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PREDPP Guide

Preface to 4th Edition

The appearance of this 4th edition of the PREDPP Guide corresponds to the release of PREDPP
7.4.0 and NONMEM 7.4.0. This is the firstmedition since PREDPP Version Il and NONMEM [V in
1992.

Significant changes since the previous version are marked with bars. |

Versions of PREDPP are wonumbered to match those of NONMEM. In the followingwnieatures
are arranged by the versions in whichytivere introduced.

PREDPP IV (NONMEM V)

ADVAN11, ADVAN12, TRANS6
New ADVAN routines. These implement the analytic solution for the Three Compartment Linear
Model. Nev TRANS routine. See Chapter VII, Sections C.11, C.12.

$MODEL
A userwritten MODEL subroutine is no longer requriredM-TRAN can generate the desired
subroutine. Se€hapter VI, Section B.

Endogenous drug
A record with AMT=0, RATE=0, SS>0, and II=0 alls steady-state amounts to be computed by
PREDPP based on endogenous inpugrgby the DES routine. See Chapter |, Section I.

New value of SS data item: SS=3
With Steady State routines SS6 and SS9 and SS13eximg state vector (compartment
amounts and eta deslives) may be used as the initi@stimate in the computation dffie
steady-state amounts. See Chapteeétion F.2.

Models with no Basic PK parameters
With ADVAN routines 6, 8, 9, and 13, MODEL maywdefine models with no basic PK parame-
ters. See Chapter |'%ection B.

ADVAND9 as an Algebraic Equation Solver
ADVAN9 may be used when the system consists of only algebrpiations (i.e., no dérential
equations). Se€hapter VI Section B.

Changes to DES and AES Routines
Argument DT

With subroutine DES, a meargument DT must be declared. The partial dive o
DADT(i) with respect to T must be stored in DT(i). See Chapter VI, Section C.

New Structure for DA, DPDT: Full vs. Compact
See Appendix IV.

AES and DES Initialization at ICALL=1
AES and DES may return information to PREDPP at the initialization call. See Chapter VI,
Sections C.B and E.B.

Display AES and DES Defined items

DES- and AES-defined items may be displayed in tables or scatterplots and are computed at
the event time in the data record. See Chapter VI, Sections C.C and E.C.

Theta and Data record items in DES and AES
In DES and AES: Theta and EVTREC are usable dire@ge Chapter VI, Sections C.A
and E.A.

PK, ERROR, TRANS: KCTIV,IDXETA
A user written PK, TRANS, or ERROR routine may computevdivies for all 7's, or optionally,
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to reduce run time, only for aeén’'s. See Chapter Ill, Section E.5.

ERROR: IDEF
At ICALL=1, a value may optionally be stored in IDEF to reduce run titheells if ERROR uses
derivatives of date vector A (see beaklofor similar feature of PK). See Chapter Béction D.A.

PK: Calling protocol
Substantial time savings are possible when the PK subroutine limits calls to once \pduahdi
record (CALLFL=1 or ONCE PER IR). This is especialy important withvVADN5 and AD/AN7.
See Chapter lll, Section H.

INFN: PASSRC, NEWND
PASSRC contains the data record at ICAdlues 0, 1 and 3PASSRC changes in conjunc-
tion with calls to PASS, atwhich time transgeneration is permittedNWIND contains the
NEWIND value at ICALLO, 1 and 3. NWIND changes value in conjunction with callsAS8%
See Chapter VI, Section A.

$BIND
This is an NM-TRAN feature useful for PREDRAP specifies which values from whichvent
records are used in PK subroutines at naametimes. See Chapter Ill, Section |.A.

PREDPP V (NONMEM VI)

MTIME
Model Event Time feature. See Chapter Il and Appendix .

A 0, A OFLG
Compartment Initialization feature. See Chapter Ill, Section I.B.

|_SS feature
Initial Steady State feature. See Chapter lll, Section I.B and Chagsection F.3.

New value of CALL data item
CALL may be 10 to force a call to AIAN9 See Chapter \Bection V.J.

New values of CMT data items.
CMT data item glues 100 and 1000 may be used to indicate the default compartment for output.
See Chapter INSection V.H.

PK: State vector
Like ERROR, PK may use elements of the stadetar (compartment amounts A) on the right.
TSTATE (time of state vector A) may be used on the right. See Chapter Ill, Section I.A.

PK: IDEF
At ICALL=1, a value may optionally be stored in IDEF to reduce run tithéells if PK uses de-
rivatives of date vector A. See Chapter Ill, Section G.

PK, ERROR: N values of ICALL argument
New values 5 and 6 of ICALL indicate that NONMEM is computing data aerages or ¥pecta-
tions. PKand ERROR routines may V&b provide code for these calls. See Chapter Ill, Section
C and Chapter IYSection B.2.

PREDPP7 (NONMEM 7)

ADVAN13
General Nonlinear Model With StifffNondgtiEquations Using LSODA.
See Chapter VII, Section C.13.

ADVAN14
General Nonlinear Model With Stiff/NongtEEquations Using CVODES.
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See Chapter VII, Section C.14.

ADVAN15
General Nonlinear Model with Equilibrium Compartments Using IDAS.
See Chapter VII, Section C.15.

TOL Changes to SUBROUTINEQL. SeeChapter VI, Section D.B.

New data items XVID XVID1 XVID2 XVID3 XVID4 XVID5
"Repeated Observation Records" featuxeste to assist in specialized methodologsesh as
stochastic differential equations. See Chapiese¢dtion B.

Larger models
The default numbers of compartments and parameters ayex ldfven larger values can be
requested using options PC and PG of the $SIZES re€utiter options such as MAXFCNfatt
PREDPPFor example, $SIZES MAXFCN=9000000 may be used with General Non-Linear mod-
els (ADVANG, ADVANS, ADVAN9, ADVAN13) to request more functiorvauations than the
default \alue. Se&hapter VII, Section A.

Other changes to the PREDPP Guide itself are as follows.

Appendix lll. MTIME Details
This replaces "Appendix Ill. One-Dimensional Format for IDEF of PK", which is obsolete.

Appendix IV, Compact Arrays in DES
This provides details about DES and the use of the Chain Rule.

All figures hare keen updated to the NONMEM 7.érgions. Inthe figures showing NONMEM control
streams (16, 20, 22, 25, 29, 31), certain records been omitted for simplicityE.g., LBW1 and BEST
and others that are only used only with Bayesian meth®hsse are optional records, and their omis-
sion does not affect a NONMEM run in which the Bayesian method is not tk#d.that the FCON
control stream in Appendix Il is complete.

Figure 17a is n&.
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I. Overview of PREDPP

PRED is a NONMEM subroutine that needs to be supplied by the lisdrasic function is to
compute model-based predictions for obatdons. APRED for population pharmacokinetic data analy-
sis can be ery complicated and difficult to write, and the NONMEM Project Group has tried to help by
writing PREDPPa general ersion of this subroutine that is particularly suited for the analysis of popula-
tion pharmacokinetic data. This version of PRED is informally called PREDPPPRBD Population
Pharmacokinetics, Wt the formal name of the subroutine is simply PRED, since this is the entry hame
used by the calling programs in NONMENPREDPP can also be used with NONMEM to analyze-phar
macokinetic data from a single subject, because the required predictions are of a similar nature, and it can
be used with NONMEM tsimulateeither population or single-subject pharmacokinetic data. As the
reader shall see, PREDPP is a very powerful tool for computing pharmacokinetics.

There are a number of different basic kinetic models that carnvblethby PREDPP The user
selects the basic model by selecting one or more subroutines from a library of subroutines of PREDPP
and linking the selected subroutines with the NONMEM and PREDPP subroutines thatwaystba
present in a load module.T This process is described in detail in chapter VII. The library is called the
PREDPPLibrary . For example: If the user is interested in a one compartment linear model, he chooses
subroutine AIVANL1 from a list of PREDPP Library subroutine8DVAN1, ADVAN2, ADVANS, etc.,
which, though distinguishable by the different modely tt@mmpute and by their informal names as just
stated, actually h& the same formal name, AN, since this is the entry name used by the calling pro-
gram in PREDPPADVAN stands for AWANCE because it is the task of each Y¥EN routine to ad-
vance the state vector of compartment amounts (and partighiile®s o the compartment amounts with
respect to random variables, when appropriate) from each point in time tothd-meall the AD/AN
subroutines, PREDPP does the housekeeping for the stata VFor example PREDPP initializes com
partments to zero at the start of anvitlial record, resets compartments to zero when requested, applies
bolus doses, turns compartments on arfidkefeps track ofwent and non-eent times such as infusiorn
start and stop times, additional dose times, and madet 8mes, and computes amounts in the the qut-
put compartment if it is onAnother possible name for AN would hare teen SOLVER, because
most ADVAN routines sole a €t of differential equations, either analytically (ON1-5, ADVAN7,
ADVAN10, ADVAN11, ADVAN12) or by integration (AMANG6, ADVANS, ADVAN13, ADVAN14).
ADVAN9 and AD/AN15 sole a ®t of simultaneous differential and algebraic equations.

The kinetic models that may be selected are:
. The one compartment linear model D¥ON1]

. The one compartment linear model with first order absorption from a drug depot compartment
[ADVAN2]

. The two compartment linear mammillary model [MB N3]

. The two compartment linear mammillary model with first order absorption from a drug depot com-
partment [AD/AN4]

. One of sgeral general linear compartmental models MAN5,7]

. The general nonlinear compartmental modelsVANG6,8,13,14] |
. The general nonlinear compartmental model with equilibrium compartmenig{ND,15] |
. The one compartment model with Michaelis-Menten elimination\JAN10]

. The three compartment linear mammillary model JAIN11] |

. The three compartment linear model mammillary model with first order absorption from a| drug
depot compartment [AYAN12]

T The NONMEM load module is also referred to as the NONMEbtatable. |
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As will be discussed momentarilihis list covers a good deal more than appears to hvered at
first glance. First, though, the distinction between a general linear and a general nonlinear compartmen-
tal model is clarified.A general linear compartmental model describes linear kinetics with up to| 999
compartments, and the computational algorithm employed is based on use of the xpatmengal.
Linear systems with only real eiggtues, or with possibly comptesigervalues, are reliably handledA
general nonlinear model describes either linear or nonlinear kinetics with up to 999 compartmerjts, and
the computational algorithm employed is based on a differential equation solver.

Most often with population pharmacokinetic data analysis, a onecodmpartment model suf-
fices. Althoughthese models can also be implemented with a general linear or nonlinear model, the spe-
cific implementations that kia been written for PREDPP are based on the traditional sumspohen-
tial forms, and are therefore computationally very much faster than are implementations with the general
models.

With ary of the models, a peripheral output compartmentvisyd present. Associated with this
compartment is a dimensionless pharmacokinetic pararigte®f the entire amount, A of drug intro-
duced into the system and eliminated from it, a fractipofRhis amount goes into this output compart-
ment. Theoutput compartment may be turned on and off; while on, drug accumulates therein, and when
turned off, the amount therein is reset to zero. So, for example, if the output compartnmgantedras
a uine compartment (so,fnight be the ratio of renal to total clearance), the initiation and termination of
a uine collection can be simulatedilternatively, using general linear or nonlinear models, compart-
ments from which no distribution can occur inty ather compartments can be defined within the sys-
tem itself. Such compartments may also be turned on ahdlbh wserdefined comparment is initally
off, may be turned on and off, and may not reea se, it is called an output-tygempartment.t

The kinetics, i.e. drug amounts, described by @inthese models can be parameterized by either
microconstants, i.e. rate constants, or certain reparameterizations of the microconstants, pa#eibly in
ing other parameters such as volume of distitim. Thevalue of a kinetic parameter can depend in turn
on the values of physiological and other concomitamiables. Br ary individual, the values of these
concomitant variables can change at discrete times, and so, therefore, can the value of the PK parameter.

Drug can be input into &nof the compartments (except the output compartment) \atiane.
Bolus doses can bewvgn. Inthe case of the one compartment model with first order absorption, for
example, an 1V bolus dose can be input into the central compartment, and another oral bolus dose can be
input into the drug depot compartment at the same or different time as the first dose idlsgunfu-
sions of knan amount and duration can beei. Also,a bolus dose of a known amount can beegi
whose appearance into a specified dose compartment, rather than being instantaneous, is actually go
erned by a zero-order process, the rate or time-duration of which mayameceas a kinetic parameter
whose value may be specified or estimated. Soxamele, a bolus dose in the form of a tablet may be
placed in a compartmentutbdue to the dissolution process, its appearance in the compartment may be
better described by a zero-order process.

If many doses are gen over time, as may happen in a clinical setting, the specification of this in
the data record structure can be tedious, and the computation time is affected since extstate v
updated at each time point that a dosevergi If, however, these doses arevgn in a reqular cyclic fash-
ion (e.g. 5 mg at 8 AM, 1 mg at 8 PM; daily) angerosuch a sufficiently long time that the system can
be rggarded as being at steady-state at the times the doses of some pawyidelarec the "steady-state
cycle", are gien, then steady-state kinetics can be used to greatly mitigate the dose specification and
computation time problemsOnly the steady-state cycle of doses need be specified, and thesstate v
will only need to be updated at the times these dosesare dbteady-statkinetics may be woked for
this purpose with anof the PREDPP models (except with a general nonlinear compartmental model
when the nonlinear kinetics imply that steady-state cannot bevedhie

T Output-type compartments V& been part of PREDPP since the first version, but were not discusse{ad in
detail. See Chapter V Section H and VI Section B.
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If several doses are gén over time, but thg do ot lead to a steady-state, the specification of this
in the data record structure might still be tediotkwever, if these doses are the same type of dose,
given with a constant interdose interval, then in this case there is stillv@nient way to mitgate the
specification problem.

All the kinetic models are augmented by the ability tovalémy dose to appear in the system at
some lag time (called an absorption lag time) after the time the dose is nomiveally il kinetic mod-
els are augmented by the ability to alla fraction (called a bioailability fraction) of ary dose to
appear in the system, rather than the nominal dose. Absorption lag times arsilabitisy fractions
may be specified or estimated.

All the kinetic models allw model event time parameters, which allothe modelling of discrete|
times at which some aspect of the system can be chaMyedkel esent times may be specified or estj-
mated.

All the kinetic models allw the use to supply initialalues for the compartments, using the com-
partment initialization feature (See A_0, Chapter Ill, Section I.B).

With general non-linear models (MBN6, ADVANS, ADVAN9, ADVAN13, ADVAN14, |
ADVAN15) the differential equations may include terms for endogenous drug produttieninitial |
Steady State feature of PREDPP may be used to compute steady state compartment amounts without
using dose \ent records. (See I_SS, Chapter lll, Section |.B and Chaptgedfion F3). Thisfeature |
may be used with the compartment initialization feature.

Not only must PRED compute model based predictions, it must also compute partahivee rif
the statistical model for the observations with respect to all randaables occurring in the model (see
Guide I. See also the Introduction to NONMEM 7. Classical NONMEM methods require the partipl de-
rivatives, but nev methods may not)This computation has pred to be a jrticularly difficult one for
mary users to programJust as PREDPP serves the important purpose of greatly simplifying the pro-
gramming the user must undemtaio mmpute complicated population-type pharmacokinetic predictions,
it also serves the important purpose of greatly simplifying theresgiired programming of the desi
tive computation for population pharmacokinetic models.

The user must still be concerned with generating a small amount of code in the foronuséitw
supplied subroutines of PREDPPhe first routine, PK, functions essentially to compute #ilees of
pharmacokinetic parameters, e.g. clearance, in terms ofathesvof cwariables, e.g. age and weight,
and the walues of random interindividual effects accounting for random interindivicarahility. The
second routine, ERROR, functions essentially to specify the residual error structute, spgcify that
residual error is addite, or that it is multiplicatve. Howeve, PREDPP allows pharmacodynamics along
with pharmacokinetics to be modeled, and it does so byialiopharmacodynamic models to be speci-
fied in the ERROR routine. This may stithe user as a strange design, which itTie design for
PREDPP allows pharmacokinetic models to be specifiegenantly, and only as an "afterthought" does
it allow the specification of pharmacodynamic models. Detailed discussion of PK adRERRo be
found in chapters Il and VA few other user-supplied subroutines are at times requibeailed dis-
cussion of these is to be found in chapter Wi.particular use of a general nonlinear compartmental
model requires the user to supply code for thelired differential equations, but as seen in section VI.C,
this need not be a hard taskith NM-TRAN, which is a pre-processor to NONMEM and PREIR® |
task of creating PK and ERROR routines is simplified, and the user need not write the code to dompute
partial denvatives of the statistical model for the obsations with respect to the randomriables. $PK |
and $ERROR blocks describe the statistical motiél-TRAN supplies the code to compute the partjal
derivatives.
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Il. Intr oduction to the Event Record

By default, NONMEM calls PRED with one data record after angtherdata records being|
skipped, and no record being repeatédONMEM can be requested to call PRED with afedtént |
sequence of records, using the Repetition feature of NONMEM. A reserved data item RPT_ rhay be
used, or reserved variables RPTO, RPTON, PRDFL may be set in PK @RERR e chapter IIl Section
1.B). Oneuse of this feature is for models/aiving corvolution. Thediscussion belw is unaffected by |
this use of feature.

With NONMEM each obseation (i.e. each value of the dependent variable of tgeession
model) is placed on a separate data record called an atisemecord, and the value placed on the
record is called the dependemtiable (DV) data item.

There are situations where it is genient to place all the values of the concomitant variables (i.e.
independent variables) needed to compute the prediction of an observation on the same data record as
that one containing the obsation. Therall data records are observation records. There are other situa-
tions, though, where it is ceenient to oganize the concomitant variables acrossedént data records|
One situation arises when one needsvdathe NONMEM restriction on the number of data items per
data record. (The maximum number of data items per data recordes oy constant PD in|
resource/SIZES.f90. Theefault value is 50.A larger value of PD may be specified using the NM-
TRAN $SIZES record.) Another situation arises with the fellg example. Supposg¢here is a
chronology to eents: at time 4 days a dose of 5 mg iegj at time 5 days a dose of 10 mg iegi and
at 7 days a plasma concentration is observed, etc. Then data may be originally recorded in the laboratory
or clinic so that all the data items associated withventeoccuring at gien time are contained on one
record, with different records fovents at different timesMoreover, these records may be time ordered.
When NONMEM data records must be constructed, it may be moverient to construct records that
look like these. NONMEMallows this. A NONMEM data record need not be an observation record, i.e.
it need not contain an actual obs#ion. Ifthere are nonobservation data records, each record must con-
tain a missingdependenwariable (MDV) data item, whose value is O if the record is an olasienv
record, and 1 if the record is not an observation record. Vheafa item is ignored when the MOlata
item is 1. It need simply be a nwiilue which serves as a place holder for the position where an-obser
vation would be placed on an observation recordth NONMEM 7.3, values of MB may be 100 or |
101. MDV=100 is the same as MDV=0 but tells NONMEM to ignore the record during the Estimpation
and Coariance StepsMDV=101 is the same as MDV=1 but tells NONMEM to ignore the record dur
ing the Estimation and @eriance Steps.

PREDPP is concerned with time orderednes: doseevents, observationvents, and othervents
such as the lginning of a urine collection and a measured change in Kitimection. Thisroutine
expectsthat there will be different data records associated with each of teeedif@ents, and that these
data records are time ordered. Data records are asnized into indvidual records. In the case of
population data an individual record is a group of contiguous data records all associated with the same
individual and having the same identificatii®) data item. In this case the time ordering of data
records egpected by PREDPP refers to the time ordering of data rewgtiis an individual record.In
the case of data from a single subject individual records do not correspond on a one-to-one basis to either
animal or human subjects. An individual record is simply gnoup of contiguous data records contain-
ing only one observation record andring the same ID data item. (Although, the presence of a multi-
variate observation means the widual record containing it has\aeal observation records, each con-
taining one element of the obsation.) Inthis case the time ordering of data recorggeeted by
PREDPP refers to the time ordering of data recacdsss allrecords.

To summarize the fogoing, a typical NONMEM data set for PREDPP (the first 9 records of
which) can be illustrated thusly:
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I D TI ME o1} c2 CN DV MDV
1 1. .5 10 5 1
1 3. 9 10 1
1 6. 6 4.1 0
1 7. 7 10 1
1 10. 7 5.3 0
2 2. .9 8 8 1
2 2.5 6 1
2 6. 7 1
2 7. 8 6.4 0

where ID, MDV, and DV label the ID, MI¥, and DV data items, where TIME labels the time data items,

and where C1, C2, ..., CN label concomitant variable data ittN@ENMEM itself, and not PREDPP
recognizes and responds to IDV,[and MDV data items.With PREDPP there mustays be time data

items giving the times of thevents. (Anexception occurs with ABAN9 when there are only algebraic
equations to be said, in whichcase the time data item is optiondPREDPPand not NONMEM, rec-
ognizes and responds to TIME data items. Note that some data items are left blank. In a NONMEM data
set blanks are nullalues and will be read by the program as zeros, and displayed as such in tables and
scatterplots. (Imn NM-TRAN data set blanks seras a face holder for a null value when a format is
given. Whena format is not gien, a dot (". ") or a zro (" 0 ') can be used as a place holylerNei-

ther NONMEM nor PREDPP supplies nonzero values for rallles, or understands these null values as
"missing \alues". Inthis illustration there are 2 individual records.

In addition to the time data item, eacker® record must hee a d@ta item indicating the type of
event in question, and if, for example, theest is a dose-typevent, the &ent record must hee adi-
tional data items specifying certain dose type informatibhis is all discussed in Chapter Usually,
all drug dosing information is specified in theemt records, rather than in user-supplied code. In the
illustration, the gent identification data items are not shown, but the amount data items are labeled CN,
though ordinarilythey might be labeled AMTsee section V.D.

In this illustration there are 9 data records corresponding tdésatif time orderedvents within
the first individual record and 4 different time ordereehés within the second individual recor@hree
of these eents are observatiornvents: two within the first individual record, and one within the second
individual record. At least four of thesgeats are dosevents (one cannot identify dosgeats simply
by the presence of nonzero amount data items): three within the first individual record, and one within
the second individual recordlypically, as in the illustration, with PREDPP each data record is also an
event record, describing a separateent.

However, infrequently seveal data records may be needed to describevant. & Onecan group a
number of data records associated withvargévent into a single went record. This is accomplished by
including in each data record a data item indicating whether or not the record and the succeeding record
are both members of the samwerd record. This data item is called the continuatdataitem (CONT
data item). Its value is 1 if the data record and the succeeding record are both members of tiensame e
record, and O otherwise (or if the data record is the last data record). It is PREDPP that recognizes and
responds to CONT data items, and the concept ofant B2cord is peculiar to PREDR#®t NONMEM.
If continuation data items are not used, each data record constitutes a separaseerd.

A slightly different example of a NONMEM data set is this:

t The CONT data item described in this paragraph cannot be used with NM-TRAN abbreviated code.
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I D TI ME CONT Cl ... CN DV MDV
1 1 .5 1
1 1. 0 5 1
1 6. 0 4.1 0
1 7. 0 10 1
1 10. 0 5.3 0
2 1 .9 1
2 1 1
2 6. 0 8 1
2 7. 0 6.4 0

Here the CONT data items appedhere are 6\ent records, 4 in the first inddual record and 2 in the
second individual recordBoth the 1st and 3rdvent records contain information needed to predict the
second observation (at time 10 hr). At time 1 hr a dose of 5 mgads, @nd at 7 hr a dose of 10 mg is
given. A plasma concentration is measured at.6Tire time associated with eachest must appear on
the last data record of the correspondivgnerecord; it need not appear elsewhere in tieateecord.
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I1l. The PK and TRANS routines

A. Intr oduction

Usersupplied code is not needed to define the relationship between the pharmacokinetic parame-
ters and the drug amounts in the various compartmextspewhen using a general nonlinear compart-
mental model; see section VI.CYhis relationship is referred to as the kinatitationship, or the
kinetics.As described in chapter I, these relationships are already coded into subroutines in the PREDPP
Library. If, for example, a one-compartment linear model is to be usedAND is chosen (see Chapter
I). This subroutine computes drug amounts using, basjctidly familiar monoexponential formula.
However, usersupplied code for computing thalues of the pharmacokinetic parameters themselves is
needed. Thisode comprises a user-supplied subroutine called PK. This chapter is primarily concerned
with a description of this routine.

To devdop PK the user must first choose a set of pharmacokinetic parameters with which to
describe the kinetics implemented by the choseNAD routine. Thekinetics can usually be described
by several different sets of parameterslaving selected ANAN1, for example, a user may choose to
describe the kinetics in terms of the rate constant of elimination Ke, or he may prefer to describe them in
terms of clearance and volume of diatitibn, Cl, and Vd. (In the first case Vd has to be modeled along
with Ke if plasma concentrations are observed - but in order to scale drug amounts, not to compute
them.) Fr each AIYAN, there exists a group of TRANS subroutines, TRANS1, TRANS2, TRANS3,
etc., in the PREDPP Libranif Ke is chosen, the user chooses subroutine TRANS1 from the group for
ADVANL1. If Cl and Vd are chosen, he chooses TRANS2. Each of these subroutines has the-same for
mal name, TRANS, since this is the entry name that the calling program in PREDPP uses. The TRANS
subroutine makes the translation between-osesen pharmacokinetic parameters computed in PK and
set of parameters used internally in the\AIN subroutine. Whenfor example, an ABAN is chosen
which implements a linear kinetic model, the internal parameters are the rate constants, i.e. the microcon-
stants, of the model(With such an AWAN, TRANS1 is a "dummy" translator that allows the user to
compute the rate constants directly in PKThe user could prefer to compute parameters for which no
suitable translator is included in the Librairy which case he can either (i) include code in PK for the
parameters he preferigllowed bycode that performs the translation itself, and then use the dummy
translatoy or (i) include code in PK for the parameters he prefers and then also supply his own TRANS
subroutine. Theequirements for supplying a user-written TRANS routine are addressed in section M.

Pharmacokinetic parameters are subject to intefishaial \ariability, which must be taken into
account by an appropriate statistical mod&l.more precise description of the PK routine is that it
defines a statistical model for the PK parametérslescription of this model, and Wwat can be imple-
mented by the PK routine, comprise the other sections of this chafarigbility in the pharmacokinetic
parameters that can be accounted for solely in terms of concomitant variables is addressed first in sec-
tions B and C.Unexplained variability that must be accounted for in terms of randonaichdil efects
is addressed second in sections D and E.

B. Modeling Typical Values of Pharmacokinetic Parameters

Values of pharmacokinetic (PK) parameters vary betweenithdils. Thisvariability may be par
tially explained in terms of concomitant variables whose values vary betwegiduiads. (Theterms
'independent variable’ and 'gariable’ are also sometimes used.) Thadues of these variables may
also vary within indriduals wer time; this particular situation is discussed in section B.2. Models for
PK parameters that explain interindividual variability only in terms of concomitant variables are incom-
plete. Usuallythere is evidence of variability in the PK parameters betweenidindils with the same
set of \alues for the concomitantesiables. Thisvariability, unexplained by the concomitantriables,
often appears as ux@ained random ariability, and may be modeled in terms of random viulial
effects, as discussed in section D beldAs a esult, the values of a PK parametastween indriduals
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with the same set, x, of values for the concomitant variables, will vary according to a probability-distrib
tion having a typical value (e.g. mean or geometric mean) depending on x. This value shall be called the
typical value of the PK parameter for individuals whose concomitant values are thvesebgix. In sec-

tion B.1 models for the relationship between the typical value of a PK parameter and the elements of x
are discussed(These models only wolve the values of the concomitananables.) Anindividual’'s

specific value of a PK parametar contrast to the typical value (for ingiluals with the same concomi-

tant values), is called the subject-specifitie . Models for subject-specifialues are described in sec-

tion D.

When all the data are from a single subject, this subjeagdedie in isolation from other subjects,
and the data are not what are commonly referred to as "population Hatakver, as a natter of NON-
MEM terminological cowention, in this case the subject-specifadue is also referred to as the typical
value. Themodels described in this section for the typical value can be used as models for the subject-
specific value (ecept that when there is more than one concomitant variable, there may be identifiabilty
problems). Moreeer, sctions D and E are not applicable.

The issue of time-varying concomitant variables is discussed in sectionHB\Wever, veaal
important general concepts are also discussed in that section: state time, state-time interval, and continu-
ous and discrete action of PK parameters.

B.1 Time-Invariant Concomitant Variables
The simplest model for the typical valBeof a PK mrameter P is

P=g, (1)

Namely,P is a onstant, independent of x. Another model might be
P=6,WT )

where WT is an indidual’'s weight. Hered, is a proportionality constant. Model (2) might be used for
Vd. Inboth (1) and (2)g, is a parameter which may be estimated by NONMEM.

In order to modeP it is helpful first, to model pysiological variables in terms of x, and second, to
model P in terms of these physiologicahiables. Br example, let SIZE be a measure of body size
given by

SIZE = HT?2WT?: A3)

where HT is an individuad'height. Thenperhaps, leVd be gien by
Vd = 6,SIZE (4)

(If the data are from a single subject, and HT and WT are natirtime-varing, thed,, 85, and 6, are
not all identifiable.) The physiological variable SIZE may be used also with models for the tgbical v
ues of other PK parameters, e.g. metabolic clearance

Cliner = 6,SIZE (5)

For another example, glomerular filtration rate may be modeled
GFR=WT(1.66 - 0.01AGE)/SCR (6)

where AGE and SCR are an imdiual's ege and serum creatinine measuremdiiiten the typical alue
of renal clearance may bevgn by

~

Clien = 65GFR (7)
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The typical value of total clearance could besgiby
Cl = Clyer + Clion = 6,SIZE + 6:GFR (8)

The model for:P in terms of physiological variables is often linear in && as hese examples illustrate.
The model foP in terms of x is often nonlinear in tl#és, as ndicated by (3) and (4) taken together.

B.2 Time-Varying Concomitant Variables

The discussion and examples in section B.1 apply when, for eaefidiradj each concomitant
variable has a singlealue. Essentiallythe PK routine is called, and the typicalue of a PK parameter
is computed, using a model such ag ahthose described in section B.However, to a imited extent
PREDPP also accommodates the case where the value x of the vector of concomitant variables v
within an individual @er time. Again, the discussion angamples in section B.1 can appas is ow
described.

Note that a model for the typical value of a PK parameter simply produces different tyhues v
as x \aries. Similarlyas x \aries, the subject-specific value of the parameter (for a fixed valyeseé
the discussion in section D) alsaries. Thevalue x can vary froment record to eent record (within
an individual record), and if the typical/subject-specific value is computed with eemhrecord, this
allows the variation in the typical/subject-specifue, across the time domain during which oleserv
tions are obtained, to be taken into account, at least to within the time-resolutorbgithe eent
times. D properly account for this variation, a fine degree of time-resolution may be reqtivedt
records can be included in the individual record whose sole purposevs t@lgies x at times of greater
resolution (see section.B). If though, the concomitaniaviables are only measured at certain discrete
times, interpolated values may need to be obtained for thega™'event records. While the interpola-
tion per se can be implemented within the NONMEM run (see section VI.A), the user must still include
extra event records in the data set which contain thieaetimes. Also, PREDPP itself does not compute
the interpolated values, rather this computation must be completely specified witupdéerd FOR-
TRAN code.

The typical/subject-specific value can indeed be computed with gachrecord, or with a more
limited set of gent records if desired (see section H). It casnebe ®mputed with eachvent record
andat certain additional times, alling for just a bit more flexibility in obtaining interpolated values of
the concomitant variables (see heland section H).How these computed values are used in the kinetic
computations is outlined next.

The time domain is discretized at theest times, and at some other points as well. These times
are called statéimes, and the time interval between dwauccessie date times is called a state-time
interval. The pharmacokinetic system, i.e. the state vector of compartment amountsnseadirom
one state time to the next, and the (typical and subject-speadifiEsvof the PK parameters are assumed
to be constantwer each state-time interval (possibly different constane each interal). Asthe sys-
tem is advanced, the routine PK is called at various state times. When the systeaméecaer the
state-time interval {tt,), the PK routine will hae dready been called in order to obtain the typical/sub-
ject-specific values of all the PK parametersegoing the kinetics wer the intenal. A more precise de-
scription is gven next.

A state time may be arvent time, but there are other discrete times to which the system must be
adwanced, which are not (formallyyent times. For example, an infusion may terminate at some time t,
but while an infusion termination is not signalled by aerg record, the system state changes in a dis-
continuous way at t. If time t is also aveet time, it is only coincidental. Another example of a non-
event state time occurs when an absorption lag time is computed with a dose; the time the dose actually
enters the system is a state time. This state time - indegdpassent state time when either a bolus
dose actually enters the system or when an infusion actually begins - is calledentwosetime . Of
course, if the lag time is computed to be 0, then just coincidertadlynongent dose time is anvent
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time, i.e. the time the dose waweai. With ary state time t there are associated one, or possildy tw
particular @ent records. The first record is the one witlerd time t if t is itself anent time, or it is the
first record whosevent time follows t if t is not an eent time. It is called thargumentecordassociat-
ed with t, for a reason described in section C. If t is avemelose time, then thevent record describ-
ing the dose is also associated with t.

Certain PK parameters such as clearanceatnuouslyover state-time intervals in the sense that
drug amount in the system variegeosuch an interval tt,) according to a pharmacokinetic model
which depends onalues of these parameters at each instant in the ahtddavever, PREDPP assumes
that the (typical and subject-specific) values of continuously acting PK parameters are coasthnt o
interval, and it obtains these constaatues from a call to PK where the argument record associated with
t, is made waailable to the routine. The values of the concomitartables on this argument record de-
termine the constant values of the PK parameters holdiergle interval (unless the PK routine is writ-
ten in such a way as to nakse of information madevailable to it from previous calls).

This is sometimes described as "LOCB Last Olteon Feed Backwards" rather than "LOQF
Last Observation FeeFvards". \alues computed by PK for the record with TIMEate used during|
the advance from; tto t,. If the values on the record with were used, the values (other than TIME)
recorded on the last record in the data set woulerie en by PK, and could not enter into the model.
Linear interpolation could not be carried out propefg it is, the first data record isnays seen by PK|
(because there isvedys a call to PK with the first data record of the individual record), and all subse-
guent data records are seen prior to the advance to those records.

Other PK parameters such as a Badability fraction (see section F.2) adiscretelyat state times
in the sense that drug amounts in the systam from one state time to the next according to a pharma-
cokinetic model that depends on values of these parameters only at these times, adtlesgtf partic-
ular parameters are only needed at certain state timake case of a bivailability fraction, for exam-
ple (see section.B), the model depends on the value of this parameter only at state times when doses en-
ter (or start to enter) the systerRor a ronevent dose time t, PREDPP normally obtains tiadugs of
these parameters from a call to PK with the argument record associated with t, and if requestad, the e
record describing the dose is also madalable with this call. Information from one or both records
may be needed to compute the values of a PK parameter suchvasidhidiédy. For ary other state time
t, including all @ent times, PREDPP obtains the values from a call to PK with theremt record asso-
ciated with t.

As concomitant values change across time, so does the informatimernvnezords, and then so
does the output of the PK routine, i.e. the values of the kinetic parameters.

C. Implementing Models for Typical Values in PK
PK is a required user-supplied subroutine. Its firgtrsé statements, i.e. its prefaceust be

SUBROUTI NE PK( | CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)

USE SI ZES, ONLY: DPSI ZE, | SI ZE

USE PRDI M5, ONLY: GPKD

| MPLI O T REAL(KI ND=DPSI ZE) (A-2)

REAL( KI ND=DPSI ZE) :: EVTREC

| NTEGER(KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS

DI MENSI ON :: [ DEF(7,*), THETA(*), EVTREC(I REV, *), | NDXS(*), G | RGG, GPKD+1, *)

This is the NONMEM 7 ersion. The preface was different with earlier versions of NONMEM.
Global variable GPKD is needed because GG is sized according to the number of etas in the groblem.
GG may be declared as a 2 dimensional aB@yl RGG, *) when the Laplacian method is not used.

For simplicity, it will be used that way in the examples beio dthough, when GG is declared B
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dimensional, théhird subscript should be understood to be ",1"; E.g., GG(M,1) should be understood to
be GG(M,1,1). However, when the Laplacian method might be used later with thenglata set, it is a
good idea to deslop a PK code that allows this.

When PK is called by PREDPRIs passed values for theestorg in THETA. It is also passed g
complete gent record in EVTREC.Specifically EVTREC(],J) contains the Jth data item of the Ith data
record of the eent record. This record is the argument record defined in the previous sdtdioame
refers to the fact that it is passed to PK as a subroutinenant, EVTREC. (As mentioned in sectio
B.2, there are circumstances where a dose recoffératit from the argument record, may also pe
needed by the PK routiné description of hav PK has access to this record is@i in sction |.) PK
is also passed the total number N of data records comprisingdtiterecord. Typically N=1, and so the
first subscript of EVTREC will atays be 1; hwever, see chapter 11.With NM-TRAN, the CONT data
item cannot be used and N is 1.

With these arguments the typical values of the PK parameters may be comiiged.et
EVTREC(1,1) and EVTREC(1,2) be height and weight, resgahgti If Vd is given by @) (of the prei-
ous section), then one might use the code

>

SI ZE
TWD

EVTREC( 1, 1) ** THETA( 2) * EVTREC( 1, 2) * * THETA( 3)
THETA( 1) * Sl ZE

This typical alue of Vd will apply eer any date-time interval (t t,) where $ is a state time with which

the agument record is associated. When using the first-order method of estimation, this @pieal v
must be communicated to PREDRB nust the typical alues of all the PK parameters; the way to do
this is discussed shorilyWhen conditional estimates are used, or simulation with population data is
implemented, subject-specific values must be communicated instead; see section E.)

The one-dimensional arralNDXS, functions in a way similar to that of adar array of the same
name, described in Guide I, section C.4.1.1 alet,fINDXS is comprised of elements 12-50 of thgdar
array The user places integers into that arusyng the NONMEM control record INDEX (NM-TRAN
control record $INDEX). These integers are thedilable to PREDPP and therefore to PK. The code.

111 = | NDXS(1)
112 = | NDXS(2)
113 = | NDXS(3)

SI ZE = EVTREC( 11, | 12) ** THETA( 2) * EVTREC( | 11, | 13) ** THETA( 3)
TWD = THETA(1) *SI ZE

has the samefefct as has the previous code when INDXS(1), INDXS(2), and INDXS(3) are 1, 1, and 2,
respectrely. Howeva, this code, unlik the preious code, frees the user from having to decide at the
time PK is coded he the data items are going to b@anized in the eent record. PREDPP itself mek

use of certain integers it requires be placed in elements 1-11 of the larger INDXS array (see.ggction V
but it insures that INDXS(1), ..., INDXS(39&s made available to PKefer to elements 12-50 of the
larger array So, the values 1, 1 and 2 of the example actuadlyld/be placed in elements 12-14 of that
array.

With every translator routine, TRANS, there is associated a particular list of BEsrarameters
whose values must be computed by PK, and a numbering of these parameters; see sectibhe/plae.
rameters are numbered sequentially beginning with the number 1, but numbers may be skipped, e.g.
1,3,4,7. Wherthe first-order method of estimation is used, the typical value of the Mth parameter should
be placed in GG(M,1). So when, saplume of distribution is numbered 2, before exiting, PK should
execute code lik this:

T The INDXS array cannot be used with NM-TRAN abbreviated code. |
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G 2,1) = TWD

The agument ICALL functions similarly to the ICALL argument described in Guide |, section
C.4.2. Ithas 5 possible values when PK is called.t

The value 1 signals to PK that the routine is being called for the first time in the NONMEM prob-
lem. Atsuch a time PK must store certain information in array |aFoptionally store certain infor
mation in GG. Here we discuss the matter concerning GG; the use of IDEF is discussed in sections G
and H.

The walue 2 signals to PK that the routine is being called in a regular fashion for data analytic pur
poses and thatales of PK parameters are to be stored in the first column of GG. These can be typical
values, as is described in this section, oy tt@n be subject-specific values (see sections D andFdE).
data analytic purposes, Wever, it is not sufficient to compute values of PK parametésrtain partial
derwvatives ae also needed; see sections D and E.

The value 4 signals to PK that the routine is being called in a regular fashion for data simulation
purposes. Ithe data are population data, (simulated) subject-specific values of PK parameters are to be
stored in the first column of GG; see section E.2. ifidver, the data are all from a single subject, so
that the subject’ pecific values are synonomous with the typiales, then at ICALL=4 typicalalues
are stored in this column.

The \alue 5 signals to PK that the routine is being called in a regular fashion when expectatipns are
being computed; multiple calls occuExpectation blocks are described in the help Guide VIII. No gta
derivatives need be computed.

If there is abbreiated code in the $PK block that tests for ICALL=0, ICALL=1, or ICALL=3, tHis
code is mwed by NM-TRAN to the INFN routine as if it had been coded explicitly as part of an $INFN
block. Suchcode is called $PK-INFN code. The initialization code described in the next paragraph is
generated in FSUBS by NM-TRANgadless of the presence of $PK-INFN code.

At ICALL=1, 0's and 1’s should be stored in the first column of GG@sually, a Oshould be stored
in GG(M,1), indicating that the user ackviedges that when ICALL=2 (or 4), the typical (or subject-
specific) value of the Mth PK parameter will be placed in GG(M,1). When ICALL=1,ahe \passed
to PK in GG(M,1) is 0; so if the user stores nothing in GG(M,1), he is achieving the dante Hf
though, a 1 is stored in GG(M,1), the user is specifying that when ICALL=2 (or 4), the (natural based)
logarithm of the typical (or subject-specifi@lue of the Mth PK parameter will be placed in GG(M,1).t
PREDPP will @ponentiate this logarithm so to obtain the typical (or subject-specific) value of the PK
parameter If this option is chosen, then at ICALL=2 the code for GG(2,1) might loekiik:

ATWD = LOG( THETA( 1) * S| ZE)
G 2,1) = ATWD

which would be appropriate for model (4) and whicbuld have the same effect as the aleowmde,
except that it would xecute more slowly (because an extradothm and exponentiation arevatved).
Alternatively, the code for GG(2,1) might look Ekthis:

ATWD = LOG( THETA( 1)) +THETA( 2) * LOG( EVTREC( 2, 1) )
+THETA( 3) * LOG EVTREC( 2, 2))
GX2,1) = ATWD

which would also ha&e the same effect as the alomde, &cept that it would xecute about asabt

T For a complete list of ICALL values and called routines, see Chapter VI. |
T The logarithms of PK parameters cannot be modelled in this way with NM-TRAN. |
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(because A**B is computed as EXP(B*LOG(A)).

The argument NETAS equals the total number of-defineds variables. Theuser may possibly
find this argument useful, particularly for implementing models for subject-specific values of PK parame-
ters.

D. Modeling Subject-Specific Values of Pharmacokinetic Parameters

A model for subject-specific PK parameter values is needed for population data analysis and for
the simulation of population data. Models for typical PK parameter values are discussed in section B,
and their implementation in PREDPP is discussed in sectidh &l.the data come from the same sub-
ject, then the subjest'pecific value of a PK parameter is simply his typicdue, the discussions in sec-
tions B and C suffice, and the discussion in this section D is not applicable.

The typical alue is to be associated with the subpopulation of individuals sharing the same set, x,
of values for the concomitanarables. A given individual of this subpopulation, though, has hio
specific value of the PK parametddnexplainable interindividual variability refers to differences that
exist between these subject-specifidues. Inthis section models for subject-specific PK paramedér v
ues are discussed. Such a modekgithe relationship between (a) a subjedecific \alue of a PK
parameter and (b) the typical value for that (type of) subject and the random intedodl efects
accounting for the diérence between the subjecthecific value and his typicablue. Also,as will be
seen, with such a model concomitant variables mag baeffect on (a) other than through the typical
value.

Clearly, by accounting for the dference between the subjecgpecific value and his typicahiue,
across all subjects in the subpopulation, one also accounts for unexplainable interindaviicldllty.
By doing so with random effects, this variability is modeled as arising randomly.

The simplest type model for an individusatpecific value Pof a PK parameter P is
P=P+y 9)

whereP is he typical value of Fbut more specificallythe mean P in the subpopulation of irdiials
whose concomitant values are thoseagiby x, and wheren * is the realization (i.e. value) of a random
variable 7 with mean 0 and ariancew?®. The \ariablen is a random effect accounting for the wne
plained interindividual ariability in P throughout the subpopulation; its realizatiophchanges from
individual to indvidual. We dhall henceforth omit the asterisk from a PK paramé&tenhen denoting a
subject-specific value of Bnhd also henceforth omit the asterisk from a random variable suciwhsn
denoting a subject-specific realization of tlaeiable. Dudo the context in which these symbols will be
used little problem should result from this ambiguity in notation. Consequétiyay be rewritten

P:f’+/7 (10)

If P is gven in turn by (2), then we could write
P=6,WT + n (11)

but for the purposes of what folls, it shall not be necessary tpandP in terms of elements of x.
However, we rext describe hw n may in turn be further modelled in terms of the elements of x, and so
these elements thus may appear explicitly in the final model for P.

Actually, P - P may not be entirely unglainable. Br example, it might be that there areotw
groups of indriduals, identifiable by some dichotomous (0-1) valued concomitant variable,, Znday
that metabolic clearance may vary more widely in one group than in thealitb#rer values of the con-
comitant variables being equal. In other words, for some randoiabler; with mean 0 andariance

2
w1,
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Clinet = élmet: U5
ifz=0
=661
ifz=1
Written differently,
Clmet = Clmer + 681 (12)

Son in (10) has been expressed in terms of yet another randoabler;. While n; has homogeneous
variance, does not; the variance gfis w;® if Z=0 and@3w,;” if Z=1. Note that parameters &lgs may
enter the model for P P and may be estimated.

For the purposes of using NONMEM, the user should becamdifir with expressing the model
for P in terms of random variables with means 0 lochaeneousvariances. Sdor example, (12) is
preferred to

Clmet = élmet + 7

wheren is the variable with inhomogeneous variance consideregeabo
Another simple model for P is

P=P@1 + n) (13)

where the mean and variancenofre 0 andv?, respectiely. Herew is the coefficient of variation of P
in the subpopulation. Instead phaving homogeneouawancew perhaps; = 6514, as dove. In any
case, under (13), P P agan can depend on X, if only throudh

The random ariables (with homogeneous variance) occuring in a model for P magddea as
having a population meaning beyond the particular subpopulation correspondingheyxare indepen-
dent of x. With every individual sampled from the larger population, there are associated with the indi-
vidual (i) a particular set of values for the concomitant variables (some of whiehg tkse, may be
controlled by the imestigator), and (ii) a particular set of realizations of the randariables. Thevari-
ances of the random variables quantify random interindividual variability in P in the larger population,
after the values of the concomitant variables are taken into acdterthink of the randomariables (as
we do with the concomitant variables) as describing different population effects (although, tumlik
concomitant variables, thesdegits are unobservable), and we think of their variances as a kind of popu-
lation parameterThese variances may be estimated. The random effects confer the characteristics of a
random variable to P itseliVith model (10), the standard deviation of P is constant in the population if
n has homogeneouswance. Vith model (13), the standard deviation of P in the population is propor
tional toP.

The mean andariance of a random variable are suitable measures of centrality and dispersion,
respectiely, if the distribution of the variable is sufficiently Gaussiae-lilOftenthe distribution of a PK
parameter P (for fed x) is significantly right-séwed in the population being sampled, and then the use
of models lile (10) and (13), and the quantification of random interindividaaiability in terms of the
variances of the wolved n variables, are not very appropriatd.more appropriate model might be

P=P epn (14)

where the mean and varianceyjdadre 0 andv?, respectiely. This model is, of course, egalent to
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log P=log P + n (15)

If the distribution ofy is Gaussian, then the distribution of P is lognormal. Whaase P is he geomet-

ric mean of Pand exp w is the geometric standard deviation ofhenw? is sufficiently small, ang is
Gaussian distributed, the distribution of P itself is Gaussian-like, and model (13) is not too bad an
approximation to model (14)Whenw? is sufficiently small, the mean and coefficient of variation of P
are approximatel and w, respectiely.

If metabolic clearance and renal clearance are modeled by

Clinet = Clinet € Mmet (16)

Clren= élren €XP Nren (17)
then total clearance might besem by
Cl= élmet €XP MMmet + élren €X0 Nren - (18)

This illustrates that a PK parameter might be modeled in terms of more thantype\ariable. Also
note that (18) cannot be written eggléntly in terms of additie 's, as in (L5), since the logarithm does
not distribute ger a Lum.

In examples (10), (13), and (14 ,is dtainable from the model for the subject-specific value of P
by settings to its mean &lue, 0 (the typical value @f). By analogy a typical value for total clearance
can be obtained from (18) by setting bggh; ands,., to 0, yielding

Cl=Clye + Clien (19)

(see (8) of section B.1)}owever, this typical \alue is neither a mean nor geometric meamodel for

a subject-specific value of a PK parameter has been described in this section as being dependent on a
model for a typical alue. Ingeneral though, a model for a typical value cavegs be obtained from a

model for a subject-specifi@ale in the way just illustrated. In fact, when NONMEM/PREDPP needs a
typical value, ot a model for subject-specific values has been coded (see section E), the program will
obtain the typical value in this way.

The reader should recognize that theariables discussed ab® ae the same type of variables
discussed in Guide Mwo such random effects can correlate across individuals, and examples of this and
the way one can communicate this to NONMEM and obtain estimatevafatulity are described in
that document.

Conditional estimates of thgs used in the model for a parameter P are obtained by searching for
those values for the's that minimize a certain objegé function. \alues are tried which vary somleat
independently oP. Soit is possible that values of P result that are outside the meaningful range of the
parameter and at which meaningful kinetic predictions are not computadslexample, if P is gien by
(13), lage enough rg=tive values ofp may be tried which produce gaive values of Pwhereas P could
be the volume of distibution, for which getive values are meaninglesgor this reason, and because of
the possiblility that the distiliion of P might be significantly right-eked, a model lik (14) is often
preferable when conditional estimates are compugeldwever, it may not be actually necessary to use
(14), and the more so P is symmetrically distributed, the less of a problem it is to use (13).)

Estimates of the’s do not result from using the first-order estimation method. The only value of
ann variable used with this method is @s long asP is a neaningful value of Rhe kinetic predictions
are computable. Therefore, from this point ofwieeither (13) nor (14) is preferable when the first-
order method is usedndeed, with first-order estimation models (13) and (14) cannot be distinguished,;
see discussion belo Conceptually thoughy varies betweerroo andoo, even if the value 0O is the only
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vaue used in the computation. So, strictly speaking, model (13) can at best only be an approximate sta-
tistical model for P.

In fact, PREDPP checks that computedues ofcertain PK parameters are meaningful, e.g. that
certain rate constants are pagtiand if a value is not meaningful, PREDP®ids the computation of
kinetic predictions with this value and returns a PRED erowvery code to NONMEM so that NON-
MEM understands that the "guilty'alues of they’s cannot serg as stimates; see section K.1. (A check
can be included in PK itself, and an immediate return to NONMEM with a PREDrecwery code
can be recuted; see section K.2)0ften, this allows a model such as (13) to be used when conditional
estimates are computed; meaningful kinetic predictions saayslbe computed and meaningful esti-
mates of they’s can be obtained. Nonetheless, when the distribution of P is significantly reydkn
the population, use of model (14) can produce a better description of random ivithwaddiariability in
P, and this may not be detected when (13) is the only model tried and inherent problems with using (13)
are masked.

When using a conditional estimation method, it is also possible for valuegeadl gmrameters to
result which are not meaningfully relatelor example, suppose the kinetics are lineae compartment
with first-order absorption (A2ANZ2), and that the elimination and absorption rate constants andlthe v
ume of distribution are gén by

ke=ke ep 7, (20)
ka=ka ep 7,
V =V exp ;.

(Here V is needed as a scaling parameter (see section F), not for the computation of compartment
amounts.) Theraues ofn; andn, may be tried which producalues ke= ka, whereas for the drug in
guestion, suppose only keka is meaningful. Wth these values of, andn, meaningful kinetic predic-

tions can be computed, but only if the roles efakd ka are reersed in the kinetic modelHowever,
reversmg their roles entails versing the roles oke andka, and also of; andn,, and therefore also of

w? andw? (as well as changing the meanings/of3, and w3). Thequantitieske, ka, V, w?, w3, Wi are
populationquantities, applying to all individuals (withvgh x), and fixed in value for the purpose of esti-
mating then’s. Changing their meanings, so that the parameter values of ke, ka, and V are meaningful
for one individual, entails changing their meanings ag #&ply to all indviduals. Undesuch a reinter
pretation of these population quantities, and with theergvalues, it is n possible that values of the

n’s for yet another individual might be tried whiclvgiise to nonmeaningful values ke, ka, and V for
him. Soa problem remains. The well-kmon parameter "flip-flop" phenomenon is not handled as easily

in population PK data analysis as it is in single-subject PK data analysis.

