly beneficial for the FOCE-LB case, it actually helped FOCE-ELS to converge in cases
where the Monolix evaluation [2] used FO.

7. Figure 1 depicts the log2 runtime ratios for each of the model runs. Red symbols indicate
convergence, while black indicate non-convergence. Circles are used for FOCE-LB and
crosshairs are used for FOCE-ELS. The black line is the cumulative runtime distribution,
with values on the left axis. The right axis gives the NLME (FOCE-LB) runtime in seconds.
The bottom axis shows the log2(runtime ratio). Values < 0 indicate FOCE-LB was faster.

8. Figure 2 shows the objective function value for each model. Symbols are the same as for
Figure 1. Values are truncated at +100.

CONCLUSION

The FOCE-LB algorithm as implemented Phoenix NLME is a fast, accurate, and reliable method
for estimating population pharmacokinetic models in the 150 Monolix test cases investigated
here..
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Figure 1
ELS Objective Function: Nonmem VIl FOCEI - Phoenix NLME FOCEI-LB
01_BOLUS_1CPT_VCL.VCLAIl I 8 I 02_BOLUS_2CPT_VVMKMK12K21VMKMMD I D |
01_BOLUS_1CPT_VCL.VCL.MD | | 02 BOLUS_2CPT_VVMKMK12K21VMKM.SD | + @ |
01-BOLUS_1CPT_VCL.VCL.SD | @ | 02_BOLUS_2CPT_VVMKMV1QV2VMKMAI | D |
01_BOLUS_1CPT_VCLVCL.SS | @ | 02_BOLUS_2CPT "VVMKMV1QV2VNKMMD | @ |
01_BOLUS_1CPT_VCL.VK.AIl | g | 02_BOLUS_2CPT_VVMKM.V1QV2VMKMSD | é@ |
01_BOLUS_1CPT_VCL.VK.MD | | 03_INF_2CPT_VCL.CLV1QV2.AIl | 4 |
01_BOLUS_1CPT_VCL.VK.SD | ¢ | 03_INF2CPT _VCL.CLV1QV2.MD | |
01_BOLUS_1CPT_VCL.VK.SS | 4 | 03_INF_2CPT_VCL.CLV1QV2.SD | 4 |
02_BOLUS_1CPT_VVMKMAII | 9 | 03_INF_2CPT_VCL.CLV1QV2.SS | ® |
02_BOLUS _1CPT_VVMKMMD | 14 | 03_INF_2CPT_VCL.VKK12K21.All | S |
02_BOLUS_1CPT_VVMKMSD | ® | 03_INF_2CPT _VCL.VKK12K21.MD | ® |
03_INF_TCPT_VCL.VCLAIl | @ | 03_INF_2CPT_VCL.VKK12K21.SD | D |
03_INF_1CPT VCL.VCL.MD | @ | 03_INF_2CPT_VCL.VKK12K21.SS | 0 i
03_INF_1CPT_VCL.VCL.SD | 8 | 04_INF_2CPT_VVNKMV1QV2VMKMAI | & |
03_INF_1CPT_VCL.VCL.SS | | 04 INF_2CPT “VVMKMV1QV2VMKMMD | P |
03_INF_1CPT_VCL.VKAIl | ] | 04_INF_2CPT_VVMKMV1QV2VMKMSD | B |
03_INF_1CPT_VCL.VK.MD | 4 | 04_INF_2CPT_VVMKMVK12K21VMKMAI | i |
03_INF_1CPT_VCL.VK.SD | g | 04_INF2CPT _VVMKM.VK12K21VMKMMD | . |
03_INF_1CPT_VCL.VK.SS | | 04_INF_2CPT_VVMKMVK12K21VMKM.SD | 9 |