When ADVAN2 is used, the user can check in PK whether ka, and if so, can force PREDPP
to avoid the computation of kinetic predictions and return a PRED-eemmwvery code to NONMEM, so
that NONMEM understands that the "guilty" values of tf® cannot serg as stimates (see section
K.2). However agan, a better solution is to try another type of modeblwing 7’s, e.g.

ke=ke &p 7, (21)
d=d expn,
ka=ke + d

V =V exp ;.
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where constraints oé's are used to ensure thdt 0. Thismodel explicitly recognizes that kake in
the population.Therefore, it also implies thaekend ka cannot be statistically independenegeif 7,
andn, are assumed to be independemf)odel (20), with or without the assumption thgtandr, are
independent, is at best only an approximate statistical modes fmdikka.

Generally speaking, the PK routine specifies a subject-specific model for (all) the PK parameters.
It does this in different ways, depending on whether PREDPP is being called for the purposes of data
analysis, or data simulation, or both, and depending on the estimation method beingansled.pur
poses of data simulation, the specification uses the type of mathemgieasions for subject-specific
vaues shown abee.

For the purposes of data analysis, the specification can entail expressions for subject-specific v
ues, such as those stoabawe, or instead, it can entail expressions for typicues. Ineither case, it
also alvays entails expressions for a set of first partialvdgries of the model for the subject-specific
values of the PK parameters with respect tortse For the purpose of data analysis using the Laplacian
method, the specification further entails expressions for a set of second-pastativesri Thematter of
first-partial denvatives is aldressed first.

The first-partial deviatives of the model for the subject-specific values of the PK parameters with
respect to they’s, as tnctions of they’s, are called the subject-specifitst-partial derivatives . For
(12)-(14) and (18) for example, the first-partials are

(12): f’;‘: oy (22)
(13): Z,F; =P 23)
(14): gs =P epn (24)
(18) 5" = Cloes &9 e (25)

a‘;c' = Clyen 40 ren (26)

These types of expressions are used wreergonditional estimates are computetihey are also
used when the first-order estimation method is usgidhien the first-partials must beakiated at ally’s
equal 0. These first-partial degiives ae called the typicdlirst-partialderivatives . For the abue ex
amples these are

oCl

12); ——met — pZ 27
(12) o, 6 (27)

oP

(13): n

=P 28)
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oP

(14): — =P @9)
on

ag) 2 o (30)
a’7met
Pl - Gl (31)
a’]ren

Note that the devatives (28) and (29) are identicalMith the first-order estimation method, the model
for subject-specific values of the PK parameters is fully defined by specifying the tygigsd and the
typical first-partial dexiatives. Sincethe typical values are the same under models (13) and (14), and
since the devitives (28) and (29) are also the same, the first-order estimation methodveamiatn-

guish between models (13) and (14). That is, the same fit will result from using either inoefdct,

an assumption is being made that the varianeeiof(14) is small, and that the mean and coefficient of
variation of P under model (14) are well approximatedPbsnd w, respectiely. With the conditional
estimation methods, h@ver, the model for subject-specific values of the PK parameters is defined by
specifying the subject-specific values themsghalong with subject-specific partial detives. Since
expressions (13) and (14) differ for somaues ofp, the population conditional estimation methods can
distinguish between models (13) and (14) when the data #dle.

It should be emphasized that the typical first-partialvdivies, despite their name and tlaetf that
to obtain them alb’s are set to zero, cemy information about the model for subject-specifidues.
They are rates of change of PK parameters with respect to interindividual effects.

As noted in section C, the PK routine allows a model to be defined fd&, lather than for PThe
derivatives of log Pwith respect to the wolved 7’s, rather than the desdtives of P tself, may be speci-
fied. The subject-specific (and typical) first-partial e&ive o log Pfrom (15), for example, is

dlog P
as5): 2994 (32)
on
dlog P .~ dlog P
PREDPP transforms% toP 23 since it needs the latter.

Just as typical values camwal/s be obtained fromxpressions for subject-specific values, so can
typical first-partials.

Second-partial derétives ae needed when the Laplacian estimation method is ubesl second-
partial denvatives of the model for the subject-specifialues of the PK parameters with respect to the
n’s, as unctions of they’'s, are called the subject-specifiecond-partiatiervatives . These often are
simply 0. For the ab@e examples these are

9°Cl
12); ——Mmet - 33
(12) 0n10n, 53
2
ua:ap =0 (34)

0non
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2

P .
(14): onon =P expn (35)
0°Cl <
(18) W = Clmet X0 MTmet (36)
me met
0°Cl <
oo = Clien €XP ren (37)
re ren
0°Cl
=0 38
0rer0Mmet (38)
The subject-specific second-partial detive o log Pfrom (15) is
(15): 0'3,97 P_o (39)

Second-partial derdtives of the model for the subject-specific values of the PK parameters with
respect to the's, evaluated at ally’s equal to O (i.e. typical second-partial detives) may of course,
also be considered, but thare never needed in NONMEM computations.

E. Implementing Models for Subject-Specific Values in PK

For the purpose of data analysis with population data, models for the subject-spdadic must
be communicated to PREDP®/hen the first-order estimation method is used, thishnres communi-
cating the typical alues of the PK parameters (see section C), and also the typical first-panti@l deri
tives, the implementation of which is discussed in section E.1. When a conditional estimation method is
used, or posthoc estimates/ig are desired, this irolves communicating subject-specific PK parameter
values and subject-specific first-partial detives. Implementatiomf the former is discussed in section
E.2, and implementation of the latter is discussed in sectionAts®. the simulation of population data
uses subject-specifialues of PK parameters. The Laplacian method uses subject-specific seeond-par
tial derivatives, and the implementation of these is discussed in section E.4.

The first-order method can also be used when subject-specific values and subject-specific first-par
tial derivatives ae communicated. Implementation of this mode of communication is generally-prefer
able for the dedlopment of nev PK codes, for although one magtendto only use the first-order
method, one might actually end up needing to compute conditional estimates (e.g. posthoc estimation of
n's).

When all the data come from a single subject, both subject-spetifiesvand deratives ae irrel-
evant, and this section is not applicablEor the purpose of reading this section the reader should be
familiar with section C.

E.1 Typical First-Partial Deri vatives

If the first-order estimation method is used, typical first-partiavaéres must be computed (see
section D). Thep’s invadved in the models for the subject-specifdues of the PK parameters are num-
bered according to the enumeration of the initial estimates of taganeces in NONMEM (or NM-
TRAN) control records. The dedtive d the Mth PK parameter with respectrtp should be placed in
GG(M,1+K). (TheMth PK parameter is defined in section CSo if (total) clearance is the Ist PK
parameter and is\gn by (18), and ifp,et andn,e, are the 4th and 5th variables, respeatély, then one
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needs code like

G 1,1) = TVCLMI+TVCLRN
G 1,5) = TVCLMI
G 1,6) = TVCLRN

(see section D equations (19),(30),(31)).

All values GG(1,1+K), Kz 4, 5,should be 0.However, snce wheneer PK is alled, the GG array is ini-
tialized to zero immediately before the call, the user need not explicitly store zeros in elements of GG.

By storing a 1 in GG(M,1) at ICALL=1, the user specifies that when ICALL=2, the typadad v
of the logarithm of the Mth PK parameter will be placed in GG(M,1) (see sectionT@jstsignal also
means that the typical first degiive d the logarithm of the Mth PK parameter with respecdavill be
placed in GG(M,K+1).To take an gample, if P=Vd is the 2nd PK parameteflog Pis given by (15),
and ifp in (15) is the 1sy variable, then one needs code like

ATWD
1

X2, 1)
G2, 2)

See section C for examples ofYA/D. In this example when ICALL=1, one also needs GG(2,1)=1.

E.2 Subject-Specificvalues

When ICALL=4, PK is being called during the Simulation Step, and then subject-spatiis v
must be computedWhen ICALL=2, PK is being called for the purpose of data analysis, and when con-
ditional estimates arevnlved, then too, subject-specific values must be compMéten the first-order
estimation method is used, it Baés to compute subject-specific values, since typical valueswaysal
be obtained from subject-specific computations (section D).

Subiject-specific alues are stored in the first column of the GG amayae typical values when

they are stored; see section Elowever agan, since typical values carvadys be obtained from subject-
specific value computations, subject-specific values may be computed and stored in the first column
wheneer both types of values may be needed. Asxam®le, when both simulation and data analysis
using the first-order estimation method occur in the same run, subject-spaaidie should be computed

and stored.Or, when a run imolves posthoc estimation gfs, subject-specific values should be com-
puted and stored. As a finakample, when a run wolves two problems, one using the first-order
method, and another using a conditional method, subject-specific values should be computed and stored.

The subject-specificalue of the Mth parameter is stored in GG(M,1). So if (total) clearance is the
Ist PK parameter and isvgh by (18), and ify,e: and e, are the 4th and 5th variables, respeatély,
then one needs code like
USE NMPRD_REAL, ONLY: ETA
CALL GETETA (ETA)

QX 1,1) = TVCLMI*EXP( ETA(4)) +TVCLRN* EXP( ETA(5) )

ETA is a ane-dimensional array used to store values0f;,, - - -, needed for the computation of
subject-specific values of the PK parameters. |

T The logarithms of PK parameters cannot be modelled in this way with NM-TRAN. |
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See Section I.A for a discussion of module NMPRD_REAL. |
See Section K.2 for a discussion of GEPREAnd IQUIT. When ICALL=4, the values of,, 75, - - - are
obtained by a call to the NONMEM utility routine SIMET An example of the use of SIMEis given

in section L.1. When ICALL=2, these values are obtained by a call to the NONMEM utility routine
GETETA.

If the NONMEM run is only for the purpose of simulation, a simple call to SIMETNCALL=4,
preceding the first reference to AT an executable statement, suffices to obtain thealues. Ifthe
NONMEM run does not wolve smulation, a simple call to GETETat ICALL=2, preceding the first
reference to EA in an executable statement, suffices to obtain thealues, as in the ale example.
However, a un could entail calls to PK with values of ICALL=2 and@t, the user might prefer that PK
be coded to allw such a possiblity in a future run using the PK routine. In this case the following type
of code can be written.

IF (I CALL. EQ 4) CALL SIMETA (ETA)
IF (I CALL. EQ 2) CALL GETETA (ETA)

GE1,1) = TVCLMI*EXP( ETA( 4)) +TVCLRN* EXP( ETA(5))

Lastly, GETETA must alvays be initialized at ICALL=1.This involves simply calling GETEA at
ICALL=1. So,the code actually might look like:

IF (1 CALL. EQ 1) THEN
CALL GETETA (ETA)

RETURN
ENDI F

IF (I CALL. EQ 4) CALL SI META (ETA)
IF (1 CALL. EQ 2) CALL GETETA (ETA)

GE1,1) = TVCLMI*EXP( ETA( 4)) +TVCLRN: EXP( ETA(5))

The initialization call does not result in valuesiid being stored in EA. Only calls to GETER at
ICALL=2 or 4 result inp’s being stored. Often initialization of GETETis not the only task that is
undertaken at ICALL=1; see sections G and H.

As stated earlier in this section, when the first-order method is used, and when theledyoi
PK parameters that are needed are typiahles, expressions for subject-specific values may be coded
instead. Wheihe first-order method is used, GET&Stores zeros in ETA, and then the subject-specific
values become the required typical values.

By storing a 1 in GG(M,1) at ICALL=1, the user specifies that when ICALL=2 or 4, the subject-
specific value of the logarithm of the Mth PK parameter will be placed in GG(M,1) (see section C).t

Something further about simulation: By delt, as long as PK is being called with amerg record
from the same ingidual record, each time SIMETis called, the @luesn,, 77, - - - stored in ER remain
the same; there is only one set of values obtained for théduodi. Havever, the simulation can be
done in such a way that the values change each time $INECRlled (see Guide I\&ection 111.B.13).
Then only the first time PK itself is called with avest record of a gien individual record should PK

T The logarithms of PK parameters cannot be modelled in this way with NM-TRAN.
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call SIMETA (see section H for a discussion about the sequence of calls ta'RiK)assures that there is
only one set of values obtained for the widiial, as in the default situatioriJnlike that situation,
though, during this first call to PK, multiple calls to SIMEMmight occur So for example, simulated
values ofn,, obtained from multiple calls to SIMEYTand such thatj;| = 2, can be rejected until ae

< 2is obtained, i.e. the distribution gn can be truncated. The code might looleltkis:

IF (1 CALL. EQ 1) THEN
CALL GETETA (ETA)
RETURN

ENDI F

I F (I CALL. EQ 4) THEN
| F (NEW ND. NE. 2) THEN

5 CALL SI META (ETA)
IF (ABS(ETA(1)).GE.2.) GO TO5
ENDI F
ENDI F

IF (I CALL. EQ 2) CALL GETETA (ETA)

GE(1,1) = TVCLMI*EXP( ETA( 4)) +TVCLRNF EXP( ETA(5))

The variable NEWIND allows PK to kmowhen it is being called for the first time with arest record
of a gven individual record (i.e. NEWIND not equal to 2); see section |.

E.3 Subject-Specifidrirst-Partial Deri vatives

For the purpose of data analysis, routine PK is called with ICALL=2, at which timeaiilezs
must be computed. If a conditional estimation method is used or posthoc estimategoéréneesired,
subject-specific first-partial degtives must be computed (see section Dj.the Laplacian method is
used, subject-specific second-partial whtives must also be computed; see section E.4.

Note that, with NONMEM 7, NONMEM may notwadys require that first-partial destives be |
computed. Aglobal integer variable IFIRSTEM is set by NONMEM to the value 1 or 0, according as the
first-dervatives ae needed or not. The usage of IFIRSTEM is similar to that of MSEC in Section E.4.T

The n’s invdved in the models for the subject-specifadues of the PK parameters are numbered
according to the enumeration of the initial estimates of their variances in NONMEM (or NM-TRAN)
control records. The dedtive d the Mth PK parameter with respect fg¢ should be placed in
GG(M,1+K). (TheMth PK parameter is defined in section C) So if (total) clearance is the Ist PK param-
eter and is gien by (18), and ifn,et andn,e, are the 4th and 5th variables, respeatély, then one needs
code like

t A different global variable, MFIRST a8 used in earlier releases of NONMEM. IFIRSTEM should pe
used with NONMEM 7.2 and highemMNote also that it is possible to cause PK and ERROR and other
PREDPP subroutines to compute first-daives ezen when IFIRSTEM is 0; see FIRSTEM in the hel
Guide VIII.
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IF (1 CALL. EQ 1) THEN
CALL GETETA (ETA)

RETURN
ENDI F

CALL GETETA (ETA)

GE(1,1) = TVCLMI*EXP( ETA( 4)) +TVCLRNF EXP( ETA(5))
G 1,5) = TVCLMI* EXP(ETA(4))
G 1,6) = TVCLRN*EXP(ETA(5))

All values GG(1,1+K), Kz 4, 5,should be 0.However, snce wheneer PK is called, the GG array is ini-
tialized to zero immediately before the call, the user need not explicitly store zeros in elements of GG.

By storing a 1 in GG(M,1) at ICALL=1, the user specifies that when ICALL=2 or 4, the subject-
specific value of the logarithm of the Mth PK parametert will be placed in GG(M,1) (see section C).
This signal also means that the subject-specific firstalime o the logarithm of the Mth PK parameter
with respect tax will be placed in GG(M,K+1).

E.4 Subject-SpecificSecond-Partial Dervatives

If the Laplacian estimation method is used, subject-specifiafidsecond-partial derstives ae
required (see section D). The second-partialveieves should be computed when ICALL=2f one
might use the Laplacian method, then it is a good ideavidagea PK code that accommodates thfs.
the Laplacian method is not used and the second-partiahtilea$ ae computed, then thieare ignored.
See also the remarks belooncerning MSEC.

When second-partial degtives ae computed, the GG gument is dimensioned differently from
the way this is described in section C. Its dimension needs to be expressed thusly:
GG(IRGG,GPKD+1,*) The subject-specific value of the Mth PK parameter should be placed in
GG(M,1,1). Thefirst-partial denative d the Mth PK parameter with respectrtp should be placed in
GG(M,1+K,1). Thesecond-partial derétive o the Mth PK parameter with respect/tp andsn, should
be placed in GG(M,1+K,1+L). The matrix of second-partial\@tiies is ymmetric, so it is only neces-
sary to store second-partial detives for values K= L. Considerthe example where (total) clearance is
the Ist PK parameter and isvgn by (18), andr,e; andn,e, are the 4th and 5Sth variables, respeactély.
Then one needs code like

t The logarithms of PK parameters cannot be modelled in this way with NM-TRAN.
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IF (1 CALL. EQ 1) THEN
CALL GETETA (ETA)

RETURN
ENDI F

CALL GETETA (ETA)

G 1,1,1) = TVCLMI* EXP( ETA( 4)) +TVCLRN* EXP( ETA(5))
G 1,5,1) = TVCLMI*EXP(ETA(4))

G 1, 6,1) = TVCLRN*EXP(ETA(5))

G 1,5,5) = GX1,5,1)

GX1,6,6) = GI1,6,1)

All values GG(1,1+K,1+L), K£ 4, 5,should be 0.However, snce wheneer PK is called, the GG array
is initialized to zero immediately before the call, the user needxplitidly store zeros in elements of
GG.

In the abwe example, there are only twnonzero second-partial destives of dearance that must
be explictly stored in GGHowever, even these tw are not actually needed witlvary call to PK. (Cer-
tainly, they are never needed unless the Laplacian method is being used.) In orderat@saputation
time, information is provided in the NONMEM global variable MSEC as to whether second-partial de-
rivatives ae needed with a particular call to PK. This is particularly useful when there are nonzero sec-
ond-partial desatives of a umber of PK parameters, and the total number of suchatiees is large.
MSEC is set by NONMEM to thealue 1 or 0, according as the secondvdéies ae needed or not.
Consequentlyan dternatve ade to the abae might be:

USE NVPRD_REAL, ONLY: ETA
IF (I CALL. EQ 1) THEN
CALL GETETA (ETA)

RETURN
ENDI F

CALL GETETA (ETA)

GE1,1,1) = TVCLMI*EXP( ETA(4)) +TVCLRN* EXP( ETA(5))
G 1,5,1) = TVCLMI*EXP(ETA(4))
G 1,6,1) = TVCLRNFEXP(ETA(5))
| F (MBEC. EQ 1) THEN
GX1,5,5) = GX1,5,1)
G 1,6,6) = GX1,6,1)
ENDI F

where all second-partials are computed and stored only when MSEC equals 1.
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By storing a 1 in GG(M,1,1) at ICALL=1, the user specifies that when ICALL=2 or 4, the subject-
specific value of the logarithm of the Mth PK parameter will be placed in GG(M,1,1) (see section C).
This signal also means that the subject-specific firstalime o the logarithm of the Mth PK parameter
with respect tay¢ will be placed in GG(M,1+K,1) and that the subject-specific second-partiabiileri
of the logarithm of the Mth PK parameter with respeetd@nds, will be placed in GG(M,1+K,1+L).

E.5 Active Ea List for PREDPP

During a gven call to PRED, NONMEM may not need datives for all n's. A PK, TRANS, or
ERROR routine may compute dedstives for all n's or optionally, to reduce run time, only for agé ;’s.
NONMEM tells PRED hw mary etas are actie (NACTIV) and a mapping such that M(k) is the irde
of the kth actie da. Thedeclarations are:

USE PROCM | NT, ONLY: NACTIV, M=>| DXETA

PREDPP Library routines TRANS2, TRANS3, etc., use this featutewibthout the alias M for
IDXETA. This is a matter of style.

F. Modeling Values of Additional Pharmacokinetic Paramaters

As mentioned in section C., witlvery translator routine, TRANS, there is associated feraiht
list of PK parameters. These parameters are called theRiagiarametersThey form a "minimal set"
of PK parameters whose typical/subject-specific valuesyatetivatives must be set in PK (see sections
C and E). There are additionBK parameters whose use in gegi problem are somewhat optiondh
this section we describe them andegiome examples for modeling therAs with the basic parameters,
their typical/subject-specific values andlerivatives ae communicated to PREDPP in PKhe way to
do this is described in section G.

F.1 Scaling Parameters

Associated with each obsation is an obseation compartment This compartment is specified
either plicitly in the event record containing the observation (section V.H), or by a default designation
(see sections VI.B and VII.C}-or each observation, NONMEM computes a prediction. The amount A
in the observation compartment at the time of otesem, divided by the value of a parameter S, is used
as the prediction. The parameter S is called a scpfirgmeter There is one such parameter associated
with every compartment of the structural model (including the output compartment). In NM-TRAN ab-
breviated code, the scaling parametergeh@sered names Sn or SC (where n is the compartment) of SC
(for the central compartment).

Suppose the observation is a plasma concentration. Then theatiossecompartment should be
taken to be the plasma compartment, and the S of that compartment should be taken tolbméhefv
distribution of that compartment(\Volume of distribution may or may not also be a basic PK parame-
ter) Supposedhe observation is a urine concentratidrhen the observation compartment should be
taken to be the urine compartment, which in turn might be identified with the output compartment, and
the S of that compartment should beetako be the measured volume of urine. Whereas, as in earlier
sections, volume of distribution is usually modeled in term&%xfr’s and X, urine volume is usually a
measured quantity and therefore simply some element biiowever, in principle each scaling parame-
ter (or ay of the PK parameters being described in section F) can be modeled in t&fsmg'sf and x.

Scaling parameters are optional in the sense that scaling parameters associated with compartments
never obsened may be ignored. The values of scaling parameters that are not computed in PK are
always understood to be 1 (see section G). Therefore, if, an amount, rather than a concentration, is mea-
sured, the computation of the scaling parameter may be ignored in this case also. If a scaling parameter
is not ignored and is computed in PK to be nonpasiBREDPP exits with a nonzero PRED error return
code (see section K).



PREDPP Guide - Chapter IlI 26

The scaling parameter for avgn compartment acts discretely at times for which predictions of the
scaled amount in this compartment are computed (see sectionlBv@)ume of distribution is a basic
PK parameterit acts continuously in that capacityHoweve, when, for example, the scaling parameter
for the plasma compartment is set equal to wlerae of distribution, the volume parameter acts dis-
cretely as it acts through the scaling parameter.

F.2 Bioavailability Fractions

Every dose is associated with a dasenpartment as pecified either xplicitly in the dose eent
record (see section V.H), or by a default designation (see sections VI.B and Vlhi€)}ompartment is
usually the compartment where the dose is physically input, although it need not be (see .8¢ctlobn F
the dose is a bolus dose or gular infusion, the dose amount must also be specified on thednse e
record. Ifthe amountis A, an amountBA of drug actually appears in the dose compartment (either in-
stantaneously at the time the dose enters the compartment - with a bolus deeea geod of time -
with an infusion), where F is thele of the biogilability fraction. There is one bioailability frac-
tion (parameter) associated witliesy possible dose compartment of the structural model (the output
compartment is not a possible dose compartmeéntNM-TRAN abbreviated code, the bigability |
fractions hae resened names Fn, where n is the compartment numbee bioaailability fraction for a
given compartment acts discretely at the times doses enter (or start to enter) the system (see section B.2).
For lagged doses, these are lagged times; see sedbiorBBavailability fractions are optional in the
sense that bisailability fractions associated with compartmentsanaused as dose compartments may
be ignored. The values of biglability fractions that are not computed in PK areals understood to
be 1 (see section G). Therefore, if, hakbility cannot be estimated, the computation of the \ziba
ability fraction can be ignored in this case too, with the consequence that it is assumed that the drug is
100% a&ailable. If a hoavailability fraction is not ignored and is computed in PK to begatiee,
PREDPP exits with a nonzero PRED error return code (see section K).

If two different preparations arevgh into the same dose compartment, and the concomitant Z
assumes the value 1 or 2 according to which preparation is beemgvgih some particular dose, then a
model for F might be

F=6, epnl(l+exn) (40)
ifz=1
=6, expnl(L+expn)
ifZ=2

With this model the typical value of F & or 8, according to the preparationvgn. [The variable
expn/(1+exp n) ranges from 0 to 1 and has typicalue%; so if 8; andg, are between 0 and 1, F is
also.] Onthe other hand, the CV of (random) interindividual variability in F is approximately the same
for both preparations (vi% w). Underthis model, if both preparations aregi to ©me indviduals, the
bioavailabilities of the two preparations are perfectly correlated across theseidindils (because with
each such individuaj is the same between preparationglith another model,

F=6, expn/(1+expn,) (41)
ifZ=1
=6, exp n,/(1+exp n,)

ifZ=2
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the correlation depends on the degree to whiciinds, are correlated, which may be 0. The correlation
betweem; andn, can be estimated (prialed the data alle this); see Guide IWith model (41) the CV
of interindividual variability may differ between preparations}(wl and% w,).

F.3 Duration Parameters

There are tw types of bolus doses that may beegi Aninstantaneoubolusdoseof amount A is
such that at the time the dose enters the system, the amaéihoFdrug appears instantaneously in the
dose compartment, where F is tfe@ue of the biogailability fraction associated with the dose compart-
ment. Azero-ordemolusdoseof amount A is such that its appearance in the dose compartment is de-
scribed by a zero-order proceagrmoa finite time interal, such that the total amount appearingr ¢his
intenal of time is FOA, where F is the value of the bigiability fraction associated with the dose
compartment. Thappearance of drug in a depot compartment, resulting from the dissolution of a prepa-
ration placed therein, is an example of drug appearance that may be modeled by a zero-order process.
The appearance of drug in the central compartment, resulting from absorption of a preparation placed in
a depot compartment, is another example of drug appearance that may be modeled by a zero-order
process, although this is often modeled by a first-order protedhis example, the dose compartment
would need to be the central compartmemwenghough the dose was physically input into a depote-
ro-order bolus dose, just as an instantaneous bolus dose, weag hg time, in which case the zerc-or
der process starts at the lagged time; see section F.6.

The difference between agdar infusion and a zero-order bolus dose is that the duration gf a re
ular infusion is specified by information in the dosen¢ record and computed by PREDPP itself,
whereas the duration of a zero-order bolus doseg@ded as a parameter which may be modeled and
computed by the PK routine. Of course, a model for the duration can be as simple as setting this parame-
ter to some data item in the dose record thagsghe duration of a regular infusion. Information in the
dose record indicates that a dose is a zero-order bolus dose, rather tpalarabdus dose or an infu-
sion; see sections V.E.

There is one duratioparameteassociated withwery possible dose compartment of the structural
model. INNM-TRAN abbreviated code, the duration parameteve esered names Dn, where n is th|e
compartment numbefThe duration parameter associated withvergtompartment acts discretely at the
times zero-order bolus doses start to enter the compartment (see sectioA Bepy-order bolus dose
whose duration is modeled is called a duratimpndeledzero-ordetbolusdose. Duration parameters are
optional in the sense that duration parameters associated with compartmenteceving duration-
modeled zero-order bolus doses may be ignofdak values of duration parameters that are not comput-
ed in PK are alays understood to be O (see section G)a duration parameter is not ignored and is
computed in PK to be nonpos# PREDPP exits with a nonzero PRED error return code (see section
K).

Alternatively, the rate of a zero-order bolus dose may be modeled and computed by the PK routine;
see next section. Some zero-order bolus doses may be duration-modeled, and others may be rate-mod-
eled.

F.4 Rate Parameters for Zero-Order Bolus Doses

The zero-order rate of a zero-order bolus dose (see section F.3) may be modeled, instead of its
duration. Informationn the dose record indicates which is modeled, the duration or the rate; see section
V.E. A zero-order bolus dose whose rate is modeled is called a rate-madetedrderbolus dose.

There is one ratparametenssociated withwery possible dose compartment of the structural moktel.|
NM-TRAN abbreviated code, the rate parametes® lesered names Rn, where n is the compartment
number These rate parameters are optional in the sense that rate parameters associated with compart-
ments neer receving rate-modeled zero-order bolus doses (or rate-modeled steady-state infusions; see
next section) may be ignoredlhe values of rate parameters that are not computed in PKnaes aln-
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derstood to be 1 (see section G). If a rate parameter is not ignored and is computed in PK to be nonposi-
tive, PREDPP exits with a nonzero PRED error return code (see section K).

Rate parameters act continuoushherefore, PREDPP obtains the value of a rate pararhetds
ing over the state-interval {ft,), from a call to PK with the argument record associated wjtbveén if
the dose went time occurs before.t Therefore, if there are state times (eyy.falling within the time
intenval over which a zero-order bolus dose appears in the system, ttisi®the possibility that the rate
of drug input can change during the intdrvFor this to occurthe rate parameter would need to be mod-
eled in terms of time varying concomitardlwes. Asa result, a better description of the zero-order
process where the rate is modeled might be a\wiseezero-order process. The release of drug from a
sustained release capsule, designed to occur at different rates at different stages of release, might be mod-
eled using a rate parameterhis model could be very simple, depending only on the naatwrier’'s
design parameters and not necessarily on parameters whose values must be estimated.

The duration of a rate-modeled zero-order bolus dose entering a compartment nygydesl @&s
a cerived parameteri.e. as a parameter computed by PREDPP from the primary additional parameters, in
this case from the biwailability fraction and rate parameter for thegn compartment. Thiparameter,
H, acts discretely at all state timgsstich that there is an amount &f drug remaining to be input into
the compartment at the state timeteceding 4. At t, its value is (FOA,)/r, where F is the bioail-
ability fraction applied to the dose at the time it started to enter the system, and raki¢hefithe rate
parameter at time.t If one wants H to be independent ¢frlean be set to FIr’, where tis a nominal
rate. For example, if one ants H to be a gen value d (e.g. a regular infusion isvgn of known dura-
tion d), then one should setiF [(A/d). If in fact the dose is agalar infusion, then A is the amount
Ao on the dose record, and PK can obtain this data iterthis case, though, it is simpler to implement a
model for the duration parameter (of section F.3) than to implement the model for the rate patameter
A cannot be obtained as a data item, then in generabthe of H cannot be controlled. Oneception
occurs when H is constant all the while the dose enters the compartment. Thefd8{Ay/d), where
d is the constant value (so H(A;/Ay) Ud).

Since tvwo rate-modeled zero-order bolus doses into the same compartment share the same rate
parametercare should be taken that the intervaleravhich the appear in the system novelap, or
that if these dowerlap, that the tw possible values of the rate parameter be the same.

F.5 Rate Parameters for Steady-State Infusions

The rate of a (constant rate) steady-state infusion (see section V.F) may be m8dekedn infu-
sion is called a rate-modelsteady-stat@nfusion. Information in the dose indicates that the infusion is
rate-modeled; see sectiorEV Thereis one ratgparameteassociated withvery possible dose compart-
ment of the structural model. The rate parameter that one uses f@enagnpartment is the same one
used to determine the rate of zero-order bolus doses into the compartment. That is, rate-modeled steady-
state infusions and zero-order bolus doses into the compartment share the same rate. pardiveter
TRAN abbreviated code, the rate parameteve liesered names Rn, where n is the compartment num-
ber Rate parameters are optional in the sense that rate parameters associated with comparements ne
receving rate-modeled steady-state infusions or rate-modeled zero-order bolus doses may be ignored.
The \alues of rate parameters that are not computed in PKveagsalinderstood to be 1 (see section G).
If a rate parameter is not ignored and is computed in PK to detives PREDPP gits with a nonzero |
PRED error return code (see section K). Rate parameters may be 0. Steady-state doses with both amount
and rate 0 are useful with general nonlinear models when feeedifial equations explicitly pvide for |
endogenous drug production and there is no exogenous drug to be introduced.

Steady-state infusions are imagined as infusions which started long before time 0 and terminate at
the event time on the dosevent record. Rate parameters act continuaubiythe case of a rate-modeled
steady-state infusion terminating at time t, it should be imagined that the infusion rate is coestaet o
infinite interval from—oo to t and is obtained from a call to PK with the argument record associated with
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t. Sincea rate-modeled zero-order bolus dose and a rate-modeled steady-state infusion into the same
compartment share the same rate parameds should be taken whendwauch doses occuthat the

infusion does not terminate during the intervadrovhich the bolus dose appears in the system, or that if

it does, that the tavvalues of the rate parameter are the same, or that some appropriate strategy is used.

One possible use of a rate-controlled steady-state infusion occurs when a patient has been on
chronic drug therapbefore entering a studiut one is uncertain about the dosing histdy modeling
this history with a rate-controlled steady-state infusion (terminating at time 0) whose typical rate is, say
@ (but which depends also on an individual random effect), then all compartments are initialized at the
outset with amounts commensurate with the assumed kinetics, but which will depend on a simple (and
presumably) estimable parameté&or this model to mak sense, one should be able tgael the difer-
ences in the pre-study drug histories between those patients whose histories are uncertain as being ran-
dom.

Another possible use is to model the kinetics of a drug which is also present endogefsusly
above, a rate-modeled steady-state infusion can be used to initialize the compartments to endongenous
amounts. Avery large amount of the compound administered thereaftérwlith time data item also
equal to 0), as a rate-modeled zero-order bolus dose (see sedjionaR maintain the "endogenous
steady-state".

F.6 Absorption Lag Times

The time t on a dose record refers to the recorded time the dose was administered. In the case of a
regular infusion, t is the time the infusion was initiated. (In the case of a steady-state infusion, t is the
time the infusionterminates but absorption lag times do not apply to steady-state infusion&n)
absorptiorlag timeis an increment of time L such that the time that the dosgasdexl (boy PREDPP) as
entering (or starting to enter) the system is tAn absorption lag time is sometimes simply called the
lagtime. The time t+L is called the laggdiine , and a dose with a posie lag time is called a lagged
dose.

Absorption lag times act discretely at recorded dose tiridat is, at such anvent time t an
absorption lag time L for the dose is computed by the PK routine. The lagged time t+L is wettan e
time; it is a noneent dose time. If there actually is aveat time coinciding with the lagged time, this is
only coincidental. The biaailability fraction and duration parameter act at the time t+L, when the dose
actually enters (or starts to enter) the systé&nrmally, PK is alled to compute these parameters with
only the argument record associated with tHlhis record generally does not contain information that
might be used in the computation. If PK requests calls atveohdose times (see section Ill.H), PK can
compute these parameters using both the argument record associated with t+L and the the dose record
describing the initiating dose.

When additional doses are specified on a dgeet éecord (see sectionKj}, the absorption lag
time acting at the time on the dose record applies to the dose and to all the additional doses. Thellag time
may exceed the (length of the) interdose irgervThereis no restriction in PREDPP that absorptidn
delay for a gien dose &ent record must be completed before avripse is entered in to the system.
With a steady-state multiple dose (see section V.F) the absorption lag time applies not only to this dose,
but also to all the preceding implied doseglith such a dose, the lag time should not exceed the inter
dose interval.

There is one absorption lag time (parameter) associated wveith gossible dose compartment of
the structural model (the output compartment is not a possible dose compartment). In NM-TRAN [abbre-
viated code, the absorption lag timesda&sened names AL&n, where n is the compartment number
Absorption lag times are optional in the sense that absorption lag times associated with compartments
never used as dose compartments may be ignofida values of absorption lag times that are not com-
puted in PK are alays understood to be 0 (see section G). If an absorption lag time parameter is not
ignored and is computed in PK to begaéve, PREDPP exits with a nonzero PRED error return code
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(see section K).

As with ary PK parametera lag time may be modeled in as complicatedag as is desired; the
model may includeg’s. Howeve, data can often be insufficient to alla lag time to be well-estimated,
and @en when a typical lag time can be estimated well enough, one may not be able to estimate the
interindividual variance of the lag time. In this case either set the variance set to zero, or do ngt use an

F.7 The Output Fraction

With ary of the kinetic models a (peripheral) output compartmentvisyal present.Associated
with this compartment is a PK parametle outputiraction, denoted here by Of the entire amount,
A,, of drug introduced into the system bgrious dosage patterns and then eliminated from the system
during a state-interval, a fraction of this amoungt,[FA,, goes into this output compartment. The output
compartment may be turned on anél divhile on, drug accumulates therein, and when turned off, the
amount therein is reset to zero. So, for example, if the output compartmegardedeas a urine com-
partment, and fis the ratio of renal to total clearance, the initiation and termination of a urine collection
can be simulatedin NM-TRAN abbreviated code, the output fraction has reserved name FO or FFO or
Fm (where m is the compartment number of the output compartment.)

If the output compartment is var turned on, the output fraction can be ignorddhe value of the
output fraction is not computed in PK, it isvays understood to be 1 (see section Ghnsequentlyif
the output fraction is ignored, then the amount in the output compartroeit wentually equal 100%
of all drug input into the system, mided the system does not retairy @nug indefinitely drug adminis-
tration finally ceases, and the output compartmentnayal on. If the output fraction is not ignored and
is computed in PK to be less than O or greater than 1, PREGIBRveéh a nonzero PRED error return
code (see section K). The output fraction acts continuously.

The example mentioned alnight, more specificallybe
Clren

Fo = al (42)
where Cl,,and Cl are gien as in (L7) and (18). Under this model, the typical value pisF
= élren
F.=— 43
0= & (43)
and the subject-specific first-partial detives ae
F
Fo _p_p (44)
0nren
oF, Cl et
=-F 45
0N met Cl (49)

The use of Fdepends on the assumption that the rate of change of drug amount in the output com-
partment is linear in the other compartment amounts. Other than this linearity restriction, the system can
be nonlinear.

F.8 The Time Scale parameter

In earlier sections it has been suggested that unexplained intehiradi variablity in kinetic
responses might be modeled in terms of random interindividual effects on familiar kinetic parameters.
Alternatiely, a population kinetic model can be entertained wherein at least some of tkaaimed
interindividual variability is attributable to what appears to be random differences betwegdualdi
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biological clocks.A simple low-dimensional description of unexplained intenidlial variability, abeit
someavhat empirical, results when all such variability is atttéal to this source and to random interindi-
vidual differences in scaling parameters.

According to this idea, time itself is scaledfeliently between indiduals. Havever, snce some
time intervals, such as an infusion time, amagt measured on axternal clock (e.g. the nurserist-
watch), time is scaled only where it multiplies a rate constant (of a linear mddwed)scaling parameter
is an additional PK parameter X which is modeled in PK. This parameter is called thectiae
parametefor sometimes, the Yaramete). In NM-TRAN abbreviated code, the time scale paramefter
has reserved name XSCALE. There is a single time scale parameter that applies to all rate constants.
The parameter acts continuously (and could therefore theoretically itself vary with time measured on an
external clock). It can only be used with linear kinetic mod#ist is not used, it can be ignored. If the
vaue of the time scale parameter is not computed in PK, itMayalunderstood to be 1 (see section G).
If it is not ignored and is computed in PK to be nonpasiPREDPP &its with a nonzero PRED error
return code (see section K).

Random interindividual effects can be assumed feecethe time scale parameter and the scaling
parameters (see sectioril)r If x denotes time, and S is a scaling parameétem (ignoring random
intraindividual variability) an observation y can be written schematically as

Sy = A(Xx)
where A is drug amount as a function of time, and where, say,

S=6 expn

X =6 expn,.

Time x may be garded as the abscissa value, the observation y maygbeled as the ordinatealue,
and then one sees that X scales the abscissa and S scales the ordinate. Randowidundé fivtitic
differences are being attributed at least in part to random interindividteakedites in the abscissa and
ordinate scales.

The X parameter does not scale the duration parameter D of a duration-modeled zero-order bolus
dose. Ifthis is desired, this must be done by setting KD’, where D is an unscaled duration parame-
ter. |

F.9 Model Event Time parameters

Model event times are additional PK parameters defined in the PK routine or $PK #aviodel
event time is not associated with yaoompartment, but, l& an dsorption lag time, defines a time to
which the system is admnced. Wheitthe time is reached, PREDPP sets indicator variables and a call to
PK is made. At this call (and/or subsequent to this call) PK or DES or AES or ERROR can use the indi-
cator \ariables to change some aspect of the system, e.g., a term in a differential equation, or the rate of
an infusion. This feature may be used witly &4DVAN routine. If a model eent time is also anvent
time, it is only coincidental. In NM-TRAN abbreviated code, the modeitdimes hae resered names
MTIME(i). Resened variable MTDIFF may be set when MTIME variables are chanbelicator \ari-
ables hae resered names MNEXT (i) and MPAST(i), each corresponding to the MTIME(i) variable with
the same indei. Resered variable MNQV is dso set by PREDPP when indicatariables are set.
Details are in Appendix 1.

G. Implementing Models for Additional Parameters

The argument ICALL of PK was described in section IlI.C. It functions similarly to the ICALL
argument described in Guide |, section C.4l2has seeral possible values when PK is calledhe
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value 1 signals to PK that the routine is being called for the first time in the NONMEM proBkesuch
a time PK must store certain values in array ID&Hing PREDPP what, if an additional PK parame-
ters the user has chosen to model, and where their typical/subject-specific valpedeanaives will
be stored in the GG arraysually a nodel for at least one additional paramegag. a scaling parame-
ter, is gven in PK. IDEF is a two-dimensional arrayflo e hav the two-dimensional formatted IDEF
is declared in PK, see section C.

The first rov of IDEF is also used to inform PREDPP what tagks will perform at latecalls, and |
this is described first.

IDEF(1,1)=-9 (required)
IDEF(1,2) is the PK calling protocol (call-limiting element) (see Section H).

IDEF(1,3) describes whether PK perforroempartment initializationj.e., whetheor not PK initializes
elements of the initial state vector A_0(n) (See section Malues are:

-1: PK may initialize A_O.

0: PK does not initialize A_O.

1: PK does initialize A 0.

The deéult used by PREDPP is IDEF(1,3)=-However, when compartment initializatiors not
implemented, then if IDEF(1,3) is set 9, PREDPP canvaid some time-consuming processing.
Indeed, when $PK abbrated or erbatim code is supplied, and therens reference to compart
ment initialization amounts A_0(n) in eithdre abbreviated orerbatim code, then NM-TRAN sets$
IDEF(1,3)=0.

IDEF(1,4) describes whether PK usdsrivatives o compartment amounts (e.g. compartment amounts
themselves are used as random variables in arithmetic statements in PK) (see Secti@ues)are:
-1. PK may use deratives of mompartment amounts.

0: PK does not use deatives of ompartment amounts.

1: PK uses derétives of cmmpartment amounts.

The default used by PREDPP is IDEF(1,4)=However, when denatives d compartment amounts are
not used, then if IDEF(1,4) is set @y PREDPP canvaid some time-consuming processing. Indeed,
when $PK abbngated or verbatim code is supplied, and there is no reference to A(n) (as a ramdom v
able in an arithmetic statemerit) theabbreviated code (or to desitives of A(n) in the verbatim code)|
then NM-TRAN sets IDEF(1,4)=0.

Just as typical/subject-specific values agnderivatives for each of the basic PK parameters are
stored in some @ of the GG arrayso ae typical/subject-specific values aneierivatives for each of
the additional PK parameters. The rows can be assignedvbatnarbitrarily If the output fraction is
modeled, set IDEF(2,1) to the number of the,rcalled the rav index, chosen for this fraction. If the
time scale parameter is modeled, set IDEF(2,2) to theimdex chosen for this parametetf model |
event times (MTIME(i)) are modeled, set IDEF(2,3) to theviimdex of the lavest-numbered MTIME |
parameter Set IDEF(2,4) to the w index of the hightest-numbered MTIME parametéf the scaling
parameterbioavailability fraction, rate parameteduration parametepr ébsorption lag for the Ith com-
partment is modeled, set IDEF(3,1), IDEF(4,1), IDEF(5,1), IDEF(6,1), or IDEF(7,l), reyhgtito the
row index chosen for this parameter.

There is a numbeMg, that is the largest number of basic parameters permitted with the selected
kinetic model. This number is either set in the selecte®AND subroutine (see section VII.C) or set by
the user via the MODEL subroutine (see section VI.B)row index M assigned to an additional PK
parameter must be a number greater thgnidt no greater than PG, a constant in SIZES.f90 which is
given by RRAMETER (PG=50+PCT), where PCT is the maximum number of madet ¢me param- |
eters given by PARAMETER (PCT=30) Both these parameters can be changed with the $SIZES record.

T Previous editions of this guide also described a one-dimensional format for IDit§ format is obso-
lete and the descripiton is omitted.
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Considey for example, the one compartment linear model, with one basic PK parameter: rate constant of
elimination. (This parameterization is implemented via TRANSHEtpm section VII.C.1 it may be seen

that Mg = 2. If the scaling parameter for compartment 1 is to be modeled, then one can set IDEF(3,1)=3.
If the scaling parameter for compartment 2 is also to be modeled, then one can set IDEF(2&)y4.

if the bioavailability fraction for compartment 2 is to be modeled, one can set IDEF(4,2)=5

The rav indices of the additional PK parameters must be consecintiegersbeginning with
Mg + 1, with no intgers skipped, as in the almoexample. Heovever, one is not restricted to preserving
an increasing monotonic relationship between the numbers of the compartments and finglices, or
between the numbers of the rows of IDEF itself and theingdlices. Soin the ab@e example one can
just as well set IDEF(3,1)=4 and IDEF(3,2)=3, or set IDEF(3,1)=4, IDEF(3,2)=5, and IDEF(4]29*3.
is one restricted from using avondex more than once. So, one can set IDEF(3,1)=IDEF(3,2)=3 (which
specifies that the scaling parameters for compartments 1 and 2 are modeled and th&tdbeire/to be
equal and stored inwo3 of GG), though usually there is no need to do this.

For each scaling parameter and hiadability fraction, and for the output fraction and time scale
parameterPREDPP assumes that if itswondex is not explicitly set at ICALL=1, then its typical/sub-
ject-specific value is alays 1, and itg;-deriatives ae alvays 0. Therefore, for example, thenrondex
of a bioaailability fraction associated with a plasma compartment vawgbnly intravenous bolus doses
need not be explicitly se(lf this compartment were also a dose compartment for zero-order bolus doses
with possibly less than 100% bigilability, the rav index would need to be set. In this case ormild
need to be careful that the fraction stored is less than 1 only when the fraction for the zero-order bolus
dose is being obtained with the call to PKRor each absorption time lag, PREDPP assumes that if its
row index is not explicitly set at ICALL=1, then its typical/subject-specifiglue is avays 0, and its
n-dervatives ae alvays 0. PREDPP assumes that if neither thve ircdex of the duration parameter nor
the rav index of the rate parameter for avgh compartment is explicitly set at ICALL=1, then the com-
partment neer receves zero-order bolus doses.

The user can specify that the typical/subject-specific value anddbgevatives of the logarithm of
an additional PK parameter will be placed in GG, just as with treitbgn of a basic PK parameter (see
sections C and E).t

H. PK Calling-Protocols

As the pharmacokinetic system is advanced, PK is called one or more times, each time with some
argument record. Thevent records comprise these argument records, and are passed to PK in time
order The simulation and/or data analytic computations will normally be done correctly if routine PK is
called with one eent record after another (within an individual record), wenerecords being skipped,
and no gent record being repeated. This is theaddf. Howvever, PREDPP can implement aviediffer-
ent protocols for calling PKA protocol is specified by setting IDEF(1,2) to one of various values at
ICALL=1 (for more about IDEFsee section G)For example, the PK routine can be called only with the
first event record of the indidual record and withwery event record thereafter where the time data item
differs from the time data item of the previowsrg record. If this more limited sequence of calls is
desired, this can be accomplished by setting IDEF(1,2)=0. Note, thougt ttést case IDEF(1,2)
must be explicitly set to 0 because 0 is not the default. |

Often, none of the basic or additional PK parameters depend on concomitabtes whoseal-
ues vary within an indidual record, i.e. varywer time. Inthis situation the information output by PK,
i.e. the GG arrayis the same for eachvent record of an individual record (for fixed THEBnd ETA).
Considerable computation time can bgeda PREDPP need call P&nly onceper individual record,
with the first @ent record only (for angiven values of the THEA and ETA arrays). Thevalues of con-
tinuously acting PK parameters computed with this call can be assumed tovkoldl ctate-time

T The logarithms of PK parameters cannot be modelled in this way with NM-TRAN. |



PREDPP Guide - Chapter IlI 34

intenals for the individual record, and thalwes of discretely acting PK parameters can be assumed to
hold at each state time for the recofiche user can request this calling-protocol by setting IDEF(1,2)=1.
This is illustrated in examples below; see sections L.1 and L.2.

When the data are from a single subject, PREDPP treatgeatl records in the entire data set as
though thg are associated with the same subject. (This is a consequence of the single-subject assump-
tion; see section I¥A.) In particular suppose thatwery call to PK with a different\ent record results
in the same output from PK (for && THET). Thenonly one call is necessarg all with the first
event record in theentire data set The values of continuously acting PK parameters computed at this
call can be assumed to holdepall state-time intervals for the entire data set, and the values of discretely
acting PK parameters can be assumed to hold at all state times for the entire data set. Setting IDEF(1,2)
to 1 has this é&ct. Thisis illustrated in examples below; see sections L.3 and L.4.

Even when IDEF(1,2)=0 or 1, a call to PK withyagiven event record can be forced with the use
of the CALL data item (see section V.J).

The protocol where PK is called once witrery event record (see abe) can be specified by set-
ting IDEF(1,2) to -1, or by not setting IDEF(1,2) at all, i.e. this protocol is theulteflf it is desired
that, in addition, the values of PK parameters &tramesent dose time t be computed with access to
both the argument record associated wiahdthe event record describing the dose (see section B.2), set
IDEF(1,2)=-2. Thishas the effect that PK may be called repeatedly with the sanerecord (for if t is
a monevent dose time, and s is the subsequeahtetime, PK is called with thevent record for s at both
times t and s).The primary use of this protocol is so that the values of certain discretely acting PK
parameters, the bigalability fractions and duration parameters, canagks be computed with access to
useful dose-related concomitant information contained in the dose record, such as the type of preparation,
even when the dose is an additional or lagged da@seother use of this protocol is to cause PREDPH to
call PK at the time specified by a moded time parameter; this protocol is required with such param-
eters. |

When NM-TRAN abbreviated code is used, the reserved variable CALLFL may be used to gpecify
the value for IDEF(1,2). E.g., to set IDEF(1,2)=0, use:
CALLFL=0

|
Alternately A calling protocol phrasean be used instead of the CALLFL pseudo-statement, e.g., |
$PK (NEW EVENT TI ME) |

In the next section the ay PK has access to DOSREC, the record describing the dose, is
explained. |

|. Global and Other Resewed Variables

PK can accessaviables other than though its argument l\fith versions of NONMEM prior to
NONMEM 7 FORTRAN COMMON blocks were usedWith NONMEM 7, FORTRAN MODULES are
used. Thenames of the COMMOI¥’and MODULE'’s ae not identical.Integer \ariables are in modules
whose names ends with _INReal \ariables are in modules whose names ends with _REXaracter
variables are in modules whose names ends with _CHAR. The characters "RO" in a module name indi-
cates "Read-Only", e.g., ROCM (NONMEM Read-Only) andOR® (PREDPP Read-Only) and the
variable should not be changed by PREDRR, should be used only on the right. Modules whose name
starts with NMPR or NMPRD are for NONNEM-PRED communicatidariables may be used on the
right or sometimes on the lefiariables in ROCM and NMPR and NMPRD modules are of interest to
ary PRED. Modulesnvhose name starts with PR are for communicatietween PREDPP and its sub-
routines. Thissection lists some of thexiables of interest for PREDPFPhe module name immediately
follows the USE clauseVariable name(s) arbold and follav the ONLY clause. Someariables listed
belov may be pointers to differently named variables in MODULES. Sometimes the aliasing feature
"=>"is used so that a variable has dadént name in the subroutine than in the module. The help Guide
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VIl can be used to obtain the exact declarations and all variables of interest.

I.A Global Input Variables

USE NMPRD_INT , ONL : MSEC=>ISECDER |FIRSTEM
These variables are discussed in Sections E.3 and E.4, redpecti

USE PROCM_INT , ONVK : NEWIND =>PNEWIF

NEWIND is an intger variable acting li&k the NEWIND variable described in Guide NEWIND

is an argument to PRED subroutines, but is communicated in a module to subroutines of PREDPP
It assumes one of Zkues: 0 if the went record is the first of the entire data set, 1 if thene

record is the firstwvent record of an individual record (other than the firstviudial record), and 2

if the event record is other than the firsteat record of an individual record. When the data are
single-subject data, individual records are as described in chapter Il

USE PROCM_REAL, ONY : DOSTIM , DDOST , D2DOST

When IDEF(1,2)=-2, tw kinds of calls to PK may occur: at nmeat dose times (with additional
and lagged doses) and at modedng times (with model vent time parameters)Nonevent dose
times are discussed first.

The values of PK parameters ayaionesent dose time t are obtained with access to both the ar

ment record associated witlamd the event record describing the dose (see sections B.2 and H).
At the call to PK, when the values of the PK parameters are obtained, the value of t itself can be
found in DOSTIM. The eent time when the dose isvgnh is found in another module (DOSREC,;

see below).

The time t may depend oris. The first-partial deviatives and the second-partial destives of t
with respect to they’'s are given in DDOST and D2DOSTrespectrely. DDOST(K) = dDOS-
TIM/0ng, and DDOST(L,K) =62DOSTIM/6/7L/7K for L = K. When PK is called at an event time
DOSTIM, DDOST and D2DOST contains 0’s.

USE PROCM_REAL , ONY : DOSREC

When IDEF(1,2)=-2, the values of discretely acting PK parametery abas/ent dose time t are
obtained with access to both thgament record associated withridthe event record describing
the dose (see sections B.2 and ). the call to PK, when the values of the PK parameters are
obtained, the (last data record of the¢re record describing the dose can be found in DOSREC.
(The eent record can spans®al data records; see chapter IThis record differs from the gu-
ment record (thevent record found in the gument EVTREC), which is thevent record at the
next event time following t. The argument record may negéebe a @se record, &t if it is, it may
describe a dose ungkhe one entering at time t.

When PK is called at an event tinl®SREC contains 0’s.

When NM-TRAN abbreiated code is used, labels of data items defined in the $INPUT record
(user defined variables) may be used on the right in the $PK block. By defauliube wsed for|
these variables will be from the argument record EVTREC, the™necord. The $BIND record|
may be used to request that values be from from the dose raueés from the "last" (the most
recent, i.e., the previousyent record be also be requestédbte that $BIND affects only the genf
erated code, not PREDPP or the arrays DOSREC or EVTREC themselves.

USE NMPRD_REAL, ONk : ETA

The ETA array is in a global module. This allows elements oAEJ be dsplayed by NONMEM
in tables and scatterplots and allows both PK and ERROR to access the values of ETA.
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USE NMPRD _INT, ONL : NTHES =>NWTHT ,NETAS =>NWETA , NEPSS =>NWEPS
The dimensions of THETA, OMEGA, SIGMA. Ner less than 1.

USE NMPR_REAL , ONl : OMEGA =>VARNF

The current value of OMEGAThe current value of SIGMA is also located in this array as fol-
lows:
SI GVA( |, J) =OVEGA( NETAS_+I , NETAS_+J)

Other useful global variables follo

USE PROCM_REAL , ONY : A=>AMNT , DAETA , D2AETA
USE PROCM_REAL , ONY : TSTATE

Global \ariable A is the state vector of compartment amounts (See Introduction to Version VI).
Elements of A may be used on the right in $PK and PK subroutines.
A(n) = the amount in compartment n.
DAETA(Nn,i) = the dewative d A(n) wrt eta(i).
D2AETA(n,i,j)) =the second derdtive d A(n) wrt eta(i), eta())
(lower-triangular; j=1, ..., i)
TSTATE is the state time associated with A, i.e., the time t at which A was computed. It may also
be used on the right in $PK and PK subroutines.

PK should tell PREDPP whether or not it uses compartment amounts. See Section G, IDEF(1,4).

REAL(KIND=DPSIZE) , POINTER :: DEN_, CDEN_(:)
USE ROCM_REAL, ONY : DEN_NP
DEN_=>DEN_NP(1)
CDEN_=>DEN_NP(2:)
These values are computed by NONMEM when the Nonparametric step is performedgindlmar
cumulatves ae requested. DEN_ is the nonparametric den€SEN_(n) is the maginal cumu-

lative value for the nth. etaThey may be used as right-hanguantities inPK and all PREDPP
subroutines.

USE ROCM_INT, ONL : MIXNUM =>MIXCALL , MIXEST =>IMIXEST

These are NONMEM variables used with Mixture models (see section Th&y. may be used on
the right in $PK abbreviated code or PK subroutines.

MIXNUM is set by NONMEM during Estimation to the indef the subpopulation for whichavi-
ables areto becomputed.

MIXEST and MIXP are set by NONMEM when Estimation is finished to thexinfi¢he subpop-
ulation estimated to be that from whithe indvidual’'s data most probably arises.

MIXP are the mixture probabilities P(i) computed by NONMEM subroutine MIX or by the $MIX
block of abbreviated code. Thenay be used on the right in PK.

USE PROCM_INT , ONK : MNOW =>MTNOW , MPAST=>MTPAST ,MNEXT =>MTNEXT

When IDEF(1,2)=-2 and PK is called at at modedne times, the values of discretely acting PK
parameters at gmonevent dose time t are obtained with access to tharaent record associated
with t. DOSTIM and DOSREC ar0. PK has access to global variables MNEXMPAST,
MNOW. These indicator ariables can be used to modify some aspect of the system. Details are
in Appendix llI.
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USE ROCM_INT, ONI : NIREC=>NINDREC ,NDREC=>NDATINDR |
USE NMPRD_INT, ONY : NPROB, IPROB |
INTEGER(KIND=ISIZE) , POINTER :: SINUM, S2NUM, SINIT, S2NIT, S1IT, S2IT |
USE NMPRD_INT, ONI : IDXSUP, NITR_SUP , NITSUP |
S1INUM=>IDXSUP(1) |
S2NUM=>IDXSUP(2) |
SINIT=>NITR_SUP(1) |
S2NIT=>NITR_SUP(2) |
S1T=>NITSUP(1) |
S2IT=>NITSUP(2) |
USE ROCM_INT, ONI : NREP, IREP=>NCREP |
USE ROCM_INT, ONI : LIREC =>NDATPASS |
USE ROCM_INT, ONI : NINDR=>NINDOBS ,INDR1=>IDXOBSF ,INDR2=>IDXOBSL |

These are NONMEM "counter'aviables. Thg may be used on the right in $PK or PK subrou-
tines. For initialization/finalization, thg may be used in $INFN or INFN subroutines. (see INFN
in Chapter VI). Counters include (in the order at®yx record counters; problem iteration counters;
superproblem iteration counters; simulation repetition counters; number of data records |n the
individual record; number of individual records in the data set containing an ati@ersecord,
and the indices of the first and last such individual records.

See also Chapter IV section D.A faanables giving values of THETA, OMEGA, SIGMA at diff
ferent NONMEM steps. Some of these may also be of interest to PK.

I.B Global Output Variables

This section describes variables that may be set by PK which are not communcated ga-the ar
ments but which are located in modules.

USE PROCM_INT, ONY : A _OFLG
USE PRMOD_REAL, ONY: A 0, DA 0, D2A_0

These wariables are used with the compartment initialization feature of PREBPEBFLG is an
input variable to PK. It may be used on the right in $PK and PK subroutiflesn PREDPP sets
A_OFLG to 1, the amounts in the various compartments may be set by the PK routine.
A_0(n) = the amount for compartment n

DA_O(n,i) = the dexative d A_0(n) wrt eta(i)

D2A_0(n,i,j) = the second desdtive d A_0(n) wrt eta(i), eta(j) (lower-triangular; j=1, ..., i)

PK must tell PREDPP whether or not it peforms compartment initializatl®se Section G,
IDEF(1,3).

USE NMPRD_INT , ONL : ETASKXI

With NONMEM 7.3, an alternate da shrinkage &luation using empirical Bayesasiances
(EBVs, or conditional mean variances) arevna@so reported. With NONMEM 7.4, reported
shrinkage includes ETAshrinkSD, ETAshrinkVR and similarly for EBV and BR&sered \ari-
able ETASXI(i) may beised in $PK abbwated code or PK subroutine to specify certain etas of
particular subjects to be included, or to specify certain etas of certain subjects xcduaed
from the aerage eta shrinkage assessment.

If ETASXI(i) is set to 2, ETA(i) is included.
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If ETASXI(i) is set to 1, ETA(i) is excluded.

USE PRMOD_INT, ONK : |_SS

I_SS is used for the Initial Steady State feature of PRE®RIP the general non-linear models
(ADVANG6, ADVANS8, ADVAN9, ADVAN13, ADVAN14, ADVAN15). Defult: -1 (PK does not
request the |_SS feature).

Values 0, 12 and 3 are permittedValue 0 requests that no steady state be compu8MOD
values 1, 2, and 3 requests that PREDPP compuieiial steady state fahe model before the
first event record of an indidual record, or after a reseteat. The results areidentical tothose
that would be computed by a steady-state dosmterecord with SS=I_SS and AMT=0 and
RATE=0. If endogenous drug is specified in thifferential equations, non-zero initial condi-
tions will be computed. There is no difference betwegnes 1, 2 and 3 of |_SS unless the PK
routine also uses the compartmenitialization feature A_0.The |_SSfeature behaes exactly
like a seady state dose record in thigal. Specifically

With |_SS=1 ("reset"), values of A_0 are ignored.

With |_SS=2 ("sum"), values of A_0 are added to the SS values.

With |_SS=3 ("initial ests"), values of A_0 are usad initial estimates when computing the SS
values.

See also ISSMOD (MODEL subroutinegChapter VI section B.A).

USE PKERR_REAL , ONY : MTIME
USE PRMOD_INT, ONK : MTDIFF

MTIME (model erent time \ariables) are communicated to PREDPP as additional PK parameters

in the GG array Howeve, they are communicated to subroutine EBR as global variables in the
PKERR_REAL module (note that eta detives of MTIME variables are notvailable to the
ERROR subroutine.)MTDIFF is a global variable located in a module. If PK sets MTDIFF to a
value other than 0, e.g., MTDIFF=1, then PREDPP witiderstand that with that cadi PK, the
values of one or more of the MTIME(i) i@ possibly been reset. Details are in Appendix IIl.

USE NMPR_INT , ONI : RPTI=>NRPT_IN ,RPTO=>NRPT_OUT RPTON=>NRPT_ON

USE NMPR_INT, ONL : PRDFL=>IUSEPRD

These NONMEMvariables provide the informatiocontrolling the Repetition feature of NON-
MEM (See Introduction to Version VI). All variables are output from PREDRée@ RPTI,
which is set by NONMEM.However, they are listed together in module NMPR_INT and are
described here togetheRTPO, RPTON, PRDFL may be used on the left in $PK and PK subrou-

tines, as well as ERROR and all other PREDPP subroutines. RPTI is set by NONMEM and may

be used on the right.
RPTO is used to mark a record as a repetition base or a repetition initiator.

RPTON gives the number of times the repetition series initiated by the data record is to be

repeated.
RPTI is set by NONMEM wherthe record being passed RRED is being repeated.
PRDFL signals that the output from PRED with a passed record is to be ignored by NONMEM.

I.C MiscellaneousGlobal Variables |

USE PRINFN , ONK : TLCOM=>ITV

PRINFN is aglobal module for INFN-defined variables (See Chapter VI, Section A.C). It is
meant to be used for communicatiamth other other blocks ofbbreviated code or with
userwritten codes. WheiNM-TRAN is used, there is a subroutine ASSOCPRINFN in FSUBS
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similar to ASSOCNMPRD4 (See Section J). This makes w@&woant for PK and ERROR to use
variables that are initialized or modified in INFN at ICALL values O or 1 or 3.

USE DECLAREVARIABLES

DECLAREVARIABLES is an area of storage that is defined using the $ABBREXDA
DECLARE control record with NONMEM 7.3.

Declared wariables are global,e., are defined in all blocks of abbreviated code. Examples are
integer variables for use in DOWHILE loops, or double precision arrays. Declar&bles are
not used by NONMEM or PREDPP.

includenonmem_reseved_general

There is a file nonmem_reset general in the util directoryrhis contains USE statement for a
number of other NONMEM ariables that may be useful for advanced users. Most of these are
variables that are set by NONMEM and can be used in PREDPP (e.g., ITER_RERD&ion

number that is reported to output). Some are meant to be set by PREDPP and are used by NON-
MEM (e.g., MDVI1, MDVI2, MDVI3 which can be used toverride the value of MDV=100 or
MDV=101 under certain circumstances). |

|.D Other Resewed Variables

Other reserved variables may be computed in PK that are not irgtiraet list or in global mod-
ules.

MU_ variables

MU _ variables are useful with NONMEM methods such as Bayesian metfibdsassociation of
one or more THEAs with ETA(n) should be identified by a variable called MU _n. If MUriv
ables are defined in $PK abbreviated code or PK subroutiryemtet also be computed in a sub-
routine called MUMODEL2. This subroutine should contain only the ctigg is needed to
compute the MU parameters (MU_1, MU_2, etc.). This subroutine may be.etfptil-TRAN
abbreviated code is used, MUMODEL2 is generated by NM-TRANs much as possible,
define the MU in the first fav lines of $PK or the PK routinéA description of the MUMODEL?2
subroutine is beyond the scope of this document.

See Chapter VII.

J. Displaying PK-Defined Items

A value stored in a variable (or array element) V in PK may be displayed in a table or scatferplot.
accomplish this, module NMPRD4 must be defined in PK, and V must be listed in NMPRdile
NMPRD4 also provides a ceenient place to store values of variables to be shared between PK and
other user routines, and it is used thusly when these routines are generated from NM-TRAidtatdbre
code (see Guide IV). (INFN-defined and declared variables are also shared between user routinef.)

The implementation of NMPRD4 is different in NONMEM 7 than in ear@sions. Inorder to &cili- |
tate dynamic storage allocation, module NMPRD4 contains a single dynamically-allocated array VRBL.
The declaration for NMPRD4 is:

T(When there is more than one data record withinvant@éecord R2, the value of V computed when PK is
called with the precedingvent record R1 is displayed as part of the last data record ddriRlBs part of

evay data record but the last in R2.) See the example in section L.2. This is not possible when NM-
TRAN is used.
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MODULE NVPRD4

USE SI ZES, ONLY: DPSI ZE

REAL( KI ND=DPSI ZE), ALLOCATABLE, TARCET :: VRBL(:)
END MODULE

where the allocated size isvgn in SZES.f90 by PARAMETER (LNP4=4000) and LNP4 can be
changed with the $SIZES record.

Within a user-supplied code, the declaration
USE NMPRD4 , ONY : COM=>VRBL

males it possible to use the elements of COM as in previetssons of NONMEM. When NM-TRAN

is used, the generated code is a little more complicated. FSUBS contains a subroutine ASSOCNMPRD4
containing statements such as

REAL( KI ND=DPSI ZE), DI MENSI ON (:), PO NTER :: COM

COVE>VRBL

KA=>COM 00001) ; K=>COM 00002) ; CL=>COM 00003) ; SC=>COM 00004)

ASSOCNMPRDA4 is called from PK, ERIR and other subroutines in FSUBS. This allows the gener
ated code to use the usmmpplied variables KA, K, etc., which may be helpful to a user whmmmes
FSUBS. E.g.,

KA=THETA( 001) +ETA( 001)

is more similar to the abbreviated code than either of the following, which axaleqti

VRBL (1) =THETA(001) +ETA(001)

COM 1) =THETA( 001) +ETA( 001)

Other reserved variables may be used with NMPRDA4.

COMRES

COMRES ("common reserve" is a reserved word in afided code and the $ABBREVIATED record
that may be used togs instructions to NM-TRAN about NMPRD4. (It has no sigificance to NON-
MEM.) It can be used to set aside an initial portion of NMPRD4 as a "reserved" pdresered ele-
ments of NMPRD4 may be referred to as COM(i) in abbreviated cedeatum code, and $TABLE and
$SCATTER record.

USE NMPRD_INT, ONl : COMACT
COMACT is set by NONMEM. It maybe testedn user-written subroutines or abbreviated code
to determine when NONMEM is making a ¢apy pass,.e., when the data records are being
passed to PRED for the purpose of computialyies of variables which will be obtainef.e.
copied) from NMPRD4or tables and scatterplots. NONMEM only makes a copying pass when
PRED-defined items aréisted in$TABLE or $SCATER records. The values used in tables
and scatterplotare thoseopied from NMPRD4 with the last cgpipg pass.Values of COMACT
are:
COMACT=0: This is not a copying pas€OMACT=1: Thisis a copying pass with final thetas
and zero-valued etaCOMACT=2: This is a copying pass witlinal thetas and conditionakti-
mates of etasCOMACT=3: This is a copying pass with conditional (nonparametric) estimates of
etas.

USE NMPRD_INT , ONLlY : COMSAV
COMSAV is set by PREDPPWith NM-TRAN, it can be specified as an option of the $ABBRE-
VIATED record. It gives the size of the SAVE Region of NMPRDA4. If a variable is stoiredhe
SAVE region, then the value of thanable computed with a\gn data record duringa cpying
pass will be found in NMPRD4 whehe same record is passed during the next copying pass,
i.e. it will have been sged from the preious copying pass. Thiss in contrast to the usual
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behaviourwhere with a gien data record, thealue in NMPRDA4 is thevalue computedvith the
previous data record.

K. PRED Error-Recovery

PREDPP may»at with a nonzero PRED error return code. Then either the NONMEM run is
immediately aborted or an errmgcovery procedure is implementedin errorrecovery procedure entails
continued calls to PRED, but with values of THE®r ETA different from those with previous calls
which resulted in nonzero return codes. There aceetvor-recovery procedures: one with which thf-
ent ETA values are tried, the B¥recovery , a £cond with which different THEX (and possibly EA)
vaues are tried, the THEFrecovery . Whenever it is possible to implement the BIrecovery, this is
done. Ifthis procedure fails, or if it is not possible to implement thA-E&covery, and the error return
code is obtained during either the search in the Estimation Step or the search in the Initial Estimation
Step, then a choice exists between an abort and implementation of thé&-Tetifery. If the THETR-
recovery fails, or if it is not actually possible to implement the THEEcovery, the NONMEM run is
aborted.

A PRED error return code canvevalues 0, 1, or 2. The value 0 means that the return is a normal
return. Thevalue 1 means that if the choice exists between an abort or implementation of th&-THET
recovery, then this choice is to be made using control stream informaliba.value 2 means that if the
choice exists between an abort or implementation of the A-tEdovery, then the abort should be cho-
sen.

When an abort occurs, an error message will appear in the NONMEM output, in the intermediate
output file (if such a filexasts), and in the PRED Error file. When the THEECcovery is implemented,
an error message appears in the intermediate output file (if such a file exists), in the PRED Error file, and
if recovery is not possible, in the NONMEM output. The error message is called a PR&nessage

When the PRED error return code is 1, and a choice exists between implementation of the THET
recovery and an abort, the THEFrecovery is implemented if the value in field 11 (field 3) of the ESTI-
MATION (THETA CONSTRAINT) record is 1 (or with NM-TRAN, if the NG@BORT option is used in
the SESTIMATION ($THETA) record).t If the value is 0 (or if the NBORT option is not used), then
the run is abortedOften, the most appropriate response to an abort occuring during the Initial Estimate
Step, or during the Estimation Step after the Oth iteration summary has been output, is to rerun the prob-
lem requesting that the THEBIrecovery be implemented.Warning: If the implementation of the
THETA-recovery is requested before an actual abort has occured, be sure to check the PRED Error file
PRDERR for possibly useful diagnostic information that is otherwisgahle in NONMEM output
when an abort occurs.

K.1 PRED Error-Recovery from PREDPP

PREDPP may exit with a nonzero PRED error return code as a result of some computation under
taken in a PREDPPédtnal or Library routine, or when PK returns awaid value of a PK parameter
The nature of the problem will be described in the PRED error message if this message appears.

K.2 PRED Error-Recovery from PK

PK (as well as ERBR, DES, and AES) can can force an immediate return to NONMEM from
PREDPP with a nonzero PRED error return code and accgimpamser message. The contents of GG
are ignored.

Global output variables IERPRD, NETEXBETEXT are used. |

TOther possible options are $THENOABORTFIRST and $EST NOHABOR. These are discussed in
Guide VIII.
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USE NMPRD_INT , ONL : IERPRD , NETEXT
USE NMPRD_CHAR , ONK : ETEXT

If a user message is returned, it will appear as part of the PRED error message. The return code is stored
in IERPRD. Values are:

IERPRD=0: Normal return

IERPRD=1: PRED is unable to compute. NONMEM should attempteegco

IERPRD=2: PRED is unable to compute. NONMEM should abort the run.

The user message can be comprised of up to three character strings, each of length 132. The message is
stored in a character string array ETEXNETEXT gives the number of lines of text stored by PK in
ETEXT.

When NM-TRAN is used, the EXIT statement may be used in abbreviated Eadexample, a state-
ment such as the following may be present in $PK:

EXIT 12 |

This sets IERPRD=1 and
ETEXT(1)="PK SUBROUTINE: USER ERROR CODE = 2’
followed by a return from PK.

USE NMPRD_INT , ONLK : IQUIT |

Another global output variable, I@QT, is used within PREDPP so thatyasubroutine may initiate an
error return to NONMEM. When NM-TRAN abbreviated code is used for $PK (or $ERROR), IQUIT is
tested after a call to GETETA, SIMETA, or SIMEPS (See Chapter AMyserwritten code should con-
tain similar code, e.g.

CALL GETETA(ETA)

IF (IQUT == 1) RETURN

L. Examples

L.1 Examplel: Population Data

One example of code for a PK routinealves the simple one compartment linear modeis
based on an analysis of phenobarbitol data (which may be found on a file of the NONMEMttistrib
medium; see Guide Ill)More detailed discussion of the data set is to be found in sectidh \Essen-
tially, each of 59 neonates was/gi some loading dose of the drug, had a plasma dnagl heeasured
about 2 hours latewas gven maintenance doses abowtegy 12 hours thereaftehad possibly one
trough level measured during maintenance dosing, and certainly esenteasured some time after the
last maintenance dos®ue to the long half-life of the drug, for the purposes of analysis all doses can be
regaded as intreenous bolus dosesThe weight and APGAR score of each individual aralable as
concomitant information. The APGAR score (1-10) is a measure of a neonesiith at birth.

The one compartment linear model is implemented by choosing subroutivié@ NDfrom the
PREDPP Library (see chapter I). The user chooses to parameterize this model in Cl and Vd, so the rou-
tine TRANS?2 is also chosen from the Library (see section A). Clis modeled as in glélil waken to
be proportional to weight as in (2) (see section . is also modeled as in (14), wittd taken to be
proportional to weight as in (2); ivaver the proportionality constant is one ofaywossibly different al-
ues depending on the APGAR scote APGAR is 2 or less, the proportionality constant is oakie,
and if APGAR is greater than 2, the proportionality constant is possibly another value.

A code for PK is gien in FHgure 1. (A corresponding NM-TRAN ablviated code is shown in
Figure 17 as part of an NM-TRAN control stream.) It returns typical values and typical first-partial de-
rivatives. It can be used with the first-order estimation methad, ot with conditional estimation
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methods or with posthoc estimation gg6. Note that the v index of the scaling parameter for the
plasma (i.e. central) compartment is set at ICALL=1 to be 3 and that this parameter is identified with vd.
Also note that since both weight and APGAR do rarlywvithin an individual wer time, it is stipulated

at ICALL=1 that at ICALL=2, PK be called only once per individual record.

A second code for PK is gén in FHgure 2. (A corresponding NM-TRAN abbreviated code is
shavn in Figure 17a as part of an NM-TRAN control streamffigure 17a differs from Figure 17 in
several ways.

*The $INPUT record includes an extra data item, APFL.
*The $PK block adds thesmth data item to the data set by assigning values to APFL during [sim-
ulation.

*The $PK block had limited the calls to once per individual record by the stat@ebFL=1
This has been remed so hat PK is called with\aery event record. This allows APFL to be
appended towery data record. Similar|lyFigure 2 no longer contains

| DEF(1, 2) =1

*The record

$SI ML (1111)

is added to instruct NONMEM to implement the Simulation Step.

*The first $SCATTER record showsw@PFL can be used to partition a scatterplot.

Figure 2 is shown to illustrate the use of PK with the Simulation Stgymn inspecting it, one
should imagine that drugves are being simulated under the same model as decribgd, abd with
the same dosing and observation designs and same subject-spdeificfar the oaariables weight and
APGAR score as pertain to the real drugelelata. Oneshould further imagine that these simulated data
are then analyzed as describedv&boThe code at ICALL=2 is exactly l&kthat of Figure 1.At
ICALL=4 values for they variables are obtained using the NONMEM utility SIMET{see Guide IV
section 111.B.13), subject-specifialies of the PK parameters are computed under tieg giodel, ut
n-dervatives ae not computed.

It is, of course, possible to simulate data using one model for the PK parameters and to analyze
these data using another by allowing the codes at ICALL=2 and ICALL=4 to implement different mod-
els. Structurakinetic differences between simulation and analysis models may be accommodated using
an ADVAN implementing one of the general linear or nonlinear models (see chapter VI), or by simulat-
ing data in one NONMEM run with one model and analyzing them in another NONMEM run with
another model.

One also sees in Figure 2 that the 7th data item of each data record is modified to be 1 or 2 accord-
ing as the APGAR score is or is not, respahti greater than 2.This indicator type data item might
sene to partition scatterplots. Modification of input data items is called transgenerftigeneral, data|
items (not required by NONMEM or PREDPP) can be modified ("transgenerated") at ICALlt=Aofb
at ICALL=2; see also section VI.A)However when using PREDRRNly data items in the last data
record of aneent record can be modified; modifications of data items in data records other than the last
data record are simply ignored.

A third code is gien in FHgure 3. It returns subject-specific values and subject-specific first-partial
derivatives (but is not meant to be used with simulationl}. can be used with conditional estimation
methods and with posthoc estimation of the in particular but also with the first-Order estimation
method. (TheNM-TRAN abbreviated code shown in Figure 1@uld work just as well for this third|
code as for the first codddowever, yet another NM-TRAN control stream with this same awlted
code, but explicitly requesting the computation of posthoc estimategegisigiHgure 21.)

tWith previous versions of this guide, Figure 17 was used. kmweagure 17 was not appropriate.
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L.2 Examplell: A Mixtur e Model

With this example, the data set of example | is again used, and again, the kinetic model is the one
compartment linear model parameterized in Cl and Vd, and Cl and Vd are modeled as kfo(te/er,
weight is nev ignored, andCl andVd are modeled as in (1), i.e. taken simply to be elemerts Wfith
no further changes to example |, the fit is pasr&en in the scatterplot of CP (measured plasma concen-
tration) vs PRED in Figure 4. If we pretend that weight has vt been recorded, there is little that
can done to substantially imp® the fit by introducing concomitant variables into the model; the
APGAR score is not a very importantvedable. W& aan try to include a correlation between th® tw
n-variables, and this reduces the minimuatue of the objecte function about 15 points. (This is par
tially explained by thedct that weight has a considerable effect on both CL and \Mdowever, the
scatterplot of CP vs PRED in Figure 4 actually results from a run with which the correlation is already
included.

There is, though, some reason to entertain the idea (see) ikl the 59 neonates constitute a
random sample from a population comprised af fabpopulations, one with one set of typical values of
Cl and Vvd, and a second with another set of typical values, taough nothing is recorded about a
neonate that would indicate of which subpopulation he is a mendbenixture model, a model that
explicitly assumes that some fraction p of the population has one set of tygioes wf CL and Vd, and
that the remaining fraction 1-p has another set of typalales, describes such a population and may be
fit to the data. Both sets of typicahlues and the mixing fraction p may be estimated. Tkasnele
shows hav to implement such a model.

If it were knavn that CL and Vd were both proportional to weight (and we might justifiably sup-
pose this much is kmm) and that weight were bimodally distributed in the population, tlusldv
clearly justify the mixture model assumptioHowever, from the recorded weights there is midence
that weight is bimodally distrided. Theras evidence, though, that weight isry right-slewed, and the
assumed mixture model can also descrilbmienodelright-skewed distribution, hiariate in CL and Vvd
(although, other types of models can also describe the same kind otitmstiib Itis for this reason that
such a model might be tried.

The fit with the mixture model does indeed result in such a dititib (seesection \L..2). The
minimum value of the objeat function is reduced by another 15 poinfsso, it is interesting to see
how retrospectiely, weight can be related to a classification of the 59 neonates intgrdwps as sug-
gested by the fitted mixture model.

The mixture model is gén by:

For subpopulation 1:

CL=6,expn,

Vd = 6; exp 17,

For subpopulation 2:

CL= 9201 exp ns
Vd = 6,05 eXp 114

The parameterg8, andé, are the fractional differences in the typicalues between the onsubpopula-

tions. With a mixture model, diérents variables on the same PK parameter must be used widnetit
subpopulations. Certainlywhen the magnitude of the dispersion of the parameter within a subpopulation
differs between subpopulations, it should be clear thidrdift 7 variables must be used, but this rule
actually applieswen when the magnitudes are the same.
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A code is gven in Hgure 5, returning subject-specifialues and subject-specific first-partial deri
atives. (A corresponding NM-TRAN abbreviated code iswhdn Figure 23 as part of an NM-TRAN
control stream. Note that, with this version of Guide VI, $PK abated code uses an IF/THEN/ELSE
structure similar to Figure 5 rather than an indicator variable Q to select the model. This is a matter of
style.)

The integer ariable MIXNUM, found in module RCM_INT, has value 1 or 2 according t
whether NONMEM requires PRED to compute outputs for the 1st or 2nd subpopulations, vegpecti
Accordingly PK computes different outputs according to thelue of MIXNUM. MIXNUM first
assumes theawe 1, and then PK is called witlveat records from an individual recordThen
MIXNUM assumes the value 2, and PK is called with thentrecords from the same individual record.

This process is carried out for each individual record, and, of course, for each individual record repeat-
edly as parameter values vary.

For each individual, NONMEM computes an estimate of the number of the subpopulation of which
the individual is a membgend it stores this estimate in the integer variable MIXE&Jo found in |
ROCM_INT. When PK is called with gnevent record from an ingidual’s record, the value of MIX-

EST is the estimate for the individual, although, this value is 1 for all calls to PK preceding the computa-
tion of the estimates. By the time the computations for the Table and Scatterplot Steps are performed,
these estimates are actuallygitable, and storing them in a variable E$iSted in module NMPRD4,|

during calls to PK while these steps are being implemented, enables the estimates to be displayed in
tables and scatterplots. The control stream requesting the display is described in section V.L.2. |

A code for the user-supplied routine MIX isven in Figure 6. (A corresponding NM-TRAN |
$MIX abbreviated code is shown in Figure 23 as part of an NM-TRAN control stre@his)routine is
required when a mixture model is usddis called with one individual record after anoth&ach time it
is called the fractions p and 1-p are computed and stored in the artaytt’s example p is simply
THETA(5) (and is estimated, but constrained to be between 0 and 1; see sdcn Yhenumber of
subpopulations is stored in the variable NSPOP (in principle, this nuasagll as the fractions associ-
ated with each subpopulation, can change from individual t@ithdil). Thecurrent value of THEA is
found in module ROCM_REAL, and if required, data itenATA from the observation records of the
individual record can be found in ROCM_REAL, as shown in Figure 6.

L.3 Examplelll: Single-Subject Data

Another example of code for a PK routin@alves the one compartment linear model with first
order absorption. It is based on theryw same example used in Guide I, section C - the simple nonlinear
regression example using theophylline datdthough PREDPP has been designed with population phar
macokinetic data analysis in mind (where there are data from a number of subjects), the user can also
take advantage of the ability with PREDPP tacflitate pharmacokinetic computations when the data
come from a single subject. The simple nonlinear regression example illustratés tse PREDPP
with such data. In this example a single bolus dosevendo the subject, and then plasma concentra-
tions are obserd. Thereforethis ekample, though typical of single-subject data, does not really illus-
trate the power of PREDPRt is smple enough that aser-suppliedPRED, such as the onevgn in
Guide I, can be deloped rather quickly by most useré/ere multiple dosing wolved, or a more com-
plicated kinetic model used, the advantage in using PREDPP would be clearer.

The code for PK is gén in Figure 7. (A corresponding NM-TRAN abbreviated code is shown in
Figure 26 as part of an NM-TRAN control stream.) The user-chosen parameters are the rate constants of
elimination and absorption. Since all the data are from a single subject, random effects describing sub-
ject-to-subject variability are unnecessaBp, n type random variables do not appear in the model for
the PK parameters, and neither®fariables norn-derivatives ae computed in the PK routine. The typ-
ical values of the PK parameters are just the subjeatlies of these parameters. In principle these
could be modeled in terms of concomitant variables, e.g. the elimination rate constant might be modeled



PREDPP Guide - Chapter IlI 46

in terms of rapidly changing serum creatiniridowever, in the data situation at hand, only one dose is
given, and no concomitantviables other than dose and time amlable. Sothe subject PK parame-
ters are simply elements 8f the correspondence being exactly the same as thaat igithe example in
Guide I, section CNamely the rate constants of absorption and eliminatiordam@nd 8,, respectiely.
As in Example | (section L.1), the scaling parameter of the plasma compartment is identified with Vd, or
03.

Since eery call to PK with a different\vent record results in the same output from PK (foedix
THETA), only one call is necessanfherefore, IDEF(1,2) is set to 1, thereby limiting calls to PK at
ICALL=2 to one per data set; see section H.

When the data are from a single subject, and the malvas data simulation, where the simulation
and analysis models for PK parameters are the same, PK code at ICALL=4 cactthethe same as
that at ICALL=2. In the example the code in Figure 3 would work just as well when simulation only is
implemented, or when estimation only is implemented, or when both simulation and estimation are
implemented. Wherthe simulation and analysis models for PK parameteferdihen codes at
ICALL=2 and ICALL=4 will simply differ. Structural kinetic differences between simulation and analy-
sis models may be accommodated using aiWAND implementing one of the general linear or nonlinear
models (see chapter VI), or by simulating data in one NONMEM run with one model and analyzing them
in another NONMEM run with another model.

L.4 ExamplelV: Single-Subject Pharmacodynamic Data

This example is similar to Example Ilix@pt that a pharmacodynamic observation is recorded at
each of ten times, and a simple Emax type model, with the drug concentration being thatfedétan ef
compartment, is usedlhe same kinetic model from Example 1l is used, with the addition offaatef
compartment attached to the central compartment. The purpose of this section is to describe the imple-
mentation of these kinetics. The pharmacodynamic model itself, and its implementation, are described in
section IVG.4. Inorder to implement the kinetics an XBN implementing a general linear model is
used (although the AVAN implementing the tav compartment linear mammillary model with first order
absorption could also be used for these particular kinetics). It is assumed that the P&tiobseare
obtained from the same subject from which the PK olbsierns in Example 1l are obtained, and that the
values of the PK parametersx¢ept for the elimination rate constant from the effect compartment) are
those estimates obtained in Example III.

A code for PK is gien in FHgure 8. (A corresponding NM-TRAN abbreviated code is shown in
Figure 30 as part of an NM-TRAN control stream.) As with Example Ill, compartments 1 and 2 are the
depot and central compartments, respelgti compartment 3 is the fefct compartment. When using a
general linear model, the numbering of the compartments is specified in tsupgiked MODEL rou-
tine (see section VI.B)A dummy TRANS routine, TRANS1, that alls the rate constants to be mod-
eled in PK, is the only TRANS routine (from the PREDD Library) thav@able with a general linear
model (see next section). The elimination rate constant fromféxet edmpartment is to be estimated,; it
is identified withg,. The rate constant from the central compartment to fleetefompartment is set to
0.1% of the elimination rate constant from the central compartment, so that the amount in the central
compartment is untdcted by the kinetics of the effect compartment. Concentration in the effect com-
partment is not observed, so the volume in this compartment is not estirkidvlever, if the wolume
changes by a known scakcfor s, the § parameter of the Emax model simply changes by Jhere-
fore, the wlume is arbitrary and is often obtained, as in this example, so te tmakoncentration the
same as central compartment concentration at steady-state. When using a general linear model, the num-
bering of the rate constants is specified in the user-supplied MODEL routine (see section VI.B).

Were the data from a population of subjects, there would be interindividual variabiligrious
parameters of the model, in particular in the kinetic parameters. The values of K12, K20, and VD could
be set to subject-specific estimates obtained from analyzing PK data from each subject segsarately
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were the alues of these parameters for the subject of #@mele. Thevalues for a gien subject could

be included in hiswent records and then would besdable to PK in EVTREC. This would account for

the interindividual variability in these parameters. The elimination rate constant from the effect compart-
ment could be modeled with anvariable, accounting for random individualriability in this parame-

ter. The same considerationgyeeding such modeling, which taa keen discussed in previous sections

of this chapter and illustrated in sections L.1 and L.2, apfliernatively, K12, K20, and VD could
themseles be modeled with-variables. Thetthere are tw possibilities. Theg’s and Q elements that

are a part of the model for these parameters could be set to estimates obtained from analyzing PK data.
Alternatively, they, dong with the population parameters which are a part of the pharmacodynamic
model, could be estimated by fitting both PK data and PD data simultaneously.

M. User-supplied TRANS

To compute the kinetic equations for a kinetic model, PREDPP - but more pretiseghosen
ADVAN - uses an internal set of parametefhiese parameters may be modeled in PK, butfarelift
set, one preferred by the usean be modeled there instead. The TRANS subroutine translates (or trans-
forms) the values for a set of ba#lK parameters modeled in PK to a set of values for the internal pa-
rameters. Th®@REDPP Library has a number of TRANS subroutines, representiagedif possible pa-
rameterizations, from which the user may choose (see chapter VII). If a suitable translator is not found in
the Library the user may write hisam. Theform of such a subroutine is described in this section.

For a linear kinetic model, the internal parameters are the microconstants, i.e. rate constants, of the
model. For a linear model, other than a general linear model, these parameters are numbered in the same
way as he microconstants with TRANS1 from the PREDPP Library (see section VII.C). If the model is
a general linear kinetic model, the MODEL subroutine specifies a humbering of these parameters (see
section VI.B). For the simple Michaelis-Menton elimination model (see section VII.C.10), toénter-
nal parameters are the same as the firsthagic parameters listed for TRANS1, and are nhumbered the
same. Thd&inetic equations for a general nonlinear kinetic model PREDPP essentially consist of the dif-
ferential-algebraic equationsvgn by the user in the DES and AES routines to describe the model (see
sections VI.C and VI.E). The parameters of these equations comprise the internal set of paramyeters; the
are numbered according to the numbering used in the DES and AES routines.

The preface to TRANS can be

SUBROUTI NE TRANS( | TRANS, | RGG, GG, NETAS) |
USE PRSI ZES, ONLY: | Sl ZE, DPSI ZE |
USE PRDIMS, ONLY: GTRD |
| NTEGER(KI ND=I SI ZE) : : | TRANS, | RGG, NETAS |
REAL( KI ND=DPSI ZE) : : G& | RGG, GTRD+1, GTRD+1) |

For simplicity, the GG array is shown as dvdimensional in the discussion beloGTRD is equal to |
GPKD.

The argument ITRANS functions similarly to ICALL in PKA value of 1 signals to TRANS that
it is being called for the first time in the NONMEM problef.value of 2 signals a regular data analytic
call, and a value of 4 signals a regular data simulation call. At ITRANS=1, ITRANS must be reset by
TRANS to a number in the range 1-8999. This number appears on NONMEM output, allowing the user
to identify the TRANS routine being used. At ITRANS=2 and 4, TRANS must modify values in the GG
array.

Suppose P denotes the vector of internal parametées.user may choose to model insteagéa v

tor of parameters RR may contain more elements thanlket T be a transformation taking R ontad.p.
the nth element of P is\gin by
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P =Th(R) (46)

for some function J. E.g. P=(Ke) [ADVAN1]; R=(Cl, Vd) [TRANS2]; and T(Cl, vd) = Cl/vd.
Then the typical value of the nth element of P is defined by

Pn=Ta(R). (47)
The first denative d the nth element of P with respectfpis
oP,
— = 48
o (48)
The second-partial destive d the nth element of P with respectzﬁgm is
0°P, 0°T, ~ . OR
= n 49
andn %aRjaR() e () () 6/76/7 (49)
So in terms of the example:
Ke = CINd (50)
oK 1 0cCl Cl ovd
- - & (51)
0/7k vd al]k Vd? 0/7k
°Ke 1 ovd oCI 1 oCl ovd Cl avd ovd (52)

=- +
0n0n, Vd? dn, on  Vd? dn dn Vd3 an,  an

N 1 9°Cl _cl a°vd
vd dndn,  Vd2 anon,

At ITRANS=2, on input the GG array has stored in it talug@s computed by PK (except that were
ary PK parameter modeled in its logarithm form in PK, PREDPP wow laready exponentiated its
typical/subject-specific value and multiplied itglerivatives by its exponentiated typical/subject-specific
value). Onoutput the GG array shouldveadored in it the values that would be computed by PK were
the internal parameters P modeled directly in PK (and none in their logarithmic form). So the code for
TRANS2, using the abe example, is essentially:

GH1,1) = GX1,1)/GH2,1)
| F (1 TRANS. EQ 2) THEN
DO 10 K = 1, NETAS

10 G 1, 1+K) = G 1, 1+K)/ GX 2, 1) - GX 1, 1) *GX 2, 1+K) / GX 2, 1)
ENDI F

if only first dervatives ae needed, and is:
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A(l) = G¥1,1,1)/G52,1,1)
I F (1 TRANS. EQ 2) THEN
DO 10 K = 1, NETAS
A(1+K) = G 1,1+K, 1)/ G3 2,1, 1)
1 -G31,1,1)*G3 2, 1+K, 1)/ GF 2,1,1)**2
DO10 L = 1,K
10 GH( 1, 1+K, 1+L) =
1 -(G3 2, 1+K, 1) *GF 1, 1+L, 1) +G 1, 1+K, 1) * G 2, 1+L, 1)
2 +G3(1,1,1)*CGH 2, 1+K, 1+L) )/ G 2, 1, 1) **2
3 +2*CGH1,1,1)*CGH 2, 1+K, 1) * G 2, 1+L, 1)/ G 2,1, 1) **3
4 +G3( 1, 1+K, 1+L)/ G3 2,1, 1)
DO 20 K = 1, NETAS
20 G 1, 1+K, 1) =A( 1+K)
ENDI F
G31,1,1)=A(1)

if first and second denritives ae needed. Note that the total number ofariables used in the problem
is given in the last argument of TRANS and can be used as illustrated Rete.also that A is aevk |
array not the state vector.

At ITRANS=4, on input the GG array has stored in its first column the values of the subject-spe-
cific PK parameters computed by PK (except that for each subject-specific PK parameter modeled in its
logarithm form in PK, PREDPP has already exponentiatedaiisey. Onoutput the GG array should
have gored in its first column the values that would be computed by PK were the internal parameters P
modeled directly in PK (and none in their logarithmic form). Since, when ITRANS=4, only the first col-
umn of the GG array is relant, computations wolving other columns may be skipped, as in thevabo
code.

TRANS has access to the entire GG grmgluding the typical/subject-specific values ande-
rivatives of the additional PK parameters. It can therefore perform a translation for all parameters,
including scaling parameters, biadability fractions, etc., not just for the basic PK parametdrsis
type of translation, howser, is usually not needed.

See Section E.5 abe for a discussion of the Agt Ba List feature, which may optionally be
used in a TRANS routine to impre un time.

N. Other Subroutines That May Be Called
RANDOM

The NONMEM utility routine RANDOM may be called by PK during the Simulation Step (ICALL=4)
and when datavarages are being computed (ICALL=5) to obtain numbers frorerdifit random
sources.
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IV. The ERROR routine

A. Modeling Residual Error

Suppose a set ohlues for an indidual’'s PK prameters is fixd. LetP denote this set ofalues,
and let {P) denote the prediction under the kinetic model, basedfon & observation y from the indi-
vidual. Thisprediction is imperfectObsenations that one might imagine obtaining from theviutlial,
under exactly the same conditions as accounted f@P would differ from one anotheiThis "residual
variabilty” in obsenations, "unexplained by f(P)", dees from s&eral sources. One source is random
measurement errorAnother important source is model misspecification error in f or ifHe terms
residual variability’ and 'residual error’ are used here interchangeaBlysidual errgrtherefore, does
not generally refer to error from some one identified source. Residual error may be modeled in terms of
concomitant variables and randonieefs. Thismodeling, along with the modeling of interimaiual
variability in P, leads to a full statistical model for iy this section we describe the models for residual
error, and in section B we discuss\Wwdhese models can be implemented with PREDR# following
discussion parallels that of section Il1.D.

The simplest model for y itself in terms of f(P) is
y="f(P) + ¢ (1)
wheree is the realization of a randonanrable (which also, through a mild abuse of notation, is denoted

by £) with mean 0. This is a very familiar type model describing residual variability.

The difference y- f(P) may not be entirely urplainable. Br example, it might be that there are
two assays used to measure drug concentration, and that theelie may vary more widely with y
obtained with one assay than with y obtained with the other.aksay be a dichotomous-valued con-
comitant variable whose value (0 or 1) in threrg record for y identifies the assay used. Then instead of
(1) one might write

y=f(P) + 61 &1 2

wheree; has mean zero andwiances?. We havesd(y) = sd(y- f(P)), and if Z=0, sd(y) =, but if Z=1,
sd(y) =6,0. The paramete#, is the ratio of standard dations of the concentrations between the tw
assays.

Another simple model for y is
y=f(P)1 + ¢) 3)

where the mean andniance ofs are 0 anar?. Hereo is the coefficient of variation of yinstead of
having homogeneousaviances?, perhapss = 6% ¢, as abge. Obsenation values are often significantly
right-skewed distributed (for a fixed x), and so a more appropriate model might be

y=1(P) &p ¢ (4)
where the mean and variancesaire 0 andr?, respectiely. This model is equalent to
log y=log f(P) + ¢ (5)

(See the discussion concerning models (111.14) and (l11.15).)

The diference y-f(P) could be partly explainable by the compartment being ofgerlf two
compartments are being observed (say plasma and urine), and Z is a dichotomous-valued concomitant
variable whose value (0 or 1) in thgeat record for y identifies the compartment observed, then one
might write
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y=f(P)+ & ifz=0 ©)
=f(P)+ & fZ=1

where the means of both ande, are 0, and theariances are; ando?, respectiely. If two cbserva-

tions of two different compartments are taken far enough apart in tirende, can be takn to be sta-
tistically independentariables. Irthis case (6) is formally equalent to (2) (ignoring whether Z identi-

fies assay or observation compartment) since multiple realizatiangrof2) are assumed to be statisti-
cally independent. If, heever, two dbsenations of tvo different compartments are &k close enough

in time, they may be correlated, and with NONMEM, it is possible to estimate a correlation between the
two differente variables of model (6); see Guide I, section E.4.

In all the abwe nodels for ywhen alle’s are set to their mean value 0, wevby = f(P); residual
error is 0. f(P) is the subject-speciffredictionof y . We write P for the typical value of,Rhe \alue
with all n's set to 0. We write y for the quantity {P), the prediction "for the typical individual in the in
the population” (of individuals with gén values for the concomitantakiables). Itis the population
predictionof y . It may also be garded as the typicalaueof y .

The routine ERROR specifies the model for residwalability. It does so in ditrent ways,
depending on whether ERROR is being called for the purposes of data analysis or data sinfdation.
the purposes of data simulation, the specification closelyisllthe type of mathematicakgessions
shavn abwe. As with the specification of PK parameters in routine PK, for the purposes of data analy-
sis, the specification of the model for residual variability entails partiadatiess of dfferent types.
These different types are defined beldAith the first-order estimation, or with a conditional estimation
method where an — ¢ interaction is either absent or ignored, typical first-partialveiéves of y with
respect to the's must be computed, although subject-specific first-partialaenes will also sufice
since from the latter the former can be computédth the first-order conditional estimation method
with interaction, where am — ¢ interaction is not ignored, both subject-specific first-partialvetives o
y with respect to the’s, as well as mixed-second-partial dediives, must be computed.

The first-partial deviatives of y with respect to the's, evaluated at the subject-specific value of P
and at alle’s equal to 0, are called the subject-spedifist-partialderivatives of y . For (1)-(4) and (6)
for example, these destives ae

ay F=1 @)
0

@) 5, =6 ®)

@ 2 =i(P) ©
0

@): 5 =1(P) (10)

©: Y -1 (11)
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LAY
652
The first-partial deviatives of y with respect to the’s, evaluated at the typical value of P, and at
all &’'s set equal to O, are called the typiiat-partialderivatives of y . The denvatives of exkamples (7),
(8) and (11) are also typical first-partial detives, and the derétives of ekamples (9) and (10) are typi-
cal first-partial deviatives when P takes the valikein those expressions.

Note that the devétives under (3) and (4) are identical. When the model for residardgbility is
specified via subject-specific or typical first-partial datirves only, NONMEM estimation methods can-
not distinguish between models (3) and (4). That is, the same fit will result from using either model.
effect, an assumption is being made that under (4), the variaads sfmall, and that the mean and coef-
ficient of variation of y are well approximated by f(P) andespectiely. If, though, the I data items
are the log transformed observations, and these are modeled with (5), then this approximatideds a
and a diferent fit will result from that obtained under (3fet a dfferent fit again will be obtained when
(4) is specified by including mixed-second-partial ehives.

oy
The mixed-second-partiaderiatives of y are the deviatives of = (for the \ariouse’s) with re-

spect to they's, expressed as functions of this and evaluated at alk’s equal to 0. Note that in general
these are different from the detives with respect to th@’s of the subject-specific first-partial dead
tives of y, dnce first the devitive is taken with respect tg, and then thes's are set to 0.However, in
virtually all particular cases thiewill be the same. Some examples will illustrate this. Theeahigzec-
ond-partial deriatives mrresponding to (1)-(4) and (6) are

C 0y
@ 305 = 12)
oy
@ 550 13)
@) d%y af(P) 14
" 0nde  on
. 0%y _ of(P)
(“): onds  an (15)
o0y
(6): 30, =0 (16)
o’y _
onde, 0.

It should be emphasized that f(P) (af@)j and——

to compute in order to compute in turn detives such as those gen in (9) and (14); this is PREDP$”’
job. One of the arguments of the routine ERROR (B) f(f(P)), and the user can nekse of it,

of(P)
on

are not quantities that the user xpected
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. o . " _ of(P) .
incorporating it into partial derétives of y. Similarly, 5(/7) is an argument of ERROR.

When some mixed-second-partial detive is ot zero, there is said to be an- ¢ interaction.
Such an interaction is taken into account only by the first-order conditional estimation method with inter
action, and with this method the mixed-second-partialaéres nmust be computed.

Routine ERROR allows specification of the datives of log y, rather than of y (presumablie
DV data items are untransformed data itemid)at is, the devatives of log y, rather than the desdtives
of y itself, may be specified. If log is given by (5), for example, then

) 2109Y _ g (17)
de
o 19 g 8)
© o dnoe
dlog y . oy dology . . . .
PREDPP transforms? to E =f(P) 5 since it needs the latteiThe mixed-second-partial de-

rivatives of log yare also appropriately transformed.

When the data are from a single-subject, random subject-to-subject variability does nadnoccur
in this case randomfetts describing such variability do not appear in the model. Only randentsef
describing residual variablity appearhrough information in the NONMEM control stream NONMEM
learns that only one of thesedwossible types of random effects appears, but not which type. This, in
turn, is communicated to PREDPRRFhich thenassumeghat the only random fefcts appearing in the
model are those appearing in the model for residual variability and that the data do indeed come from a
single subject.This assumption has various natural and helpful consequemfoemable the reader to
identify these, theare explicitly described in this document as being consequences of the single-subject
assumption See sections B.1, B.2, lll.H, V.H, and V.K.

Starting with NONMEM 7.3, there is an alternate approa8e "Single-Subject Analysis using
Population with Unconstrained ETAs" in the Introduction to NONMEMAith this approach, there are
multiple subjects in the data sédONMEM and PREDPP treat the subjects as part of a population anal-
ysis, while the statistical algorithms treat the data as single-subject.

B. Implementationin ERROR

Specification of the model for residuariability is done with the required user-supplied EFRR
subroutine. Thiss described in section B.1. In the discussion of sectioPA denotes the prediction
under the kinetic model for a pharmacokinetic observation, and the residual variability is that of such an
obsenation. Havever, in that discussion f(P) could just as welvbaknoted a prediction under a phar
macodynamic model, and the residual variability could be that of a pharmacodynamiatitrservhe
way a model for residual ariability for a PD observation is specified is essentially the same way this is
done for a PK obseation. Havever, there are some further considerations, such astb@btain a PD
prediction. Thesare discussed in section B.2.

B.1 Implementation of the Model for Residual Error
The preface of the ERROR routine must be
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SUBROUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G, HH)
USE SI ZES, ONLY: DPSI ZE, | SI ZE

USE PRDI VS, ONLY: GERD, HERD

| MPLI O T REAL(KI ND=DPSI ZE) (A-Z)

REAL( KI ND=DPSI ZE) :: EVTREC

| NTEGER(KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS

DI MENSI ON :: | DEF(*), THETA(*), EVTREC(| REV, *), | NDXS(*)

REAL(KI ND=DPSI ZE) :: G(GERD, *), HH( HERD, *)

This is the NONMEM 7 version. The peafe was different with earlier versions of NONME3lobal
variables GERD and HERD are needed because G and HH are sized according to the number af etas in
the problem.G may be declared as a 1 dimensional array when the Laplacian method is not used
G( GERD) and HH may be declared as a 1 dimensional &tiH{y*) when the first-order conditiona
estimation method with interaction is not us&ar smplicity, they will be used that way in thexamples
below, dthough, when G or HH are declared 2 dimensional, the second subscript should be undgrstood
to be ",1"; E.g., HH(1) should be understood to be HH(1Higwever, when one or both of these meth
ods might be used later with thesgn data set, it is a good idea tovélwp an ERROR code that als
this.