04_INF_1CPT_VVMKMAII | ¢ | 05_ORALO_2CPT_TIVCL.TICLV1QV2.All | @ |
04_INF_1CPT _VVMKMMD | @ | 05_ORAL0_2CPT_TIVCL.TICLV1QV2.MD |@ : |
04_INF_1CPT_VVMKMSSD | @ | 05_ORALO_2CPT_TIVCL.TICLV1QV2.SD | Q |
05_ORALO_1CPT_TIVCL.VCLAII | @ | 05_ORALO_2CPT_TIVCL.TICLV1QV2.SS | : |
05_ORALO_1CPT_TIVCL.VCL.MD | ¢ | 05_ORALO_2CPT_TIVCL.TIVKK12K21.All | @ |
05_ORALO_1CPT_TIVCL.VCL.SD | 9 | 05_ORALO_2CPT _TIVCL.TIVKK12K21.MD | o : |
05_ORALO_1CPT_TIVCLVCLSS | @ . | 05_ORALO_2CPT_TIVCL.TIVKK12K21.SD | '@ i
05_ORALD_1CPT_TIVCLVKAIl | Q@ | 05_ORALO_2CPT_TIVCL.TIVKK12K21.8S | & |
05_ORALO_1CPT_TIVCLVK.MD | & : | 06_ORALO_2CPT_TIVVMKMTIK12K21VMKMAIl | & : |
05_ORALO_1CPT_TIVCL.VK.SD | ¢ | 06_ORAL0_2CPT TIVVMKMTIK12K21VMKMMD |# ; |
05_ORALO_1CPT_TIVCL.VK.SS | Q@ | 06_ORALO_2CPT_TIVVMKMTIK12K21VMKM.SD | @ : |
06_ORALO_1CPT_TIVVMKMAI | Q | 06_ORALO_2CPT_TIVVMKMTIV1QV2VMKMAI | @ |
06_ORALO_1CPT_TIVVMKMMD | @ | 06_ORALO_2CPT _TIVVMKMTIV1QV2YMKMMD | @ : |
06_ORALO_1CPT_TIVVMKMSD | ¢ | 06_ORALO_2CPT_TIVVMKMTIV1QV2VMKMSD | @ |
07_ORAL1_1CPT_KAVCL.VCLAII | ® | 07_ORAL1_2CPT_KAVCL.KACLV1QV2.AIl | P |
07_ORAL1_1CPT_KAVCL.VCL.MD | @ | 07_ORAL1_2CPT_KAVCL.KACLV1QV2.MD | 9 |
07_ORAL1_1CPT_KAVCL.VCL.SD | 4 | 07_ORAL1_2CPT_KAVCL.KACLV1QV2.SD | 9 |
07_ORAL1_1CPT_KAVCLVCL.SS | & | 07_ORAL1_2CPT_KAVCL KACLV1QV2.SS | 9 |
07_ORALT_1CPT_KAVCLVK.AIl | @ | 07_ORAL1_2CPT_KAVCLKAVKK12K21.All | B |
07_ORAL1_1CPT _KAVCLVK.MD | P | 07_ORAL1 2CPT _KAVCL KAVKK12K21.MD | ' Q |
07_ORAL1_1CPT_KAVCL.VK.SD | g | 07_ORAL1_2CPT_KAVCL.KAVKK12K21.SD | , @ |
07_ORAL1_1CPT_KAVCL.VK.SS | | 07_ORAL1_2CPT_KAVCL.KAVKK12K21.SS | : @ |
08_ORALT_1CPT_KAVVMKMAII | ¢ | 08_ORAL1_2CPT_KAVVMKMKAK12K21VMKMAII | @ |
08_ORAL1_1CPT_KAVVMKMMD | 4 | 08_ORAL1_2CPT_KAVVMKMKAK12K21VMKMMD | @ |
08_ORAL1_1CPT_KAVVMKMSD | ® | 08_ORAL1_2CPT_KAVVMKMKAK12K21VMKMSD | 9 |
09_ORALO_1CPT_TLAGTIVCL.VCLAII | : ¢ | 08_ORALT_2CPT_KAVVMKMKAV1QV2VMKMAII | & |
09_ORALO_1CPT_TLAGTIVCL.VCL.MD | @ ; | 08_ORAL1_2CPT_KAVVMKMKAV1QV2VMKMMD | & |
09_ORALO_1CPT_TLAGTIVCL.VCL.SD | ; | 08_ORAL1_2CPT_KAVVMKMKAV1QV2VMKMSD | P |
09_ORALO_1CPT_TLAGTIVCL.VCL.SS | o | 09_ORALO_2CPT_TLAGTIVCL.TLAGTICLV1QV2.AIl [ . |
09_ORALO_1CPT_TLAGTIVCLVK Al | @ : | 09_ORALO_2CPT “TLAGTIVCL.TLAGTICLV1QV2.MD | : |
09_ORALO_1CPT _TLAGTIVCLVK.MD |9 : | 09_ORALO_2CPT_TLAGTIVCL.TLAGTICLV1QV2.SD |& : |