When ERROR is called by PREDPFPis passed values for thesgtor 6 in THETA. It is also
passed a completevant record in EVTREC, the argument recoi@pecifically EVTREC(I,J) contains
the Jth data item of the Ith data record of thenerecord. ERROR is also passed the total number N of
data records comprising theeat record. Typically N=1, and so the first subscript of EVTREC will
always be 1; howeer, see chapter I.With NM-TRAN, the CONT data item cannot be used and N is 1.

The argument ICALL functions similarly to the ICALL argument described in section Ilt.kas
seseral possible values when ERROR is called. The value 1 signals tOERIRat the routine is being
called for the first time in the NONMEM problem. At such a time BERRcan store certain initializing
information in IDEF (see belg). Thevalue 2 signals to ERROR that the routine is being called ig-a re
ular fashion for data analytic purposes and that the subject-specific/typical first-partiaidesri and if
necessanthe mixed-second-partial destives, are to be stored in HH. The value 4 is used in conjunc-
tion with the NONMEM Simulation Step. It signals to ERROR that the routine is being called for data
simulation purposes and that the simulated value for y is to be stored in F.

The value 5 signals to ERROR that the routine is being called igutarefashion whenxpecta- |
tions are being computed; multiple calls occExpectation blocks are described in the help Guide V]lI.
No eta denatives reed be computed.

The value 6 signals to ERROR that the routine is being called igutareashion when vadata |
aveages are being computed; multiple calls ocdRaw data aerage blocks are described in the help
Guide VIII. No eta deriatives need be computed.

If there is abbréiated code in the $ERROR block that tests for ICALL=0, ICALL=1, or ICALLH3,
this code is meed by NM-TRAN to the INFN routine as if it had been codegblecitly as part of an |
$INFN block. Such code is called $SERROR-INFN codée initialization code described for IDEF
below is generated in FSUBS by NM-TRANgerdless of the presence of SERROR-INFN code.

At ICALL=2, derivatives of y with respect to the’s must be computed and stored in HMK!/ith
the first-order estimation method, or with a conditional estimation method where aimteraction is
either absent or ignored, thgpical first-partial dewative o y with respect te, is placed in HH(L) (ar
if HH is declared to be 2-dimensional, HH(L,1)}yor this purpose, the’s are enumerated as are their
variances in the specification of the initial estimat& ofFor models (1-4) and (6) of section A, we could
have the code

(1): HH(1) = 1.
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(2): IF(Z.EQO.) THEN

HH(1) = 1.
ELSE
HH(1) = THETA(1)
ENDI F
(3): HH(1) =F
(4): HH1) =F
(6): HH(1) = 1-Z
HH(2) = Z

F is the 8th argument of ERBR. Oninput to ERROR it is the valug®) or f(P) under the kinetic
model, whicheer prediction (typical or subject-specific) has been computed by PRERN&te that 05
must be explicitly stored in elements of HH as needed; the HH arrmt iisitialized to 0 immediately
before a call to ERBR. Haowever, HH is initialized to 0 once, early in the problem, so that if whene
ERROR is called, an element of HH wouldnalys be set to 0O, this wer actually need be done in
ERROR.

With the first-order conditional estimation method with interaction the subject-specific first-partial
derivative d y with respect te, is placed in HH(L,1), and the mixed-second-partialvdgisie d y with
respect tapx ande, is placed in HH(L,K+1).For models (1-4) and (6) of section A,

(1): HH(1,1) = 1.
HH( 1, K+1) = O.

(2): IF(Z.EQO.) THEN

HH(1,1) = 1.
ELSE

HH(1) = THETA(1)
ENDI F
HH( 1, K+1) = O.

(3): HH(1,1) =F
HH( 1, K+1)

&K (or AK 1))

(4): HH(1,1) =F

HH( 1, K+1) = qK) (or K 1))
(6) HH(1,1) = F

HH( 1, K+1) = 0.

HH( 2, K+1) = 0.

where actuallyHH(1,K+1) and HH(2,KK+1), wherer they appear must be set for all K from 1 to the
number ofy’s in the problem.

G is the 9th argument of ERBR. Oninput to ERROR G(K) (qrif G is declared to be 2-dimen-
of(P) (91(P)

sional, G(K,1)) is theazlue— 0o W (7) under the kinetic model, whicher first-partial dena

tive (ypical or subject- specmc) has been computed by PREDNRRe that zeros may need to be
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explicitly stored in elements of HH; the HH arraynset initialized to zero immediately before a call to
ERROR. Hawever, it is initialized once, early in the run, so that if a edxpartial dewiative is dways 0O,
the corresponding element of HH need not be set to 0.

ICALL=4 signals that ERROR is being called during the Simulation Step. During the Simulation
Step, values foe variables (andp variables; see section B.2) can be simulated in ERROR using the
NONMEM utility routine SIMEPS (and SIMETA; see section B.2). This in turrvadla value for the
obsenation y to be computed in a direct fashion, using an expression such as (1) in sedtimn\Alue
for y should be returned by ERR in the argument. FThis necessitates modifying the value of F input
to ERROR. \alues returned in HH are ignoreBor an ekample, see section G.1.

With data from a single subject, as with population data, during the Simulation Step, values for y
can be computed in ERROR in a diremstiion. Havever, NONMEM explicitly recognizes te types of
random ariables-variables and-variables, and these tbaypes are nested, i.e. fornyaset of fixed \al-
ues for they-variables, thes-variables can assume different values, but notesaly. Whenevenested
variables are not needed, only one of these tiypes of wariables need appear in the entire statistical
model, and by NONMEM caorention, these should bgvariables. Vith single-subject data there is no
subject-to-subject ariability, only nonnested random variables appeary tagpear in the model for
residual ariability. Consequentlyin this context the expressions in section A must be understood to
have n-variables occuring whever e-variables occur It does not matter what FORTRAN variable is
used in the ERROR code to represent amariable; it could be ETA, or EPS, or anything el$towever,
to obtain simulatedalues using a NONMEM utility routine, the routine SIMETA, rather than SIMEPS,
must be called. See an example in section ®@Gring data analysis computations, i.e. whatugs
returned in HH are not ignored@REDPP understands that HH contajrderivatives (as a consequence
of the single-subject assumption; see section IV.A).

The IDEF array is used at ICALL=1UJsually, a 0 sould be stored in IDEF(1), indicating that the
user acknowledges that when ICALL=2, the d&ives of y with respect to the-variables (or with sin-
gle-subject data, the-variables) are to be found in HH. In fact, when ICALL=1, PREDPP has initial-
ized the IDEF array to zero, so if the user stores nothing in IDEF(1), the stwieiefachieed. If,
though, a 1 is stored in IDEF(1), the user is specifying that when ICALL=2, thetoes of log yare
to be found in HH.For example, if logy is given by (5), then at ICALL=2 one needs

(5): HH(1) = 1.

If the first-order estimation method with interaction is used, then one needs

(5): HH(1,1) = 1.

HH( 1, K+1) = 0.

A reason for setting IDEF(1)=1 is discussed in section C.

If the observation is that of a scaled drug amount, then ERROR does not need to chaalge the v
of F from the input value (i.e. at ICALL=2); thislue is a scaled drug amount and serves as an appropri-
ate prediction. There are, though, situations where the @igamis not that of a scaled drug amount
and where ERROR would need to modify the inmltig of F to a prediction that is appropriate for the
obsenation (see section B.2). One mighkipect PREDPP to understand that when IDEF(1)=1, whate
vaue of F is returned by ERROR, it is thegarithm of the pedictionfor the observation, and that
PREDPP exponentiates thialve. (Afterall, with routine PK when GG(M,1)=1 at ICALL=1, the typi-
cal/subject-specific value of the lgthm of the Mth PK parameter is returned by PK in GG(M)1).

t The logarithms of PK parameters cannot be modelled in this way with NM-TRAN.
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However, the value returned by ERROR isvays understood to be tieedictionfor the observation.t

The \alue in IDEF(3) describes whether ERROR usesvaéres of mompartment amounts (i.€}
whether compartment amountbemseles are used as random variables in arithmetic statements in
ERROR). |

IDEF(3)=-1 ERROR may use dedtives of A (this is the default) |
IDEF(3)= 0 ERROR does not use ahatives A. |
IDEF(3)= 1 ERROR does use detives of A. |

When ERROR does not use A, then if IDEF(3) is se®toPREDPP can vaid some time-consuming |
processing.

The one-dimensional arrafNDXS, functions in the way described in Guide I, section C.4He
user places integers into this arrasing the INDEX control recordThese integers are thewadable to
PREDPP and, therefore, to ERR. For further details see section lIl.C.1

B.2 Implementation of a Pharmacodynamic Model

The ERFOR routine has been described as the place where a model for residual error is specified.
More generallyit may be described as the place where the prediction is specified, along with a model for
the residual errorThe prediction is taken to be thalwe of F output by ERBR. Often.the value of F
that is input to ERROR is simply left unaltered by the routine, and so it is alsaltieeoutput. That is,
the prediction is specified to be that already computed by PRED#® is a typical way to proceed
when the obseation y is a pharmacokinetic response, and its prediction can be taken as the scaled drug
amount found in the input value of Howeve, when y is a pharmacodynamic response, this ingluiev
must be altered to obtain a prediction appropriate for y.

To take an eample, if the PD prediction is proportional to the PK prediction, where the propor
tionality constang, is to be estimated, the essential code might be:

F=THETA(4) *F
HH( 1) =F

The model for the residual error between y and its prediction mightvbe loy (3) or (4). The way to
implement this model is the same as when the response is PK, rather than PD, and is illustrated by this
example. Caranust be taken thal, and ay parameters to be estimated in the model for the scaling
parameter used to compute the input value of F are all identifiable.

If the data are population data, and the model for PK parameteiges,-variables, then the
(P) af(P)

0)o
computed by PREDPP and is mput to EBR mustalso be ecomputed Recall that the devétive is
found in G(K) (or G(K,1)). Therefore, if there arey3iariables, the abve example might be continued
thusly:

first-partial denvatlve

F=THETA(4) *F
HH( 1) =F
DO 10 K=1, 3
10 G(K) =THETA(4) * G(K)

2
If the Laplacian method is used, the second-partiavatere o ép)
L

(7), L <K, is gored in G(K,L+1).

¥ An exception is with non-continuous odd-type data, welo
¥ The INDXS array cannot be used with NM-TRAN.
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In this case the code might look like:

F=THETA( 4) *F
HH( 1) =F
DO 10 K=1, 3
&K, 1) =THETA( 4) * &K, 1)
DO 10 L=1,K
10 G(K, L+1) =THETA(4) * G(K, L+1)

The second-partial dedtives ae not needed withvery call to ERROR,; certainjythey are not
needed unless the Laplacian method is usedrder to see mmputation time, information is primed
in the NONMEM global ariable MSEC as to whether second-partialvdéries ae needed with a par|
ticular call to ER®R. MSECis set by NONMEM to the value 1 or 0, according as the second-partial
derivatives ae needed or not. Consequenén dternatve @de to the aba night be:

F=THETA( 4) *F
HH( 1) =F
DO 10 K=1, 3
G K, 1) =THETA( 4) * (K, 1)
| F (MSEC. EQ 1) THEN
DO 5 L=1, K
5 QK L+1) =THETA(4) * G K, L+1)
ENDI F
10 CONTI NUE

If the first-order conditional estimation method with interaction is used, the code might look like:

F=THETA( 4) *F
HH(1, 1) =F
DO 10 K=1, 3

10 HH( 1, K+1) =THETA( 4) * G K)

In the abee example, the arious codes are suitable whether typical or subject-specificatileas ae
required. Thids because the values returned in G and HH depend arstbely through the values of

F and G that are input to ERBR. If typical dervatives ae required, the input values of F and G are
computed with ally’s equal to O; if subject-specific values are requiredy re computed with other
vaues of they's as well.

Suppose, heever, that the PD prediction is proportional to the PK prediction, where the propor
tionality constant itself wolves arv-variable, e.gg, exp n,. Then the code with only typical first-par
tial dervatives might look like:

F=THETA(4) *F
HH( 1) =F
DO 10 K=1, 3
10 G(K) =THETA( 4) * G(K)
X 4) =F

while the code with subject-specific first-partial detives might look like:
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USE NMPRD_REAL, ONLY: ETA

CALL GETETA (ETA)
E4=EXP( ETA( 4))
F=THETA( 4) * E4*F
HH( 1) =F
DO 10 K=1, 3

10 G K) =THETA( 4) * E4* G K)
G(4) =F

Notice that GETEA can be called by ERROR as well as by PK (see section IIl.E). TAeafdy is in |
a gobal module. GETETA can be called only by ERROR /f-variables are only used in ERR. In |
this case GETEA may still be initialized by PK (see section III.E.2)thf it is not, then it should be ini-|
tialized by ERPOR. Thisinvolves simply calling GETEA at ICALL=1.

If the Laplace method is used, then the code might be:
USE NVPRD_REAL, ONLY: ETA

CALL GETETA (ETA)
E4=EXP( ETA( 4))
F=THETA( 4) * E4*F
HH( 1) =F
DO 10 K=1, 3
G K, 1) =THETA( 4) * E4* (K, 1)
DO 10 L=1,K
10 G(K, L+1) =THETA( 4) * E4* G(K, L+1)
G4, 1) =F
DO 15 L=1, 4
15 G4, L+1)=G(L, 1)

If the first-order conditional estimate method is used with interaction, then the code might be:
USE NVPRD_REAL, ONLY: ETA

CALL GETETA (ETA)

E4=EXP( ETA( 4))

F=THETA( 4) * E4* F

HH( 1) =F

DO 10 K=1, 3

& K) =THETA( 4) * E4* & K)
10 HH( 1, K+1) = K)

(4, 1) =F

HH( 1, 5) =F

During the Simulation Step, i.e. at ICALL=4, just as it is not necessary to stovetistesiin HH,
it is not necessary to store detives in in G. When the data are population data, EFRcan call the
NONMEM utility SIMEPS to obtain the values fey, ¢,, - - -, but also it can call SIMEA to obtain \al-
ues forny, n,, - - - (see section IIl.E.2). By default, as long as ERR(or PK) is being called with an
event record from the same individual record, each time SIMiETcalled, these values remain the same;
there is only one set of values obtained for the individual.
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However, the simulation can be done in such a way that the values change each tim&ASsMET
called (see Guide |\&ection 111.B.13). Consider this situation, and suppose that ERROR calls }IMET
but PK does not. Then only the first time ERR itself is called with anvent record of a gien individ-
ual record should ERROR call SIMET(see section C for a discussion about the sequence of calls to
ERROR). Thisassures that there is only one setafigs obtained for the individual, as in theaudif
situation. Unlile that situation, though, during this first call to BRR, multiple calls to SIMEA might
occur So for example, simulated values gf, obtained with multiple calls to SIMEN and such that
[71] = 2, can be rejected until a value2<s dbtained, i.e. the distrilion onn, can be truncated. If PK
does call SIMETA, calls to SIMEN by ERROR can be wided. PKcan obtain the values of BTele-
ments for the indidual by a series of calls to SIMET(this is illustrated explicitly in section Ill.E.2)
and store them (i.e. list ETA) in a FORTRAN module shared with@RRIndeedin this case ERGR
must obtain the values this way; for if SIMETS called by ERROR, thealues so obtained are féifent
from the values obtained by PK.

When the data are single-subject data, SIMERould be called, rather than SIMEPS (see discus-
sion in section B.1).

Consider one furtherxample where it may be advantageous to recompute F ifDRRFSuppose
the data were changed from observations y to loglyeg. Suppos®o that a reasonable model for the
original data is gien by (4), so that a reasonable model for ther data is given by (5). A suitable code
would be:

A=F

F=LOX F)

HH( 1) =1

DO 10 K=1, 3
10 Q(K)=QK)/ A

(assuming threg-variables in the model for the PK parameters). Note that A is a work aatathe |
state vector in PROCM_REAL (see section D.A)there are ngj-variables in this model, G need not
be recomputed. The effect of this code with the data is different from the effect of

IF (1 CALL. EQ 1) |DEF(1)=1
HH( 1) =1

with the original data.Whereas the first code implements (4,%aaly, this second code does not; see
section A.

The \alue for F and the values for the G array returned to NONMEM by PREDPP (see Guide 1)
are exactly those values returned to PREDPP by ERROR ingbmants with the same nameBhe
values returned by ERROR in HH to PREDPP (after possibpdleentiation” by PREDPP; see section
B.1) are just those values returned by PREDPP in H to NONMEM. So, by takiagtage of the abil-
ity to recomputd- and G in ERROR, as well as to compute H, PREDPP becomes in effect a PRED of the
most general kindAny regession problem that can be handled by NONMEM, can in principle be han-
dled via PREDPPIt would not generally be efficient, though, to use PREDPP unlessilieia F (and
possibly G) input to ERROR is in fact needed.

With single-subject data thelues returned by ERROR in HH to PREDPP are just thakesy
returned by PREDPP in G to NONMENMhis is the usual behaviour required by NONMEM for single-
subject data (and is a consequence of the single-subject assumption; see section A).

There is one type of population pharmacodynamigession problem where the value in F (and
possibly G) input to ERBR is needed, where this value is recomputed in ERROR, but where HH need
not be computed. This is one where intraindividual variability cannotxpeegsed by a model for
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residual variability imolving continuously distributed randora variables, such as those models
described in section A. An example of this occurs when the ddgamnis pharmacodynamic, but dis-
crete, a binary-valued outcome (0/1),,salgere the probabilities that a 1 or 0 occurs depend on a scaled
drug amount.However, they also may depend on pharmacodynamic parameters that vary from subject to
subject, and/or the PK parameters themselves may vary from subject to subject. NONMEM can handle
this type of problem, using an objeifunction that incorporates a model for random intraiddial
variability which is appropriate for this type of an obs#iwon. Non-continuous obses responsesire
referred to as "odd-type dataQptions LIKELIHOOD and -2LOGLIKELIHOOD on the ESTIMAON
record are used to indicate to NONMEM that Y (with NM-TRAN ablated code) or F (with a user
supplied PRED orERROR code)will be set to a (conditional) lidihood or -2 log (conditional) lidi-
hood value, respegtly. This can be done for all observations, or using F Gl(#ee Section D.B), for
particular obsemtions. They's, if any, are understood to be population etd$o ¢ variables may be
used. NOMMEMgives instructions to PREDPP te@d an incorrect single-subject assumption.

C. ERROR Calling-Protocols

As the pharmacokinetic system is adeed, ERROR is called one or more times, each time with
some argument record. Theeat records comprise theseggament records, and are passed to ERROR in
time order The simulation and/or data analytic computations will normally be done correctly if routine
ERROR is called with onewvent record after another (within an individual record), nené records
being skipped, and no/ent record being repeated. This is theaddtf Hovever, PREDPP can imple-
ment a fev different protocols for calling ERBR. A protocol is specified by setting IDEF(2) tarious
values at ICALL=1 (for more about IDEBee section B.1). The default is IDEF(2)=-1 (call witkerg |
event record), described ab® The ERROR routine can be called only with each observatient €|
record of the individual record. If this more limited sequence of calls is desired, this can be accom-
plished by setting IDEF(2)=0. Note, though, tmathis caseIDEF(2) must be explicitly set to 0.

There are tw general considerations to be remembered about calling-protocols witOIERR
First, no matter what calling-protocol is used, it applies only to calls toCERRt ICALL=2; at
ICALL=4 (i.e. during simulation) ERROR iswadlys called with gery event record. [This differs from|
calling-protocols with PK, where whate calling-protocol is used for PK at ICALL=2 is the same s
that used at ICALL=4.] Second, a calling-protocol that limits the sequence of calls ORERRPUId not
be requested when the value of F returned by ERROR may differ from the value input to ERROR.

Often, none of the derwvatives depend on concomitant variables whose values vary within an indi-
vidual record i.e. varywer time. Thisis true if y is gien by (1) or (6), for example, or if loy is given
by (5). This may not be true if y isvgh by (2); it depends on whether thalwe of Z varies wer time.
Unless there is only one observation peniitttial, this generally is not true if y isvgh by (3) or (4),
since when time varies, f(P) varies, and time itself is to baded as a concomitanasable. When
though this is true, then the values stored in the HH array must be the same for eactiaip spemt
record of a gien individual record (for THEA and ETA fixed). Considerableomputation time can be
saved; PREDPP need call ERIR only onceper individual record, with the firswvent record only (for
ary given values of the THEA and ETA arrays). Theuser can request this calling-protocol by setting
IDEF(2)=1. Sincdhe first @ent record need not be an observation record, care must be taken that HH is
indeed set with this record, and thay @ata items needed for this purpose are contained in that record.

Notice that with y gien by (1), for example, the-derivatives do rot depend on anconcomitant
variables, nor do thedepend org or . In uch a case thealues stored in the HH array must be the
same for each observatiomeat record of theentire data set; indeed, thesalwes could be computed
only once during the entire NONMEM problem. If at ICALL=1, IDEF(2) is set to 2, then at ICALL=2
vaues for HH will alvays be taken to be (constanglwes stored in HH at ICALL=1. Note that the HH
array is initialized to zero immediately before the call to ERROR with ICALL=1.
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If log vy is given by (5), the denatives of log ywith respect to the-variables are particularly sim-
ple; they satisfy the requirement for using IDEF(2)=By setting IDEF(1)=1, the user is specifying that
when ICALL=2, the deviatives of log y are to be found in HH (see section B.1). By also setting
IDEF(2)=2, these derdtives ae actually taken to be the values stored in HH at ICALL=1.

With NM-TRAN, the abbreviated code for error model (4)
$ERROR
Y=F* EXP( EPS(1))

is implemented as described aboThe generated ERROR subroutine contains this code:
IF (I CALL <= 1) THEN

| DEF(2) =2

| DEF(1) =1

HH( 1, 1) =1. 0DO

ENDI F

See V.L.1 and figure 19 for the PREDPP summary that describes the iapbementation. Not¢hat |
there was a change starting with with NONMEM IEarlier versions of NM-TRAN implemented the
model (4) as in figure 9. Figure 1%gs the same results if the SERROR abbreviated code is replaced by
the subroutine of figure 9; the difference is only in the run time.

Even when IDEF(2)=0, 1, or 2, a call to ERROR witly given event record can be forced with
the use of the CALL data item (see section V.J).

IDEF(2) may be set to -1, or not set at all, i.e. this is thaultef Thisresults in ERROR being
called withewery event record (see abe).

When NM-TRAN abbreviated code is used, the reserved variable CALLFL may be used to gpecify
the value for IDEF(2). E.g., to set IDEF(2)=-1, use:
CALLFL=-1 |
Alternately A calling protocol phrasean be used instead of the CALLFL pseudo-statement, e.g., |

$ERROR (CALL W TH EVERY EVENT) |

D. Global and Other Reseved Variables |

ERROR, like K, can accessariables other than through its argument list. Most of the modples
are discussed in Chapter Ill, SectionTlhis section lists some of the variables of interest for(ERR|
The help Guide VIII can be used to obtain the exact declarations and all variables of interest.

D.A Global Input Variables

USE PROCM_REAL , ONY : A=>AMNT , DAETA , D2AETA
USE PROCM_REAL , ONY : TSTATE

With both PK and ERBR, the amount in the Ith compartmentak the gent time at which the

call to the subroutine occurs can be found in A(l). This is the statew These amounts are pat
ticulary useful when pharmacodynamic models are specified in ERROR (see section B.2 and the
example in section G.4)If p-variables are used in PK, the first and second partialatiges o

these amounts with respect to thie are also useful. The first-partial deadive 0A,/0nx can be

found in DAETA(I,K), and the second-partial deative 0°A,/dn, dn, K =L, can be found in
D2AETA(I,K,L).

TSTATE is the state time associated with A, i.e., the time t at which A was computed.

ERROR should tell PREDPP whether or not it uses compartment amounts. See Section B.1,
IDEF(3).
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USE NMPRD_INT , ONIY : NEWL2

NEWL2 is similar to NEWIND.
NEWL2 = 1 if the data record is the first of an L2 record.
NEWL2 = 2 otherwise.

USE NMPRD_INT , ONIY : NPDE_MODE
NONMEM sets NPDE_MODE=1 when it is computing NBBd NPDE for TABLE or SCFK
TERPLOT. Otherwise, NPDE_MODE=0 See DV_LOQ in section D.B.
USE NMPR_REAL , ONY : TEMPLT =>VRAW
May be used on the right in code fowrdata aerages at ICALL=6.
USE NMPRD_INT, ONL : NTHES =>NWTHT ,NETAS_=>NWETA , NEPSS =>NWEPS
The dimensions of THETA, OMEGA, SIGMA. Ner less than 1.

The following group of variables gés the values of THETA, OMEGA, SIGMA at different NONMEM
steps. Somef these may also be used in PK and other PREDPP subroutines.

USE NMPR_REAL , ONl : OMEGA =>VARNF

The current value of OMEGA.
The current value of SIGMA is also located in this array as follows:

SI GVA( |, J) =OVEGA( NETAS_+| , NETAS_+J)
USE NMPR_REAL , ONY : THSIMP=>THET_P ,OMSIMP =>OMEG_P SGSIMP=>SIGM_P

Values of THETA, OMEGA and SIGMA that are produced during a Simulation Step using the
user-supplied routine PRIOR.

The following group of variables are also used in PK and are discussed in Chapter Ill, Section I.A.

USE NMPRD_INT , ONI : MSEC=>ISECDER JFIRSTEM

USE PROCM_INT , ONY : NEWIND =>PNEWIF

USE NMPRD_REAL , ONY : ETA

USE NMPRD_INT, ONI : ETASXI

USE ROCM_INT, ONI : MIXNUM =>MIXCALL , MIXEST =>IMIXEST

USE PROCM_INT , ONY : MNOW =>MTNOW , MPAST=>MTPAST ,MNEXT =>MTNEXT
USE PKERR_REAL , ONY : MTIME

USE PRMOD_INT, ONY : MTDIFF

USE NMPR_INT, ONI : RPTI=>NRPT_IN ,RPTO=>NRPT_OUT RPTON=>NRPT_ON
USE ROCM_INT, ONI : NIREC=>NINDREC ,NDREC=>NDATINDR

USE NMPRD_INT, ONI : NPROB, IPROB

USE ROCM_INT, ONIY : NREP, IREP=>NCREP

USE ROCM_INT, ONI : LIREC =>NDATPASS

USE ROCM_INT, ONIY : NINDR , INDR1 , INDR2

INTEGER(KIND=ISIZE) , POINTER :: SINUM, S2NUM, SINIT, S2NIT, S1IT, S2IT
REAL(KIND=DPSIZE) , POINTER :: DEN_, CDEN_(:)
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D.B Global Output Variables

USE NMPRD_REAL , ONl : CORRL2

Used when the values of epsilons used in the intraindividual model may be correlated across the
obsenations contained in the L2 recordlhe ERROR routine should set CORRL2(k,m), for
k=1,...,n, to the correlatiotetween the values for the kth L2 obsgion and the nth L2 obser

vation.

USE NMPR_REAL, ONl : CTLO=>CTLW ,DCTLO=>DCTLW , DDCTLO =>DDCTLW
USE NMPR_REAL, ONl : CTUP, DCTUP, DDCTUP
USE NMPR_REAL, ONl : PR_CT

With agiven data record, either of the limits CTLO or CTUP may be set, thus defining arainterv
of values comprising one of \s®al catgories equated with thgossible values of a potential
obsena- tion. During a copying pass (and during ICALL=5 and 6), NONMEM sets PR_CT to the
estimated probability that an obsation will be of the category in question. DCTLO are first eta
derivatives of CTLO; DDCTLO are second eta dediives. Similarlyfor DCTUP and DDCTUP.

USE NMPR_REAL , ONl : DV_LOQ

"LOQ" stands for "limit of quantification".If the users ERROR/PRED sets DV_LOQ and
NPDE_MODE is set by NONMEM to 1, then the NPDE is beinguated during this call, and
this censoredalue is to be treated as ifis a non-censored datum witblue of DV_LOQ. See
NPDE_MODE in section D.A.

USE NMPR_INT, ONL : F_FLAG=>IPRDFLG1
Setting F_FLAS to 1 (or 2) signals that Y isbeing set to dikelihood (or -2log likelihood)
value for this particular observation.

USE NMPRD_INT , ONLY : MDVRES

MDVRES stands for missing dependent variable YWibr residual (RES). Setting MDVRES to
1 is gquivalent to temporarily declaring an observation mgssing during the computation of
residuals and weighted residuals

USE NMPR_REAL , ONK : YLO , YUP
USE NMPR_REAL, ONl : PR_Y

With a gien data record, either of the limits YLO or YUP may be set so that during the analysis an
intenal is defined in which (or outsidef which)an observation is conditioned teig. Duringa
copying pass (and during ICALL=5 and 6), NONMEM sets PR_Y to the estimptetability

that an observation will fall within (or outside) the interval.

D.C Miscellaneous Global Variables |
nonmem_reseved_general |

There is a file nonmem_reserved_general in the util direclidris contains USE statement for a numbler
of other NONMEM variables that may be useful foraued users. See Chapter Ill, Section I.C, fok a
dicussion. |

E. Displaying ERROR-Defined Items |

A value stored in a variable (or array element) V in EIRRmay be displayed in a table or scattér
plot. To accomplish this, module NMPRD4 must be defined in ERROR, and V must be Iist¢d in
NMPRD4. Sedhe example in section G.4. Module NMPRD4 also provides gen@nt place to store
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values of \ariables to be shared between ERROR and other routines, and it is used thusly when these rou-
tines are generated from NM-TRAN abbreviated code (see GuiddRid§ered variable COMACT may

be used on the right in ERMR. (INFN-definecand declared variables are also shared between usei rou-
tines.)

The required declarations for NMPRD4 are described in section Il.J.

F. PRED Error-Recovery from ERROR

The reader should see section IlI.K for a discussion about PRED-errgereémm PREDPP
ERROR can force an immediate return to NONMEM from PREDPP with a nonzero PRED error return
code and accompgimg user message. The contents gBFand HH are ignored. The required declara-
tions are described in section 111.K.2.

G. Examples

G.1 Examplel: Population Data

In this section example I, described in section IIl.L.1, is continued. In partithéaicode for
ERROR is considered here. An observation is modeled as in (4) (section A). The code for ERROR is
given in Hgure 9. (A corresponding NM-TRAN abbreviated code is shown in Figure 17, as part of an
NM-TRAN control stream.) All elements of IDEF should be 0 at ICALL=SInce it is unnecessary to
explicitly set ary element to 0, this is not done. At ICALL=1 the value of HH is ignored.

An alternatve awde for ERROR is gin in Fgure 10. (The NM-TRAN abbreviated code shown in
Figure 17 would work just as well for this second code as for the first code.) It is shown to illustrate the
ERROR routine when the Simulation Step is implemented along with a data analysi©ateghould
imagine that drug iels are being simulated under the same model as has been described for the data
analysis (except see the remark kglo The code is essentially lk that of Figure 9, xcept that at
ICALL=4 the value for thee-variable is obtained using the NONMEM utility SIMEPS (see Guide IV
section 11.B.13), and the value for the obsdion y is computed. The value for y is returned.irNBte
that y is modeled as in (4), and the computation at ICALL=4 follows this madetlg Howeve, the
computation at ICALL=2 actually implements a slightly different model for residagbility than is
simulated; see the discussion in section A.

G.2 Examplell: A Mixtur e Model

In this section example Il, described in section Ill.L.2, is continadobservation is modeled as
in (4) (section A). Therefore, the code for EBR is the same as that for Example | and shown in Figure
9.

G.3 Exampilelll: Single-Subject Data

In this section xample Ill, described in section Ill.L.3, is continued. An observation is modeled as
in (1) (section A). The data is from a single subject. Therefores-thagiable is to be garded as an
n-variable (see section B.1). The code for ERRORvsmgin Fgure 11. (A corresponding NM-TRAN
abbreviated code is shvn in Figure 26, as part of an NM-TRAN control stream.) Sinceytberivative
does not depend onyooncomitant variables, nor does it dependdanr 7, ERROR need be called only
once in the problem. Therefore, at ICALL=1 IDEF(2) is set to 2, and theatieei is sored in HH.
Since ERROR is called only once (at ICALL=1), ICALL need not be tested.

An alternatve ade is shown in Figure 12. (The NM-TRAN ablieged code shown in Figure 26
would work just as well for this second code as for the first codleid shown to illustrate the ERDR
routine when the Simulation Step is implemented along with a data analysis step.
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G.4 ExamplelV: Single-Subject Pharmacodynamic Data

In this section example |\Mescribed in section Ill.L.4, is continued. An observation is modeled as
in (3) (section A). The data is from a single subject. Therefores-thaiable is to be garded as an
n-variable (see section B.1). The code for ERROR\vemgin Fgure 13. (A corresponding NM-TRAN
abbreviated code is shown in Figure 30, as part of an NM-TRAN control stredrhg pharmacody-
namic model is gien by a smple "Emax type" model:

Enale

(P)=c, + ce

(19)

where P=(K12,K20,K30,VD,E..Cso), and Ce is the concentration in théeef compartment based on
K12, K20, K30, and VD.

An alternatve ade is shown in Figure 14(A corresponding NM-TRAN abbreviated code is
shawvn in Figure 32, as part of an NM-TRAN control streantt)is shown to illustrate the the ability to
display ERROR-defined items. In this case the intent is to display the concentrations in both the central
and efect compartments. The control stream requesting the display is described in sdcdonTWie
code in Figure 14 just showsvadhese concentrations become EFRdefined. ltalso illustrates the|
use of the state vector A in PROCM_REAL (see section D.A).

H. Other Subroutines That May Be Called
RANDOM

The NONMEM utility routine RANDOM may be called by ERROR during the Simulation Step
(ICALL=4) and when datav&rages are being computed (ICALL=5) to obtain numbers froferdifit
random sources.
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V. Event Records

A. Intr oduction

In this chapter we describe data items required by PREDR® reader should be familiar with
chapter Il before proceeding with this chapter.

Use of PREDPP requires that each data record contain certain NONMEM data items, i.e. data
items needed by NONMEM. These are the ID andWtata items (see chapter IlI). The MDQJata
item is required because with PREDPP not all data records will contain atisesy and when MD
data items appeaso nust the ID data items\{en with single-subject data).

Use of PREDPP also requires that eaamerecord contain tevdata items which are needed by it,
i.e. these data items argaeined by PREDRPut not by NONMEM. These are the time (TIME) and
the aent identification (EVID) data items. Depending on the EVID data item invant eecord,
PREDPP also requires that theerst record contain certain additional data iterDepending on some
one of these additional data items in &en¢ record, further additional data items may be required in the
event record. Lastly, certain data item types are recognized PREEHRRIgh their use is not required e.g.
the CONT data item. The CONT data item was discussed in Chapter liwnis @logent record to span
seseral data records. Itis a little d#rent from the other types of data items needed by PREDPP because
if it appears, it must appear in all data records ofventaecord. Each other type of data item needed by
PREDPP need appear only in the last data record ofeahrecord.t

There are 11 diérent types of data items altogether that are recognized and acted on by PREDPP
These are called the PREDB®&aitems. Any particular type of PREDPP data item may appear jn an
field of a data record, as long as for eegitype, the same field is used in each data record containing da-
ta items of this type. If a PREDPP data item type appears in the data set, its field, oummoex, is
communicated to PREDPP in a way described.n®therwiseijt is said to be missing

The inde of the Ith type of data item should be placed in the Ith field of the INDEX control
record, which is the fourth control record. (Control records are discussed in Guide |, and the INDEX
record, in particulatis dscussed in section C.4.1 of that documentf)NM-TRAN is used, it is didient
to place the @served name of the data item in the nth position of the $INBtHr whee n is he field
number The effect of so doing is to place the irad the Ith type of data item in INDXS(I)The \alues
in the INDXS array arevailable to the PRED subroutind=or example, the CONT data item is the 10th
type of PREDPP data item. If, as in the example in Chapter Il, th& ofdbe CONT data item is 3,
then 3 should be placed in the 10th field of the INDEX record, and in so doing, it is also placed in
INDXS(10). If NM-TRAN is used, the name CONT is placed in the 3rd position of the $INPUT record.

Although this chapter describes the use of CQOiNdre is no need for it grionger. |

If the Ith type of data item is missing, then the INDEX recoodild not contain its index, i.e. the
Ith field of the INDEX record wuld contain either a zero or a blanlk NM-TRAN is used, theeserved
name of the data item type would not appear in the $INRIddrd It is assumed that all data items of
this type are 0 in allvent records. If the CONT data item is missing, it is assumed that all data items of
this type are 0 in all data records.

Indices of data items other than PREDPP data items may be needed insapp$ied PK,
ERROR, or INFN (see section VI.A) subroutine. This is illustrated in section Ill.C. These indices may
be placed in the INDEX record beginning with field 12. In the user-supplied subroutynapiiesar in
the INDXS array bginning with position 1 and in the order in whichytreppear in the INDEX record.

If NM-TRAN is used, the labels of the data items may simply be placed in the $INEEX n the
usersupplied routine, the indices appear in the INDXS array beginning with position 1 and in the order

t The CONT data item described in this paragraph cannot be used with NM-TRANiatggteode. It is
not needed because the number of data items per data record can be madeaasnkeeded. See the dis-
cussion of PD and $SIZES in Chapter 1.
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in which the labels appear in the $INDEX recdrd

Each of the different types of PREDPP data iterrset the CONT data item, are discussed in
turn in the ngt 10 sections. The CONT data item has already been discussed adequately in chapter Il.
The possible values for all 11 @ifent data items types are summarized for the read@wenience in
Appendix .

B. The Event Identification (EVID) Data Item

This type of data item (PREDPP data item nomi)st appeain event records. It identifies the
type of eent. Ithas 5 possible values.

A value of 0 indicates that theamt is an obsemtionevent . With this type of anent the D/ da-
ta item on the last data record of thverg record is an observation, and the WiBata item on this data
record is 0.With all other types ofvents, the ¥ data item on the last record of theset record may be
ary value (e.g. blank), and the M[data item on this data record is 1.

A value of 1 indicates that theent is a dosevent. There are 3 types of doses: a bolus dose, an
infusion (of finite duration), and a (continuous) constant rate infusion considered to feetfebf infi-
nite duration and leading to steady-state. This last type of dose is called asta@ilyfusion. Repeti-
tions of doses of the first omypes can also lead to steady-state (see sectioi [Epse &ent corre-
sponds to either the time a bolus dose v&mgior the time an infusion is initiated, or the time a steady-
state infusion terminatedVith a dose went certain other data items which define thené further may
also appear in thevent record.

A value of 2 indicates that theaat is neither an observation nor dosert. Thecorresponding
event is referred to as an othgpe event. Examplef other-type eents are: the time a urine collection
begins, the time a urine collection ends, and the time a change wa@abte (such as glomelular filtra-
tion rate) is notedThe user may create an other-typens for whateer reasons he wishes; he need only
mark an occurence of this type @kat with an @ent record containing an EVID data item equal to 2.

A value of 3 marks a resevent. With a reseteent the kinetic system is reinitialized.ime is re-
set towhateveitime appears in thevent record (e.g. 0), the amounts in each compartment are reset to ze-
ro, and the on/dftatus of each compartment is reset to its initial status (see section H).

A value of 4 marks a reset-dosent. With such an eent the characteristics of a dosesat and a
reset gent are combinedThe system is first reset, and then a dosevengiccording to the information
given in those fields giving dose information (see below).

The "Repeated Observation Records" featuist® toassist in specialized methodologmssch
as stochastic differential equations. A record in a data file may be set up for repeated callartd PK
ERROR. Eachtime, the sameecord is passed to PK and/or BRR, but with a different EVID.The
users ontrol stream model in $PK or $ERROR may theretakvantage of xecuting certain code con-
ditional on the EVID wlue. For this to occurthe user must introduce ongr moreof the follaving
data items in the data file, with these names:

XVID1 XVID2 XVID3 XVID4 XVID5 |

These stand for "extra” EVIDs. On the firsall to PK/ERROR, th&VID is set to the value gén in
XVID1. Onthe second call, the EVID is set to that in column XVID2, eg.to XVID5. Only as man
XVIDs as are required are needed to be defiriddthe other items in the record do not changeept
that if the present EVID used isot 0, then théMDV value is set to 1 for that call. If an XVID is -1,
then the call to PK/ERROR for that XVID is not made, nor for the remaining XVIDsthere isan
EVID column, the alue in this column is not passed to PK/ERROR unless XVID1=-1 in which case a
"normal” call with that record occurs.

t The INDXS array cannot be used with NM-TRAN abbreviated code.
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C. TheTime (TIME) Data Item

This type of data item (PREDPP data item nan@t appeam event records. It gies the time of
the event. (Anexception occurs with ABAN9 when there are only algebraic equations to beedphin |
which case the time data item is optionalith NONMEM 7.4, time data items mayJeaany alue, |
including ngative \alues; with earlier versions, time data items must be ngaine (NM-TRAN has |
always allowed ngative dock times when day-time translation is performed, and&ted them to non-|
negdive relative times for PREDPF Also, event records must be ordered (within an individual record)
so that if @ent record A is followed bywent record B, and the corresponding times garard g, then
ta <tg. Exceptions to this are provided by reset and reset-destsewhere the time may &y num- |
ber.

Note: when IDEF(1,2) is set to 0 in PK (see section IIl.H), aneltg, then PK is not called with
event record B unless a call is forced with the use of the CALL data item; see section J.

The PREDPP TIME data item is a unitless re@time. Havever, when NM-TRAN is used,|
TIME values of the NM-TRAN data set may contain clock times (e.g., hh:mm). 7Ah€& Data item |
may also be presenin these cases NM-TRAN performs date-timeweosion, conerting DATE (if |
present) and clock times to relaiime for the NONMEM/PREDPP data record. In addition, the NM-
TRAN $DATA record may contain the option TRANSLE=(TIME/f/d). Thisrequests that TIMEal- |
ues be divided by f (typically is 24 to @rnvert hours to days, with d significant digits.

D. The Dose Amount (AMT) Data Item

This type of data item (PREDPP data item no. 3) often appeav&nihrecords, but it need not
appear In a dose @ent record it gies the amount of a bolus dose or of an infusion of finite duration.
This amount will be a posite umber Howeva, if other data items in a doseeat record (see belg
indicate that thevent record marks the termination of a steady-state infusion, then if the AMT data item
appears, it must be 0f all doses are steady-state infusions, then the dose amount data item can be miss-
ing.

If the AMT data item appears, then it must be 0 in olagenw, other-type, and reseteat records.

In a reset-dosevent record the AMT data item should satisfy the requirements of the AMT data item in
a dose eent record.

E. TheDose Rate (RATE) Data Item

This type of data item (PREDPP data item no. 4) often appears indseexords, but it need
not appear For example, if all doses are bolus doses, then the dose rate item can be missing. In a dose
record the RAE data item can assume 4 different kindsaltigs. Apositive rumber indicates an infu-
sion rate. The appearance of a pusitAMT data item in theent record, giving the amount of the infu-
sion, indicates that the infusion is of finite duration.

A 0 indicates that the dose is an instantaneous bolus doseindicates that the dose is either (i)
a zero-order bolus dose (see section I8)Fand that its rate is modeled in PK (see section III.F.4) or (ii) a
rate-modeled steady-state infusion (see sectiond)l.FA -2 indicates that the dose is a zero-order bolus
dose and that its duration is modeled in PK (see sectiorB)ll.IF the dose is a zero-order bolus dose,
then a positie AMT data item must appear in theeat record.

The RATE data item must be 0 in observation, etiee, and resetvent records. In a reset-dose
event record the RAE data item should satisfy the requirements of the RATE data item in awinse e
record.
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F. The Steady State (SS) Data Item

F.1 Background

Before gving the detailed description of this data item, it is helpful te gbme considerable
background concerning steady-state and its relationship to PREDPP.

Steady-state in a kinetic system can be aetién seveal ways. Oneway is by alministering a
sequence of doses in @uar cyclic fashion wer a aufficiently long time. The doses may be input into
the same or different compartments. The doseengiuring ary one ¢g/cle are the same as the doses
given during ary other cycle; collectiely, they are called the doseycle. They may consist of a mixture
of bolus doses and infusions of finite duratigafirst cycle of doses is\gn, then a second cycle, etc.
until a steady-state has been reachea. example, a dose cycle may consist of an instantaneous bolus
dose of 10mg, immediately followed by a 30 minute infusion of 10Mgs cycle might be repeated-e
ery 4 hours, the so-called periofithe gcle. Letrr denote the period, and suppose the dose times of the
last cycle areqt<t, <---<t,. The system is at steady-state at a time t in the (closed-open)interv
[ty , ty + ) if the drug amounts in the compartments at time t equal the amounts at-tmevere the
dose times of the last cycle actudllyr m<t, + < ---<t, + 7 (and there were no/ent times in the in-
terval [t + 77, t; + ).

A second way to achue seady-state is to initiate a number of simultaneous steady-state infusions.
Suppose these infusions terminate at timest} < ---<t,. The system is at steady-state at a time t in
the interval (1, t,) if for a positve A, the drug amounts in the compartments at time t equal the amounts
at time t+ A, were the infusions actually terminatedgt+ A<t, +A<---<t,+A. Athird way is to use
a regular g/clic dosage pattern in conjunction with simultaneous steady-state infusions. Steady-state is
an ideal state, but it can be approximated.

If a large enough number of dose cycleseheccurred, the user might consider that an (approxi-
mate) steady-state has been reached by at least the time the lastgiypsle Rathethan include a lge
number of dosevent records into the data set, the user may be abledadaintage of a PREDPP fea-
ture requiring that only dose records for the doses in the last cycleebe ghislast dose cycle is called
the steady-stateycle , and the doses in thig/cle are called steady-stateses If steady-state infusions
are irvolved, only dose records marking their terminations are required. These specialedbsecerds
are called steady-stativserecords. They are identified as such by means of the steady-state data item
(see section.B). A steady-state dose record describing a bolus dose or an infusion of finite duration ac-
tually describes an sequence of doses all just aliken gégularly at a specified interdose interval, and
ending with the steady-state dogdl these doses, excluding the steady-state dose, are called the implied
doses Without loss of generality the sequence of times at which the implied doseseares ginagined
to extend infinitely backward in time (beyond the firsemt time). These times are called the implied
dosetimes. A steady-state infusion is imagined tovbaarted at-oo.

The amounts of drug in thesious compartments acemputed by PREDP#® be at their steady-
state values at the time of the last dose of a steady-gtige ar at the latest termination time of a group
of simultaneous steady-state infusions, but not before this tRREDPP computes these steady-state
vaues by using steady-state kinetic formulas in conjunction with the usual transient type kinetic formu-
las. Thiscomputation is called the steady-stamputation. Computation with steady-state dose
records and steady-state formulas takes less computer time than does computation with transient dose
records and transient kinetic formulas. So when the former can be incorporated, substantial computer
time, as well as data set construction time, can \essa

Steady-state can be acked in linear kinetic systems and sometimes in nonlinear kinetic systems.
With linear systems the full range of steady-state dosage patterns can be implemented with PREDPP;
with nonlinear systems, only a limited range of steady-state dosage patterns can be implemented. In lin-
ear systems the so-called superimposition principle hdltiés principle implies that if steady-state is
achieved with a dose cycle of m doses, with periadthen the amount of drug in a compartment at
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steady-state and at avgh time tis U +U, +---+ U,;,, where | is the amount of drug in the compart-

ment at time t that would be present using a dose cycle consisting of only the ith of the m doses and with
period 7. PREDPP takes advantage of this in a way that mayxpmieed by means of the follang
example.

Suppose the dosage pattern -- 3 doses daily: 20 mg at 8 AM, 10 mg at 3 PM, and 10 mg at 8 PM --
is given, and steady-state is reached. The dose cycle could consist of the 8 AM dosedfbothe 3
PM dose, followed by the 8 PM dosklowever, a seady-state solution isalid if a dosing pattern has
continued for a sufficiently long time, and #lid, it is independent of when this pattern was initiated.
So alternatiely, the dosing cycle could consist of the 3 PM dose, i@k by the 8 PM dose, folked
by the 8 AM dose.Or, it could begin with the 8 PM doseuthin ary case, the order of the doses should
be chronological within a cycle, so that, for example, the 8 PM dose should not be followed by the 3 PM
dose. Whiclhof the 3 alternaties to dhoose is simply a matter of user stggtelo help explain this, sup-
pose an obseation is made at 4 PM March 9 and that the dosing cyclevén giary days preceding
March 9 and continuing beyond this dafehe steady-state computation occurs only at the time of the
last dose of the steady-state cycle (although, as shall be seen, partial steady-states are computed at earlier
dose times).If the steady-state computation does not occur before 4PM March 9, dose records account-
ing for all the doses gen before this time must be included in the data set. So, ®ahlantage of the
steady-state feature, a steady-stgt@decmust end before 4 PM March 9. If a dose cycle is defined to
begin with the 8 AM dose, then the steady-statedeemust end at 8 PM March 8 or eatli€ay it ends at
8 PM March 8; then non-steady-state dose records at 8AM and 3 PM March 9, accounting far the tw
doses gien at hese tw times, must also be included. If, though, a dose cycle is defined to begin with
the 8 PM dose, then the steady-state cycle can end at 3 PM March 9, and no nonsteady-state dose records
need be included between the 3 PM March 9 dose record and the 4 PM observation record. Suppose then
that one chooses this more efficient strategy.

Then a steady-state dose record at time 8 PM March 8 appears. This record should specify that the
amounts in all the compartments be reset to the steady-state amounts that would result were only 10 mg
given daily, 8 PM March 8 being the time of the last such dosgddounts at 8 PM March 8). There is
a way to do this using the steady-state data it&hmere should also be a steady-state dose record at time
8 AM March 9. This record should specify that (i) the amounts in all compartments be updated to
amounts valid for 8 AM March 9, using transient type kinetic formulasafdounts at 8 AM March 9),
and that (ii) thg then be changed by adding to them the steady-state amounts that would result were only
20 mg gven daily, 8 AM March 9 being the time of the last such dosgdlounts at 8 AM March 9).

There is a way to do this using the steady-state data if@nally, a deady-state dose record at 3 PM
March 9 should be included, specifying that (i) the compartment amounts be updated to aaimlints v
for 3 PM March 9 (Y + U, amounts at 3 PM March 9) and that (ii) ften be changed by adding to
them the steady-state amounts thatla result from a daily 10 mg dose, 3 PM March 9 being the time
of the last such dose {lamounts at 3 PM March 9). At 3 PM March 9 the compartment amounts are
thus set to their correct steady-statdues. Ifa number of additional dosing cycles occur after 4 PM
March 9 and before the next non-doseng record, then similar)ythe user can minimize the total num-
ber of required dosevent records by including steady-state dose records before this next record.

A slightly more general application of the superimposition principle allows "transient doses" to be
handled along with those of a steady-state dosjetec If, for example, a 20 mg doseaw gven (per-
haps inadvertantly) at 3PM March 5, then, in effect,xdraalose of 10 mg wasvgn on March 5 which
cannot be properly tak into account in the steady-stayele. Howvever, the user may firstlyinclude a
nonsteady-state dose record for 3 PM March 5 with dose amount 10 mg and then, specify on the steady-
state dose record for 8 PM March 8, that (i) the compartment amounts be updated to amounts valid for 8
PM March 8 and that (ii) tlyethen be changed by adding to them the steady-state amounts corresponding
to the 8 PM dose.
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The superimposition principle also implies that if steady-state is\echigith a number (n) of
steady-state infusions, then the amount of drug in a compartment at steady-state and at time t is
Vi+V,+.--+V,, where V is the amount of drug in the compartment at time t that would be present
were only the ith infusion gen. If n=2, for example, then 2 steady-state dose records should be used,
each containing a posigé dbse rate data item. The times on these records should be the;tenesht
when the first and second infusions termindte will suppose {<t,. The first dose record may specify
that the compartment amounts abe reset to the steady-state amounts corresponding to the first infu-
sion (V; amounts at;). The second dose record should specify that (i) the compartment amounts be
updated to amounts valid for timeg (@, amounts at,) and that (ii) thg then be changed by adding to
them the steady-state amounts corresponding to the second infusimd@unts at,). Notethat §f may
equal 3.

We havediscussed repetite doses leading to a steady-state in terms of a dose cycle with a period.
Indeed, repeated doses of possibly different amounts are of@migia g/clic manner Howeve, the
only really important structure of repeated dosing, allowing the application of the superimposition princi-
ple as described abg is that there be a group of doses of possiblfediint amounts, each of which is
repeated with its own constant period. So using theeabsmmple, the 20 mg dose isvgn repeatedly
with a period of 24 hours, the 3 PM 10 mg dose\srgiepeatedly with a period of 24 hours, and the 8
PM 10 mg dose is gén repeatedly with a period of 24 hours. If, though, the values of these three peri-
ods differed, a type of steady-stateuld still be achieed. As before, one could simply include one
steady-state doseent record for each type of dos€or each type of dose, its steady-state dose record
would hare a time data item equal to the time the last dose of that typeds gid a period (called the
interdose interval data itemspecificfor that particular dose type. In the samaywepeated bolus doses
can be handled in conjunction with steady-state infusi@isiply regard a steady-state infusion concep-
tually as a particular sequence of bolus doses, each of very small ahaguamd gien very smallAt
time units apart, such thag/At is the infusion rate.(However, Snce only this rate and the termination
time matteraAa and At are not gien on he steady-state dose record.)

With nonlinear kinetic systems the superimposition does not hold, and steady-state amounts do not
add as described am Consequentlya deady-state cycle can consist of at most one dose (either a
repeated bolus dose or a repeated infusion), and steady-state infusions cannot be simuBameous.
within those limitations, steady-state dosing can be accommodated with PREDPP.

When the state vector of compartment amounts is advanced from one time tattbheimg the
transient type kinetic formulas, the PK parameters act continuously or discastatgcribed in chapter
lll. When a geady-state formula is used to compute a state vectoestt time t, a PK parameter that
regularly acts continuouslyver (finite) state-time intervals, moacts continuously wer the intenal
(-o0,1). Itsvaue is assumed to be constarmerothis interval and is computed from the information in
the steady-state doseeat record for time t.A PK parameter that regularly acts discretely at state times,
now acts discretely at the infinite set of implied dose timésr example, if a steady-state record
describes a bolus dose at time t hours, terminating a sequence of implied bolus \asesenyi 12
hours, then the PK parameter (e.g. a \midability fraction or duration parameter) acts discretely at
times t, t-12, t-24, t-36, etc. Its value is assumed to be the same at these times and is computed from the
information in the steady-state doserd record for time t.

An absorption lag time for a\gn compartment (see section IIl.F.6) applies to all steady-state
doses into the compartment, except to steady-state infusions. According to what has just been stated
about discretely acting parameters, all the implied doses, as well as the steady-state dose, are lagged, and
by the same amount L. Steady-state kinetics are computed atetitetime t on a steady-state dose
record. Theamounts computed for time t are the steady-state amounts at time t-L were the doses not
lagged. Carenust be taken when an absorption lag time is applied to a steady-statéJdaally the
user intends that the system be at steady-state at timéftah esent time occurs between t and t+L, this
can result in a perturbation of the system such that steady-state no longer exists at tiOw if+dt.the
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first event time s succeeding t+L the@lue of a continuously acting PK parameter is changed, then this
too can "destroy" the steady-state at t+L, because the kinetiesongy the advancever (t,t+L) are ge-
erned by the values of the continuously acting PK parameters computed at time s.

F.2 Secifics of the Steady-State (SS) Data Item

The steady-state data item (PREDPP data item no. 5) may appeantimegords, or it may be
missing. Ifit appears, then its value in dosexd records is either 0, 1, or 2.

A O indicates that the doseent record is not in fact a steady-state dosmterecord.

A 1 indicates that the dos®ent record is a steady-state dosernt record and that the compart-
ment amounts are to be reset to the steady-state amounts. These amounts result from either (a) repeated
bolus doses with agn period, (b) repeated infusions with argi period, or (c) a steady-state infusion,
as specified further on the record. In case (a) ¥bet@ecord must also ka positive dbse amount and
interdose interval data items. If the repeated doses are instantaneousr bolus dogey, beoed must
also hae a 0 dse rate data itemf the repeated doses are zero-order bolus dosesydherecord must
also hae a regdive dose rate data item. The dose amount and dose rate data items apply to all the
repeated bolus doses. In case (b) tenterecord must also ke positive dose amount, dose rate, and
interdose interval data items. The dose amount and dose rate data items apply to all the repeated infu-
sions. Incase (c) the rate data item on tkent record must either be posiia -1, and the dose amount
and interdose interval data items must be 0.

A 2 indicates that the doseent record is a steady-state dosent record and, letting t be the time
on the record, that (i) the amounts in the compartments are to be updated to amounts valid for time t
(using transient kinetic formulas) and (ii) yhthen are to be changed by adding to them steady-state
amounts. Thessteady-state amounts are the same as those thdd Wwe computed were the steady-
state data item equal to 1, and the necessary additional data itemsentiea®rd are as described for
cases a-c abe.

A 3 indicates that the doseeat record is a steady-state dosent record. SS = 3 is identical td
SS = 1 with one exception: witBteady State routines SS6 and S8, existing state vector (com}
partment amounts and eta detives) is used as the initial estimate in the computation of the stepdy-
state amounts. The user supplies the initial estimate with some combimdtiprior event records, |
e.g., reset, transient dose, and other-tyeateecords.

The SS data item must be 0 in observation, other-type and ves¢trecords. In a reset-dose
event record the SS data item should satisfy the requirements of the SS data item invardaseard.

If SSis 1 or 2 or 3, the output compartment must be off.

F.3 Initial Steady State

If endogenous drug production terms are present in the differential equations for a general non-lin-

ear model (ADDANG, ADVANS, ADVAN9, ADVAN13, ADVAN14, ADVAN15), the system may be at a
non-zero initial condition before grdoses are introduced. This is referred to as an irsteddy-state
condition. Oneway to adbtain the initial condition is by using a dose record having SS>0, AMT=0,
RATE=0. Anothemay is to use the Initial Steady State feature of PREDWRIRh this feature, the initial
condition is computed prior to the firsteat record (and after a reseteat record) ®actly as if such a

dose record were present. It is not necessary to include the a dose reawldent, to define the data

item SS, AMT or RAE. Thereare three ways to request this feature:

I_SS ($MODEL)
Set the |_SS option of $SMODEL. This applies to all subjects.

ISSMOD (MODEL subroutine)
Set the ISSMOD variable in subroutine MODEL. This applies to all subjects.
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I_SS ($PK)
Set the I_SS variable in $PK (or PK routine). This allows |_S®doset conditionallye.g., if
some subjects are at steady-state and others are not.

If ADVANOI is used and there are equilibrium compartmenty, dlfeecomputed at the same time.
This is then an "initial equilibrium™ feature.

The initial steady-state feature may be used with the compartment initialization feature of PREDPP
(See Chapter lll, Section 1.B).

F.4 Implementation of Steady State |

Different kinds of Steady-State doses are pictured in Users Guldeaductory Guide, Chapter
6, Section 8.2.3. It might be helpful to rewi¢these dosing patterns.

With the analytic SS routines, steady-state uses wellskramalytic solutionsFor example, with
ADVAN1/SS1 for the one-compartment model, théed#ntial equation is dA/dt -K* A. Whenthis is
integrated from t=0 to t=T the solution is2exp(-K * T)

Suppose a bolus dose AMT iwvegn at he end of the Steady State interval 1l. At steady-state,

A exp(=K* II) + AMT = Ag

That is, Agis the compartment amount such that after an advance in time of Il, plus the dose AMT
the compartment amount is still equal tg.AThis can be solved as

A= AMT/(L —exp(-K * 11))

With all analytic models (SS1, SS2, SS3, SS4, SS5, SS7, SS11, SS12) the solution is thg same. A
is a vector of compartment amounts and etavaeres, K is a matrix of rate constants and their eta de-
rivatives, and AMT is a vector with dose to a single compartment and that degeétives. Thematrix

exponential is solved in a general way in SS5 and SS7. Other SS routines contain a solution for a spe-
cific number of compartments.

With multiple infusions, steady-state is solved for in the sameuwsing the known analytic solu-

tion.

Steady-State with constant rate infusion is computddrdiitly At steady-state, input equals out-
put:

dAsJdt+R =0

—-K* Ai+R=0

and thus

Ass=RI/K

As with steady-state with multiple dosing, the solution is the same with all analytic médgis.
a vector of compartment amounts and their etaveivies, K is a matrix of rate constants and their eta
derivatives, and R is vector with rate into a single compartment and that eat@ervatives,

When the model is defined by differential equations (SS6, SS8, SS9), PREDPP cannot use an ana-
Iytic solution, &en if one happens toxest. Insteadthe solutions are found by a numerical technique
using ZSP®, a oot-finding subroutine from IMSL.

With multiple dosing, ZSP® searches for a vector of compartment amounts and their et@a-deri
tives auch that the initial and final (end of dosing intervadttor is the sameADVANG, ADVANS, and
ADVAN9 perform a numerical integration of the differential equations (and in the case\#{ND)
algebraic equations). The AMAN routine is used to advance (integrate) the statéov A from time 0
to time Il with the appropriate dose pattern. Let iepresent the state vector after advance to time Il
with the appropriate dose\ search is made for Asuch that A;- A, =0



PREDPP Guide - Chapter V 75

If SS=3, the state vector A contains user-supplied initial estimates. Otherwise, the SS routines sets
A=0 and makes three calls to MBN. Eachcall advances the statector from t=0 to t=Il with the
appropriate dosing pattern. The result is the initial estimate.

Once the SS solution is found, the SS routine adds the final bolus dose to thecétatengarts
the final infusion.

As with analytic advans, steady-state with constant rate infusion is compufiexrdif, At
steady-state, input equals outpétsearch is made by the root finder ZSKR®or A, such that

0=dA/dt+R

Within PREDPP dA 4/dt = DADT(Asg) , SO this search is for:

0=DADT(As) +R

ZSPQN requires an initial estimate. As alepif SS=3, the state vector A contains an initial esti-
mate.

Otherwise, an initial estimate is obtained using the firsttésms of the Maclaurin series approxi-
mation for dA/dt For ary f(x), this is f(x)=f(0) +f'(0) * x

Here, f(x) is dA/dt and'(x) is of(x)/0A

The DES routine computes dA/ds DADT anddDADT/0A as DA. DESis called with A=0 to
obtain DADT(0) and B(0). TheSS routine computeBAINV = 1/DA(0). Theapproximation is:

DADT(A) = DADT(0) + DA(0) * A
Solwe for A in:

0=DADT(0) + DA(0) * A +R
A = -(DADT(0) = R)/DA(0)
A = -DAINV * (DADT(0) +R)

This A is the initial estimate.

Note 1
The time T of the steady-state dose record is ignored. Steady-state is computed for time=0.

Note 2
Multiple infusions with duration > Il are permitted:he SS routines treat these as a constant rate
infusion superimposed on multiple infusions with duration < II.

Note 3
As stated in chapter lll, if an absorption lag parameter ALAGn is defined for the compartment
receving a steady-state multiple dose, it applies not only to this dose, but also to all the preceding
implied doses. The lag time should nateed the interdose interv Steady-statemounts are
computed as usual, then the state vector is advanced to timeMNG.

For example, suppose 11I=24 and AIG¥8. First,steady-state is computed as if there were no lag
time, so that the most recent implied doses wemngit imes -72, -48, -24, 0. Because AGAS,

they were actually gien at imes -64, -40, -16. Thus, 16 units of timerdgmssed since the last of
the implied doses. The steady-state amounts are adjusted to HRAEAG =24-8=16. Ewnt
records with times up to (but not including) time 8 wilvaappropriate steady-state amounts in
the compartments. A transient dose at time 8 will maintain steady-state from time 8 untitthe ne
transient dose is needed at timetBl= 32.

Note 4
Model event time MTIME is not a dose-related feature and has no effect on steady-state doses.
Even if PK computes MTIME < I, this does not apply retroaslyi to the preceding implied
doses. bBr example, if MTIME is used to model EHC (enterohepatic circulation), then steady-state
doses should not be used because thidl give inappropriate results. Instead, EHC can be
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modelled with continuous terms in the differential equations. An example is provided using a
smooth step model with Hill terms in a sigmoid emax mod&ith such models, steady-state
doses may be used. See "Enterhepatic circulation examples" in on-line help, and mtimess.ctl and
hillss.ctl in the examples directory.

G. Thelnterdose Interval (1) Data Item

This type of data item (PREDPP data item no. 6) may appeaeti kcords or be missingdf
some steady-state doseeat record has a posig AMT data item, then the Il data item must also appear
in the record. If some non-steady-state dasaterecord has a posi8 ADDL data item (see section K),
then the Il data item must also appear in the record.

In a dose record the Il data item can be 0 or a pesitimber For repeated doses with aven
period, the Il data item is this perioBor a geady-state infusion the Il data item must be O.

The Il data item must be 0 in observation, other-type, and nesdtrecords.In a reset-dosevent
record the Il data item should satisfy the requirements of the Il data item in aveoiseeeord.

Like TIME, the PREDPP Il data item is unitlesdowever, when NM-TRAN is used, Il values of
the NM-TRAN data set may contain clock times (e.g., hh:mm), and NM-TRAMedsrthem to hours|
for the NONMEM/PREDPP data recordin addition, the NM-TRAN $BTA record may contain thq
option TRANSLATE=(lI/f/d). This requests that llalues be divided by f (typically is 24 to onvert |
hours to days) with d significant digits.

H. The Compartment (CMT) Data Item

The prediction for an obsetion may be either a scaled drug amount in some particular compart-
ment called the obseation compartmen{see section Ill.F.1), or a modification of this quantity (see sec-
tion IV.B.2). With every dose there is associated a certain dosepartmen{see section I1l.R2). With
evay kinetic model there are designated aadéfobservationcompartmentand a dedult dose
compartment For some kinetic models, these designations are built into the model definition; for others,
these designations arevgn by the user in a special subroutine MODEL (see section VIBiless oth-
erwise specified on an obsation erent record by means of the compartment data item, the aligarv
compartment is taken to be the default observation compartroehess otherwise specified on a dose
event record by means of the compartment data item, the dose compartment is taken to aithe def
dose compartment.

The compartment data item (PREDPP data item no.7) may be appeantineeords or be miss-
ing. If it has the value 0 on an obsation, dose, or reset-doseest record, then the appropriate alait
compartment is used for the observation compartment or dose compartment. Otherwise, the number
given as he compartment data item on the record is the number of the observation or dose compartment,
respectiely.

By corvention, the number of the output compartment may alsovea by the CMT data item as|
the number 1000 (this is truegaedless of the type of thevent record). With small models (number of
compartments <= 99), this number may also bengas DO.

Some compartments can be turned on ahdtadvent record times. When a compartment i§ of
the amount of drug in the compartment is 0. When a compartment is on, drug distributes from or into the
compartment according to the kinetic modebtr example, the output compartment may be turned on at
a tme coinciding with the lgnning of a urine collectionOr, a dug depot compartment can be turned
off at a ime when there should be virtually no drug left in this compartment, and the user wishes to elim-
inate the unnecessary computatiomolmed in computing the amount of drug in this compartment.
Every compartment is initially either on orfefits so-callednitial status at the "beginning" of an indi-
vidual record. If a compartment is not turned on dragfihe result of somevent record in the indid-
ual record, then the onfddtatus of the compartment at eaclerg time in the individual record is\gin
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by the compartmerd’initial status. (Compartments can also be turned on afdvben all the data are
from a single subject, and then the term Walial record’ here should be "understood” to mean the
entire data set. This is a consequence of the single-subject assumption; see sécjioiMVith every
kinetic model only certain designated compartments can be turned onfaaddothe initial status of
each compartment is also designatédr some kinetic models, these designations are built into the
model definition; for others, these designations arendiy the user in a special subroutine MODEL (see
section VI.B).

With a doseent record the dose compartment is turned on at the time the dose enters the system,
if this compartment is not already on at that tifk¢ith an obseration e/ent record the observation com-
partment must either be the delt observation compartment (which canande urned of from its ini-
tial status of being on), or a compartment whose status at the time of the obseveatioacerd is on.

Any drug which would distribute from a compartment A to a compartment B, were B o8s lea
compartment A when B is ©f It goes into the output compartment when the output compartment is on,
or is lost to the system entirely if the output compartment is off.

Generally giving a compartment number in the compartment data item has the effect of (i) specify-
ing the observation compartment, if theergt record is an obseation record, (ii) specifying the dose
compartment, if thewvent record is a dose recordnd (iii) turning the compartment on at theeat
record time, if it is not already on. If all oneamts to accomplish at a certain time is to turn a compart-
ment on (e.g. the output compartment, in order tprba urine collection), then one should construct an
othertype event record that simply turns the compartment on, i.e. tvasdne compartment number as
the compartment data itenfor some kinetic models, the compartment numbers are built into the model
definition; for others, these numbers argegiby the user in a special subroutine MODEL (see section
VI.B).

To twrn a compartment bat a gven time, one should construct an other-typeng record that
gives the compartment numbgreceded by a minus sign, as the compartment data #eminus sign
can also precede the compartment number on an observation record, provided the observation compart-
ment is the output compartment or an output-type compartnierthis case the compartment must be
on at the eent time, but it is turned 6f immediately thereafter"Thus one can record the observation of
a uine concentration in anvent record and comniently turn of the urine collection using the same
record.t Onean do the same thing less eemently by not using the minus sign in the obsépn
record, but using it in a subsequent other-tymmterecord with the same time data item.

With a reset or reset-doseent record the on-éfstatus of each compartment is reset to its initial
status, and then if the compartment data item is nonzero, the designated compartment is turnéd on or of
according to whether the data item is plus or minus (it must be plus with a resetabsecord).

I. The Prediction Compartment (PCMT) Data Item

NONMEM expects PRED to compute a prediction for edata record whether or not the data
record contains an obsation. Thesepredictions appear in all tables of data records, ang ¢he
appear on scatterplotszor example, one may want to scatterplot predictions versus ti@tber-type
event records can then be included in the data set with times of interest which are naitmsémes.

For al data records with CONT data item 1, PREDPP produces a predictior-of the last data record

of an observationvent record, the prediction isvadys either the scaled drug amount in the oleté@m
compartment (see section Ill.F.1), or a modification of this quantity (see sectoR)I\For the last data
record of a non-obseation record, the prediction is the prediction that would result for an observation of
the default obseation compartment (see section H), unless otherwise specified inefterecord by

T Qutput-type compartments Ve been part of PREDPP since the first version, but the use of a minus|sign
for CMT on an observation record was not mentioned. An output-type compartment is inffathapbe
turned on and off, and may not raeeia @se. Itmust be turned on with an other-typeera record in
order to start accumulating drug.
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means of the prediction compartment data item.

The prediction compartment data item (PREDPP data item no. 8) may appear or be rHigsing.
has the value 0 in a non-obsatien event record, then the prediction for the last data record ofvire e
record is the prediction that would result for an observation of theuldedbservation compartment.
Otherwise, the PCMT data item is a compartment nunabdrthe prediction for the last data record of
the event record is the prediction thabwld result for an observation of the specified compartmBmis
predictions for different compartments can be displayed.

By corvention, the number of the output compartment may also e giy the PCMT data item|
as the number 1000 (this is trugaelless of the type of thevent record). With small models (numbet
of compartments <= 99), this number may also benghs DO.

J. The Call (CALL) Data Item

The PK and ERRR subroutines need not be called withrg event record (see sections Ill.H and
IV.C). Calling-protocoldimiting calls to PK or ERRR are called call-limitingorotocols. When such
protocols are implemented, one can use the call data item to force a call to PK@RE®Ro0 both,
with ary given event record. This can be useful, for example, whetept for a fev individual records,
none of the PK parameters depend on concomitant variables whose \alyesgithin an indvidual
record. Therone can limit calls to PK to once per imidiual record, but for the ¥eindividual records
where this limitation is inappropriate, one can force a call yoeaent record where some concomitant
variable assumes a different value from that in earlienterecords.

The CALL data item (PREDPP data item no. 9) may appeareint eecords, or be missing. If i
appears it has the values 0, 1, 2, 3, or 10. If it has the value O ier@rrecord, then calls to PK and
ERROR with the record occur according to the calling-protocols implemented with PK am@RERIR
it has the value 1, then a call to PK is determined according to the calling-protocol implemented with PK,
and a call to ERRR occurs. If it has the value 2, then a call to ERROR is determined according to the
calling-protocol implemented with ERROR, and a call to PK occurs. If it has the value 3, then calls to
both ERROR and PK occur.

It may hae te value 10 with ABAN9. Then a call to ABAN9 occurs whetheror notthe |
TIME data item is defined, and whether or not AES has usedA@Fo limit calls to AD/AN9 (See |
Chapter VI, Section E.B). May be combined with values 1, 2, and 3. e.g., CALL = 11 forces calls to
both ADVAN9 and ER®R with the gent record.

It is not an error for the CALL data item to be pesitivhen calls to either PK or ERIR are lim-

ited.

K. The Additional Dose (ADDL) Data Item

Often, a number of doses areaj in sries, eachactly like the otherand spaced one from the
other by a constant interdose int@vSucha sries can be specified with a series of desataecords.
Such a series can also be specified on a single gesterecord by using the addiional dose data item.
The dose specified on the doserg record is called the initiatindose. The additional dose data item
contains the number of doses in the series, excluding the initiating dose. The interdoskdatantem
(see section G) is used to specify the constant interdoseaintdirthe initiating dose is lagged, the addi-
tional doses are also lagged (see section@).FTheterm additionadosetime refers either to the time
an additional dose is\gn, if the dose is not lagged, or to the lagged time at which the dose actually en-
ters the system, if the dose is lagg&iich a time is a nowent dose time (see section 111.B.2). At each
additional dose time a dosedilhe initiating dose automatically enters the system. Until such a time as
all the additional doses ¥ entered, or until the lastvent time in an individual record is attained,
whichever comes first, the dose record initiating the dose series is said to e .aétiterwards, the
record is said to be inaeé. (The additional dose data item can also be used when all the data are from
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a dngle subject, and then the term ’lagemt time in an indiidual record’ should be understood to mean
the last gent time in the data set. This is a consequence of the single-subject assumption; see section
IV.A.) Therecan be at most 10 aeti dbse @ent records at a time.

Clearly, use of the additional dose data item can enthle specification of regular dosegiens
easier One disadantage, though, is that since an additional dose time is neeantiene, the adminis-
tration of a particular additional dose will not be expressed explicitly in a NONMEM table or scatterplot,
so a little care may need to beesised upon interpreting these outputs.

The ADDL data item (PREDPP data item no. 11) may appea®eit gecords, or be missing. If it
has the value 0 in a dose or reset-desateecord, then no additional doses aregji just the initiating
dose is gien. If it has the value i 0O, then n additional doses arevgi. Inthis case, then the Il data
item must also be nonzero.

The ADDL data item must be 0 when the initiating dose is a steady-state inft&iamver, the
ADDL data item can be nonzero when the initiating dose ysotrer type of steady-state dos. this
case, after the steady-state dose, an additional number of (transient) doses fuststikady-state dose
are gien. (Recallthat the steady-state dose is just the last ofyrdases identical to it an@adingto a
steady-state.) Othe other hand, gnsteady-state dosevent record with SS data item equal to 1 will
deactvate ary previous dose eent record which happens to be seti Also, a reset and a reset-dose
event record will deactiate ary previous dose @ent record which happens to be geti Also, if a com-
partment is turned bfvith an other-typeent record (see section H), this deeatts any previous dose
event record with a dose to this compartment which happens to be. acti

If the ADDL data item appears, then it must be 0 in ols&m, other-type, and reseteat
records.

L. Examples

L.1 Examplel: Population Data

In this section xample |, described in section Ill.L.1, is continued. In particuler data set is
described in greater detail here.

The first seeral individual records are shown in Figure 15 along with the NONMEM control
stream in Figure 16. (A NM-TRAN control stream is shown in Figure 17.) Baait eecord consists
of a single data record. The data items in each data record are: the ID, TIMEVAMRPGR, CP
EVID, and MDV data items, where WT and APGR label the weight and APGAR score data items, and
CP labels the © data item, i.e. the observed plasma concentration. (NM-TRAN automatically generates
EVID and MDV data items; so these are not listed in the NM-TRAN $INPUT control record.) Since the
RATE data item is missing, all doses are understood to be instantaneous bolus doses. Note that the AMT
data item is blank in observation records and that the CP data item is (though it need not be) blank in
dose records. One might think that both the WT and APGR data items could be blankiirthe| first
event record of each individual record. After all, PK is only being called with the fiesit @ecord of
each individual recordHowever, both of these data items are being scatterplotted individuadinsty
residuals and weighted residuals. So/timeist be nonblank in at least the observation records as well.

The important thing to notice about the NONMEM control stream is that the indices of the 3 types
of PREDPP defined data items appearingvemerecords (EVID, TIME, and AMT data items) are set in
the INDEX control record. In this gard note that the ingger 11 appears in field 4 of the ITEM record,
so that the indices of the other 8 types of PREDPP defined data items not appearingent tfee@ds
are to be xplicitly read as blanks, i.e. as 0’s. (The same effect can bevaghog pacing a 3 in field 4
since the INDXS array is zeroed out before values on the INDEX record are read into it.)

The first one or te pages of NONMEM output consist of a report concerning the information sup-
plied on NONMEM control records, the so-called problem summ&pme illustrations of problem
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summaries are gén in Guides | & Il. The problem summary resulting from the data and control stream
of this example is gen in FHgure 18. With PREDPPthe NONMEM problem summary is followed by
two other summary pages output by PREDMBr this example these are shown in Figure T8ey
summarize information supplied by the usatioices of ADJAN and TRANS, and by the routines PK
and ERPOR at ICALL=1. When routines TOL and DES are included, the summary includes inform|ation
from these subroutines.

Figure 19 contains the statements

|
ERRCR IN LOG Y | S MODELED |
DURI NG SI MULATI ON, ERROR SUBROUTI NE CALLED W TH EVERY EVENT RECCRD. |
OTHERW SE, ERROR SUBROUTI NE CALLED ONCE IN TH S PROBLEM |
|
|

The implementation by NM-TRAN of error model (4)
Y=F* EXP( EPS( 1))
is discussed in IV.C.T

In section Ill.L.1 two PK mdes are shown: one that returns typical values and typical first-partial
derivatives, and one that returns subject-specific values amd subject-specific first paxtétivderi The
second code can be used to obtain post-hoc estimates pisthd NONMEM control stream that
requests these estimates and displays them is shown in Figure 20. (A NM-TRAN control stream is
shawvn in Figure 21.) In particulascatterplots of botly,; ands;, versus both weight and APGAR score
are requested.

L.2 Examplell: A Mixtur e Model

In this section example Il, described in section Ill.L.2, is continuiEde NONMEM control
stream is shown in Figure 22. (A NM-TRAN control stream is shown in Figure 23. Figuref@3 dif
from earlier versions of the guide. Changes to $PK and use of $MIX were described in chayrer|I11.
addition, $STHER has slightly diferent estimates of the initial estimatesggfand g, to male the sub- |
problems distinct, and the $EST record includes options METHOD=1 and INCERN. With these |
options NONMEM 7.4 obtainsery similar final estimates as those from NONMEM IV described in pre-
vious versions of this guide.)

The \ariance-cwariance ofn4,n,, quantifying the random interindividual variability of the first
subpopulation, is constrained to equal theriance-cwariance of 13,74, quantifying the random
interindividual variability of the second subpopulation. This homoscedastic assumption hdedhefef
suppressing the bimodality character of the distribution on (CL,WUujeed, the final parameter esti-
mates ¢; = .00598,6, = 3.60, 6; = 1.26, 6, = 2.69, 65 = .893 wy; = .0982, w;, = .073, w,, = .0714)
describe a distribution that is very rightesked, and essentially unimodal.3 A scatterplot of E8iisws
weight is requestedEST is a PK-defined item described in section IIl.L.2. It is an estimate (1 or 2) of
the subpopulation of which an individual is a membEne scatterplot is shown in Figure 2@since
there are 59 individuals in the data sett ince EST has the same value withrg data record in an
individual record, there are only 59 points in the plaawever, the characters used for the plotted points
indicate the leel of overstriking due to multiple data records per individual record.) It appears that the
individuals with lower weights are estimated to be from one subpopulation and those with higher weights
from another.

TNote that with versions of NONMEM previous to NONMEM, ittie implementation in the generate
ERROR subroutine was that of figure 9, and figure 19 included instead
ERROR SUBROUTI NE CALLED W TH EVERY EVENT RECORD.

¥ These values are from NONMEM 7.4. Ttddffer slightly from values in earlier editions of this guide.
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L.3 Examplelll: Single-Subject Data

In this section example Ill, described in section IIl.L.3, is continuEde NONMEM control
stream with the data embedded isvshan Figure 25. (A NM-TRAN control stream is shown in Figure
26.) Eachevent record consists of a single data recofdhe data items in each data record afe
AMT, TIME, CP, EVID, MDYV, and ID data items, where CP labels thé flata item, i.e. the plasma con-
centration. (NM-TRANautomatically generates EVID, MDand ID data items; so these are not listed
in the NM-TRAN $INPUT control record.)Since the RATE data item is missing, all doses are under
stood to be instantaneous bolus doéste that the AMT data item is blank in observation records and
that the CP data item is (though it need not be) blank in the dose record.

The important thing to notice about the NONMEM control stream is that the indices of the 3 types
of PREDPP defined data items appearingvemerecords (EVID, TIME, and AMT data items) are set in
the INDEX control record. In this gard note that the integer 11 appears in field 4 of the ITEM record,
so that the indices of the other 8 types of PREDPP defined data items not appearingent tfee@ds
are to be explicitly read as blanks, i.e. & QThesame effect can be acheel by dacing a 3 in field 4
since the INDXS array is zeroed out before values on the INDEX record are read into it.)

Unlike the control stream gén for this problem in Guide I, section C, ID and MData items
appear These data items arenalys required when using PREDPPhe ID data items are different for
different observationvent records.In the case of data from a single subject different observat@am e
records must be contained in different individual recotddividual records do not correspond on a one-
to-one basis to animal or human subjects.

The problem summary resulting from the control stream of this exampleisigiFgure 27. The
summary pages from PREDPP argegiin Fgure 28.

L.4 ExamplelV: Single-Subject Pharmacodynamic Data

In this section xample 1V described in section Ill.L.4, is continued NONMEM control stream
with the data embedded is shown in Figure Z8is control stream may be used with the ERROR sub-
routine shown in Figure 13. (A corresponding NM-TRAN control stream ig/nshio Figure 30.) Itis
very similar to the control stream for example Il shown in Figure 25.

Another NONMEM control stream is shown in Figure 3A corresponding NM-TRAN control
stream is shown in Figure 32.Note that Figure 32 usesvariables but does not contain an $OMEGA
record. Figureg1l contains the record |
DIAG 2 |
This tells NONMEM to obtain the initial estimate of OMEGA. |

This control stream may be used with the ERROR subroutine shown in Figure 14, which defines
items to be displayed. These are Cp and Ce concentrations. The four scatterpldtgithese items
are gien in Hgures 33-36. The scatter in the plot of Ce versus Cp results from the non-steady-state
nature of the experiment; a single dose was administered to the subgaath of the points of the scat-
terplot had been obtained at a steady-state, after multiple dosing, the pointsaNaidHe line of iden-
tity. Although this plot looks li& a tysteresis loop, it is not because the points of the loop are not time-
ordered.
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VI. Other User Subroutines

A. INFN

There is an INFN routine supplied on the NONMEM distribution medium that must be linked with
the other routines for a NONMEM-PREDPP load module; see section VILLA. Itis a "dummy" routine; it
does nothing. It may be replaced by a user-supplied INFN routine that alie user to carry out anf
his ovn programmed computations at both the beginning of a problem and again, at the ending of the
problem. Atthe beginning of the problem PREDPP calls INFN -- the initializataih, and at the end-
ing of the problem PREDPP calls INFN -- the finalizatiatl . At each call, the user has read-write ac-
cess to his data via use of the NONMEM utility routine PASS described in Guide Il. Thus data can be
transgenerated, and additional data items can be produced at bothitinénlgeand ending of a problem.

Since the finalization call actually occurs before the Table and Scatterplot Stepstadgems generat-
ed by INFN at this call can be tabled and scatterplotted.

The preface to INFN may be

SUBROUTI NE | NFN( | CALL, THETA, DATREC, | NDXS, NEW ND)

USE Sl ZES, ONLY: DPSI ZE, | SI ZE
USE NVPRD_I NT, ONLY: NW ND
| NTEGER( KI ND=I SI ZE) :: 1 CALL, | NDXS, NEW ND

REAL(KI ND=DPSI ZE) :: THETA
REAL( KI ND=DPS| ZE) :: DATREC
DI MENSI ON :: THETA(*), DATREC(*), | NDXS(*)

The agument ICALL is 1 or 3, according to whether the call to INFN is the initialization or final-
ization call. A value ICALL=0 indicates that the call is a special one occuring before the initialization
call of problem 1, allowing initialization to takjdace in a multiple problem run.

The order of calls to INFN, PK, and ERROR is: |

INFN ICALL O
ERROR ICALL1
INFN ICALL 1
PK ICALL 1
INFN ICALL 3

Code for a generated INFN may be specified by an $INFN block of abbreviated code. If there is
abbreviated code in the $PK and/or $ERR blocks that tests for ICALL=0, ICALL=1, or ICALL=3,
this code is meed by NM-TRAN to the INFN routine as if it had been coded explicitly as part of| an
$INFN block. Such code is called $PK-INFN and $ERROR-INFN code, regggcti

The arguments THE and DATREC function just as tlyedo in eny PRED routine when the gu-
ment ICALL is O, 1, or 3. In particulawhen ICALL=1, THET is the array of initial estimates @&ffor
the problem, and when ICALL=3, THETis the array of final estimates éffor the problem.When
ICALL=0, THETA is the array of initial estimates af for problem 1. When ICALL=1 or 3, the
DATREC array initially contains the first data record of the data set for the problem, but using PASS, the
contents of BTREC are replaced by other data records of the data set for the profi¢nen
ICALL=0, DATREC is initially the first data record of the data set for problemutLusing PASS, the
contents of BTREC are replaced by other data records for problem 1.)

Note that NM-TRAN generated code for $INFN will contain |
USE NMPRD_REAL, ONLY: PASSRC |
and will use PASSRC rather thadDREC. The are the same variable.
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Note that subroutine argument NEWIND should not be uséatiable NWIND in module
NMPRD_INT is used insteadNWIND is an integer variable acting &kthe NEWIND \ariable
described in Guide It changes value during a pass through the data ugi8& Pltassumes one of 3
values: 0 if the data record is the first of the entire data set, 1 if the data record is the first data record of
an indvidual record (other than the first individual record), and 2 if the data record is other than the first
data record of an individual record. (A description ofwittlial records with single-subject data igegi
in chapter I1.)

When NM-TRAN abbreviated code is used for the $INFN block, the abbreviated code meiy use
variable name NEWIND. The generated code in FSUBS wilehariable name NWIND instead. |

In Figure 37 the declarations are sevhat diferent. Thesubroutine argument is named NEWIN;
the name NEWIND is assigned to NWIND. Thus, tleiable name NEWIND may be used in tre-F
tran code. This is a matter of style. The declarations are:

SUBROUTI NE | NFN (| CALL, THETA, DATREC, | NDXS, NEW N)
USE NMPRD_I NT, ONLY: NEW ND=>NW ND
| NTEGER(KI ND=1 SI ZE) :: NEWN

See also NEWL2, belo |
The user should not use PASS to modify either the ID oV M&ta items.

An initialization call can be used forysort of initialization. For example, user-arrays in the rou-
tines PK and ERROR can be initialized if these arrays are stored in module PRINFN (see below). |
Also, interpolated values of a concomitaariable can be computed foveat records in which alues
are missing, e.g. other-typgeat records that he keen included so that predictions can be obtained at
the times in these record$his could also be done in PK or ERROR, but then this would be done with
ewery call to these routines; if done in INFN, the computation is done once only.

An example of a user-supplied INFN routine igegiin Fgure 37. This INFN routine can be used
to obtain linearly interpolated values of an independent variable V for tlveserecords in which a
value is missing. Simple linear interpolation may not be adequate for all data situdghghis INFN
it is assumed that there is one data record vt eecord. It is also assumed that each individual record
has no fewer than Z/ent records with measured values of V and tlatyeevent record has a data item
which the user might call the missing independent variable data item (which asslnessdefined in
the comment statements of the cod&he routine uses PASS to pass through the data twice: once, to
store all pairs of alues for time and V fromvent records with measured values ofad again, to store
the interpolated values in records with missing values of V.

The INFN routine of Figure 37 is also in the help Guide VIII as infnl.exa "INFN_INTERPOLA-
TION EXAMPLE 1". A version using $INFN abbveated code is also in the help Guide VIII ds
infn2.exa "INFN_INTERPOLATION EXAMPLE 2".

The one-dimensional arrafNDXS, functions in the way described in Guide I, section C.4He
user places integers into this arrasing the INDEX control recordThese integers are thewadable to
PREDPP and therefore to INFNFor further details see section 11I.C where the use of INDXS is illus-
trated with subroutine PK. T

The finalization call can use the NONMEM utility routine GEPED obtain conditional estimates of
then’s (see section Ill.E.2). When used in conjunction wi{8B, the values returned for thé&s with
each call to GETEA are appropriate for the individual whose data record is currenthAIrREC.

When NM-TRAN abbreviated code is use, the following code can be used to loop through all records of
the data set. The generated code will contain the necessary code to call PASS and GETETA. |

t The INDXS array cannot be used with NM-TRAN abbreviated code.
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DOWH LE ( DATA) |
ENDDO |
A.A Global Input Variables
INFN can access variables other than though its argument list. The following sections list some of the
variables of interest. The help Guide VIII can be used to obtain the exact declarations and all variables of
interest.
USE NMPRD _INT, ONL : NWIND
NWIND is an integer variable acting ékhe NEWIND variable described in Guide 1. It is dis-
cussed abe.
USE NMPRD_REAL , ONK : PASSRC

PASSRC contains the data record at ICA¥dlues 0, 1 and 3PASSRC changes in conjunc-
tion with calls to PASS, awhich timetransgeneration is permitted. Thu$SSRC may be both
an input and an outputxiable. TheDATREC argument of subroutine INFN is in facd$SRC
from module NMPRD_REAL, so either name may be used in asugpiied INFN routine.
When NM-TRAN abbreiated code is used, neither PASSRC n&TREC may be referred to
explicitly. Instead, use the name of the input data item of interest.

USE NMPRD_INT , ONI : NEWL2

This is the NEWL2 variable as described for ERROR.

NEWL2 = 1 if the data record is the first of an L2 record.

NEWL2 = 2 otherwise.

NEWL2 changes value in conjunction with calls to PASS.
USE NMPRD_REAL, ONk : ETA

At ICALL==3, these are the Posthoc (conditional) estimates &f Ellhey change value with calls
to PASS and iterations of the DOWHILEAIDA) loop, abee.

USE ROCM_INT, ONL : IERE=>IEST_ERR JERC=>ICOV_ERR
The return codes from the Estimation and/&iance Steps, respeatly.

USE ROCM_REAL, ONV : IIDX =>DIDVALX
USE ROCM_REAL , ONK : CNTID=>0OFV_IND

IIDX gives values of the ID data item. CNTIDwgs values of the individual contribution to the
objectve function for the corresponding values of IIDE.g., [IDX(n)is the ID data item for the
nth. individual record, and CNTID(n) is the contribution to the objeclinction for the nth.
individual record.These values should only be displayedC#&LL = 3 (finalization block).

USE ROCM_REAL , ONV : MIXP

USE ROCM_INT, ONL : MIXNUM =>MIXCALL , MIXEST =>IMIXEST
When ICALL=3MIXEST is the ind& of the subpopulation estimated to be that from whileh
individual’s data most probably arise8MIXEST changes value in conjunction with calls BSS.
MIXNUM has the same values as MIXESWIXP are the values of MIXP

USE ROCM_REAL , ONVK : OBJECT
The final value of the objeg® function.

The following variables may be referenced as right-hand quantities in initialization and finalization
blocks. Notealso that unsubscripted arrays may appear in a WRITE statement.
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USE ROCM_REAL , ONY : OMEGAF , SIGMAF
OMEGAF(i,j) = zero, initial, or final value of ongg(i,j), according to the current value of
ICALL (0, 1, 3).
SIGMAF(i,j)) = zero, initial, or final value of sigma(i,jaccording to the current value of
ICALL (O, 1, 3).

Note that there is no THETAFRaviable; the argument THETof INFN has the appropriatehes

of THETA. With NM-TRAN abbreiated code, these variables are coded as OMEGA and
SIGMA.

(SeeParameter Values: Initial and Final).

(Seewrite print .)

The following variables may be referenced as right-hand quantities in finalization blocks
(ICALL==3).

(Note also that unsubscripted arrays may appear in a WRITE statement.)

USE NMPR_REAL , ONYl : SETHET=>SETH ,SEOMEG=>SEOM ,SESIGM=>SESIG,
SETHETR=>SETHR

SETHET(i) = the standard error of the estimate of internal theta(i).

SETHETR(i) = the standard error of the estimate of reported theta(i) (SETHET=SETHETR if sSTHETAR record rjot u
SEOMEG(i,j) = the standard error of the estimate ofaatig).

SESIGM(i,j) = the standard error of the estimate of sigmaufi,)).

USE NMPR_REAL , ONK : THSIMP=>THET_P ,OMSIMP =>OMEG_P SGSIMP=>SIGM_P,
SIMTHPR

THSIMP(i) = the "prior" for theta(i) in internal domain.

THSIMPR(i) = the "prior" for thetar(i) in reported domain. THSIMP=THSIMPR If $THETAR record not used.
OMSIMP(i,j) = the "prior" for omga(i,j).

SGSIMP(i,j) = the "prior" for sigma(i,j).

Values of THETA, OMEGA and SIGMA that are produced during a Simulation Step using the
user-supplied routine PRIOR.

The following group are NONMEM "counter variables."

USE ROCM_INT, ONL : NIREC=>NINDREC ,NDREC=>NDATINDR

USE NMPRD_INT , ONIY : NPROB, IPROB

USE ROCM_INT , ONIY : NREP, IREP=>NCREP

USE ROCM_INT , ONL : LIREC =>NDATPASS

USE ROCM_INT , ONL : NINDR, INDR1, INDR2

INTEGER(KIND=ISIZE), POINTERS1INUM, S2NUM, SINIT, S2NIT, S1IT, S2IT

They may be used on the right in $INFN or INFN'hey change values when PASS is called, if
appropriate. Countensiclude (in the order alve): record counters; problem iteration counters;
superproblem iteration counters; simulation repetition counters; number of data records in the
individual record; number of indidual records in the data set containing an observation record,
and their indices. More information can be found in Chapter Il

USE ROCM_REAL , ONY : PRED , RES_, WRES_

These variables are the values of the PRED, RES, WRES items displayed in Talglesay be
used on the right in $INFN or INFN when ICALL=3 hey change values when PASS is called.
They may be used in NM-TRAN abbreviated codH. the INFN routine is user-coded, the
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variables are located in the APPND arr&he declarations are as follows:

USE ROCM REAL, ONLY: APPND

PRED =>APPND( 001)

RES _=>APPND( 002)

WRES =>APPND( 003)

In addition, the following related variables may be used and are also located in APPND:

IWVRS_ I PRD_ I RS_

NPRED_ NRES_ NWRES

NIVWRES NI PRED_ NI RES

CPRED_ CRES_ COWRES_

CIVWRES_ ClI PRED_ Cl RES_

PREDI _ RESI _ WRESI _

| WRESI _ | PREDI _ | RESI _

CPREDI _ CRESI _ CWRESI _

CIVWRESI _ CI PREDI _ CI RESI _

El WRES_ El PRED_ El RES _

EPRED , ERES , EWRES , NPDE_, NPD_, ECWRES _

oBJI _

See nm730.pdf and help Guide VIII for more information on thesialles. Noteéhat OBJI_ is
the value of the individual contribution to thabjectve function and can also be found in the
appropriate positition of CNTID, ale.

REAL(KIND=DPSIZE) , POINTER : : DEN_, CDEN_(:)
USE ROCM_REAL , ONY : DEN_NP
DEN_=>DEN_NP(1)

CDEN_=>DEN_NP(2:)

These values are computed by NONMEM when the Nonparametric step is performedgindlmar
cumulatves ae requested. DEN__ is the nonparametric den€EN_(n) is the maginal cumu-
lative value for the nth. eta. At ICALL==3, thechange value with calls to PASS and iterations of
the DOWHILE (DATA) loop, abwe.

USE NMPR_REAL, ONk : PR_Y

USE NMPR_REAL, ONK : PR_CT
See Chapter IV.

A.B Global Output Variables

USE NMPRD_REAL , ONYk : PASSRC
PASSRC is both an input and an outpatiable. Seabove.

USE NMPR_INT , ONLI : SKIP_=>SKIP

SKIP_ controls premature termination of a problem (with subproblems), superproblem er super
problem iteration. May be set at ICALL=3.

A.C MiscellaneousGlobal Variables

PRINFN is aglobal module for INFN-definedaviables. Itis meant to be used for communica-
tion with other other blocks afbbreviated code or with user-written codes. T™eelaration is:

MODULE PRI NFN
USE SI ZES, ONLY : DPSI ZE, DI MTMP
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REAL( KI ND=DPSI ZE), TARGET, DI MENSI ON (DI MIMP):: [TV
END MODULE PRI NFN

where the size is gén in SZES.f90 by RRAMETER (DIMTMP=500) and DIMTMP can be changed
with the $SIZES record. PREDPP is recompiled by default wighydNONMEM run, and so PRINFN
is aways sized to the current value of DIMTMP.

Within a user-supplied code, the declaration
USE PRINFN , ONY : TLCOM=>ITV
makes it possible to use elements of TLCOM, e.g., TLCOM(1), TLCOM(2).

When NM-TRAN is used, the generated code is a little more complic&adexample, suppose the
$INFN block contains

$I NFN

SUMEO

FSUBS will contairMODULE | NFNP which contains:

USE PRI NFN, ONLY: [TV

REAL ( KI ND=DPSI ZE), DI MENSI ON (:), PO NTER :: TLCOM
REAL ( KI ND=DPSI ZE), PO NTER : : SUM

INFNP also contains a subroutine ASSOCPRINFN containing statements such as
TLCOVE>I TV
SUME>TLCOM 00001)

ASSOCPRINFN is called by INFN, PK, ERROR and other subroutines in FSUBS. SUM can be used in
all these routines and the generated code will use the user-supplied variable SUM.

Note that PRINFN is not initialized or modified by NONMEM or PREDRRlike module NMPRD4,
the \ariables in the module may be initialized or modified by $INFN at ICALL values 0 or 1 or 3, and
will retain whateer values thg are given.

A.D Displaying INFN-Defined Variables

When NM-TRAN abbreviated code is used, variables that are defined first in $INFN or in $PK-
INFN or SERFOR-INFN blocksare listed in PRINFN. These variables cannot be displayed in tables or
scatterplots. Ithey are to be displayed, WRITE statements can be used, or #iaegsvcan be assigned
to variables that ardisted in moduldNMPRDA4.

A.E Other Subroutines That May Be Called

The NONMEM utility routine SUPP is used to suppress portions of the NONMEM output
report. SUPRnay be called only when ICALL is O, 1, or 3.

B. MODEL

Some AD/AN routines, specifically those implementing general linear or nonlinear kinetic mod-
els, require an additional user-supplied routine called MODEL which allows the uservemieatly
specify important aspects of the model. MODEL is called once atlije beginning of a NONMEM-
PREDPP run. Its preface is

SUBROUTI NE MODEL (| DNO, NCM NPAR, | R, | ATT, LI NK)

USE PRMOD_CHAR, ONLY: NAME

USE SI ZES, ONLY: |SIZE

| NTEGER(KI ND=I SI ZE) :: |DNO, NCM NPAR, | R | ATT, LI NK
DI MENSI ON :: [ATT(IR *), LINK(IR, *)
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The user may ha& veal MODEL routines and use &ifent ones for different runs. The routine
used in a particular run can be identified from the outpiat. this to happen, an integer identification
value should be assigned by MODEL to the variable IDNIis value will be printed on the first
PREDPP problem summary page. When NM-TRAN abbreviated code is used, IDNO is set to 9999.

The total number of compartments to be usadiuging the output compartment, is specified by
assigning this number to NCMThis number cannot exceed 29, unless the $SIZES record is used to
increase PC to a Iger value than 30. The largest possible value of PC is 999, in which case NCM may
be 998.

Basic PK parametersist for general linear and nonlinear models ay the for more specific
models. ATRANS routine is used which translates the set of basic PK parameters vahose are
computed in the PK routine to a set of parameters used internally by ¥eMDutine. Themaximum
number of basic PK parameters to be used ynT&ANS routine (M; see section I11.G) is specified by
assigning this number to the variableA¥ > NPAR may be 0, e.g., when only THETnd data record)|
items are used in dérential equations. The maximum number of basic PK parameters plus the nimber
of additional parameters whosewindices are gien explicitly in PK (at ICALL=1) cannot exceed PG, a
constant in SIZES.f90 which isvgn by FARAMETER (PG=50+PCT), where PCT is the maximum
number of modelent time parameters\gin by ARAMETER (PCT=30) Both these parameters can|be
changed with the $SIZES record.

Values of compartment attributes must beegifor each compartment (other than the output com-
partment, for which these values are fixed by PREDPP; sew)béeldereare 5 required attrilies; one
should choose a value for each of these attributes for each comparfimehbose thesealues for the
Ith compartment first answer these 5 defining questions:

Attribute Question

Is the initial status of the compartment on?

May the compartment be turned on and off?

May the compartment be a dose compartment?

Is the compartment the default observation compartment?
Is the compartment the default dose compartment?

abrowN P

Values of attrilutes are gien by assigning values to [RT. IATT is a wo-dimensional array of 4 byte
integers. Ifthe answer to the Jth question for compartment | is 'yes’, then &({ll8)=1; if the answer
is 'no’, then set IATT(1,J)=0.

There is really no reason for answering 'no’ to question 3 for compartment | other thand® acti
a dheck for dose and reset-doser@ records with CMT data item equal to$imilarly, the only reason
for answering 'no’ to question 2 for compartment | is tovaixi a check for other and resgesst records
with CMT data item equal to -I. If the Ith compartment is an equilibrium compartment (see below), then
the answer to question 3 must be 'no’; one cannot put a dose into an equilibrium compartment.

An output-typecompartment is one that has initial status off; no doses allowed; may be turned on
and of (questions 1-5 are '8f, 'yes’, 'no’, 'no’, 'no’).t It must be turned on with an other-typeset |
record in order to start accumulating drug. There may be more than one such compartment, in addition
to the default output compartmerfor such compartments, the value of CMT may bgatige o obser- |
vation records to obtain an observation and turn the compartment off.

T When NM-TRAN's $MODEL record is used, a clause suctCasP=NAVE

defines a compartment with name "NAME" and with atiiéis initial on, off/on allowed, dose alled. In
order to mak this an output-type compartment, the attributes should be

COVP=( NAME, NODCSE, | NI TI ALOFF)
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Labels for the arious compartments should also beegi Labelsare displayed in the PREDPP
problem summary; see the Compartment Attiels Table, under column heading FUNCTION (the label
'OUTPUT' is supplied by PREDPP)For example, see Figure 28A label consists of 8 characters,
including blanks.(With NONMEM 7.4, the maximum number of characters iggiby SD in SZES. |
The default is 30. If anlabel exceeds 8 characters, a wider table is generated.) The compartment hame
is given in a dharacter arrgyNAME, listed in a PREDPP module. The appropriate declarations are:

USE PRMOD_CHAR , ONY : NAME
The | abel for compartnment | is stored in NAME(Il), e.qg.

NANE( 2) = CENTRAL’

The attributes for the output compartment arediby PREDPP: initial status off; no doses
allowed; may be turned on and off; is neither the default observation nor default dose compartment.

Figure 38 is anxample of a MODEL routine that can be used to describe the one compartment
linear model with first order absorption, just as this model is described in section VII.C.2. Figure 39 is
an xample of a MODEL routine that can be used to describe the three compartment linear model used
with the Example IV decloped in sections Ill.L.4, IV.G.4, and.l\M4. Bothof these routines illustrate
the use of the LINK argument which is discussedwel@An NM-TRAN $MODEL record correspond{
ing to the MODEL routine of Figure 39 is as follows: |

$MODEL COMP=( DEPOT, NOOFF, DEFDOSE) COMP=( CENTRAL NOOFF NODOSE) |
COVP=( EFFECT, NOOFF NODOSE DEFOBS) |

It could be used in place of the $MODEL record of Figure Bfe information in the MODEL |
routine which is not explicitly specified in the $MODEL record is obtained from the $PK record.)

Most pharmacokinetic modelsviive anly nonequilibrium compartments, compartments such that
the amounts of drug in them can beepgiby a ®lution to a system of differential equationdowever,
one ADVAN routine - ADVAN9 - allows a model (a general nonlinear model) to be comprised of both
nonequilibrium and equilibrium compartments. Equilibrium compartments are, roughly speaking, com-
partments such that atyatime the amounts of drug in them can beegiby a ®lution to a system of
algebraic equationsADVANG9 allows the user to define a model consisting only of equilibrium compart-
ments, in which case ABAN9 becomes a purely algebraic equation esolVhe quantities A(i) may be
thought of as unknowns to be determined rather than as "compartment" amounts. Records with EVID=1
and EVID=4 (dose, reset and dose) may not be present in the data set because doses cannot be placed in
equilibrium compartments. Similarlgata items related to doses (RATE, ANMSS, I, ADDL) may or
may not be used in the data set. If usedy thest contain null &lues. ThelIME data item is optional.
If TIME is used, AD/AN9 is called exactly as other MBN routines are called: when the value of
TIME increases. If TIME is not defined, AES routine specifies the calling protocol foAAD: call
with every event record (the default) or once per individual record (see section E.C). If callsvaMD
are limited, the CALL data item may be defined in the data set aealthe value 10 to force additional
calls to AD/AN9 (see chapter,\#ection J).