09_ORALO_1CPT_TLAGTIVCL.VK.SD | @ | 09_ORALO_2CPT_TLAGTIVCL.TLAGTICLV1QV2.SS | ' P
09_ORALO_1CPT_TLAGTIVCL.VK.SS | @ | 09_ORALO_2CPT_TLAGTIVCL TLAGTIVKK12K21.All |~ @ : |
10_ORALO_1CPT_TLAGTIVVMKMAII | . @ 09_ORAL0_2CPT _TLAGTIVCL TLAGTIVKK12K21.MD | & . |
10_ORALO_1CPT _TLAGT IVVMKMMD | @ : | 09_ORALO_2CPT_TLAGTIVCL.TLAGTIVKK12K21.SD | ¢ |
10_ORALO_1CPT_TLAGTIVVMKMSSD | S | 09_ORALO_2CPT_TLAGTIVCL.TLAGTIVKK12K21.SS | @ |
11_ORAL1_fCPT_TLAGKAVCL.VCLAIl | @ | 10_ORALO_2CPT_TLAGTIVVMKM.TLAGTIK12K21VMKMAII | ; D
11_ORAL1_1CPT _TLAGKAVCL.VCL.MD | @ . | 10_ORALO_2CPT _TLAGT IVVNKMTLAGTIK12K21VNKMMD | & . |
11_ORAL1_1CPT_TLAGKAVCL.VCL.SD | 9 | 10_ORALO_2CPT_TLAGTIVVMKMTLAGTIK12K21VMKM.SD | : D
11_ORAL1_1CPT_TLAGKAVCL.VCL.SS | o | 10_ORALO_2CPT_TLAGTIVVMKM.TLAGTIV1QV2VMKMAI | ; @
11_ORALT_1CPT_TLAGKAVCL.VK.AIl | @ | 10_ORALO_2CPT _TLAGT IVVMKM.TLAGT IV1QV2VMKMMD | : |
11_ORAL1_1CPT_TLAGKAVCLVKMD | @ . | 10_ORALO_2CPT_TLAGTIVVMKM.TLAGTIV1QV2VMKM.SD | . L4
11_ORAL1_1CPT_TLAGKAVCL.VK.SD | 9 | 11_ORAL1_2CPT_TLAGKAVCL.TLAGKACLV1QV2.All | $ |
11_ORAL1_1CPT_TLAGKAVCL.VK.SS | @ | 11_ORAL1_2CPT_TLAGKAVCL.TLAGKACLV1QV2.MD | @ |
12_ORALT_1CPT_TLAGKAVVMKMAII | @ | 11_ORAL1_2CPT_TLAGKAVCL.TLAGKACLV1QV2.SD | @ |
12_ORAL1_1CPT _TLAGKAVVMKMMD | @ | 11_ORAL1_2CPT_TLAGKAVCL.TLAGKACLV1QV2.SS | P |
12_ORAL1_1CPT_TLAGKAVVMKMSD | é@ | 11_ORAL1_2CPT_TLAGKAVCL.TLAGKAVKK12K21.All | , @ |
01_BOLUS_2CPT_VCL.CLV1QV2.AIl | | 11_ORAL1_2CPT _TLAGKAVCL.TLAGKAVKK12K21.MD | '@ |
01_BOLUS _2CPT_VCL.CLV1QV2.MD | ¢ | 11_ORAL1_2CPT_TLAGKAVCL.TLAGKAVKK12K21.SD | @ |
01_BOLUS_2CPT_VCL.CLV1QV2.SD | @ | 11_ORAL1_2CPT_TLAGKAVCL.TLAGKAVKK12K21.SS | @ |
01_BOLUS_2CPT_VCL.CLV1QV2.SS | % | 12_ORAL1_2CPT_TLAGKAVVMKMTLAGKAK12K21VMKMAII | '@ |
01_BOLUS_2CPT_VCL.VKK12K21.All | | 12_ORAL1_2CPT _TLAGKAVVMKM.TLAGKAK12K21VMKMMD | 9 |
01_BOLUS_2CPT_VCL.VKK12K21.MD | & | 12_ORAL1_2CPT_TLAGKAVVMKM.TLAGKAK12K21VMKM.SD | @ |
01_BOLUS_2CPT_VCL.VKK12K21.SD | I | 12_ORALT_2CPT_TLAGKAVVMKMTLAGKAV1QV2VMKMAII | @ |
01_BOLUS_2CPT VCL.VKK12K21.8S | ® | 12_ORAL1_2CPT_TLAGKAVVMKMTLAGKAV1QV2VMKMMD | : @ |
02_BOLUS_2CPT_VVMKMK12K21VMKMAII | @ | 12_ORAL1_2CPT_TLAGKAVVMKMTLAGKAV1QV2VMKM.SD | i
| | | | | | | | |
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