There are tw additional attributes to which values must bgegi only when ADVAN9 is used.
The first of these simply identifies the compartment as an equilibrium compartment dhaatecond
of these relates to the output compartmértie amount of drug in the output compartment at time t is
given by A+B-C, where A is the total amount in the system at s, the time the compartment is turned on, B
is the total amount of drug input to the system between times s and t, and C is the total amount in the sys-
tem at time t. If an equilibrium compartment represents a subcompartmettei@nount D of drug in
the compartment is part of the amount of drug in another compartment, D should be excluded from A
and C. The attribute in question is concerned with whether D should or should nxotuziee from A
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and C. To choose values for the tnetributes for the Ith compartment first answer:

Attribute Question
8 Is the compartment an equilibrium compartment?
9 Should the total drug amount in the system interior

exclude the amount in the compartment?

If the answer to the Jth question (J=8,9) for compartment | is 'yes’, thenTSKt [B=1; if the answer is
'no’, then set IATT(1,J)=0.

The internal parameters of a general linear model are the rate con$tamisser assigns each rate
constant a numbgeany number between 1 and the value assigned tARPThe numbering is estab-
lished using the LINK array.

LINK is a two-dimensional integer arrayf no drug can distribute from the Ith compartment to the
Jth compartment, then one can assign 0 to LINK(I,J), or not bother assiggivglae to LINK(1,J). In
particulay LINK(I,I) should aivays be ignored.If drug can distribute from the Ith compartment to the
Jth compartment, then one assigns to LINK(Il,J) the number of the rate constant quantifying this (first-
order) distrilution. TheLINK array should, in particulaieccount for the distrittion of drug from com-
partment | to the output compartment. That is, if such distribution cargiate, then a number should
be assigned to LINK(I,NCM+1). The numbers of the rate constants need not start with the number 1,
and thg need not be consecwdj i.e. numbers may be skippetoreover, two rate constants can be
assigned the same number; this forces their values-dedvatives to be he same.

With NM-TRAN, there are te ways to specify LINK. When the $PK abbreviated code is used,
link relationships are implied by variable names such as Kij or KiTj (where "T" stands@d). "When |
a wsersupplied PK is used, the LINK relationships must be specified explicitly on the $MODEL record
using options such as Kij.

With a general nonlinear model the user explicitly specifies a sefafedifial equations (see sec-
tion C). These equations are parameterized in terms a set of internal kinetic parameters. The LINK array
plays no role with a general nonlinear model. The internal parameters are numbered between 1 and the
number assigned to RR. Therules concerning internal parameter numbering are the sameeas gi
above for rate constant numbering.

B.A Global Output Variables

USE PRMOD_CHAR ONK : NAME
This is discussed abe.

USE PRMOD_INT , ONVK : ISSMOD

Used forthe Initial Steady State feature of PREDRWh the general non-linear models
(ADVANG6, ADVANS, ADVAN9, ADVAN13, ADVAN14, ADVAN15). Bydefault, the initial con-
ditions (i.e., compartment amounts) aexo at the start of each inttiual record and after a
reset record Different initial conditions may be computed. This is done by setting ISSMOD (in a
userwritten MODEL routine) or using the |_SS option of the SMODEL record. The |_SS option
causes the ISSMOD global variable to be set to thengialue in SUBROUTINE MODEL.Val-

ues of ISSMOD are the same as |_SS in $PK (See Chapter Ill Section I.B).

C. DES
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C.A DES General Description

This user-supplied subroutine is required by a general nonlinear n{vdigh ADVAN9, a $DES
block may not appear when there are only equilibrium compartments.) Adgodless of the model
chosen, it is also required wheeethe user chooses to compute steady-state kinetics using the SS6 rou-
tine; see section VII.BUsually, though, SS6 is only used when steady-state kinetics are computed with
a general nonlinear model, so that DES would be requiredyireaemt. (Whenthe model is not a gen-
eral nonlinear model and SS6 is used, then unless steady-state infusions are present in the data set, the
only executable statement in DES need be: RETURN.)

DES allows the user to ceeniently specify the system of ordinary differential equations describ-
ing the underlying kinetics (of the nonequilibrium compartments; see section B). Its preface ist |

SUBROUTI NE DES (A, P, T, DADT, | R, DA, DP, DT)

USE SI ZES, ONLY: DPSI ZE, | SI ZE
| MPLI O T REAL(KI ND=DPSI ZE) (A-2)
| NTEGER(KI ND=I SI ZE) :: IR

DI MENSI ON :: A(*),P(*), DADT(*), DA(IR *), DP(IR, *), DT(*)

The system of differential equations can be expressed mathematically by

ddAtizhi(A,Rt) i=1,2,...,n (1)

where A is the gctor of drug amounts iall the various compartments (other than the output compart-
ment), P is the vector of internal PK parameters (see sectiont &)time, and n is the number of com-
partments (ecluding the output compartment and all equilibrium compartments; see sectiorh&).
parameter Pis defined to be the kth internal parameieis a mntinuously acting parameteAn exam-

ple of such a system is this.

n=2

P = (Ke, Ka)

hl(A, P, t) =-Ka DAl
hy(A, P.t) =Ka DA, — Ke DA,

i.e. the &miliar one compartment model with linear elimination and absorption from a drug depot.
general the system need not be lineaeven homogeneous (i.e. the h functions can depend on t).

The arguments A,,Rnd T of DES are inputs to the routine and correspond tq &dt in (1). |
The GG array computed by the PK routine is passed to DES as P.1 T is a "continatuesiyvariable,

T Note that with earlier versions of the guide there was no argumenTidd limited the way time T could
be used in the model. If a rate paramedaration parameteor asorption lag time parameter was a ran-
dom \ariable, then T could only be used only in logical conditions in DES. This restriction was lifted|with
NONMEM V. Argument DT is required and time T may be used freely in DES routines and in §DES
abbreviated code.

T When NM-TRAN is used, the basic PK parameters are assigned the first positions in GG. Explicit Basic
PK parameters are P(n) (nth basic PK parameter) Implicit basic PK parameté&K-defined ariables
used also in $DES block (and AES block, if preseAtuserwritten PK routine should also assign the first
positions in GG to the P(i) that will be used by the DES routine (and AES routing).if Bme DES rou-
tine should not use positions in GG beyond the basic PK parameterst should not use the additional
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not the discretely-valued TIME data item.

The primary task of DES is to compute the values of the h functions and store these values in
DADT. The value of his stored in DADT(l).

In addition to computing the values of theDES must also compute the values

oh, _ .
—L (AP i=12,. dj=1,2,...
aA,-(”)' 2,...,nandj=12,..m

where m is the number of all compartmemmsjuding equilibrium compartmenthould thg exist (see
section B). With population data DES must also compute the values

oh

a—Pk (ARt i=12,..,nandall k

and

oh, .
(AP i=12,..
at(,,)l 2,0

h h
The value ong' is stored in DA(1,J), thealue of(;?PI is stored in DP(I,K), and the value %% is
J K

stored in DT(l).

In the aboe example:

oh, ahy

T == K - =

oA, - K& 54,70
oh, oh,

T2 -ka Z2--k
A, & an, "¢
oh, _ oh, _
ke 0 ka M
oy __, o _
oKe 2 oKa
oh, oh,
T1-0 229

at at

A routine for implementing thexample is gien in FHgure 40. The numbering of the compart-
ments is that specified by the MODEL routingeni in FHgure 38. Since the LINK array plays no role
with a general nonlinear model, the numbers set in the LINK array are igndotel that it is unneces-
sary to set @ in @ther DA or DP or DT. |

We emphasize that it is only necessary for the computations in DES to characterize the underlying
kinetics. Theseomputations are not to be concerned with matters of boundary conditions or drug input
functions described on doseeat records. Those matters are handled by PREDPP itddtwever, the |
differential equations may include terms for endogenous drug production, and initial conditions A_|0 may
be specified in the PK routine (See chapter I, section I.B).

PK parameters such as Fi {@#ability franctions), because thare used by PREDPP.
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ADVAN routines such as AVANG6 use a subroutine from third party sources to do thgriien.
For example, AD/ANG calls DVERK from IMSL, AD/AN13 calls LSODA, etc. These subroutines gre
the ones that call DESThey call DES with various values of T during the integration (i.e., theack
in time) from T1 to T2. T1 and T2 are beginning and endisgtaime. Typically, these are the times on
a pair of event records, bt the end time of an integration interval may also be a wemi-éme (i.e., the
time of a lagged or additional dose), or a modaehetime (i.e., MTIME(i) for some i. T2 may also be a
time associated with the termination of a zero-order bolus dose. The integrating subroutine may decide it
has enough information after a call with a value of T that is xettly T2.(It might be a little less or a
little more.) After the advance, DES is called by the VWIN routine itself (i.e., $DES statements afe
evduated) at the exact value of theset time. See ISFINL, belo.

For a gven integration interal, the values of DADT(I) must be continuousortran functions that
are continuous, such as SIN and COS, may be used. Th&QD, and ABS functions (or other func
tions that introduce a discontinuity) should not be used in DES, especially if the end time of tla¢ interv
happens to coincide with a change IAIDI. Instead, use modeVent times MTIME in PK, and either
set flag variables in PK that can be tested in DES, or use MPAST in DES.

Appendix Il describes MTIME parameters in detail, angegian éample of the use of M&ST in DES
for modelling EHC (Enterohepatic Regting). It also describes where other important examples of mod-
elling step functions and circadian rhythm may be found.

0 dA
Appendix IV describes othe chain rule is used to obtajp- ——.
ppendix i inruleisu aglj]FJ it |
L d dA, _0PR . . , .
The summation includes ternCé% (== [—=. But if some P is defined only in terms of THE@nd |

P,
EVTREC, thengnk is aways zero. By using THEA and EVTREC directly in DES and $DES, ds

described belw, there is less time spent calculating terms thagys zero, and this may impre un |
times.

The reader should see section I1I.K for a discussion about PRED-errgemeémm PREDPP |
DES can force an immediate return to NONMEM from PREDPP with a nonzero PRED error returh code
and accompanying user message. The required declarations are described in section 111.K.2. |

C.B Global Input Variables

USE PRMOD_INT, ONVK : ICALL =>ICALLD

ICALL has the same value as PK and ERRs ICALL argument. At ICALL=1, DES may option-
ally store values in IDEFD (see below) in order to imeraun time. Values may be stored in
DADT, etc., as at other calls, but these values are ignod¢dCALL=1 a user-written DES rou-
tine that does not check ICALL will computeADT, etc., using values that PK computed (at
ICALL=1) with the first @ent record and compartment amounts that are 0. There is some risk of
arithmetic difficulties if, for gample, a compartment amount of 0 is raised to vaepdf this
occurs, the user should insert the following statement at the top of the routine (or $DES block):

| F (1 CALL. EQ 1) RETURN

ICALL blocks testing for ICALL values 4 (simulation) and 5 (datarages) are permitted.

USE PROCM_INT , ONK : ISFINL

A copying pass occurs when the $TABLE record is present, and specified PRED-defined items
listed in NMPRD4. When NONMEM is performing simulation or a copying pass
(COMACT=>0), DES is called immediately after tlaehance toan eent timeor non-eent time,

with a value of T equal to this time, so that DES-defined variables listed in NMPRD4 are displayed
with their final values for that admwce. Globavariable ISFINL is set by PREDPP to 1 on this
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final call to DES. ISFINL can be tested on a WRITE statement if such statements are used in DES.
ISFINL is notset to 1 immediately after the advance to a modsitdime.

USE PROCM_REAL , ONY : DOSTIM , DOSREC

DOSTIM and DOSREC are described in Chapter Ill, Section ARADES routine may test DOS-
TIM and elements of DOSREC in a logical conditidhmay use them on the right-hand side of
an assignment statemenf.DOSTIM is a random variable, DOSTIM must not be used in DES or
$DES. Havever, DOSTIM may alvays be used in a $PK block or PK routine to define a random
variable which may be used in the DES routiféith NM-TRAN, the $BIND record may be used,
but it only affects the DOSREC for additional and lagged doses (See chapt III).

USE PROCM_REAL , ONY : EVTREC

Data record items may be usexplkitly in DES and $DES abbbreviated code (rather than
obtained as PK parameters). EVTREC is the curreaiteaecord (the \eent record to which the
system is being adwnced). Thisnay imprare un time.

USE PROCM_REAL , ONY : THETA

Elements of THEA may be used explicitly in DES and $DES abfimted code (rather than
obtained as PK parameters). This may imprmin time.

USE ROCM_INT, ONL : MIXEST, MIXNUM , MIXP
Mixture-model variables may be used in DERyx a description, see INFN, abe.

C.C Global Output Variables

USE PRMOD_INT , ONYX : IDEFD
At ICALL=1, DES may optionally store values in IDEFD in order to inveran time.

IDEFD(1) may optionally be set by DES to indicatevhmary thetas it uses. Set to O if none.
Otherwise, set to the indeof the highest numbered theta used. PRED&termines from the
value stored in IDEFD(1) he mary elements of theta to cgfrom its input argument THENto
THETA in PROCM_REAL. When IDEFD(1) is sdty DES to -9, PREDPP copies all thetas in
the problem to THETAS. IDEFD(Mefaults to-9, which doesio harm, but may cause the run
to be slower than necessary.

IDEFD(2) is the full/lcompact flag for DES. DES sets this to describe the formah ah® DP
and DT on subsequent calls to DES.

IDEFD(2)=0 DES will return compact arrays.

IDEFD(2)=1 DES will return full arrays.

Section C abee describes DA, DP and DT with full arrayAppendix IV describes compact
arrays. ltalso describes the implementation of 2nd. partialvdivis for the Laplacian method.
Compact arrays are required with the Laplacian methow;afeeoptional otherwiseWith a lage
system, run times may be impeol when compact arrays are used.

With NM-TRAN, DES=FULL or DES=COMRCT can be specified as an option of the $ABBRE-
VIATED record. Compact arrays are the defauitept for AD/AN9 and AD/AN15. With |
ADVAN9 and AD/AN15, full arrays are required, and the $ESTIMATION record optjon
NUMERIC is required with the Laplacian method.t |

T With versions of NONMEM 7 prior to 7.4, this was true of WEN13 as well.
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C.D Displaying DES-Defined Items

A value stored in a variable (or array element) V in DES may be displayed in a table or scafferplot.
accomplish this, module NMPRD4 must be defined in DES, and V must be listed in NMPRD4al-The v
ues of DES-defined variables displayed for the fiwsherecord of the data set ares.0'Thevalues dis-
played forthe first &ent record of subsequent in@uals are those from the lasteat record of the pre-
vious individual. This is because there is no call to DES with the fiesit @ecord of the indidual
record. Ifthe first @ent record is followed by records with the same value of TIME, there is also no call
to DES and the displayed values are the same as for the first réddrldRAN has a warning about
such values.

WARNI NG 48) DES- DEFI NED | TEMS ARE COVPUTED ONLY WHEN EVENT TI ME

| NCREASES. E. G, DI SPLAYED VALUES ASSOCI ATED W TH THE FI RST EVENT RECORD

OF AN | NDI VI DUAL RECORD ARE COVPUTED W TH ( THE LAST ADVANCE TO) AN EVENT

TIME OF THE PRI OR | NDI VI DUAL RECORD.

DES is called immediately after thadwance toan event time or non-@ent time, with a value of T
equal to this time, so that DES-defined variables listed in NMPRD4 are displayed with theialfieal v
for that adance. Seealso ISFINL (abwe).

Module NMPRD4 also provides a ocamient place to store values of variables to be shared
between DES and other user routines, and it is used thusly when these routines are generated from NM-
TRAN abbreviated code (see Guide IV). (INFN-defined and declaeadbles are also shared between
user routines.) |

D. TOL

This user-supplied subroutine is required when using avidDor SS putine that uses numerical
techniques. Thesare the general nonlinear models #ING6, 8, 9, 13, and, with NONMEM 7.4, 14
and 15), the one compartment model with Michaelis-Menten eliminatioWAAD0), and tw particular
steady-state routines (SS6,9); see section VITRe TOL subroutine changed significantly with NON-
MEM 7.4. The two versions are described separately.

D.A TOL (prior to NONMEM 7.4)
With earlier versions, TOL is called only once at the start of aT@L's preface is

SUBROUTI NE TOL( NRD)

DI MENSI ON :: NRD(*)

USE SI ZES, ONLY: ISIZE

| NTEGER(KI ND=I SI ZE) :: NRD

The purpose of TOL is to set NRD(l) to the number of accurate digits that are required in the computa-
tion of the drug amount in compartment |, i.e. the redethilerance ADVAN9 has the capability of us-

ing different values of NRD for different compartmenksowever, dl the other AD/AN and SS routines
requiring TOL tal the relatve tolerance to be the same for all compartments; NRD#)1,lis ignored,

and only NRD(1) is usedEven with ADVAN9 the accurac of a steady-stateamount (computed by

SS9) for compartment I,3 1, is only controlled to be NRD(1) digits. The user will usually be content

with a single relatie lerance which applies to all compartmenits.this case, as a rule of thumb, one
should begin by setting NRD(1) to n+1 or n+2, where n is the number of significant digits required in the
parameter estimates, or with double precision, perhaps to n+2 or n+3. If one succeeds with this setting,
one might try increasing NRD slightly.

Indeed, NRD can be a scaleather than an array appearing in a DIMENSION statement, in which
case NRD is simply assigned a unique retatblerance. Eg&n with ADVANS9 this is true.
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An example of a TOL routine for use with NONMEM 7.3 and earlarsions is gien in FHgure
41.

When NM-TRAN is used, TOL=n may be specified as an option on the $SUBROUTINES record.
Subroutine TOL is generated by NM-TRAN. It will contain the statement
NRD( 1) =n.

It is also possible to use the $TOL record, e.qg.
$TOL NRD=10
When $TOL is used for AAN9, different values of NRD may be specified for each compartment, ¢.g.,
$TOL
NRD( 1) =5
NRD( 2) =10
TOL values may also be specified in the NONMEM control stredfith NM-TRAN, this may be done
using the $ESTIMATION and $O@RIANCE records. The $C@ARIANCE record has an optior]
TOL=n. Thiscan be used to set a different value of TOL for theaGance Step.With ADVANY,
ADVAN13, ADVAN14, ADVAN15, the SESTIMATION and $C@ARIANCE record options BOL=n
may also be used. These can be used to set Absolute tolerance for the Estimatioraaaudc€ Gteps.
The default is 12 (that is, accuyacs 10**(-12)).

D.B TOL (NONMEM 7.4)

With NONMEM 7.4, there are multiple calls t@T during the run, for each NONMEM step.
TOL's preface is

SUBROUTI NE TOL( NRD, ANRD, NRDC, ANRDC)
USE SI ZES, ONLY: |SIZE
| NTEGER(KI ND=I SI ZE) :: NRD(O:*), ANRD(O:*), NRDC(O:*), ANRDC(O:*)

An example of a TOL routine for use with NONMEM 7.4 igegi in FHgure 41a.
Optional declarations with NONMEM 7.4:

USE NMPRD_I NT, ONLY: | PROB
USE NM BAYES | NT, ONLY: NM STEP, BASE _STEP, EST_STEP, COV_STEP, &
TABLE_STEP, SI M._STEP, | NE_STEP, NONP_STEP

The purpose of OL is to set the followingariables. Ay value that may be set in subroutine TOL may
also be set using the NM-TRAN $TOL record.
NRD(l)
The number of digits that are required to be accurate in the computation of the drug amount in
compartment |, i.e., the rela#i blerance. AIVAN 9, 13, 14, and 15 hee the capability of using
different values of NRD for diérent compartmentd-or compartments not specified, the tolerance
of the last compartment specified will be used.

However, dl the other AD/AN routines requiring TOL takthe relatve lerance to be the same
for all compartments; NRD(l),* 1, is ignored, and only NRD(1) is used. NRD(0) is the retati
tolerance for the Steady State computations. If NRD(0) is not specified, NRD(1) is used.

The value of NRD(1) can also be specified using $SUBROUTINES option TOL.
The value of NRD(0) can also be specified using $SUBROUTINES option SSTOL.
ANRD(I)
The absolute tolerance in the computation of the drug amount in compartridmat default is 12
(that is, accurac is 10**(-12)). Usedby ADVAN 9, 13, 14, and 15, which ke the capability of
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using different values of ANRD for different compartmenfsr compartments not specified, the
absolute tolerance of the last compartment specified will be used.

ANRD(0) is the absolute tolerance for the Steady State computations. If ANRD(0) is not speci-
fied, ANRD(1) is used.

The value of ANRD(1) can also be specified using $SUBROUTINES opfi@L A
The value of ANRD(0) can also be specified using $SUBROUTINES optiom@ISA

NRDC(l)
Same as NRD(l), but used for the FOCE/LAPLACkar@mnce step. Used with AZAN 9, 13,
14, and 15. If not set, NRDC defaults to the value of NRD. NRDC(0) is used for Steady State
computations during the FOCE/LAPLACEw@niance step.

The value of NRDC(1) can also be specified using $SUBROUTINES option TOLC.
The value of NRDC(0) can also be specified using $SUBROUTINES option SSTOLC.

ANRDC(I)
Same as ANRD(I), it used for the FOCE/LAPLACE wariance step. Used with AZAN 9, 13,
14, and 15. If not set, ANRDC defaults to tredue of ANRD. ANRDC(0) is used for Steady
State computations during the FOCE/LAPLACEa&tnce step.

The value of ANRDC(1) can also be specified using $SUBROUTINES opliQbL@.
The value of ANRDC(0) can also be specified using $SUBROUTINES optioh@SA

A TOL routine may assign values of NRD and ANRD specifically for the initial (base) setting and each
NONMEM step (estimation, sariance, simulation, table/scatter step, simulation, initial parameters esti-
mate, nonparametric). For example, create a toluser.fo0 file,

SUBROUTI NE TOL( NRD, ANRD, NRDC, ANRDC)

USE NVPRD_| NT, ONLY: | PROB

USE NM BAYES_| NT, ONLY: NM STEP, BASE_STEP, EST_STEP, COV_STEP, &
TABLE_STEP, S| M._STEP, | NE_STEP, NONP_STEP

| MPLI CI' T NONE

I NTEGER :: NRD(O:*), ANRD(O:*), NRDC(O:*), ANRDC(O: *)

| F(NM_STEP==EST_STEP) THEN

NRD( 1) =6

ANRD( 1) =10

ELSE | F (NM STEP==COV_STEP) THEN

NRD( 1) =7

ANRD( 1) =8

ELSE | F (NM STEP==TABLE_STEP) THEN

NRD( 1) =8

ANRD( 1) =7

ELSE

NRD( 1) =9

ANRD( 1) =12

ENDI F

| F(1 PROB>1) THEN

NRD( 1) =NRD( 1) +1

ANRD( 1) =ANRD( 1) +1

ENDI F

RETURN

END
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and incorporate using $SUBR, e.g.,
$SUBROUTI NES ADVANL13 TRANS1 TOL=t ol user.f90
E. AES

E.A AES General Description

This usersupplied subroutine is required by a general nonlinear model with equilibrium compart-
ments (i.e. AWAN9 and ADVAN15). AESallows the user to caeniently specify the system of alge-
braic equations describing the underlying kinetics of the equilibrium compartments. Its preface is

SUBROUTI NE AES (INIT, A P, T, E | R DA, DP, DT)

USE SI ZES, ONLY: DPSI ZE, | SI ZE

| MPLI CI T REAL(KI ND=DPSI ZE) (A-2)

DI MENSI ON :: A(*), P(*), E(*), DA(IR *), DP(IR, *), DT(*)

The system of algebraic equations is actually partafugledsystem of diferential and algebraic equa-
tions describing the underlying kinetics of all the compartments, equilibrium and nonequilibrium com-
partments. Thisoupled system can be expressed mathematically by

dA;

E-hi('“np,t) )
i=1,2,...,Q

0=g(APRY 3)
i=1,2,...,8n

where A is the gctor of drug amounts iall the various compartments (other than the output compart-
ment), P is theector of internal PK parameters, t is timeg,isithe number of nonequilibrium compart-
ments (excluding the output compartment), apdsnthe number of equilibrium compartmentghe
parameter Pis defined to be the kth internal parametiéris a wntinuously acting parameteA very
simple example is this.

n=2adn=1

P=(Ke,Ka, R)

hl(A, P, t) =-Ka DAl
hy(A, P.t) = Ka DA, — Ke DA,
Gq(APt)=Az - ROA;

i.e. the familiar one compartment model with linear elimination and absorption from a drug depot, b
where a third compartment is in equilibrium with the central compartnidm.parameter R is a ratio of
drug amounts, not a rate parameter general the system need not be lineareven homogeneous (i.e.

the h and g functions can depend on t).
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The arguments A,,Rnd T of AES are inputs to the routine and correspond tq &d in (2) and
(3). TheGG array computed by the PK routine is passed to AES As Rith DES, some calls to AES
(including the final call during integration) mayveaa \alue of T that is layer than the end time of th¢
integration interval.

The primary task of AES is to compute the values of the g functions and store these values in E.
The value of gis stored in E(p+l). (When$AES abbreviated code is used, the indéor algebraic |
expressions E(i) is optional; it is be supplied by NM-TRAN if omitte@itje values of the h functions are
computed and stored by the DES subroutine (see section C).

In addition to computing the values of the AES must also compute the values

o] o .
oA, (ARt i=212,...npandallj

a9

E(A’ Pty i=12,...,n

With population data AES must also compute the values

00:
agk (APt) i=12..pandall k
0 0
The value ofa% is stored in B\(n4+1,J), the value o% is stored in DP(p+l,K), and the alue of%
J K

is stored in DT(g+l).

When INIT=0, this signals a gelar call to AES in which the values of the g functions must be
stored in E and the partial deafives just enumerated must be stored in DA, Bl DT. Such a call
occurs with may different \alues of time wer an integration interval, although the g functions usually
do not depend on time. When INIT=1, this signals an initial-cond@&hto AES. When $AES abbre{
viated code is used, the code for the call with INIT=1 is placed in the $SAESINIT block of/ialbéxde|
code. Sucla all occurs only with that value of time, toinciding with the beginning of an irgeation
intenal, and at such a call values that hold for Ajatdr the equilibrium compartments, must be stored
in A. (No partial denatives reed be stored.) These values are used as initial conditions for gpainte
tion. Usually these alues hae dready been obtained by A N9, and an initial-condition call is un-
necessary and does not occhioweve, when, for exampletis a time at which a bolus dose iveayi
(such a dose must go into a nonequilibrium compartment), then an initial-condition call is nec&éssary
an initial-condition call, the values for A gt for the nonequilibrium compartments, akgikable. \al-
ues for P are alsovalable. (Lett; be the end of the integration intatv Botht, and { are state times;
see section 111.B.2. The values for P are computed from the information ingil@emt record associat-
ed with §, and, if t; is a nonegent dose time, also from the information in the record describing the
dose.) Thereforein principle the system of algebraic equationgegiby (3) can be solved for the
amounts in the equilibrium compartmentsgatithough, obtaining an explicit solution may not be possi-
ble. Havever, only an approximate solution is actually needed at INITI=1. If only approxinsdtes
for A are computed at an initial-condition call, rather than exact values, then INIT itself should be reset
to 0 in AES. These approximate values seag a initial solution, and a more precise solution is ob-
tained numerically by AMAN9. Thenumber of accurate digits in the final solution with respeetito
equilibrium compartments will be the numbevegi in NRD(1) by subroutine OL (see section D). If at
INIT=1 a solution is returned that is at least as accurate as this, then the value of INIT should be left un-
changed, i.e. INIT=1.
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In the abee example:

09; 09, 09,
= ——~—— =—-R —/— =1
0A; 0 0A, 0A;
0% _o 9% _o 9% __
e O ka0 or M2
00; _
at ©
Also, at an initial-condition call Acan be gien by
A3 =R DAZ

A routine for implementing the example ivgi in FHgure 42. The numbering of the compartments and
the parameters is that specified by the MODEL routimengin Fgure 43, which is an extension of the
MODEL routine gven in Hgure 38. (Note though, that the LINK array plays no role with a general non-
linear model, and noalues in this array are set in the routine of Figure 43.) The DES subroutime sho
in Figure 40 can be used with thisaenple. Notdhat it is unnecessary to ses @ dther DA, DR or DT.

The reader should see section Ill.K for a discussion about PRED-errgemeémm PREDPP |
AES can force an immediate return to NONMEM from PREDPP with a nonzero PRED error returf code
and accompanying user message. The required declarations are described in section 111.K.2.

E.B Global Input Variables

USE PRMOD_INT, ONV : ICALL =>ICALLD

ICALL has the samealue as PK and ERPR’s ICALL argument. At ICALL=1, AES may option-
ally store values in IDEK (see below) in order to impre n time. Values may be stored in E,
etc., as at other callsubthese values are ignored. At ICALL=1 a user-written AES routine that
does not check ICALL will compute E, etc., using values that PK computed (at ICALL=1) with the
first event record and compartment amounts that are 0. There is some risk of arithrfietittieg
if, for example, a compartment amount of O is raised toveepdf this occurs, the useshould
insert the following statement at the top of the routine (or $AES block):

I F (1 CALL. EQ 1) RETURN

ICALL blocks testing for ICALL values 4 (simulation) and 5 (datarages) are permitted.

USE PROCM_INT , ONK : ISFINL

Multiple calls to AES are associated with easlene record, as with DES, and globadriable
ISFINL is set by PREDPP to 1 on the final call to AES immediately after treneae\o anwent
time or model-eent time. When NONMEM is performingsimulation or a copying pass
(COMACT>0), ISFINL can be tested on a WRITE statement. As with DES, ISFINatset to 1
immediately after the advance to a modené time.

USE PROCM_REAL , ONY : DOSTIM , DOSREC

DOSTIM and DOSREC are described in Chapter I, Section AA.AES routine may test DOS-

TIM and elements of DOSREC in a logical condition. It may use them on the right-hand side of
an assignment statement. If DOSTIM is a randamiable, DOSTIM must not be used in AES or
$AES. Havever, DOSTIM may alvays be used in a $PK block or PK routine to define a random
variable which may be used in the AES routingith NM-TRAN, the $BIND record may be used,

but it only affects the DOSREC for additional and lagged doses (See chapt III).
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USE PROCM_REAL , ONY : EVTREC

Data record items may be usexplkcitly in AES and $AES abbbreviated code (rather than
obtained as PK parameterdVTREC is the currentvent record (the went record to which the
system is being adwnced). Thisnay imprare un time.

USE PROCM_REAL , ONY : THETA

Elements of THEA may be used explicitly in AES and $AES abbreviated code (rather than
obtained as PK parameters). This may imprin time.

USE ROCM_INT, ONK : MIXEST , MIXNUM , MIXP
Mixture-model variables may be used in AHSY a description, see INFN, ale.

E.C Global Output Variables

USE PRMOD_INT, ONK : IDEFA
At ICALL=1, AES may optionally store values in IDERn order to impr@e run time.
IDEFA(1)

IDEFA(1) may optionally be set by AES to indicatenhmary thetas it uses. See aloremarks
for IDEFD and DES.

IDEFA(2) is the calling protocol for AIANO9.

IDEFA(2) applies only when no TIME data item is defined. It is ignored when the TIME data item
is defined. AES may set this as follows:

IDEFA(2)=-1 "call with erery event record” (the default)

IDEFA(2)=1 "call once per individual record"

When NM-TRAN abbreviated code is used, the reserved variable CALLFL may be used to specify the
value for IDEFA(2). E.g.,to set IDEFA(2)=1, use:

CALLFL=1

Alternately a alling protocol phrasean be used instead of the CALLFL pseudo-statement, e.g.,

$AESI NI T (ONCE PER | NDI VI DUAL RECORD)

E.D Displaying AES-Defined Items |

A value stored in a variable (or array element) V in AES may be displayed in a table or scafferplot.
accomplish this, module NMPRD4 must be defined in AES, and V must be listed in NMARB4lis-

cussion in Section C.D on Displaying DES-defined variables applies also to AES-defined items. There is
no warning corresponding to 48utbthe warning applies to AES-defined variables as well. See also
ISFINL (abore).

Module NMPRD4 also provides a camient place to store values of variables to be shared
between AES and other user routines, and it is used thusly when these routines are generated from NM-
TRAN abbreviated code (see Guide I()NFN-defined and declared variables are also shared betyeen
user routines.)
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VIl. The NONMEM-PREDPP Load Module

A. Intr oduction

To use PREDPP a number of PREDPP subroutines must be linked with the NONMEM subrou-
tines.T Thids described in detail in Guide Ill. Briefllhe PREDPP subroutines consist oéfirrieties:

(1) Routinessupplied by the NONMEM Project Group (e.g. PRED), each of whose presence in a
NONMEM-PREDPP load module is independent of the choice of the pharmacokinetic model.

(2) Routinessupplied by the user (i.e. PK and ERROR), each of which must be present in a NON-
MEM-PREDPP load modudule.

(3) Routinessupplied by the NONMEM Project Group (e.g. ¥®N1, TRANS1), each of whose
presence in a NONMEM-PREDPP load module depends on the choice of the pharmacokinetic
model and the set of basic parameters.

(4) Routinessupplied by the user (e.g. DES), each of whose presence in a NONMEM-PREDPP load
module depends on the choice of the pharmacokinetic model (these are described in Chapter VI).

(5) Auxilliary subroutines and files. |

With NONMEM 7, subroutine MUMODELZ2 is required-.his subroutine should contain only the
code that is needed tmmpute ap MU parameters (MU_1, MU_2, etc.) that are used in PK|or
PRED. WherNM-TRAN is used, subroutine MUMODEL?2 isvedys included in FSUBS. It is an
empty subroutine unless MU parameters are defined in $PK or $PRED abbreviated code.

With NONMEM 7, subroutine FSIZESR is requireNONMEM dynamically allocates the sizes
of its arrays at run-time, based on the values in FSIZB8Ren NM-TRAN is used, FSIZESR is
included in FSUBS.

Arrays internal to PREDPP are statically allocated to imgoron times. Starting with NONMEM
7.2, module PRSIZES is required to specify the array siwédsen PREDPP is installed, module
PRSIZES is found in file resource/SIZES.f90. When nmfe is usedy &ersion of the module is
generated in file prsizes.f90. Some of the constants in PRSIZES are assessed for the current prob-
lem; others are copied frordefault values in SIZES.f90If nmfe performs "pr recompilation”,
the appropriate routines from PREDPP are recompiled (in directory temp_dir) using constants
from prsizes.f90. (Some of the constants in PRSIZES are also used to compile subrouting PRED
when PREDPP is not used. Subroutine PRED may besuggtied or generated from $PRED
abbreviated code.) Note that nmfe options such as -pudefnay be used toverride pr recompi-
lation.

The usemay oerride mary of the parameteralues in FSIZES and prsizes with the $SIZES
record. |

See Introduction to NONMEM 7, Dynamic Memory Allocation, for information about dynajmic
and static allocation. See Guide VIII and on-line help for information about nmfe.

Subroutines of cagery (1) and (3) are present in the pr directory of the installed nonmem direc-
tory, dthough nmfe may use recompiledrsions in temp_dir as described @boSubroutines of cate-|
gories (2) and (4) are not present in Phey must be in the FSUBS file. Subroutines in FSUBS include
those that are generated from NM-TRAN abiated code (see Guide V), and user-written subroutines
specified on the $SUBROUTINES record. The latter are copied to FSUBS for compilation.

Subroutines of catpry (1) are: PRED, PREDI, CHECK, SABN, SSS, INFN. The user can
substitute a user-written routine for the INFN found on the digtdb medium; see section VI A.
Another subroutine of category 1 is subroutine SS8)entry name is SSS, and it may be substituted

t The NONMEM load module is also referred to as the NONMEKBtetable. Vpically, it is named
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for the rgular SSS routine when there are no steady-state doses in the data set (i.e. no nonzero steady-
state data items appearing in dogenerecords). The advantage in doing this is mainly w@ Saace in
computer memory if space is a problem.

Subroutines of category (3) constitute the PREDPP Librangir use is described in the next sec-
tion.

B. The PREDPP Library

With every NONMEM-PREDPP load module twaubroutines are required, AB N and TRANS.
Choices for each are found in the PREDPP Libr&yme choices for AMAN require additional sub-
routines from the Libraryas well as certain user-supplied subroutines described in chapter VI.

Choices for ADVAN are named ANAN1, ADVAN2, etc. These are informal names; the formal
name for each routine is AIBN since this is the entry name used in the calling program in PREDPP
Similarly, choices for TRANS are informally named TRANS1, TRANS2, etc.

In addition to an AWAN and TRANS subroutine, a NONMEM-PREDPP load module may
require an SS subroutind.he SS routine computes steady-state kinetics. If the computation of steady-
state kinetics is specified in the data set, then an SS routine is required in the load @tdrlgise, an
SS routine is still requiredinlessSSSO is used (see section VII.Ajor the analytic AIVANS, there is a|
one-to-one correspondence betweenVAN and SS subroutines(With early versions of PREDPR |
was possible to use SS6 with analytic XANS. This is no longer supportedSo, for example, if the
user chooses AYAN3, then SS3 is also chosen. The SS6 subroutine computes steady-state kinetics in a
very general way and may be used with the generaVANils: ADVANG6, ADVANS8, ADVANL10,
ADVAN13, ADVAN14. With ADVAN9 and ADVAN15 only SS9 can be used. Some SS routines also
require additional subroutines from the Libraag well as certain user-supplied subroutinddv-TRAN
creates a file FREPORthat describesxactly which subroutines are needed for the NONMEM load
module.

C. ADVAN

In the net subsections characterisics of each of the variougA®Droutines are tabled, including
definitions of the various TRANS routine®Vith each AIYAN, the basic and additional PK parameters
that are allowed with the AYAN are listed. Variable names used in abbreviated code are used.

To compute the kinetic equations for a kinetic model, PREDPP - but more prettigethosen
ADVAN - uses an internal set of parametefar a linear kinetic model these parameters are the micro-
constants, i.e. rate constants, of the modtfethe model is a general linear model, the MODEL subrou-
tine specifies a numbering of these parameters (see section VI.B). The kinetic equations for a general
nonlinear kinetic model PREDPP essentially consist of the differential-algebraic equatesmbygihe
user in the DES and AES routines to describe the model (see sections VI.C and VI.E). The parameters of
these equations comprise the internal set of parameters.

There are only certain TRANS routines from the PREDPP Library that may be used with each
choice of an AIVAN routine. (Havever, a wsersupplied TRANS routine may be used; see section
lI.LM.) It can be seen in the folling subsections that with an MBN implementing a general linear
or general nonlinear model, the only TRANS subroutine that may be used is TRAN®s case the
set of basic PK parameters for TRANSL1 is the same as the set of internal parameters, and TRANS1 trans-
lates each basic parameter into itself.

nonmem.ge (Wwindows) or nonmem (Linux).
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C.1 ADVAN1 OneCompartment Linear Model

Compartments:

Compt. Function Initial

On/Off Dose Defult Defuwult

No. Status Allowed Allowed forDose foObs.
1 Central On No Yes Yes es
2 Output of Yes No No No

Maximum number of basic PK parameters: 2

TRANS subroutines that may be used:

TRANS1

TRANS2

Additional PK Parameters:

Basic PK Parameters
1.K rate constant of elimination

2. skip

Basic PK Parameters
1.CL clearance
2.V volume of distribution

relationship: K= CL/V

SlorSC scaling parameter for central compartment
S2 or SO scaling parameter for output compartment
F1 bioavailability for for central compartment

R1 ratefor for central compartment

D1 durationfor for central compartment

ALAG1 absorptiolag time for for central compartment
FO or F2 or FO  output fraction

XSCALE timescale parameter

MTIME(i) model event time parameters

Steady-state subroutines: SS1

Other required user or Library routines: none
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C.2 ADVAN2 OneCompartment Linear Model with First Order Absorption

Compartments:
Compt. Function Initial On/Off Dose Deéault Detault
No. Status Allowed Allowed for Dose fofbs.
1 Drug Depot Off Yes es Yes No
2 Central On No Yes No Yes
3 Qutput Of Yes No No No

Maximum number of basic PK parameters: 3

TRANS subroutines that may be used:

Basic PK Parameters

TRANS1 1K rate constant of elimination
2. skip
3. Ka absorption rate constant

Basic PK Parameters

TRANS2 1.CL clearance
2.V volume of distribution
3. Ka absorption rate constant

relationship: K= CL/V

Ka = Ka

Additional PK Parameters:
S1 scalingparameter for depot compartment
S2 or SC scaling parameter for central compartment
S3or SO scaling parameter for peripheral compartment
F1 bioavailability for drug depot
F2 bioavailability for peripheral compartment
R1 ratefor depot compartment
R2 ratefor peripheral compartment
D1 durationfor depot compartment
D2 durationfor peripheral compartment
ALAG1 absorptioag time for depot compartment
ALAG2 absorptioag time for central compartment
FO or F3 or FO output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutines: SS2

Other required user or Library routines: none
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C.3 ADVAN3 Two Compartment Linear Mammillary Model

Compartments:

Compt. Function Initial On/Off Dose Deéault Detfwult

No. Status Allowed Allowed for Dose foObs.
1 Central On No Yes Yes es
2 Peripheral On No Yes No No
3 Qutput of Yes No No No

Maximum number of basic PK parameters: 4

TRANS subroutines that may be used:

Basic PK Parameters

TRANS1 1K rate constant of elimination
2. K12 rate constant from central to peripheral
3. K21 rate constant from peripheral to central
4. skip

Basic PK Parameters

TRANS3 1.CL clearance
2.V central volume
3.Q intercompartmental clearance
4.VSS volume of distribution at steady-state

relationship: K= CL/V
K12 = Q/V
K21 = Q/(VSS-V)

Basic PK Parameters

TRANS4 1.CL clearance
2.V1 central volume
3.Q intercompartmental clearance
4.V2 peripheral volume

relationship: K= CL/V1
K12 = Q/V1
K21 = Q/V2

Basic PK Parameters

TRANS5 1.AOB A/B
2.ALPHA «a
3. BETA B

4. skip
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relationship:

107

K21=(®B * BETA + ALPHA)/(AOB + 1)
K = (ALPHA * BETA)/K21
K12 = ALPHA + BETA - K21 - K

Basic PK Parameters

TRANS6 1.ALPHA
2. BETA
3. K21
4. skip

relationship:

constraint;

Additional PK Parameters:

S1orSC
S2

S3or SO
F1

F2

R1

R2

D1

D2
ALAG1
ALAG2
FO or F3 or FO
XSCALE
MTIME(i)

Steady-state subroutine: SS3

a

B
rate constant peripheral to central

K= (ALPHA * BETA)/K21
K12 = ALPHA + BETA - K21 - K

ALPHA< K21 < BETA
The roles of ALPHA and BEX are exchangeable.

scaling parameter for central compartment
scalingparameter for peripheral compartment
scaling parameter for output compartment
bioavailability for central compartment
bioavailability for peripheral compartment
ratefor central compartment
ratefor peripheral compartment
durationfor central compartment
durationfor peripheral compartment
absorptiohag time for central compartment
absorptioag time for peripheral compartment
output fraction
timescale parameter
model event time parameters

Other required user or Library routines: none



PREDPP Guide - Chapter VI

C.4 ADVAN4 Two Compartment Linear Mammillary Model
with First Order Absorption

Compartments:
Compt. Function Initial On/Off Dose Deéault Detault
No. Status Allowed Allowed forDose foObs.
1 Drug Depot Off Yes \es Yes No
2 Central On No Yes No Yes
3 Peripheral On No Yes No No
4 Output of Yes No No No

Maximum number of basic PK parameters: 5

TRANS subroutines that may be used:

Basic PK Parameters

TRANS1 1K rate constant of elimination
2. K23 rate constant from central to peripheral
3. K32 rate constant from peripheral to central
4. skip
5. Ka absorption rate constant

Basic PK Parameters

TRANS3 1.CL clearance
2.V central volume
3.Q intercompartmental clearance
4. VSS volume of distribution at steady-state
5. Ka absorption rate constant

relationship: K= CL/V

K23 = Q/V
K32 = Q/(VSS-V)
Ka = Ka

Basic PK Parameters

TRANS4 1.CL clearance
2.V2 central volume
3.Q intercompartmental clearance
4.V3 peripheral volume
5. Ka absorption rate constant

relationship: K= CL/V2
K23 = Q/V2
K32 = Q/V3
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TRANSS5

TRANSG6

Additional PK Parameters:

Basic PK Paral
1.AOB

2. ALPHA

3. BETA

4. skip

5. Ka

relationship:

Basic PK Paral
1.ALPHA

2. BETA

3. K32

4. skip

5. Ka

relationship:

constraint:

S1

S2 or SC
S3

S4 or SO
F1

F2

F3

R1

R2

R3

D1

D2

D3
ALAG1
ALAG?2
ALAG3
FO or F4 or FO
XSCALE
MTIME(i)

109

meters
A/B
a

B

absorption rate constant

K32= (AOB * BETA + ALPHA)/(AOB + 1)
K = (ALPHA * BETA)/K32
K23 = ALPHA + BETA - K32 - K
Ka = Ka

meters
a

B
rate constant peripheral to central

absorption rate constant

K= (ALPHA * BETA)/K32
K23 = ALPHA + BETA- K32 -K
Ka = Ka

ALPHA< K32 < BETA
The roles of ALPHA and BEX are exchangeable.

scalingparameter for depot compartment
scaling parameter for central compartment
scalingparameter for peripheral compartment
scaling parameter for output compartment
bioavailability for depot compartment
bioaailability for central compartment
bioavailability for peripheral compartment
ratefor depot compartment

ratefor central compartment

ratefor peripheral compartment

durationfor depot compartment

durationfor central compartment

durationfor peripheral compartment
absorptioag time for depot compartment
absorptioag time for central compartment
absorptioag time for peripheral compartment
output fraction

timescale parameter

model event time parameters
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Steady-state subroutine: SS4

Other required user or library routines: none
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C.5 ADVAN5 GeneralLinear Model

Compartment attributes set by subroutine MODEuppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

Basic PK Parameters
TRANS1 Kij or KiT] rate constant from compartment i to compartment j
KiO or KiTO rate constant from comparment i to output compartment
Kin+1 or KiTn+1 rate constant from comparment i to output compartment

Additional PK parameters:

For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS5

Other required user or library routines:
User: MODEL
Library: REXPON,RXSUBS

Notes:

1. ADVANS5 and SS5 may be used when the eigers of the rate constant matrix are compgeg.
with a physiolgical-based pharmacokinetionflmmodel. If the eigemaues are knen to be real
(which is true for may pharmacokinetic systems), then it is more efficient to us&Adi7 and
SS7.

2. ADVANS5 and SS5 are based on a methoaaliing the matrix &ponential. Thealgorithm is
described in "Contributions to the computation of the ma«pogrential" by K.C. Ng. Report 212
of the Center for Pure and Applied Mathematics,vesity of California, Berkley (1984). See
also "A recurrence among the elements of functions of triangular matrices" bydslétt. R.inear
Algebra and Its Applications 14, 117-121 (1976).

3. ThelLaplacian method is not directly supported withMIN5. The$SESTIMATION record must
include the NUMERICAL option with LAPLACIAN.

4. Useof the letter T as a separator between the twmpartment numbers of a basic PK parameter
is optional unless there aredwossible interpretations of the numbers todlbw K. E.g., with
12 compartments, K111 is ambiguous. It shoulddoeled K1T11 or K11T1, depending itf
symbolizes the rate constant from compartment 1 to compartment 11 or from compartment 11 to
compartment 1.
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C.6 ADVANG6 GeneralNonlinear Model

Compartment attributes set by subroutine MODEL. Suppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

TRANS1 ExplicitBasic PK Parameters
P(i) ith. basic PK parameter
Implicit Basic PK parameters
variable  A$PK-defined variable also used in the $DES block

Additional PK parameters:
For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS5

Other required user or library routines:
User: MODEL,DES, TOL
Library: DVERK1, FCN1

Notes:

1. ADVANSG uses IMSIs DVERK, a Runge-Kkitta-\erner fifth and sixth order of method of igta-
tion, for nonstif problems.

2. If SS6 is used, Library routines ZSPOW1 and FCNZ2 are also required.

3. SeeChapter VI Section D.B for specification of relatiand absolute tolerancéwith ADVANG, |
the specifications for compartment 1 apply to all compartments.

4. Thereis a limit on the number of times the differential equations are computed dusinghan
integration wer a date interal. NONMEM may terminate when this limit is reached, in which
case an appropriate message appedhe limit is gven by MAXFCN in SIZES. (With NON-
MEM 74, this is 1000000.)The $SIZES record may be used to supply a different value for
MAXFCN.
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C.7 ADVANY GeneralLinear Model with Real Eigenvalues

Compartment attributes set by subroutine MODEuppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

TRANS1 BasidPK Parameters
Kij or KiT]j rate constant from compartment i to compartment j
KiO or KiTO rate constant from comparment i to output compartment

Kin+1 or KiTn+1 rate constant from comparment i to output compartment

Additional PK parameters:
For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS7

Other required user or library routines:
User: MODEL
Library: RRXPON,RXSUBS

Notes:

1. ADVAN7 and SS7 may be used when the eigers of the rate constant matrix are known to be
real (which is true for manpharmacokinetic systems)t is more efficient to use ATAN7 than
ADVANS in this case.

2. ADVAN7 and SS7 are based on a methaaluing the matrix &ponential. Thealgorithm is a
modification of that described in "Contuifions to the computation of the matrix exponential" by
K.C. Ng. Report 212 of the Center for Pure and Applied Mathematicsetsity of California,
Berkeley (1984). See also "A recurrence among the elements of functions of triangular matrices"
by B.N. Parlett. Linear Algebra and Its Applications 14, 117-121 (1976).

3.  ThelLaplacian method is not directly supported with\VN7. The$SESTIMATION record must
include the NUMERICAL option with LAPLACIAN.

4. Useof the letter T as a separator between the tampartment numbers of a basic PK parameter
is optional unless there aredwossible interpretations of the numbers todlbw K. E.g., with
12 compartments, K111 is ambiguous. It shoulddoeled K1T11 or K11T1, depending itf
symbolizes the rate constant from compartment 1 to compartment 11 or from compartment 11 to
compartment 1.
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C.8 ADVANS8 GeneralNonlinear Model with Stiff Differential Equations

Compartment attributes set by subroutine MODEuppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

TRANS1 ExplicitBasic PK Parameters
P(i) ith. basic PK parameter
Implicit Basic PK parameters
variable  A$PK-defined variable also used in the $DES block

Additional PK parameters:
For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS6
Other required user or library routines:
User. MODEL,DES, TOL
Library: DGEAR1,FCN1, FCN3
See Note 2 garding use of SS6

Notes:
1. ADVANS8 uses IMSIs DGEAR, the Gear method of numerical integration, fof ptidbblems.
2. If SS6 is used, Library routines ZSPOW1 and FCNZ2 are also required.

3. SeeChapter VI Section D.B for specification of relatiand absolute tolerancéwith ADVANS, |
the specifications for compartment 1 apply to all compartments.

4. Thereis a limit on the number of times the differential equations are computed dusinghan
integration wer a date interal. NONMEM may terminate when this limit is reached, in which
case an appropriate message appedhe limit is gven by MAXFCN in SIZES. (With NON-
MEM 74, this is 1000000.)The $SIZES record may be used to supply a different value for
MAXFCN.
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C.9 ADVAN9 GeneralNonlinear Model with Equilibrium Compartments

Compartment attributes set by subroutine MODEuppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

TRANS1 ExplicitBasic PK Parameters
P(n) nth.basic PK parameter
Implicit Basic PK parameters
variable  A$PK-defined variable also used in the $AES or $DES block

Additional PK parameters:

For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS9

Other required user or library routines:
User. MODEL,DES, AES, TOL
Library: ADDA, FCN5, AC, LEQT22, LSODI1, RES, ZSPOW2

Notes:

1. ADVANS9 uses the Mermore solver for ordinary dd#rential equations, implicit form (LSODI),
using the backward differentiation formulas (BDF) forfgiitbblems. AD/AN9 may be used with
a g/stem of diferential-algebraic equations specifying the kinetics of a system with equilibrium
compartments. Imay be used with a system consisting of only algebraic equatiomgy also
be useful when the system consists of only diiferential equations, and there are no equilibrium
compartments.

2. If SS9 is used, Library routines ZSPOW1, FCN2, and FCN4 are also required.

3. SeeChapter VI Section D.B for specification of relatiand absolute toleranceds of NM74, for |
ADVANO9 only, ATOL=99 specifies that variable, calculate@Q\ values are to be deed, in |
accordance with an algorithm that is present i'VANO.

4.  Whenthere are no equilibrium compartments, the AES routine is not called, dummy routine
may need to be included in the load module if the loader considers an usdlesdbrence to be a
fatal error.

5. ThelLaplacian method is not directly supported withMIN9. The$SESTIMATION record must
include the NUMERICAL option with LAPLACIAN.

6. Thereis a limit on the number of times the differential equations are computed dusinghan
integration wer a date interal. NONMEM may terminate when this limit is reached, in which
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case an appropriate message appears. The limiveéa gy MAXFCN in SIZES. (With NON-
MEM 74, this is 1000000.)The $SIZES record may be used to supply a different value for
MAXFCN.

7. Thereis a limit on the maximum number of integration stepa: ADVANDY, it is the largest possi-
ble integer value, Reserved variable MXSTEP may be set in $PK to a smaller value.
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C.10 ADVAN10 OneCompartment Model with Michaelis-Menten Elimination

Compartments:

Compt.  Function Initial On/Off Dose Deault Detuwult

No. Status Allowed Allowed forDose foObs.
1 Central On No Yes es es
2 Output of Yes No No No

Maximum number of basic PK parameters: 3

TRANS subroutines that may be used:

Basic PK Parameters

TRANS1 1.VvM maximumrate
2. KM  Michaelis constant
3. skip

Additional PK Parameters:

SlorSC scaling parameter for central compartment
S2 or SO scaling parameter for output compartment
F1 bioavailability for central compartment

R1 ratefor central compartment

D1 durationfor central compartment

ALAG1 absorptioag time for central compartment

FO or F2 or FO  output fraction

XSCALE timescale parameter

MTIME(i) model event time parameters

Steady-state subroutines: SS6

Other required user or library routines:
User: TOL
Library: MMPHI

See Note 2 garding use of SS6

Notes:

1 The computations are based on: Beal, S.L. (1983), "Computation of the explicit solution to the
Michaelis-Menten equation”, Journal of Pharmacokinetics and Biopharmaceutics 11, 641-657.
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C.11 ADVAN11 Three Compartment Linear Model

Compartments:
Compt. Function Initial On/Off Dose Deault Detuult
No. Status Allowed Allowed for Dose fofbs.
1 Central On No Yes Yes es
2 Peripheral 1 On No Yes No No
3 Peripheral 2 On No Yes No No
4 Output of Yes No No No

Maximum number of basic PK parameters: 6

TRANS subroutines that may be used:

TRANS1

TRANS4

TRANSG6

Basic PK Parameters

1K rate constant of elimination

2. K12 rate constant from central to peripheral 1

3. K21 rate constant from peripheral 1 to central

4. K13 rate constant from central to peripheral 2

5. K31 rate constant from peripheral 2 to central

6. skip

Basic PK Parameters

1.CL clearance

2.V1 central volume

3.0Q2 intercompartmental clearance (central and periph. 1)
4.V2 peripheral 1 volume

5.Q3 intercompartmental clearance (central and periph. 2)
6. V3 peripheral 2 volume

relationship: K=CL/V1
K12=Q2/V1
K21=Q2/V2
K13=Q3/V1
K31=Q3/V3

Basic PK Parameters
1.ALPHA a

2. BETA I

3. GAMMA y

4. K21 rate constant peripheral 1 to central
5. K31 rate constant peripheral 2 to central
6. skip

relationship: K= (ALPHA * BETA * GAMMA)/(K21 * K31)
K13 = (P + K31 *K31 - K31 * S - K * K21) / (K21 - K31)
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K12 = S -K -K13 -K21 - K31

where:
S = ALPHA + BETA + GAMMA
P = ALPHA * BETA + ALPHA * GAMMA + BETA * GAMMA

constraint: ALPHA<K21<BEA<K31<GAMMA

or: ALPHA<K31<BETA<K21<GAMMA
The roles of ALPHA, BETA, GAMMA, K21, K32, K12, and K13
are symmetriand are exchangeable.

Additional PK Parameters:

SlorSC scaling parameter for central compartment

S2 scalingparameter for peripheral 1 compartment
S3 scalingparameter for peripheral 2 compartment
S4 or SO scaling parameter for output compartment

F1 bioavailability for central compartment

F2 bioavailability for peripheral 1 compartment

F3 bioavailability for peripheral 2 compartment

R1 ratefor central compartment

R2 ratefor peripheral 1 compartment

R3 ratefor peripheral 2 compartment

D1 durationfor central compartment

D2 durationfor peripheral 1 compartment

D3 durationfor peripheral 2 compartment

ALAG1 absorptioag time for central compartment
ALAG2 absorptioag time for peripheral 1 compartment
ALAG3 absorptiolag time for peripheral 2 compartment
FO or F4 or FO  output fraction

XSCALE timescale parameter

MTIME(i) model event time parameters

Steady-state subroutines: SS11 or SS6

Other required user or Library routines: none
See Note 2 garding use of SS6

1. TheLaplacian method is not directly supported withVN11. TheSESTIMATION record must
include the NUMERICAL option with LAPLACIAN.
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C.12 ADVAN12 Three Compartment Linear Model with First Order Absorption

Compartments:
Compt. Function Initial On/Off Dose Deault Detuult
No. Status Allowed Allowed for Dose fofbs.
1 Depot Oof Yes es Yes No
2 Central On No Yes No Yes
3 Peripheral 1 On No Yes No No
4 Peripheral 2 On No Yes No No
5 Output of Yes No No No

Maximum number of basic PK parameters: 7

TRANS subroutines that may be used:

Basic PK Parameters

TRANS1 1K rate constant of elimination
2. K23 rate constant from central to peripheral 1
3. K32 rate constant from peripheral 1 to central
4. K24 rate constant from central to peripheral 2
5. K42 rate constant from peripheral 2 to central
6. skip
7. Ka absorption rate constant

Basic PK Parameters

TRANS4 1.CL clearance
2.V2 central volume
3.Q3 intercompartmental clearance (central and periph. 1)
4.V3 peripheral 1 volume
5.Q4 intercompartmental clearance (central and periph. 2)
6. V4 peripheral 2 volume
7. Ka absorption rate constant

relationship: K= CL/V2
K23=Q3/V2
K32=Q3/V3
K24=Q4/V2
K42=Q4/V4
Ka = Ka

Basic PK Parameters
TRANSG6 1.ALPHA a

2. BETA B

3. GAMMA vy
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4. K32
5. K42
6. skip
7. Ka

relationship:

where:

constraint;
or:

Additional PK Parameters:

S1

S2 or SC
S3

S4

S5 or SO
F1

F2

F3

F4

R1

R2

R3

R4

D1

D2

D3

D4
ALAG1
ALAG?2
ALAG3
ALAG4
FO or F5 or FO
XSCALE
MTIME(i)

Steady-state subroutines: SS12 or SS6
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rate constant peripheral 1 to central
rate constant peripheral 2 to central

absorption rate constant

K= (ALPHA * BETA * GAMMA)/(K32 * K42)
K24 = (P + K42 *K42 - K42 * S - K * K32) / (K32 - K42)
K23 =S -K -K24 -K32 - K42
Ka = Ka

S = ALPHA + BETA + GAMMA
P = ALPHA * BETA + ALPHA * GAMMA + BETA * GAMMA

ALPHA<K32<BEA<K42<GAMMA
ALPHA<K42<BETA<K32<GAMMA

The roles of ALPHA, BETA, GAMMA, K32, K42, K23, and K24

are symmetri@and are exchangeable.

scalingparameter for depot compartment
scaling parameter for central compartment
scalingparameter for peripheral 1 compartment
scalingparameter for peripheral 2 compartment
scaling parameter for output compartment
bioavailability depot compartment

bioavailability central compartment
bioaailability for peripheral 1 compartment
bioavailability for peripheral 2 compartment
ratedepot compartment

ratecentral compartment

ratefor peripheral 1 compartment

ratefor peripheral 2 compartment

durationdepot compartment

durationcentral compartment

durationfor peripheral 1 compartment

durationfor peripheral 2 compartment
absorptioag time depot compartment
absorptiotag time central compartment
absorptiolag time for peripheral 1 compartment
absorptiotag time for peripheral 2 compartment
output fraction

timescale parameter

model event time parameters

Other required user or Library routines: none

See Note 2 garding use of SS6
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1.  ThelLaplacian method is not directly supported with\IN12. The$ESTIMATION record must
include the NUMERICAL option with LAPLACIAN.
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C.13 ADVAN13 GeneralNonlinear Model With Stiff/Nonstiff Equations (NM 71) |

Compartment attributes set by subroutine MODEL. Suppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

TRANS1 ExplicitBasic PK Parameters
P(n) nth.basic PK parameter
Implicit Basic PK parameters
variable  A$PK-defined variable also used in the $DES block

Additional PK parameters:
For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS6

Other required user or library routines:
User: MODEL,DES, TOL
Library: LSODA, FCN1, AC2t

Notes:

1. ADVANL1S uses the kiermore solver for ordinary differential equations (LS&Dwith automatic
method switching for sfif BDF) and non-stff(Adams method) problems.

2. If SS6 is used, Library routines ZSPOW1 and FCNZ2 are also required.
3. SeeChapter VI Section D.B for specification of relatind absolute tolerance.

4. Thereis a limit on the number of times the differential equations are computed duginghan
integration wer a date interal. NONMEM may terminate when this limit is reached, in which
case an appropriate message appe@he limit is gven by MAXFCN in SIZES. (With NON-
MEM 74, this is 1000000.)The $SIZES record may be used to supply a different value for
MAXFCN.

5. Thereis a limit on the maximum number of integration stefpsr ADVAN13, it is 10000.
Reserved variable MXSTEP may be set in $PK to a larger value.

6. With NONMEM 7.4, the Laplacian Method is supported with\VAIN13. With NONMEM 7.1

through 7.3, the Laplacian method is not directly supported witlANIL.3 and the SESTIMA-
TION record must include the NUMERICAL option with LAPLACIAN.

T With NONMEM 7.1 through NONMEM 7.3, the required subroutines are ZBRQEQT22, LSOR,
RES, ADDA, AC, FCN5
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C.14 ADVAN14 GeneralNonlinear Model With Stiff/Nonstiff Equations (NM 74) |

Compartment attributes set by subroutine MODEL. Suppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

TRANS1 ExplicitBasic PK Parameters
P(n) nth.basic PK parameter
Implicit Basic PK parameters
variable  A$PK-defined variable also used in the $DES block

Additional PK parameters:

For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS6

Other required user or library routines:
User. MODEL,DES, TOL
Library: CVODE, FCN1, AC2

See Note 2 garding use of SS6

Notes:

1. ADVAN14 uses CVODES fronthe LLNL SUNDIALS system for ordinary differential equa-
tions and is a descendeaot LSODA (ADVAN13). The user may chootemale nodifications
to ..\pr\CVODEU.f90.

See ..ides
2. If SS6 is used, Library routines ZSPOW1 and FCN2 are also required.
3. SeeChapter VI Section D.B for specification of relatind absolute tolerance.

4, Thereis a limit on the number of times the differential equations are computed dusinghan
integration oer a gate interal. NONMEM may terminate when this limit is reached, in which
case an appropriate message appeahe limit is gven by MAXFCN in SIZES. (With NON-
MEM 74, this is 1000000.)The $SIZES record may be used to supply a different value for
MAXFCN.

5. Thereis a limit on the maximum number of integration stefpsr ADVAN14, it is 10000.
Reserved variable MXSTEP may be set in $PK to a larger value.

6. ADVANI14 also has a root-finding algorithm. See the comments in CVODEU.f90 for its use.
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C.15 ADVAN15 GeneralNonlinear Model with Equilibrium Compartments (NM 74) |

Compartment attributes set by subroutine MODEL. Suppose there are m compartments in the system,
including the output compartment.

TRANS subroutines that may be used:

TRANS1 ExplicitBasic PK Parameters
P(n) nth.basic PK parameter
Implicit Basic PK parameters
variable  A$PK-defined variable also used in the $DES block

Additional PK parameters:

For each comparment n in the system:

Sn scalingparameter for compt. n

SO alternat@mame for scaling parameter for compt. m (output compt.)
For each dosable comparment n in the system:

Fn bioavailability for compt. n

Rn ratefor compt. n

Dn durationfor compt. n

ALAGn absorptioag time for compt. n

Other additional PK parameters:
FO or Fmor FO  output fraction
XSCALE timescale parameter
MTIME(i) model event time parameters

Steady-state subroutine: SS9

Other required user or library routines:
User: MODEL,DES, TOL
Library: ADDA, FCN5, AC, LEQT22, IDA, RES, ZSPOW2

Notes:

1. ADVAN15 usedDA from the LLNL SUNDIALS system for differential-algebraic equations and
is a descendent ahe LSODI1 (AD/AN9) system. Theiser may choose to maknodifications
to parameters in ..FlBU .f90.
See ..idesidas_guide.pdf and ..idesida_guide.pdf.
See INTRODUCTION © NONMEM 7, section "$SUBRUTINES: Yet Another Ne Differen-
tial Equation Solving Method: IDAS (AZAN15)"
ADVAN15 may be used with a system of differential-algebraic equations specifying the kinetics of
a gystem with equilibrium compartments. It may also be useful when the system consists of only
stiff differential equations, and there are no equilibrium compartments.

2. If SS9 is used, Library routines ZSPOW1, FCN2, and FCN4 are also required.
3. SeeChapter VI Section D.B for specification of relatind absolute tolerance.

4.  Whenthere are no equilibrium compartments, the AES routine is not called, dummy routine
may need to be included in the load module if the loader considers an uedesdérence to be a
fatal error.

5. TheLaplacian method is not directly supported with\N15. TheSESTIMATION record must
include the NUMERICAL option with LAPLACIAN.
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6.

Thereis a limit on the number of times the differential equations are computed dusinghan
integration wer a date interal. NONMEM may terminate when this limit is reached, in which
case an appropriate message appears. The limivéa giy MAXFCN in SIZES. (With NON-
MEM 74, this is 1000000.)The $SIZES record may be used to supply a different value for
MAXFCN.

Thereis a limit on the maximum number of integration stefpsr ADVANL1S5, it is 10000.
Reserved variable MXSTEP may be set in $PK to a larger value.

ADVAN15 also has a root-finding algorithm. See the commentsAb) B0 for its use.
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PK SUBROUTI NE FOR THE PHENOBARB POPULATI ON DATA

TYPI CAL VALUES RETURNED

USED W TH ADVANL AND TRANS2

CLEARANCE AND VOLUME PROPORTI ONAL TO WEI GHT

PROPORT!I ONALI TY CONSTANT FOR VOLUME DEPENDS ON APGAR

SUBROUTI NE PK( | CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER( KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS
DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*), G | RGG, *)
| E (1 CALL. GT. 1) GO TO 1000
| SET UP | DEF ARRAY:
| DEF(1, 1) =-9
| ROW | NDEX OF SCALI NG PARAMETER
| DEF( 3, 1) =3
| CALL PK ONCE PER I NDIV. REC.
| DEF( 1, 2) =1
RETURN
1000 CONTI NUE
| REGULAR CALLS TO PK:
I VEI GHT
WF=EVTREC( 1, 4)
| APGAR
APGR=EVTREC( 1, 5)
| CLEARANCE
TVCL=THETA( 1) * Wl
G& 1, 1) =TVCL
GE 1, 2) =TVCL
I VOLUME
TVWD=THETA( 2) * Wl
| F (APGR LE.2) TWD=THETA(3) * TWD
GX 2, 1) =TWD
GX 2, 3) =TWD
| SCALI NG
GX 3, 1) =TWD
GX 3, 3) =TWD
RETURN
END
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PK SUBROUTI NE FOR THE PHENOBARB POPULATI ON DATA

| LLUSTRATI NG DATA SI MJLATI ON

USED W TH ADVANL AND TRANS2

CLEARANCE AND VOLUME PROPORTI ONAL TO WEI GHT

PROPORT!I ONALI TY CONSTANT FOR VOLUME DEPENDS ON APGAR

SUBROUTI NE PK( | CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE NVPRD REAL, ONLY: ETA
| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER( KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS
DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*) , G&( | RGG, *)
| F (1 CALL. GT. 1) GO TO 1000
| SET UP | DEF ARRAY:
| DEF(1, 1)=-9
| ROW | NDEX OF SCALI NG PARAMETER
| DEF( 3, 1) =3
RETURN
1000 CONTI NUE
| REGULAR CALLS TO PK:
I EI GHT
WF=EVTREC( 1, 4)
| APGAR
APGR=EVTREC( 1, 5)
| F (1 CALL. EQ 4) GO TO 2000
| DATA ANALYTI C CALL:
| CLEARANCE
TVCL=THETA( 1) * Wl
G 1, 1) =TVCL
GE 1, 2) =TVCL
I VOLUME
TVWD=THETA( 2) * Wl
| F (APGR LE.2) TWD=THETA(3)* TWD
GX 2, 1) =TWD
&3 2, 3) =TWD
| SCALI NG
GX 3, 1) =TWD
GX 3, 3) =TWD
RETURN
2000 CONTI NUE
I S| MULATI ON CALL:
CALL SI META (ETA)
| CLEARANCE
CL=THETA( 1) * WI'* EXP( ETA( 1))
G 1, 1) =CL
| VOLUME AND APFL
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VD=THETA( 2) * WI'* EXP( ETA( 2) )
EVTREC( 1, 7) =1
| F (APGR LE. 2) THEN
EVTREC( 1, 7) =2
VD=THETA( 3) * VD
ENDI F
G 2, 1) =VD
| SCALI NG
G3 3, 1) =VD
RETURN
END
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PK SUBROUTI NE FOR THE PHENOBARB POPULATI ON DATA
SUBJECT- SPECI FI C VALUES RETURNED

USED W TH ADVANL AND TRANS2

CLEARANCE AND VOLUME PROPORTI ONAL TO WEI GHT

PROPORT!I ONALI TY CONSTANT FOR VOLUME DEPENDS ON APGAR

SUBROUTI NE PK( | CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE NVPRD_REAL, ONLY: ETA
| MPLI O T REAL(KI ND=DPSI ZE) (A-2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER(KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS
DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*), G | RGG, *)
IF (I CALL. GT. 1) GO TO 1000
| SET UP | DEF ARRAY:
| DEF(1, 1)=-9
| ROW | NDEX OF SCALI NG PARAMETER
| DEF(3, 1) =3
| CALL PK ONCE PER INDIV. REC.
| DEF(1, 2) =1
I I NI TIALI ZE GETETA
CALL GETETA (ETA)
RETURN
1000 CONTI NUE
| REGULAR CALLS TO PK:
I VEI GHT
WF=EVTREC( 1, 4)
| APGAR
APGR=EVTREC( 1, 5)
| GETETA
CALL GETETA (ETA)
| CLEARANCE
CL=THETA( 1) * WI'* EXP( ETA( 1))
G 1, 1) =CL
GE 1, 2) =CL
I VOLUME
VD=THETA( 2) * \WI'* EXP( ETA( 2) )
| F (APGR LE. 2) VD=THETA(3)*VD
G 2, 1) =VD
X 2, 3) =VD
| SCALI NG
G3 3, 1) =VD
GE 3, 3) =\VD
RETURN
END
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PK SUBROUTI NE FOR THE PHENOBARB POPULATI ON DATA
SUBJECT- SPECI FI C VALUES RETURNED M XTURE MODEL
USED W TH ADVANL AND TRANS2

SUBROUTI NE PK( | CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE ROCM I NT, ONLY: M XNUM=>M XCALL, M XEST=>| M XEST
USE NVPRD4, ONLY: COME>VRBL
| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER( KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS
DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*), G | RGG, *)
DI MENSI ON ETA( 4)
DOUBLE PRECI S| ON THETA, GG, ETA
DOUBLE PRECI SI ON CL, VD, EST
| F (1 CALL. GT. 1) GO TO 1000
| SET UP | DEF ARRAY:
| DEF(1, 1) =-9
| ROW | NDEX OF SCALI NG PARAMETER
| DEF( 3, 1) =3
| CALL PK ONCE PER I NDIV. REC.
| DEF( 1, 2) =1
I INITIALI ZE GETETA
CALL GETETA (ETA)
RETURN
1000 CONTI NUE
| REGULAR CALLS TO PK:
| GETETA
CALL GETETA (ETA)
I M XTURE M XNUM ESTI MATE
EST=M XEST
COM 1) =EST
| CLEARANCE
IF (M XNUM EQ 1) THEN
CL=THETA( 1) * EXP( ETA( 1))
G 1, 1) =CL
G 1, 2) =CL
ELSE
CL=THETA( 2) * THETA( 1) * EXP( ETA( 3) )
G 1, 1) =CL
Gx 1, 4) =CL
ENDI F
I VOLUME
IE (M XNUM EQ 1) THEN
VD=THETA( 3) * EXP( ETA( 2) )
GX 2, 1) =VD
GX 2, 3) =VD
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ELSE
VD=THETA( 4) * THETA( 3) * EXP( ETA( 4) )
G 2, 1) =VD
3 2, 5) =VD

ENDI F

| SCALI NG

G3( 3, 1) =VD

IF (M XNUM EQ 1) THEN
a3 3, 3) =VD

ELSE
GX 3, 5) =VD

ENDI F

RETURN

END
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SUBROUTI NE M X (| CALL, NSPOP, P)

USE Sl ZES, ONLY: DPSI ZE, | SI ZE

USE ROCM REAL, ONLY: THETA=>THETAC, DATA=>RDATA
| MPLI CI T REAL(KI ND=DPSI ZE) (A-2)

| NTEGER(KI ND=I SI ZE) :: | CALL, NSPOP
REAL(KI ND=DPSI ZE) :: P(*)
NSPOP=2

P( 1) =THETA( 5)
P(2) =1. - THETA( 5)
RETURN

END
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I PK SUBROUTI NE FOR SI NGLE- SUBJECT DATA
I USED WTH ADVANZ2 AND TRANS1

SUBROUTI NE PK( | CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER( KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS
DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*), G | RGG, *)
| F (1 CALL. GT. 1) GO TO 1000
| SET UP | DEF ARRAY:
| DEF(1, 1) =-9
| ROW | NDEX FOR SCALI NG PARAVETER FOR COVPT. 2
| DEF( 3, 2) =4
| CALL PK ONCE PER I NDIV. REC.
| DEF( 1, 2) =1
RETURN
1000 CONTI NUE
| REGULAR CALL TO PK:
I ELI M NATI ON RATE CONSTANT
GX 1, 1) =THETA( 2)
| ABSORPTI ON RATE CONSTANT
GX 3, 1) =THETA( 1)
| SCALI NG
GX 4, 1) =THETA( 3)
RETURN
END
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I PK ROUTI NE FOR SI NGLE- SUBJECT PHARVACODYNAM C DATA
I USED W TH ADVAN7 AND TRANS1

SUBROUTI NE PK( | CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER( KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS
DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*), G | RGG, *)
| F (1 CALL. GT. 1) GO TO 1000
| SET UP | DEF ARRAY:
| DEF(1, 1) =-9
| ROW | NDEX OF SCALI NG PARAMETER
| DEF( 3, 3) =5
| CALL PK ONCE PER I NDIV. REC.
| DEF( 1, 2) =1
RETURN
1000 CONTI NUE
| REGULAR CALLS TO PK:
I K12
K12=1. 94
G 1, 1) =K12
I K20
K20=. 102
X 2, 1) =K20

K23=. 001* K20
GX 3, 1) =K23

I K30 (KEO)
K30=THETA( 1)
GE 4, 1) =K30

| SCALI NG
VD=32
VE=VD* K23/ K30
GE( 5, 1) =VE
RETURN
END
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| ERROR SUBROUTI NE FOR THE PHENOBARB POPULATI ON DATA
| EXPONENTI AL ERROR MODEL
|
SUBRQUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G, HH)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE PRDI NS, ONLY: GERD
| MPLI CI T REAL(KI ND=DPSI ZE) (A-2)
REAL( KI ND=DPSI| ZE) :: EVTREC

| NTEGER(KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS

DI MENSI ON :: | DEF(*), THETA(*), EVTREC(| REV, *), | NDXS(*)
REAL(KI ND=DPSI ZE) :: G(GERD, *), HH(*)

HH( 1) =F

RETURN

END
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ERRCR ROUTI NE FOR THE PHENOBARB POPULATI ON DATA
| LLUSTRATI NG DATA SI MJLATI ON
EXPONENTI AL ERROR MODEL

SUBROUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G, HH)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE PRDI M5, ONLY: GERD
USE NVPRD_REAL, ONLY: EPS
| MPLI O T REAL(KI ND=DPSI ZE) (A-2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER( KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS
DI MENSI ON :: | DEF(*), THETA(*), EVTREC(I REV, *), | NDXS(*)
REAL(KI ND=DPSI ZE) :: G(GERD, *), HH(*)
IF (I CALL. EQ 2) HH(1)=F
IF (I CALL. EQ 4) THEN
CALL SI MEPS (EPS)
F=F* EXP( EPS( 1) )
ENDI F
RETURN
END



PREDPP Guide - Figures Figure 11

I ERROR ROUTI NE FOR SI NGLE- SUBJECT DATA
! ADDI TI VE ERROR MODEL

SUBROUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G, HH)
USE SI ZES, ONLY: DPSI ZE, | SI ZE

| MPLI CI T REAL(KI ND=DPSI ZE) (A-2)

REAL( KI ND=DPSI ZE) :: EVTREC

| NTEGER( KI ND=I S| ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS
DI MENSI ON :: | DEF(*), THETA(*), EVTREC(| REV, *), | NDXS( *)
REAL( KI ND=DPSI ZE) :: HH(*)
| CALL ERROR ONLY ONCE
| DEF( 2) =2
HH( 1) =1.
RETURN

END
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ERRCR ROUTI NE FOR SI NGLE- SUBJECT DATA
| LLUSTRATI NG DATA SI MJLATI ON
ADDI TI VE ERROR MODEL

SUBROUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G, HH)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE NVPRD_REAL, ONLY: ETA
| MPLI O T REAL(KI ND=DPSI ZE) (A-2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER(KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS
DI MENSI ON :: | DEF(*), THETA(*), EVTREC(| REV, *), | NDXS(*)
REAL(KI ND=DPSI ZE) :: HH(*)
IF (I CALL. EQ 4) THEN
CALL SI META (ETA)
F=F+ETA( 1)
RETURN
ENDI F
| CALL ERROR ONLY ONCE FOR DATA ANALYSI S
| DEF(2) =2
HH( 1) =1.
RETURN
END
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I ERROR ROUTI NE FOR S| NGLE- SUBJECT PHARVACCDYNAM C DATA
| CONSTANT CV ERROR MODEL
|
SUBROUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G, HH)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE PRDI VS, ONLY: GERD
| MPLI O T REAL(KI ND=DPSI ZE) (A-2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER(KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS
DI MENSI ON :: | DEF(*), THETA(*), EVTREC(I REV, *), | NDXS( *)
REAL(KI ND=DPSI ZE) :: G(GERD, *), HH(*)
IF (I CALL. EQ 1) RETURN
I EMAX
EMAX=THETA( 2)
I C50
C50=THETA( 3)
| EFFECT
E=EMAX* F/ ( F+C50)
F=E
| CONSTANT CV ERROR MODEL
HH( 1) =F
RETURN
END
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ERRCR ROUTI NE FOR SI NGLE- SUBJECT PHARMACODYNAM C DATA
| LLUSTRATI NG ERROR- DEFI NED | TEMS
CONSTANT CV ERRCR MODEL

SUBRQUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G HH)
USE Sl ZES, ONLY: DPSI ZE, | SI ZE
USE NVPRD4, ONLY: COVE>VRBL
USE PROCM REAL, ONLY: A=>AMNT, DAETA, D2AETA
| MPLI CI T REAL( KI ND=DPSI ZE) (A-2)
REAL( KI ND=DPSI ZE) :: EVTREC
| NTEGER( KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS
DI MENSI ON :: | DEF(*), THETA(*), EVTREC(I REV, *), | NDXS(*)
REAL( KI ND=DPSI ZE) :: HH(*)
I F (1 CALL. EQ 1) RETURN
CP AND CE
CP=A(2)/ 32.
CE=F
EMAX
EMAX=THETA( 2)
save for display

COM 1) =CP
COM 2) =CE
C50
C50=THETA( 3)
EFFECT
E=EMAX* F/ ( F+C50)
F=E
CONSTANT CV ERROR MODEL
HH( 1) =F
RETURN

END



Figure 15

PREDPP Guide - Figures

1
0
1
1
1
1
1
1
1
1
1

1
0
1
1
1
1
1
1
1
1
1

4
4
4

1.

25.0

17.3

1.

0
5
5

2.
12.
24.

1.

3.5

1.

3.5

3.5 1.

37.0

4
4
4
4

3.5 1.

48. 0
60.

1.

5
5
5

3.

5
5
3
5

1.

3.

72.

1.

3.

85.

3.5 1.

96.
108.5

1.

3.5

1
1

00
1
0
1
1
1
1
1
0
1
1
1
1
1
1
0
1

31.0

4
5
5
5

1.

112.5

1
0
1
1
1
1
1
0
1
1
1
1
1
1
0
1

1.

15.0

9.7

1.

0

2.
4.0

1.

3.8

1.

3.8
3.8
3.8
3.

16.0
27.

1.

8

5
5
5
5

1.

40.0
52.

1.

8

0
5

24.6

1.

63.

8 1.

3.

64.0

1.

3.8
3.8
3.8
3.

76.0

1.

88.0
2 100.0
2 112.0
2 124.0
2 135.5

5
5
5
5

1.

1.

8
8

1.

3.

0

33.

1.

1.

30.0

00
1
1
1
1

1
1

18.0

1.

5
5
5
5
5

1.
11.
23.

1
1
1
1
1
1

5
5
5
5

1.

3.7

1.

7
7
7
7
7

3.

1.

3.

35.

1.

3.

47.

1.

59.3

1.

73.0
83.

00
1
1
1

1
1

8

23.

5
5
5
5

1.

5

1
1
1
1
1

1.

7
7
7

3.

84.0

96.
3 108.5
3 120.0
3 132.0
3 134.3

1.

3.

5

1.

3.

1.

3.7

1.

3.7

24.3 00

1.5



PREDPP Guide - Figures

FI LE
PROB
DATA
| TEM
I NDX
XVI D
VSDT
LABL

LRES
LTHT
LETA
LEPS
FORM

(6F7.

STRC
THCN
THTA
LOAR
UPPR
DI AG
DI AG
DFLT
ESTM

ORDR
PFI L
FFI L
COVR

CPAR
TABL
PPAR
TABL

FRVL
FRVR
FETA
SCAT
SCAT

SCAT

PHENOBARB POPULATI ON DATA

0. 00000000000000E+000

4. 700000000000000E- 03, 9.900000000000000E- 01,
0. 000000000000000E+00, 0. 000000000000000E+00, 0. 000000000000000E+00
1000000, 1000000
5. 000000000000000E- 02, 3. 000000000000000E- 02
2. 000000000000000E- 02

744
8
3
0

1
0

3
0

-100

0
-1

FSTREAM
1 0
1 6
7 2
0 0
SI GVA
0, 2F2. 0)
3 2
1 0
1000000,
-1
0 500
0 0
0 0
-1 -1
-1
1 1
1 5
0 0
1 7
9
0
9
0

8
11
0
0

0
0

5
0 -

0
-1

-1-0. 10000E+03- 0. 10000E+03- 0. 10000E+03

0
1
0
0

0

0
1

0
0

0
0
0

| D,

AMT

APGR,
EVI D,

1

0
-1

0
0

[cNoNoNe

3

0

0

1

0

[oNoNe]

1

0

0

[oNe]

0

0

0
-1

4 0

[oNe]

-1

[oNe]

1. 000000000000000E+00

-1

-1
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$PROB  PHENOBARB POPULATI ON DATA
$DATA DATAL (6F7.0)
$INPUT ID TIME AMIT WI APGR CP=DV
$SUBROUTI NES ADVANL TRANS2
$PK
: CLEARANCE AND VOLUME PROPORTI ONAL TO WEI GHT
: PROPORTI ONALI TY CONSTANT FOR VOLUME DEPENDS ON APGAR
CALLFL=1
CL=THETA( 1) * WI'* EXP( ETA( 1))
TVWD=THETA( 2) * Wl
| F (APGR LE.2) TWD=THETA(3) * TWD
V=TWD* EXP( ETA( 2))
s1=V
$ERROR
Y=F* EXP( EPS( 1))
$THETA  (0,.0047) (0,.99) (O,1.0)
$OVEGA .05 .03

$SIGVA .02
$ESTIM  MAXEVAL=500 PRI NT=5
$COVAR

$TABLE |ID TIME AMI' W APGR
$SCAT CP VS PRED UNT
$SCAT RES VS PRED

$SCAT RES VS W

$SCAT RES VS APGR

$SCAT WRES VS PRED

$SCAT WRES VS W

$SCAT WRES VS APGR
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Figure 17a

$PROB PHENOBARB POPULATI ON DATA W TH SI MJULATI ON AND TRANSGENERATI ON

$DATA DATAl (7F7.0)
; apfl and cp are set during sinulation
$INPUT |ID TIME AMIT WI' APGR CP=DV APFL
$SUBROUTI NES ADVAN1 TRANS2
$PK
; CLEARANCE AND VOLUME PROPORTI ONAL TO WEI GHAT
; PROPORTI ONALI TY CONSTANT FOR VOLUME DEPENDS ON APGAR
; By default, call with every event record.
; This allows apfl to be set for every record.

CL=THETA( 1) *WI'* EXP( ETA(1))

TVWD=THETA( 2) *\WI

| F (APGR LE. 2) TWD=THETA( 3) * TVWD

V=TWD* EXP( ETA( 2) )

S1i=Vv
; apfl is set only with sinulation

| F (I CALL==4) THEN

APFL=1

| F (APGR LE. 2) APFL=2

ENDI F
$ERROR

Y=F* EXP( EPS( 1) )
$THETA  (0,.0047) (0,.99) (0,1.0)
$OVEGA .05 .03

$SIGVA .02

; required for simulation step
$SI M (1111)

$ESTIM  MAXEVAL=500 PRI NT=5
$COVAR

$TABLE |ID TIME AMIT W APGR

$TABLE I D TI ME APGR APFL FI LE=apfl a NOAPPEND NOPRI NT
; use of APFL for partitioning a scatter plot

$SCAT CP VS PRED UNIT BY APFL

$SCAT RES VS PRED

$SCAT RES VS WI

$SCAT RES VS APGR

$SCAT WRES VS PRED

$SCAT WRES VS WI

$SCAT WRES VS APGR
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NONLI NEAR M XED EFFECTS MODEL PROGRAM (NONMEM) VERSION 7.4.0

ORI G NALLY DEVELOPED BY STUART BEAL, LEW S SHEI NER, AND ALI SON BOECKMANN
CURRENT DEVELOPERS ARE ROBERT BAUER, | CON DEVELOPMENT SOLUTI ONS,

AND ALI SON BOECKVANN. | MPLEMENTATI ON, EFFI CI ENCY, AND STANDARDI ZATI ON
PERFORVMVED BY NOUS | NFOSYSTEMS.

PROBLEM NO. : 1

PHENCBARB PCOPULATI ON DATA

DATA CHECKOUT RUN: NO
DATA SET LOCATED ON UNIT NO. : 2
THIS UNIT TO BE REWOUND: NO

NO. OF DATA RECS | N DATA SET: 744

NO OF DATA | TEMS | N DATA SET: 8
ID DATA ITEMIS DATA ITEMNO : 1
DEP VAR ABLE IS DATA ITEMNO: 6
MDV DATA I TEM |'S DATA ITEMNO.: 8
| NDI CES PASSED TO SUBROUTI NE PRED:
7 2 3 0 0 0 0 0 0 0 O
LABELS FOR DATA | TEMS:
ID TIME AMI WI APGR CP EVI D MDV
FORMAT FOR DATA:
(6F7.0, 2F2.0)

TOT. NO. COF OBS RECS: 155
TOT. NO. OF | NDI VI DUALS: 59
LENGTH OF THETA: 3
DEFAULT THETA BOUNDARY TEST OM TTED: NO
OVEGA HAS SI MPLE DI AGONAL FORM W TH DI MENSI ON: 2
DEFAULT OVEGA BOUNDARY TEST OM TTED: NO
SI GVA HAS SI MPLE DI AGONAL FORM W TH DI MENSI ON: 1
DEFAULT SI GVA BOUNDARY TEST OM TTED: NO
I'NI TI AL ESTI MATE OF THETA:
LOVER BOUND I'NI'TI AL EST UPPER BOUND
0. 0000E+00 0. 4700E- 02 0. 1000E+07
0. 0000E+00 0. 9900E+00 0. 1000E+07
0. 0000E+00 0. 1000E+01 0. 1000E+07
I NI TI AL ESTI MATE OF OVEGA:
0. 5000E- 01

0. 0000E+00 0. 3000E- 01
I NI TI AL ESTI MATE OF SI GVA:
0. 2000E- 01

COVARI ANCE STEP OM TTED:
El GENVLS. PRI NTED:

SPECI AL COMPUTATI ON:
COVPRESSED FORNAT:

GRADI ENT METHOD USED: NOSLOW

SIGDI G TS ETAHAT (SI GLO): -1

SIGDI G TS GRADI ENTS (SIGA): -1

EXCLUDE COV FOR FOCE ( NOFCOV) : NO

TURN OFF Chol esky Transposition of R Matrix (CHOLROFF): NO
KNUTHSUMOFF: -1

RESUME COV ANALYSI S ( RESUME) : NO

SI R SAMPLE S| ZE ( SI RSAMPLE) : -1

NON- LI NEARLY TRANSFORM THETAS DURI NG COV (THBND): 1
PRECONDTI ONI NG CYCLES ( PRECOND) : 0

PRECONDTI ONI NG TYPES ( PRECONDS) : TCS

FORCED PRECONDTI ONI NG CYCLES ( PFCOND) : 0

PRECONDTI ONI NG TYPE ( PRETYPE) : 0

FORCED PCS. DEFI NI TE SETTING ( FPOSDEF): 0

TABLES STEP OM TTED: NO

NO. OF TABLES: 1

66568

Figure 18
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SEED NUMBER ( SEED) : 11456
RANMETHOD: 3U
MC SAMPLES ( ESAMPLE) : 300

WRES SQUARE ROOT TYPE (WRESCHOL): EI GENVALUE
-- TABLE 1 --

RECORDS ONLY: ALL

4 COLUMNS APPENDED: YES

PRI NTED: YES

FORVAT: S1PE11l. 4
LFORVAT:

RFORVAT:

FI XED_EFFECT_ETAS:

USER- CHOSEN | TEMS:

ID TI ME AMT WI' APGR

SCATTERPLOT STEP OM TTED: NO

FAM LI ES OF SCATTERPLOTS: 7

-- SCATTERPLOT 1--

UNI T SLOPE LI NE: YES

| TEMS TO BE SCATTERED: PRED cP
-- SCATTERPLOT 2 --

UNI T SLOPE LI NE: NO

| TEMS TO BE SCATTERED: PRED RES
-- SCATTERPLOT 3 --

UNI T SLOPE LI NE: NO

| TEMS TO BE SCATTERED: Wr RES
-- SCATTERPLOT 4 --

UNI T SLOPE LI NE: NO

| TEMS TO BE SCATTERED: APGR RES
-- SCATTERPLOT 5 --

UNI T SLOPE LI NE:
| TEMS TO BE SCATTERED:
-- SCATTERPLOT 6 --
UNI T SLOPE LI NE:
| TEMS TO BE SCATTERED:
-- SCATTERPLOT 7 --
UNI T SLOPE LI NE:
| TEMS TO BE SCATTERED:

NO
PRED VRES

NO
Wr VRES

APGR VRES



PREDPP Guide - Figures Figure 19

DOUBLE PRECI SI ON PREDPP VERSION 7.4.0

ONE COVPARTMENT MODEL ( ADVANL)
MAXI MUM NO. OF BASI C PK PARAMETERS: 2
BASI C PK PARAVETERS ( AFTER TRANSLATI ON) :
ELI M NATI ON RATE (K) |'S BASIC PK PARAMETER NO.: 1

TRANSLATOR W LL CONVERT PARANVETERS
CLEARANCE (CL) AND VOLUME (V) TO K ( TRANS2)
COVPARTMENT ATTRI BUTES

COWPT. NO. FUNCTION I NI TI AL ON/ OFF DCSE DEFAULT DEFAULT
STATUS ALLOVED ALLOWNED FOR DOSE  FOR GBS.
1 CENTRAL ON NO YES YES YES
2 OQUTPUT OFF YES NO NO NO

ADDI TI ONAL PK PARAMETERS - ASSI GNMENT OF ROAS I N GG
COWPT. NO. I NDI CES
SCALE Bl CAVAI L. ZERO- ORDER ZERO- ORDER ABSORB
FRACTI ON RATE DURATI ON LAG
1 * * * *
2 * - - - -
- PARAMETER | S NOT ALLOWED FOR THI S MODEL
* PARAMETER | S NOT SUPPLI ED BY PK SUBROUTI NE;
W LL DEFAULT TO ONE | F APPLI CABLE
ERROR IN LOG Y I S MODELED
DATA | TEM | NDI CES USED BY PRED ARE:
EVENT | D DATA I TEM | S DATA | TEM NO. : 7
TI ME DATA I TEM | S DATA | TEM NO. : 2
DOSE AMOUNT DATA I TEM | S DATA | TEM NO. : 3

PK SUBROUTI NE CALLED ONCE PER | NDI VI DUAL RECORD.

PK SUBROUTI NE NOT CALLED AT NONEVENT (ADDI TI ONAL OR LAGGED) DOSE TI MES.
DURI NG SI MJLATI ON, ERROR SUBROUTI NE CALLED W TH EVERY EVENT RECORD.
OTHERW SE, ERROR SUBROUTI NE CALLED ONCE IN THI S PROBLEM
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FI LE FSTREAM
PROB PHENOBARB POPULATI ON DATA

DATA 1 0744 8 0 0 0 O
| TEM 1 6 8 11 1 0 0 0 O O O O 0 0 O
| NDX 7 2 3 0 0 0 O O 0 O O
XVI D 0 0 0 0 O
MSDT 0. 00000000000000E+000
LABL | D, TI ME
AMT, I
APGR cP
EVI D, MDV
LRES S| GVA
LTHT
LETA
LEPS
FORM
(6F7.0, 2F2. 0)
STRC 3 2 1 0 0 1 0 1 0O
THCN 1 0 0 O
THTA 4.700000000000000E- 03, 9. 900000000000000E- 01, 1. 000000000000000E+00
LOVWR 0. 000000000000000E+00, 0. 000000000000000E+00, 0. 000000000000000E+00
UPPR 1000000, 1000000, 1000000
DI AG 5. 000000000000000E- 02, 3. 000000000000000E- 02
DI AG 2. 000000000000000E- 02
DFLT -1
ESTM 0500 3 5 0 0 O 1 0 O O O O O O 0 O O
0o 0 0 O -1 -1 0 0 O
COVR 0o 0 0 0 O 0O 1 0 O
covT 1 -1 -1 -1 0 0O -1 -1 -1 -1 -1 -1  -1-1-1TCS
-1 -1 -1-0.10000E+03- 0. 10000E+03- 0. 10000E+03
CPAR -1
TABL 1 1
PPAR -1
TABL 1 7 10 2 0 30 40 50 120 130
0O 0 0 0 O 0 0 0-1 0
FRML
FRVR
FETA
SCAT 1 7
SCAT 9 6 0 0 0 1 0 0 0
0 0 0 -1
SCAT 9 10 0 0 0 0 0 0 0
0 0 0 -1
SCAT 9 11 0 0 0 0 0 0 0
0 0 0 -1
SCAT 4 12 0 0 0 0 0 0 0
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12

SCAT

13

SCAT

13

SCAT
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$PROB  PHENOBARB POPULATI ON DATA
$DATA DATA2 (6F7.0)
$INPUT ID TIME AMIT WI APGR CP=DV
$SUBROUTI NES ADVANL TRANS2
$PK
: CLEARANCE AND VOLUME PROPORTI ONAL TO WEI GHT
: PROPORTI ONALI TY CONSTANT FOR VOLUME DEPENDS ON APGAR
CALLFL=1
CL=THETA( 1) * WI'* EXP( ETA( 1))
TVWD=THETA( 2) * Wl
| F (APGR LE.2) TWD=THETA(3) * TWD
V=TWD* EXP( ETA( 2))
s1=V
$ERROR
Y=F* EXP( EPS( 1))
$THETA  (0,.0047) (0,.99) (O,1.0)
$OVEGA .05 .03

$SIGVA .02
$ESTIM  MAXEVAL=500 PRI NT=5 POSTHOC
$COVAR

$TABLE |ID TIME AMIT WI' APGR ETA1 ETA2
$SCAT CP VS PRED UNT

$SCAT RES VS PRED

$SCAT WRES VS PRED

$SCAT ETAL VS W

$SCAT ETAL VS APGR

$SCAT ETA2 VS W

$SCAT ETA2 VS APGR
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FI LE FSTREAM
PROB PHENOBARB POPULATI ON DATA M XTURE MODEL

DATA 1 0744 8 0 0 0 O
| TEM 1 6 8 11 1 0 0 0 O O 1 0 0 0 O
| NDX 7 2 3 0 0 0O 0O 0O O 0 O
XVI D O 0 0O 0 O
MSDT 0. 00000000000000E+000
LABL I D, TI MVE
AN, I
APGR cP
EVI D, MDV
EST
LRES S| GVA
LTHT
LETA
LEPS
FORM
(6F7.0, 2F2. 0)
STRC 5 4 1 0 0 0 1 1 0
STRC 2 2
THCN 1 0 0 O
THTA 4. 700000000000000E- 03, 2. 000000000000000E+00, 9. 900000000000000E- 01
2. 000000000000000E+00, 5. 000000000000000E- 01
LOWR 0. 000000000000000E+00, 0. 000000000000000E+00, 0. 000000000000000E+00
0. 000000000000000E+00, 0. 000000000000000E+00
UPPR 1000000 , 1000000 , 1000000
1000000 , 1. 000000000000000E+00
BLST 5. 000000000000000E- 02, 1. 000000000000000E- 02, 3. 000000000000000E- 02
DI AG 2. 000000000000000E- 02
DFLT -1
ESTM 0500 3 5 0 O 1 O 1 0 O 0 O 0O O 0 O
O 0 0 0 -1 -1 0 0 0
SCAT 1 8
SCAT 9 6 0 0 0 1 0 0
0 0 0 -1
SCAT 9 10 0 0 0 0 0 0
0 0 0 -1
SCAT 4 10 0 0 0 0 0 0
0 0 0 -1
SCAT 5 10 0 0 0 0 0 0
0 0 0 -1
SCAT 9 11 0 0 0 0 0 0
0 0 0 -1
SCAT 4 11 0 0 0 0 0 0
0 0 0 -1
SCAT 5 11 0 0 0 0 0 0
0 0 0 -1
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$PROB  PHENOBARB POPULATI ON DATA M XTURE MODEL
$DATA DATA2 (6F7.0)
$INPUT I D TIME AMT WI APGR CP=DV
$SUBROUTI NES ADVANL TRANS2
$M X
NSPOP=2
P( 1) =THETA( 5)
P(2) =1. - THETA(5)
$PK
CALLFL=1
EST=M XEST
CL1=THETA( 1) * EXP( ETA( 1))
V1=THETA( 3) * EXP( ETA( 2))
CL2=THETA( 2) * THETA( 1) * EXP( ETA( 3))
V2=THETA( 4) * THETA( 3) * EXP( ETA( 4))
IF (M XNUM EQ 1) THEN
cL=CL1
V=Vl
ELSE
CL=CL2
V=V2
ENDI F
s1=V
$ERROR
Y=F* EXP( EPS( 1))
$THETA (0,.0047) (0,2.0) (0,.99) (0,2.0) (O,.5,1)
$OVEGA BLOCK(2) .05 .01 .03
$OVEGA BLOCK(2) SAME
$SIGVA . 02
$ESTM  MAXEVAL=500 PRI NT=5 | NTERACTI ON METHOD=1
$SCAT CP VS PRED UNIT
$SCAT RES VS PRED
$SCAT RES VS W
$SCAT RES VS APGR
$SCAT WRES VS PRED
$SCAT WRES VS WI
$SCAT WRES VS APGR
$SCAT EST VS W
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EST Vs wr

9. 00E- 01 1. 14E+00 1.38E+00  EST 1. 62E+00 1. 86E+00 2. 10E+00
5. 00E- 01.
3
X
c
$
$
. $
1. 14E+00.
$
$
$
$
. z
1. 78E+00. $
0
wWr c
2. 42E+00.
B
6
A
3. 06E+00.
F
K
c
B

3. 70E+00:



PREDPP Guide - Figures

Figure 25

FILE  NULL
PROB  THEOPHYLLINE  SINGLE SUBJECT DATA
DATA 0O 0 11 6 0O O O O
| TEM 6 3 5 11 1 0 0O O O O O O O 0 O
| NDX 4 2 1 0 0O 0O 0O O O 0 O
XVI D 0O 0 0O 0 O
VSDT 0. 00000000000000E+000
LABL DOSE, TI ME
CP, EVI D
MDV, | D.
LRES
LTHT
LETA
LEPS
FORM
(4F7.0, 1X, F1. 0, 1X, F2. 0)
320 .0 11 1
27 1.71 00 1
.52 7.91 00 2
1. 8.31 00 3
1.92 8.33 00 4
3.5 6. 85 00 5
5.02 6.08 00 6
7.03 5.4 00 7
9. 4.55 00 8
12. 3.01 00 9
24.3 . 90 0 0 10
STRC 3 1.0 0 0O 1 0 0 O
THCN 1 0 0 O
THTA 1. 700000000000000E+00, 1. 020000000000000E- 01, 2. 900000000000000E+01
LOAR 0. 000000000000000E+00, 0. 000000000000000E+00, 0. 000000000000000E+00
UPPR 1000000, 1000000, 1000000
DIAG 2
DFLT -1
ESTM 0240 3 2 0 O O O O O O O O O O O O
0 0 0O O -1 -1 0 0 O
COVR 0o 0 0 O 1 0 1 0 O
covT -1 -1 -1 -1 0 O -1 -1 -1 -1 -1 -1
-1 -1 -1-0.10000E+03-0. 10000E+03- 0. 10000E+03
CPAR -1
TABL 1 1
PPAR -1
TABL 1 1 20
0O 0 O 0 O 0 0 0-10
FRWVL

FRVR

0

-1-1-1TCS
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FETA
SCAT
SCAT

SCAT

SCAT

SCAT
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$PROBLEM THEOPHYLLINE  SI NGLE SUBJECT DATA
$I NPUT DOSE=AMI Tl ME CP=DV

$DATA DATA3 (3F7.0)

$SUBROUTI NES ADVAN2

$PK
CALLFL=1
KA=THETA( 1)
K=THETA( 2)
SC=THETA( 3)

$ERROR
Y=F+ERR( 1)

$THETA (0,1.7) (0,.102) (0,29)

$ESTI MATI ON  MAXEVAL=240 PRI NT=2
$COVR

$TABLE TI ME

$SCAT CP VS TI ME

$SCAT PRED VS TI ME

$SCAT RES VS TI ME

$SCAT PRED VS CP UNIT
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NONLI NEAR M XED EFFECTS MODEL PROGRAM (NONMEM) VERSION 7.4.0

ORI G NALLY DEVELOPED BY STUART BEAL, LEW S SHEI NER, AND ALI SON BOECKMANN
CURRENT DEVELOPERS ARE ROBERT BAUER, | CON DEVELOPMENT SOLUTI ONS,

AND ALI SON BOECKVANN. | MPLEMENTATI ON, EFFI CI ENCY, AND STANDARDI ZATI ON
PERFORVMVED BY NOUS | NFOSYSTEMS.

PROBLEM NO. : 1

THEOPHYLLI NE  SI NGLE SUBJECT DATA
DATA CHECKOUT RUN: NO
DATA SET LOCATED ON UNIT NO. : 2
THI'S UNIT TO BE REWOUND: NO

NO. OF DATA RECS | N DATA SET: 11

NO. OF DATA | TEMS I N DATA SET: 6
ID DATA ITEM IS DATA ITEMNO.: 6
DEP VARI ABLE 1S DATA ITEMNO.: 3
MDV DATA | TEM IS DATA ITEMNO.: 5
| NDI CES PASSED TO SUBROUTI NE PRED:
4 2 1 0 0 0 0 0 O 0 O
LABELS FOR DATA | TEMS:
DOSE TIME CP EVID MDV . | D.
FORMAT FOR DATA:
(3F7.0, 3F2.0)

TOT. NO OF OBS RECS: 10
TOT. NO. OF | NDI VI DUALS: 10

LENGTH OF THETA: 3

DEFAULT THETA BOUNDARY TEST OM TTED: NO
OVEGA HAS SI MPLE DI AGONAL FORM W TH DI MENSI ON: 1
DEFAULT OVEGA BOUNDARY TEST OM TTED: NO

I NI TI AL ESTI MATE OF THETA:

LOVNER BOUND I'NI TI AL EST UPPER BOUND

0. 0000E+00 0. 1700E+01 0. 1000E+07

0. 0000E+00 0. 1020E+00 0. 1000E+07

0. 0000E+00 0. 2900E+02 0. 1000E+07
COVARI ANCE STEP OM TTED: NO

El GENVLS. PRI NTED: NO
SPECI AL COVPUTATI ON: YES
COVPRESSED FORMAT: NO
GRADI ENT METHOD USED: NOSLOW
SI GDI G TS ETAHAT (SI GLO): -1
SIGDI G TS GRADI ENTS (SIQ): -1
EXCLUDE COV FOR FOCE ( NOFCOV) : NO
TURN OFF Chol esky Transposition of R Matrix (CHOLROFF): NO
KNUTHSUMOFF: -1
RESUME COV ANALYSI S ( RESUME) : NO
SI R SAMPLE S| ZE (S| RSAMPLE) : -1
NON- LI NEARLY TRANSFORM THETAS DURI NG COV (THBND): 1
PRECONDTI ONI NG CYCLES ( PRECOND) : 0
PRECONDTI ONI NG TYPES ( PRECONDS) : TGS
FORCED PRECONDT!I ONI NG CYCLES ( PFCOND): 0
PRECONDTI ONI NG TYPE ( PRETYPE) : 0

FORCED PCS. DEFI NI TE SETTI NG ( FPOSDEF) : 0
TABLES STEP OM TTED: NO

NO. OF TABLES: 1

SEED NUMBER ( SEED) : 11456

RANMETHOD: 3U

MC SAMPLES ( ESAMPLE) : 300
WRES SQUARE ROOT TYPE (WRESCHOL): EI GENVALUE
-- TABLE 1 --

RECORDS ONLY: ALL
4 COLUWNS APPENDED: YES

Figure 27
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PRI NTED:

FORVAT:

LFORVAT:

RFORVAT:

FI XED_EFFECT_ETAS:
USER- CHOSEN | TEMS:
TI ME

SCATTERPLOT STEP OM TTED:
FAM LI ES OF SCATTERPLOTS:

-- SCATTERPLOT 1--
UNIT SLOPE LI NE:
| TEMS TO BE SCATTERED:
-- SCATTERPLOT 2 --
UNIT SLOPE LI NE:
| TEMS TO BE SCATTERED:
-- SCATTERPLOT 3 --
UNIT SLOPE LI NE:
| TEMS TO BE SCATTERED:
-- SCATTERPLOT 4 --
UNIT SLOPE LI NE:
| TEMS TO BE SCATTERED:

YES
S1PE11. 4

NO

TI ME

NO
TI ME

NO
TI ME

YES
cP

cP

PRED

RES

PRED
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DOUBLE PRECI SI ON PREDPP VERSION 7.4.0

ONE COVPARTMENT MODEL W TH FI RST- ORDER ABSORPTI ON ( ADVAN2)
MAXI MUM NO. OF BASI C PK PARAMETERS: 3
BASI C PK PARAMETERS ( AFTER TRANSLATI ON) :
ELI M NATI ON RATE (K) IS BASIC PK PARAMETER NO.: 1
ABSORPTI ON RATE (KA) IS BASI C PK PARAMETER NO.: 3

COVPARTMENT ATTRI BUTES

COWPT. NO FUNCTION I NI TI AL ON/ CFF DOSE DEFAULT DEFAULT
STATUS ALLOWNED ALLOWNED FOR DOSE FOR OBS.
1 DEPOT OFF YES YES YES NO
2 CENTRAL ON NO YES NO YES
3 OQUTPUT OFF YES NO NO NO

ADDI TI ONAL PK PARAMETERS - ASSI GNMENT OF ROAS I N GG
COWPT. NO. I NDI CES
SCALE Bl CAVAI L. ZERO- ORDER ZERO- ORDER ABSORB
FRACTI ON RATE DURATI ON LAG

1 * * * * *

N

4 * * * *

3 * - - - -
- PARAMETER |'S NOT ALLOWED FOR TH S MODEL
* PARAMETER |'S NOT SUPPLI ED BY PK SUBRQUTI NE;
W LL DEFAULT TO ONE | F APPLI CABLE
DATA | TEM | NDI CES USED BY PRED ARE:

EVENT | D DATA I TEM | S DATA | TEM NO. : 4
TI ME DATA I TEM | S DATA | TEM NO. : 2
DOSE AMOUNT DATA I TEM | S DATA | TEM NQO. : 1

PK SUBROUTI NE CALLED ONCE PER | NDI VI DUAL RECORD.

PK SUBROUTI NE NOT CALLED AT NONEVENT (ADDI TI ONAL OR LAGGED) DOSE TI MES.
DURI NG SI MJLATI ON, ERROR SUBROUTI NE CALLED W TH EVERY EVENT RECORD.
OTHERW SE, ERROR SUBROUTI NE CALLED ONCE IN TH S PROBLEM
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FI LE
PROB
DATA
| TEM
I NDX
XVI D
VSDT
LABL

FORM

NULL

THEOPHYLLI NE

0
6
4
0

0
3
2
0

11
5
1
0

SI NGLE SUBJECT DATA PHARMACCDYNAM CS

6
11
0
0

0. 00000000000000E+000

(4F7.0, 1X, F1. 0, 1X, F2. 0)
.0

320

STRC
THCN
THTA
LOAR
UPPR
DI AG
DFLT
ESTM

COVR

CPAR
TABL
PPAR
TABL

FRML
FRVR
FETA
SCAT
SCAT

1.
1.
3.
5.
7.
9.
12.
24.

3

1

1. 000000000000000E+00,
0. 000000000000000E+00, 0. 000000000000000E+00,
1000000, 1000000

1000000,
-1
0 240
0 0
0 0
-1 -1
-1
1 1
1
0 0
1

27
52

92
5

02
03

3

1
0

OoON b

. 094
. 163
. 317
. 544
. 689
. 473
. 733
. 667
. 327
. 151
0
0

3
0
0
-1
-1

0
0

2

0

0
-1
-1-

o w

0 0 0
1 0 0
0 0 0
0
DOSE,
EFF,
VDV,
11 1
00 1
00 2
00 3
00 4
00 5
00 6
00 7
00 8
00 9
0 0 10
0 1 0

Or kFr o
OO r o

0
0
1

0
0
0

0

0
0
0

0
0

0

0
0
0
-1

0
0

0

-1

0
0

1. 000000000000000E+00,

0

0

0

Figure 29

5. 000000000000000E+00
0. 000000000000000E+00

0

-1

0

0. 10000E+03- 0. 10000E+03- 0. 10000E+03

[oNe]

-1

0

0

-1

0-10

0

-1

0

0

-1-1-1TCS
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SCAT

SCAT

SCAT



PREDPP Guide - Figures Figure 30

$PROBLEM THEOPHYLLI NE  SI NGLE SUBJECT DATA PHARMACODYNAM CS
$I NPUT DOSE=AMI TI ME EFF=DV

$DATA DATA4 (3F7.0)

$SUBROUTI NES  ADVAN7

$MODEL COMP=( DEPOT, DEFDOSE)  COMP=( CENTRAL)  COVP=( EFFECT, DEFOBS)

$PK

CALLFL=1
K12=1. 94
K20=. 102
K23=. 001* K20
K30=THETA( 1)
VD=32

S3=VD* K23/ K30

$ERROR
EMAX=THETA( 2)
C50=THETA( 3)
E=EMAX* F/ ( F+C50)
Y=E* ( 1+ETA( 1))

$THETA (0,1) (0,1) (O0,5)

$ESTI MATI ON  MAXEVALS=240 PRI NT=2
$COVR

$TABLE TI ME

$SCAT EFF VS TI ME

$SCAT PRED VS TI ME

$SCAT RES VS TI ME

$SCAT PRED VS EFF UNIT
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FI LE FSTREAM
PROB THEOPHYLLI NE  SI NGLE SUBJECT DATA PHARVACODYNAM CS

DATA 1 0 11 6 0 0 0 O
| TEM 6 3 5 11 1 O O O O O 8 O O O O
| NDX 4 2 1 0 0O 0 O O 0 O0 O
XVI D 0O 0 O 0 O
VBDT 0. 00000000000000E+000
LABL DOSE, TI VE
EFF, EVI D
MDV, 1D
CP, CE
LRES
LTHT
LETA
LEPS
FORM
(3F7.0, 3F2.0)
STRC 3 1. 0 0 O 1 0 0 O
THCN 1 0 0 O
THTA 1. 000000000000000E+00, 1. 000000000000000E+00, 5. 000000000000000E+00
LOAR 0. 000000000000000E+00, 0. 000000000000000E+00, 0. 000000000000000E+00
UPPR 1000000, 1000000, 1000000
DIAG 2
DFLT -1
ESTM 0240 3 2 0 O O O O O O O O O O O O O
0o 0 0O O -1 -1 0 0 O
COVR o 0 0 O 1 0 1 0 O
covT -1 -1 -1 -1 0 0 -1 -1 -1 -1 -1 -1  -1-1-1TCS
-1 -1 -1-0.10000E+03-0. 10000E+03- 0. 10000E+03
CPAR -1
TABL 1 1
PPAR -1
TABL 1 3 20 16 0 17 0
0O 0 O 0 O 0 0 0-10
FRVL
FRVR
FETA
SCAT 1 8
SCAT 2 3 0 0 0 0 0 0 0
0 0 0 -1
SCAT 2 7 0 0 0 0 0 0 0
0 0 0 -1
SCAT 2 8 0 0 0 0 0 0 0
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SCAT

17

SCAT

17

16

SCAT

16

SCAT

17

SCAT
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$PROBLEM THEOPHYLLI NE  SI NGLE SUBJECT DATA PHARMACODYNAM CS
$I NPUT DOSE=AMI TI ME EFF=DV

$DATA DATA4 (3F7.0)

$SUBROUTI NES  ADVAN7

$MODEL COMP=( DEPOT, DEFDOSE)  COMP=( CENTRAL)  COVP=( EFFECT, DEFOBS)

$PK

CALLFL=1
K12=1. 94
K20=. 102
K23=. 001* K20
K30=THETA( 1)
VD=32

S3=VD* K23/ K30

$ERROR

CP=A(2) / VD

CE=F

EMAX=THETA( 2)
C50=THETA( 3)
E=EMAX* F/ ( F+C50)
Y=E* ( 1+ETA( 1))

$THETA (0,1) (0,1) (O,5)

$ESTI MATI ON  MAXEVALS=240 PRI NT=2
$COVR

$TABLE TI ME CP CE

$SCAT EFF VS TI ME

$SCAT PRED VS TI ME

$SCAT RES VS TI ME

$SCAT PRED VS EFF UNIT

$SCAT PRED VS CE

$SCAT CE VS CP
$SCAT VS

cP TI MVE
$SCAT CE VS TI ME
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PRED VS. CE
-1. 00E- 02 1.22E-01 2. 54E-01 PRED 3. 86E-01 5. 18E-01 6. 50E-01

-2. 00E- 01.

1. 32E+00. *

2. 84E+00.

4. 36E+00.

5. 88E+00. )

7. 40E+00:
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CE VS. cP
-1. 00E-01 1. 40E+00 2. 90E+00 CE 4. 40E+00 5. 90E+00 7. 40E+00

-2. 00E- 01.

*

1. 56E+00.

3. 32E+00.

5. 08E+00. *

6. 84E+00:

8. 60E+00.
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CP VS, TIME
-1. 00E-01 1. 64E+00 3. 38E+00 cP 5. 12E+00 6. 86E+00 8. 60E+00

- 1. 00E+00.

4. 20E+00.

9. 40E+00.

TI VE . *

1. 46E+01.

1. 98E+01.

2. 50E+01.
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CE VS. TIME
-1. 00E-01 1. 40E+00 2. 90E+00 CE 4. 40E+00 5. 90E+00 7. 40E+00

- 1. 00E+00.

4. 20E+00.

9. 40E+00.

TI VE . *

1. 46E+01.

1. 98E+01.

2. 50E+01.
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THI'S EXAMPLE | S | DENTI CAL TO HELP FI LE i nfnl. exa
I NFN ROUTI NE FOR COVPUTI NG LI NEARLY | NTERPOLATED VALUES
OF AN | NDEPENDENT VARI ABLE V. | LLUSTRATES USE OF ROUTI NE PASS.
USE FOR SI NGLE- SUBJECT OR POPULATI ON DATA
WORKS WTH 1 OR MORE NON-M SSI NG VALUES.
A SI NGLE SUCH VALUE MAY BE ANYWHERE | N DATA SET.
DATREC( Ul ) =TI ME DATA | TEM
DATREC( VI ) =I NDEPENDENT VARI ABLE DATA | TEM
DATREC( M ) =M SSI NG | NDEPENDENT VARI ABLE DATA | TEM
=0 I NDEP VAR NOT' M SSI NG
>0 |F THI S DATA RECORD HAS M SSI NG | NDEP VAR AND:
=1 THI' S DATA RECORD PRECEDES FI RST NON- M SSI NG VALUE
=3 TH' S DATA RECORD FOLLOAS LAST NON-M SSI NG VALUE
=2 TH' 'S DATA RECORD |'S BETWEEN NON- M SSI NG VALUES

SUBROUTI NE | NFN (| CALL, THETA, DATREC, | NDXS, NEW N)
USE SI ZES, ONLY: | Sl ZE, DPSI ZE, NO, MAXI DS

NOTE THAT NEWND IS NOT OBTAI NED FROM THE SUBROUTI NE ARGUMENT
USE NVPRD_I NT, ONLY: NEW ND=>NW ND

| NTEGER( KI ND=I SI ZE), I NTENT(IN) :: I CALL, | NDXS(*), NEW N
REAL(KI ND=DPSI ZE),  INTENT(IN) :: THETA(*)

REAL(KI ND=DPSI ZE), I NTENT(IN OUT) :: DATREC(*)
REAL(KI ND=DPSI ZE) :: U,V

DI MENSI ON U( NO, MAXI DS) , V( NO, MAXI DS) , DEPVAR( MAXI DS) , LASTI ( MAXI DS)
I NTEGER U, VI, M, | S, LASTI
| MPORTANT: CHANGE U, VI, M ACCORDI NG TO LAYOUT OF DATA SET
Ul =3
VI =5
M =6

| F (1 CALL. NE. 1) RETURN
| =0
| S=0
| NI TI ALI ZE PASS
MODE=0
CALL PASS ( MODE)
MODE=2
PASS THROUGH DATA
5 CALL PASS ( MODE)
| F (MODE. EQ 0) GO TO 10
| F (NEW ND<2) THEN
| =0
| S=I S+1
ENDI F
| E INDEP VAR | S PRESENT, STORE TI ME AND VALUE
| F (DATREC(M).EQ 0.) THEN
I =l +1
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U(1'S, 1) =DATREC( U )
V(1'S, 1) =DATREC( VI )
LASTI (1 S) =I
ENDI F
IF (I == 1) THEN ! SAVE VALUE | N CASE ONLY RECORDED ONCE
DEPVAR( | S) =V(1 S, 1)
ENDI F
G TO 5
I INITIALI ZE PASS A SECOND TI ME
10 1=0
| S=0
MODE=0
CALL PASS ( MODE)
MODE=2
| PASS THROUGH DATA A SECOND TI ME
15 CALL PASS ( MODE)
| F (MODE. EQ 0) RETURN
| F (NEW ND<2) THEN
| =0
| S=1 S+1
ENDI F
! IF INDEP VAR |'S M SSI NG AND ONLY RECORDED ONCE, COPY I T
| F (DATREC(M).NE. 0. .AND. LASTI(1S) == 1) THEN
DATREC( VI ) =DEPVAR( | S)
GO TO 15
ENDI F
I IF INDEP VAR | S M SSING, STORE | NTERPOLATED VALUE
| F (DATREC(M).EQ 0.) THEN
| =l +1
ELSE

IF (DATREC(M).EQ 1.) THEN | EXTRAPCL. FROM FI RST 2 VALUES

K=1
L=2

ELSEIF (DATREC(M).EQ 2.) THEN ! | NTERPOL. FROM BEFORE AND AFTER

K=l
L=l +1

ELSEI F (DATREC(M).EQ 3.) THEN ! EXTRAPOL. FROM LAST 2 VALUES

K=l - 1
L=l

ENDI F

B=(V(1S,K)-V(I1S L))/ (YIS K-UIS,L))
DATREC( VI ) =V( | S, K) +B* ( DATREC( Ul ) - U(1 S, K) )
ENDI F

GO TO 15

END
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DEFI NES A 1 COVPARTMENT LI NEAR MODEL W TH FI RST- ORDER ABSORPTI ON
COVPT1: DRUG DEPOT  COMPT2: CENTRAL COVPT

SUBROUTI NE MODEL (| DNO, NCM NPAR, | R, | ATT, LI NK)
USE PRMOD_CHAR, ONLY: NANME

USE SI ZES, ONLY: DPSI ZE, | SI ZE, SD

USE PRDI B, ONLY: GPRD, HPRD, GERD, HERD, GPKD

| NTEGER( KI ND=I S| ZE) :: | DNO, NCM NPAR, | R | ATT, LINK, I, J
DI MENSI ON :: TATT(IR *), LINK(IR *)

SAVE

| NTEGER(KI ND=I SI ZE), DI MENSION (2,7) :: MD
CHARACTER( LEN=SD), DI MENSI ON(2) :: CMOD

DATA (MOD(I, 1),1= 1, 2)/&
I NI TI AL STATUS: OFF ON

0,1/

DATA (MOD(I, 2),1= 1, 2)/&
ON OFF ALLOVWED: YES NO

1,0 /

DATA (MOD(I, 3),1= 1, 2)/&
DOSE ALLOVED: YES YES

1,1 /

DATA (MOD(I, 4),1= 1, 2)/&
DEFAULT FOR OBSERVATI ONS: NO YES

0,1/

DATA (MOX(I, 5),1= 1, 2)/&
DEFAULT FOR DOSES: YES NO

1,0 /

DATA (MOD(I, 6),1= 1, 2)/&

0,0 /

DATA (MOX(I, 7),1= 1, 2)/&

0,0 /

DATA (CMOD(1),1= 1, 2) &

/"’ DEPOT’ ,’ CENTRAL’ /

FORALL (1=1:2) NAME(Il)=CMOD(I)

FORALL (1=1:2,J=1:7) |ATT(l,J)=MOD(1I,J)
| DNO=9999

NCME 2

NPAR=002

RETURN

END
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I DEFI NES A 3 COVPARTMENT MODEL
I COWT1l: DRUG DEPOI  COWPTZ2: CENTRAL COMPT  COWPT3: EFFECT COVPT
!

SUBROUTI NE MODEL (| DNO, NCM NPAR, | R, | ATT, LI NK)

USE PRMOD_CHAR, ONLY: NANME

USE SI ZES, ONLY: DPSI ZE, | SI ZE, SD

USE PRDI B, ONLY: GPRD, HPRD, GERD, HERD, GPKD

| NTEGER( KI ND=I S| ZE) :: | DNO, NCM NPAR, | R | ATT, LINK, I, J
DI MENSI ON :: TATT(IR *), LINK(IR *)

SAVE

| NTEGER(KI ND=I SI ZE), DI MENSION (3,7) :: MD
CHARACTER( LEN=SD), DI MENSI ON(3) :: CMOD

DATA (MOD(I, 1),1= 1, 3)/&
I INITIAL STATUS: ON ON ON

1,1,1 /

DATA (MOD(I, 2),1= 1, 3)/&
| ON/ OFF ALLOAED: NO NO NO

0,0,0 /

DATA (MOD(I, 3),1= 1, 3)/&
| DOSE ALLOVED: YES NO NO

1,0,0 /

DATA (MOD(I, 4),1= 1, 3)/&
| DEFAULT FOR OBSERVATI ONS: NO NO YES

0,0,1 /

DATA (MOX(I, 5),1= 1, 3)/&
| DEFAULT FOR DOSES: YES NO NO

1,0,0 /

DATA (MOD(I, 6),1= 1, 3)/&

0,0,0 /

DATA (MOX(I, 7),1= 1, 3)/&

0,0,0 /

DATA (CMOD(1),1= 1, 3) &
/* DEPOT’ ,’ CENTRAL' , ’ EFFECT’ /
FORALL (1=1:3) NAME(I)=CMOD(I)
FORALL (1=1:3,J=1:7) |ATT(l,J)=MoD(1I,J)
| DNO=9999
NCME 3
NPAR=004
I SET LINK:
I K12
LINK( 1, 002) =001
I K23
LINK( 2, 003) =003
I K20
LINK( 2, 004) =002
I K30 (KEO
LINK( 3, 004) =004
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RETURN
END
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SUBROUTI NE DES (A, P, T, DADT, | R, DA, DP, DT)

USE NMPRDAP
USE SI ZES, ONLY: DPSI ZE, | SI ZE
USE PRDI M5, ONLY: GPRD, HPRD, GERD, HERD, GPKD

USE NVPRD_| NT, ONLY: MSEC=>| SECDER, MFl RST=>| FRSTDER, | FI RSTEM | FI RSTEMJAC
USE PRCOM | NT, ONLY: M TER

USE NVPRD_I NT, ONLY: MDVRES, ETASXI , NPDE_MODE, NOFI RSTDERCODE
USE NMPRD_REAL, ONLY: DV_LOQ CDF_L

USE PRMVOD | NT, ONLY: | CALL=>| CALLD, | DEFD, | DEFA

| MPLI O T REAL(KI ND=DPSI ZE) (A-2)

SAVE

| NTEGER(KI ND=I SI ZE) :: IR

DI MENSI ON :: A(*), P(*), DADT(*), DA(IR *), DP(I R, *), DT(*)
| NTEGER(KI ND=I S| ZE) :: FI RSTEM | FI RSTEMJIACI N

| F(M TER==1. OR. M TER==4) | FI RSTEM=1

FI RSTEM=I FI RSTEM

| FI RSTEMJIACI N=I FI RSTEMJIAC

| F( NOFI RSTDERCODE/ =1) THEN

| FI RSTEMJAC=FI RSTEM

ELSE

| FI RSTEMJAC=0

ENDI F

| F(1 FI RSTEMJIACI N==- 2) RETURN

IF (ICALL == 1) THEN

CALL ASSOCNVPRD4

IDEFD(1)= O
RETURN
ENDI F
I level 0
I level 0

DADT( 1) =- P(002) * A( 1)
DADT( 2) =P( 002) * A( 1) - P(001) * A( 2)
IF (FIRSTEM == 1) THEN ! 1
! E000004 = DERI VATI VE OF DADT(1) WR T. A(001)
E000004=- P(002)

! FO00081 = DERI VATI VE OF DADT(1) WR T. P(002)
F000081=- A( 1)

! E000005 = DERI VATI VE OF DADT(2) WR T. A(001)
E000005=P( 002)

! E000006 = DERI VATI VE OF DADT(2) WR T. A(002)
E000006=- P( 001)

! FO00082 = DERI VATI VE OF DADT(2) WR T. P(002)
FO00082=A( 1)

! FO00083 = DERI VATI VE OF DADT(2) WR T. P(001)

FO00083=- A( 2)
ENDIF !1
|F (FIRSTEM == 1) THEN !3



PREDPP Guide - Figures

DA( 1, 1)=E000004
DA( 2, 1)=E000005
DA( 2, 2)=E000006
DP( 1, 002) =F000081
DP( 2, 001) =F000083
DP( 2, 002) =F000082
ENDIF !3

RETURN

END
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I TOL SUBROUTI NE for NONVEM 7.3 and earl er
SUBROUTI NE TOL ( NRD)
DI MENSI ON NRD( *)
NRD( 1) =4
RETURN
END
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I TOL SUBRQUTINE for NONVEM 7.4 and | ater
SUBROUTI NE TOL( NRD, ANRD, NRDC, ANRDC)

USE Sl ZES, ONLY: |SIZE

| NTEGER(KI ND=I SI ZE) :: NRD(O:*), ANRD(O:*), NRDC(O:*), ANRDC(O:*)
NRD( 1) =5

RETURN

END
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I AES FOR COVWPARTMENT (3) IN EQUI LLI BRI UM W TH COVPARTMENT ( 2)

SUBROUTI NE AES (INIT, A P, T, E | R DA, DP, DT)
USE SI ZES, ONLY: DPSI ZE, | SI ZE
| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z2)
I NTEGER(KIND=ISI ZE) :: IRINT
DI MENSI ON :: A(*), P(*), E(*), DA(IR *), DP(IR, *), DT(*)
IF (INIT.EQ 1) THEN
I SOLUTI ON FOR EQUI LLI BRI UM COVPARTMENT
A(3) =P(4) *A( 2)
ELSE
I EQUATI ONS FOR EQUI LLI BRI UM COVPARTNMEMT
E(3) =A(3) - P(4) * A( 2)
DA( 3, 2) =- P(4)
DA( 3, 3) =1.
DP( 3, 3) =- A( 2)
ENDI F
RETURN
END
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SUBROUTI NE MODEL (| DNO, NCM NPAR, | R, | ATT, LI NK)

USE PRMOD_CHAR, ONLY: NAME

USE Sl ZES, ONLY: |SIZE

| NTEGER(KI ND=I SI ZE) :: |DNO, NCM NPAR, | R, | ATT, LI NK
DI MENSI ON :: TATT(IR *), LI NK(IR, *)

| NTEGER(KI ND=I SI ZE) :: I,J

| NTEGER( KI ND=I SI ZE), DI MENSION (3,9) :: MD
CHARACTER( LEN=8), DI MENSI ON(3) :: CMOD

DATA MOD/ &

coo0OoORrORrRPERER
OCoo0OoOOoORrRRERER
OrOOOOORR

Ro Ro Ro Qo Ro Ro

&
&

DATA CMOD/ &

'DEPOT ', &

' CENTRAL ’, &

' A3 '

FORALL (1=1:3) NAVE(I)=CMOD(1)
FORALL (1=1:3,J=1:9) IATT(I,J)=MOD(1I,J)
| DNO=2

NCME 3

NPAR=4

RETURN

END
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Appendix I. The PREDPP Defined Data Items

1. Ewent Identification (EVID) Data Item

Value  Meaning
observation eent
dose eent
other-type gent
reset gent
reset-dosewvent

A WNEFLO

See Chapter V for a discussion of "extra" EVID’s:
special names XVID1 XVID2 XVID3 XVID4 XVID5

2. Time (TIME) Data Item

Time of event

3. DoseAmount (AMT) Data Item

Value Meaning
0 geady-state infusion
positive ro. amounbf either bolus dose or infusion

Note: AMT data item must be 0 in a non-dose or non-reset-dese iecord.

4, DoseRate (RATE) Data Item

Value Meaning
0 instantaneous bolus dose
-1 zero-ordebolus dose, rate modeled in PK
steady-state infusion, rate modeled in PK
-2 zero-ordebolus dose, duration modeled in PK
positive ro. rateof infusion

Note: RATE data item must be 0 in a non-dose or non-reset-adeserecord.

5. Steady-StatésSS) Data Item

Value  Meaning

0 not a steady-state dose

1 asteady-state dose

2 asuperimposed steady-state dose

3 Same as SS=1 but existing values of A are used as initial estimates

(SS6, SS9, SS13)
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6.

7.

8.

Note: SSdata item must be 0 in a non-dose or non-reset-des¢ record.

Interdosénterval (I1) Data Item

Value
0

positive ro.

Meaning
sgngle non-steady-state dose

or steady-state infusion
interdosénterval

Note: |l data item must be 0 in a non-dose or non-reset-desé record.

CompartmenfCMT) Data ltem

Value
0

integer

-integer

Meaning
* event (dose, reset-dose, observation)

applies to the default compartment
* has no effect with an other-type or resetra
eevant (dose, reset-dose, observation)

applies to the compartment with this number

« for other-type or resetzent, compartment with
this number is turned on

for observationeent, and if output compartment
has this numbeputput compartment is observed and
then turned off

« for other-type or resevent, compartment with
this number is turned off

* not allowed for dose or reset-dosesret

Note: With a reset went, a compartment is turned on of after all compartments are reset to

their initial status.

When the integer is 1000, it designates the default compartment for output.

When the integer is 100 and the number of compartments is <=99, it is anayhef designating |
the default compartment for output.

PredictionCompartment (PCMT) Data Item

Value
0

integer

Meaning
prediction is the one that would result for an

observation of the default observation compartment
predictioris the one that would result for an
observation of the compartment with this number

Note: PCMTdata item is ignored in an observativerd record.
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When the integer is 1000, it designates the default compartment for output.

When the intger is 100 and the number of compartments is <=99, it is another way of designating
the default compartment for output.

9. Call(CALL) Data Item

Value  Meaning

0 has no effect
1 call to ERROR with eent record is forced
2 call to PK with event record is forced

3 calls to both PK and ERROR witlvent record are forced
10 Callto ADVAN9 is forced.

10. Continuatio{CONT) Data Item

Value  Meaning
0 data record endsvent record
1 event record is continued on next data record

11. AdditionalDose (ADDL) Data Item

Value Meaning
0 no additional doses, or dose is a steady-state infusion

integer numbepf additional doses of same type

Note: ADDL data item must be 0 in a non-dose or non-reset-dos# eecord. Also, when
ADDL data item is nonzero, Il data item must be nonzero.
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Appendix Il. Another Example: Theophylline

The population theophylline example of Guide |, sectipralR be specified using PREQRB
shawn in this appendix A NONMEM control stream, and PK and ERROR routines, arengin the fol-
lowing pages.A NM-TRAN control stream, using abbreviated PK and EXRcodes, is also gin.
The results are essentially identical to thosergiin Guide |, figures 76-83.Unlike the example of
Guide I, the data set is not embedded in the control stream; it is found in a separate filegraladrgs
appendix. (Thigs unrelated to the fact that PREDPP is usédf)le stream, pointing to the data file, is
also gven.

This example uses AAN2, which implements an analytic computation for the one compartment
linear model with first-order absorption. The sam@neple can be handled using ¥®N6 and
ADVANY7, although it is less efficient to use subroutines implementing "numerical" computations for
general models when an analytic Y¥ON for a specific model can be usddowever, it may be instruc-
tive for the user to examine Wwaall three ADVAN'’s can be used for the sameaenple, and toxamine
additional user-supplied codes to be used with theséADs. Thereforethis appendix also gés K,
MODEL, DES, and TOL routines to be used with WENG6, and PK and MODEL routines to be used
with ADVAN7.

Finally, NM-TRAN control streams corresponding to the use oiVADN6 and AD/AN7Y with this
example are also gén. Theseuse the gry same data set as does the NONMEM control strédom-
eva, the last tvo data item types, EVID and M are ignored. Though NM-TRAN can aVvays properly
process these data item types, it can ignore them with this example.
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FI LE
PROB
DATA
| TEM
| NDX
XVI D
MSDT
LABL

LBWL

LRES
LTHT
LETA
LEPS
FORM

FCON Stream

FSTREAM
THEOPHYLLI NE ~ POPULATI ON DATA
1 0 144 7 0 0 0 0
1 4 7 11 1 0 0 0 0 0 0
6 3 2 0 0 0 0 0 0 0 0
0 0 0 0 0
0. 00000000000000E+000
I D,
TI ME

I VRS, | PRD

I RS, NPRED
NRES, NVRES

NI WRES, NI PRED
NI RES, CPRED
CRES, CV\RES

Cl V\RES, Cl PRED
Cl RES, PRED
RESI , WRES

I WVRESI , | PREDI
| RESI , CPREDI
CRESI , C\RES
Cl WRESI , Cl PREDI
Cl RESI , EPRED
ERES, EVRES

El WRES, El PRED
El RES, NPDE
ECVRES, NPD
oBJI

SI GVA

(5F10. 0, 2F2. 0)

STRC
STRC
THCN
THTA
LOAR
UPPR
BLST

Dl AG
DFLT
ESTM

3 3 1 0 0 0O 1 1 0

1 3

1 0 0 0O
3. 000000000000000E+00, 8. 000000000000000E- 02,
1. 000000000000000E- 01, 8. 000000000000000E- 03,
5. 000000000000000E+00, 5. 000000000000000E- 01,
6. 000000000000000E+00, 5. 000000000000000E- 03,
2. 000000000000000E- 04, 6.000000000000000E- 03,
4. 000000000000000E- 01

-1
0450 3 5 O O O O O O o
o o o o0 -1 -1 0 0 O

A WO M~ D

DOSE

EVI D

. 000000000000000E- 02
. 000000000000000E- 03
. 000000000000000E- 01
. 000000000000000E- 01
. 000000000000000E- 01
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BEST -100 -100 -100 -100 -100. 00000 -100
-100 -100 -100. 00000 -2147483647 -100 -100
-100 -100.00000 -100 -100- 0. 10000E+03 -100
-100 -100 0 -100 -100 -100.00000
-100 -100 -100 -100- 0. 10000E+03- 0. 10000E+03
-100 -100 1 -100 -100
-100 -100 -2147483647 -100 -100-0. 10000E+03
-100- 0. 10000E+03- 0. 10000E+03 -100 0 -100

-100 -100 -100-0.10000E+03-0.10000000E+03 -100

-100 -100 -100 -100- 0. 10000000E+03- 0. 10000000E+03

- 0. 10000000E+03- 0. 10000000E+03- 0. 10000000E+03- 0. 10000000E+03- 0. 10000000E+03- 0. 10000000E+03
-0. 10000000E+03- 0. 10000000+301- 0. 10000000+301
-100- 100-100- 100- 100- 100

-100 -100 -100- 0. 10000000E+03- 0. 10000000E+03- 0. 10000000E+03

-100 -100 -100- 0. 10000000E+03- 0. 10000000E+03- 100

-100 -100 -100 -100
BFI L
BDLM
BMUM
BGRD
ORDR
PFI L -100
FFI L 0
COVR 0O 0 0 O O 0 1 o0 O
COvVT -1 -1 -1 -1 0 O -1 -1 -1 -1 -1 -1 -1-1-1TCS

-1 -1 -1-0.10000E+03-0. 10000E+03- 0. 10000E+03
CPAR -1
TABL 1 1
PPAR -1
TABL 1 4 10 20 50 30
0O 0 0O 0 O 0 0 0-10
FRML
FRVR
FETA
SCAT 1 2
SCAT 3 9 1 1 0 0 0 0 0
0 0 0 -1
SCAT 3 10 1 1 0 0 0 0 0
0 0 0 -1
File Stream

DATA FDATA

* * k%
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Data Set

79.6 11

4.02

0
0
0

0
0
0

.74

2.

84
57

25
57

0.

6.

0.

00
00
00
0

0
0

10.5

12
02

9. 66
8.58

8.

2.

3.82

0
0
0

36

1

7.47

7.03

6. 89

05

9.
12.12

00
00

72.4 11

5.94
3.28

24. 37

4.4

0

0

0
00
00
00
0
0

0
0
0
0

72
.91
8.31

27
.52

NN NN

8.33
6. 85

6.

1.92

3.5

0
0
0

08

5.02

5.4
4.

7.03

55

00
00

3.01
70.5 11

12.
24.

.90

4.53

0

0

0
00
00
00
0
0

0
0
0
0

.9

4.4
6
8.2

27
.58
02

nmmMmoMmm

7.

2.02

7.

3.62
5.

0
0
0

2
3
9

6.

08

5.

7.07

4.

00
00

72.7 11

3.7

12. 15

1.05

24.17

4.4

0

0

0
00
00
00
0
0

0
0
0
0

89
6
8.6

35
.6
07

AR SIS BN

8. 38
7.

13

3.5

54
88

0
0
0

6.

5.02

78
33

5.

7.02

5.

9.02
11.98
24. 65

00
00

19
15

4.

1.
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O©OWOOWOOOWOWMOMWMOWMOMWOKWWMOWOAONNNNANNANNANANNNANOODODOODODODOOOOOO OO OO1UT 01010101 0101010101 O1

5. 86 0.

N -
corMONTLOME

N
cowhmoNOLWN =

4.95

N -
corMNOOITWONE

4.53

o

N P
CoORNONGTWN

.02

.02

.02

.35

.27
. 58

15
03

. 57

.22

.85

. 25
.02
.02
.48

. 98

05
22

. 25
.52
.98
.02
.53
. 05
.15
.07

.12

P WhAOOOO~NOOIN

©

PRUONN®OOR OINO

.02
.63

.33
.74
. 56
.09

.37
. 57

.29
.08
.44
.32
.53
.94
.02
. 46
.78
.92

.15
. 85
.35
.02
. 58
.09
. 66
.25
.39
.53
.15

.05
.05
.31
. 56
.59
. 88
.73
. 57

25

54.6

80.

64. 6

70.5

86. 4

el NeoloNoNoloNoNoNoNoNoNol NeolloNoNoNoNoNolNoNoNoNeol NeoNolNoNoNoloNoNolNoNoNol NoloNoNoNoNoNoNoNoNoNol o

el NeoloNoNoloNoNolNoNoNoNoll NeoloNoNoNolNoNoNoNoNoNeol NeoNoloNoNoloNoNolNoNoNol NoloNoNoNoNoNoNoNoNoNol
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5.
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5

.92

3

N P
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N =
CowNONTWNE

N
cCoRNONUWE

N -

BANONUTWN P

.63
. 05
.02
.53
.02
.17

.43

.37
L7

02
05
55
05

.08
. 38

. 25
.98
. 98
.02

.03
.03

12
08

.52
.07
.07
.03
.05
.15

P WhADOOUOONO-N

NOITN00OONO OTN

NWARUUO®ONAO

.37
.03
.14
.33
. 66
. 67
.24
11
.16
.12

. 24
. 89
.22
.41
. 83
.21
.18
.02
.14
. 68
.42

. 86
.24

.81
. 87
.22
.45
.62
. 69
. 86

. 25
. 96
.82
.12
.75
. 57
. 59
.11
. 57
.17

58.

65.

60.

2

5

eNeoNoNoNoNoNoNoNoNolol JNoloNoNoNoNoNoNoNoNoNoll NeoloNeoNeoNoNoNoNoNoNoNol NeoloNoNoNolNoNoNeNoNo)

eNeoNoNoNoNoNoNoNoNolol JNoloNoNoNoNoNoNoNoNoNol NeloNeoNeoNoNoNoNoNoNoNol NoloNoNoNolNoNeoNeNoNo)
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PK Routine ® Be Used With AD/AN2

SUBROUTI NE PK(I CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
PK SUBRCUTI NE FOR THE THEOPHYLLI NE POPULATI ON DATA
USED W TH ADVANZ2 AND TRANS1
CLEARANCE PROPORTI ONAL TO WVEI GAT
SCALI NG PARAMETER | S VOLUME/ VEI GHT SI NCE DOSE |'S WEI GHT- ADJUSTED

USE NVPRDAP
USE Sl ZES, ONLY: DPSI ZE, | SI ZE
USE PRDI M5, ONLY: GPRD, HPRD, GERD, HERD, GPKD

USE NVPRD_REAL, ONLY: ETA, EPS

USE NVPRD_I NT, ONLY: MSEC=>| SECDER, MFl RST=>| FRSTDER, COVACT, COVBAV, | FI RSTEM
USE NVPRD_I NT, ONLY: MDVRES, ETASXI , NPDE_MODE, NOFI RSTDERCODE

USE NMPRD_REAL, ONLY: DV_LOQ

USE NVPRD_INT, ONLY: IQUIT

USE PROCM | NT, ONLY: NEW ND=>PNEW F

USE NVBAYES REAL, ONLY: LDF

| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z)

REAL( KI ND=DPSI ZE) :: EVTREC

SAVE
| NTEGER(KI ND=I SI ZE) :: FI RSTEM

| NTEGER(KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS

DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*), G | RGG, GPKD+1, *)

FI RSTEMEI FI RSTEM
IF (I CALL <= 1) THEN
CALL ASSOCNVPRD4

! SET UP | DEF ARRAY:
| DEF( 1,0001)= -9

!  CALL PK ONCE PER | NDIV. REC.
| DEF( 1, 0002) =
| DEF( 1, 0003) =
| DEF( 1, 0004) =
| DEF( 2,0003) =
| DEF( 2,0004) =

! ROW I NDEX FOR SCALI NG PARAMETER FOR COMPT. 2
| DEF( 3,0002) = 4
CALL GETETA(ETA)
IF (IQUT == 1) RETURN
RETURN
ENDI F
IF (NEWND /= 2) THEN
IF (1 CALL == 4) THEN
CALL SI META(ETA)
ELSE
CALL GETETA(ETA)
ENDI F
IF (IQUT == 1) RETURN
ENDI F

I level 0
! REGULAR CALL TO PK:

cNoNoNoN o
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I WEI GHT
WF=EVTREC( NVNT, 005)
KA=THETA( 001) +ETA( 001)
K=THETA( 002) +ETA( 002)
CL=THETA( 003) * WI+ETA( 003)

SC=CL/ KI' WI
| F (FI RSTEM == 1) THEN

! A000031 = DERI VATI VE OF KA WR T. ETA(001)
A000031=1. DO

! A000032 = DERI VATIVE OF K WR T. ETA(002)
A000032=1. DO
BO00001=1. DO/ K/ WI

! A000034 = DERI VATIVE OF SC WR T. ETA(003)

A000034=B000001
B000002=- CL/ K/ K/ WI
! A000035
A000035=B000002* A000032
| ELI M NATI ON RATE CONSTANT
G& 0001, 1, 1) =K
G3 0001, 0003, 1) =A000032
| ABSORPTI ON RATE CONSTANT
G3 0003, 1, 1) =KA
GG 0003, 0002, 1) =A000031
| SCALI NG
GG 0004, 1, 1) =SC
G& 0004, 0003, 1) =A000035
GG 0004, 0004, 1) =A000034
ELSE
G3 0001, 1, 1) =K
GG 0003, 1, 1) =KA
GG 0004, 1, 1) =SC
ENDI F
I|F (MBEC == 1) THEN
BO00004=- 1. DO/ K/ K/ WI
! A000037
A000037=B000004* A000032
BO00005=- 1. DO/ K/ K/ WT
BOO0006=CL/ K/ K/ K/ WI
! A000039
A000039=B000006* AO00032
BO00007=CL/ K/ K/ K/ WI
! A000040 = DERI VATI VE OF B000002 WR. T. ETA(002)
A000040=B000007* AD00032+A000039
! A000041 = DERI VATI VE OF A000035 WR. T. ETA(002)
A000041=A000032* AO00040
! A000042 = DERI VATI VE OF A000035 WR. T. ETA(003)
A000042=A000032* BO00005
GG 0004, 0003, 0003) =A000041
GG 0004, 0004, 0003) =A000042
ENDI F

DERI VATI VE OF SC WR. T. ETA(002)

DERI VATI VE OF B0O00001 WR. T. ETA(002)

DERI VATI VE OF B000002 WR. T. ETA(002)
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RETURN
END

ERROR Routine @ Be Used With AD/AN2, ADVANG, and AD/AN7

ERRCOR SUBROUTI NE FOR THE THEOPHYLLI NE POPULATI ON DATA

SUBROUTI NE ERROR (| CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, F, G, HH)
USE NVPRD4P

USE SI ZES, ONLY: DPSI ZE, | SI ZE

USE PRDI B, ONLY: GPRD, HPRD, GERD, HERD, GPKD

USE NVPRD_REAL, ONLY: ETA, EPS

USE NVPRD_| NT, ONLY: MSEC=>| SECDER MFI RST=>| FRSTDER, | QUI T, | FI RSTEM
USE NVPRD_I NT, ONLY: MDVRES, ETASXI , NPDE_MODE, NOFI RSTDERCODE

USE NVPRD REAL, ONLY: DV_LOQ

USE NVPRD | NT, ONLY: NEW.2

USE PROCM | NT, ONLY: NEW ND=>PNEW F

| MPLI CI T REAL(KI ND=DPSI ZE) (A-2)

REAL( KI ND=DPSI ZE) :: EVTREC

SAVE
| NTEGER(KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS
DI MENSI ON :: | DEF(*), THETA(*), EVTREC(I REV, *), | NDXS(*)

REAL(KI ND=DPSI ZE) :: G(GERD, *), HH( HERD, *)
| NTEGER(KI ND=I S| ZE) :: FI RSTEM

FI RSTEM=I FI RSTEM

IF (1 CALL <= 1) THEN

CALL ASSOCNVPRD4

CALL ERROR ONLY ONCE

| DEF( 2) =2

HH( 1, 1) =1. 0DO

| DEF( 3) =000

RETURN

ENDI F

IE (1 CALL == 4) THEN
|F (NEW.2 == 1) THEN
CALL SI MEPS( EPS)

IF (IQUIT == 1) RETURN
ENDI F

ENDI F

| evel 0

Y=F+EPS( 001)

IF (FIRSTEM == 1) THEN !1
ENDIF !'1

F=Y

RETURN

END
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NM-TRAN Control Stream @ Be Used With AD/AN2

$PROB THEOPHYLLI NE  POPULATI ON DATA
$I NPUT | D DOSE=AMI' TI ME CP=DV WI'
$DATA DATAFI LE (5F10. 0)

$SUBROUTI NES ADVAN2
$PK

; THETA(1) =MEAN ABSORPTI ON RATE CONSTANT ( 1/ HR)
; THETA(2) =MEAN ELI M NATI ON RATE CONSTANT (1/ HR)

; THETA(3) =SLOPE OF CLEARANCE VS WEI GHT RELATI ONSHI P ( LI TERS/ HR/ KG)
; SCALI NG PARAMETER=VOLUME/ WI' SI NCE DOSE |'S WEI GHT- ADJUSTED

CALLFL=1
KA=THETA( 1) +ETA( 1)
K=THETA( 2) +ETA( 2)
CL=THETA( 3) * WI+ETA( 3)
SC=CL/ K/ WI'

$THETA (.1,3,5) (.008,.08,.5) (.004,.04,.09)
$OVEGA BLOCK(3) 6 .005 .0002 .3 .006 .4

$ERROR
Y=F+EPS( 1)
$SIGVA .4
$EST MAXEVAL=450 PRI NT=5
$Ccov
$TABLE | D DOSE W TI ME

$SCAT (RES WRES) VS TIME BY ID

140
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PK Routine ® Be Used With AD/AN6 and AD/AN7

SUBROUTI NE PK('I CALL, | DEF, THETA, | REV, EVTREC, NVNT, | NDXS, | RGG, GG, NETAS)
PK SUBRCUTI NE FOR THE THEOPHYLLI NE POPULATI ON DATA
USED W TH ADVANG AND ADVAN7, AND TRANS1
CLEARANCE PROPORTI ONAL TO VEI GAT
SCALI NG PARAMETER | S VOLUME/ VEI GHT SI NCE DOSE | S WEI GHT- ADJUSTED

USE NVPRDAP
USE Sl ZES, ONLY: DPSI ZE, | SI ZE
USE PRDI M5, ONLY: GPRD, HPRD, GERD, HERD, GPKD

USE NVPRD_REAL, ONLY: ETA, EPS

USE NVPRD_I NT, ONLY: MSEC=>| SECDER, MFl RST=>| FRSTDER, COVACT, COVBAV, | FI RSTEM
USE NVPRD_I NT, ONLY: MDVRES, ETASXI , NPDE_MODE, NOFI RSTDERCODE

USE NVPRD_REAL, ONLY: DV_LOQ

USE NVPRD_INT, ONLY: IQUIT

USE PROCM | NT, ONLY: NEW ND=>PNEW F

USE NVBAYES REAL, ONLY: LDF

| MPLI CI T REAL(KI ND=DPSI ZE) (A-Z)

REAL(KI ND=DPSI ZE) :: EVTREC

SAVE
| NTEGER(KI ND=I SI ZE) :: FI RSTEM

| NTEGER(KI ND=I SI ZE) :: | CALL, | DEF, | REV, NVNT, | NDXS, | RGG, NETAS

DI MENSI ON :: | DEF(7,*), THETA(*), EVTREC(| REV, *), | NDXS(*), G | RGG, GPKD+1, *)

FI RSTEMEI FI RSTEM
IF (I CALL <= 1) THEN
CALL ASSOCNVPRD4

! SET UP | DEF ARRAY:
| DEF( 1,0001)= -9

!  CALL PK ONCE PER | NDI V. REC.
| DEF( 1, 0002) = 1

!  ROW I NDEX FOR SCALI NG PARAMETER FOR COWPT. 2
| DEF( 1, 0003) =
| DEF( 1, 0004) =
| DEF( 2,0003) =
| DEF( 2,0004) =
| DEF( 3,0002) =
CALL GETETA(ETA)
IF (IQUT == 1) RETURN
RETURN
ENDI F
IF (NEWND /= 2) THEN
IF (1 CALL == 4) THEN
CALL SI META(ETA)
ELSE
CALL GETETA(ETA)
ENDI F
IF (IQUT == 1) RETURN
ENDI F

I level 0

WI=EVTREC( NVNT, 005)

WoOooo
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KA=THETA( 001) +ETA( 001)
KE=THETA( 002) +ETA( 002)
CL=THETA( 003) * WI+ETA( 003)
S2=CL/ KE/ WI'
P000001=KA
P000002=KE

| REGULAR CALL TO PK:

I VEl GHT
| F (FIRSTEM == 1) THEN
B000001=1. DO/ KE/ W

! A000034
A000034=B000001
B000002=- CL/ KE/ KE/ W

DERI VATI VE OF S2 WR. T. ETA(003)

! A000035 = DERI VATIVE OF S2 WR. T. ETA(002)
A000035=B000002

! A000046 = DERI VATI VE OF PO00001 WR. T. ETA(001)
A000046=1. DO

! A000047 = DERI VATI VE OF P0O00002 WR. T. ETA(002)
A000047=1. DO

| ABSORPTI ON RATE CONSTANT
GG 0001, 1, 1) =P000001
GG 0001, 0002, 1) =A000046
| ELI M NATI ON RATE CONSTANT
G& 0002, 1, 1) =P000002
GG 0002, 0003, 1) =A000047
| SCALI NG
G& 0003, 1, 1) =S2
GG 0003, 0003, 1) =A000035
GG 0003, 0004, 1) =A000034
ELSE
G& 0001, 1, 1) =P000001
GG 0002, 1, 1) =P000002
GG 0003, 1, 1) =S2
ENDI F
|F (MSEC == 1) THEN
B0O00005=- 1. DO/ KE/ KE/ WI'
B0O00006=- 1. DO/ KE/ KE/ WI
B0O00007=CL/ KE/ KE/ KE/ WI
B0O00008=CL/ KE/ KE/ KE/ WI

! A000041 = DERI VATI VE OF B000002 WR. T. ETA(002)
A000041=B000008+B0O00007

! A000042 = DERI VATI VE OF A000035 WR. T. ETA(002)
A000042=A000041

! A000043 = DERI VATI VE OF A000035 WR. T. ETA(003)

A000043=B000006

GE 0003, 0003, 0003) =A000042
G 0003, 0004, 0003) =A000043
ENDI F

RETURN

END
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MODEL Routine D Be Used With AD/ANG6

SUBROUTI NE MODEL (1 DNO, NCM NPAR, | R, | ATT, LI NK)
DEFI NES A 1 COVPARTMENT MODEL W TH DRUG DEPOT COVPARTNMENT
COWPT1: DRUG DEPOT  COMPT2: CENTRAL COVPT

USE PRMOD_CHAR, ONLY: NAME

USE Sl ZES, ONLY: DPSI ZE, | SI ZE, SD
USE PRDI M5, ONLY: GPRD, HPRD, GERD, HERD, GPKD

| NTEGER(KI ND=I SI ZE) :: |DNO, NCM NPAR, | R, | ATT, LINK, I, J
DI MENSI ON :: TATT(IR *), LINK(IR, *)

SAVE

| NTEGER( KI ND=I S| ZE), DI MENSION (2,7) :: MOD
CHARACTER( LEN=SD), DI MENSI ON(2) :: CMOD

DATA (MOD(I, 1),1= 1, 2)/&
I NI TI AL STATUS: OFF ON

0,1/

DATA (MODX(I, 2),1= 1, 2)/&
ON OFF ALLOWED: YES NO

1,0 /

DATA (MOD(I, 3),1= 1, 2)/&
DOSE ALLOVED: YES YES

1,1/

DATA (MOD(I, 4),1= 1, 2)/&
DEFAULT FOR OBSERVATI ONS: NO YES

0,1/

DATA (MOD(I, 5),1= 1, 2)/&
DEFAULT FOR DOSES: YES NO

1,0 /

DATA (MOX(I, 6),1= 1, 2)/&

0,0 /

DATA (MOD(I, 7),1= 1, 2)/&

0,0 /

DATA (CMOD(1),1= 1, 2) &

/* DEPOT’ ,’ CENTRAL’ /

FORALL (1=1:2) NAVE(I)=CMOD(I)

FORALL (I1=1:2,J=1:7) |ATT(I,J)=MOD(1,J)
| DNO=9999

NCME 2

NPAR=002

RETURN

END
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DES Routine ® Be Used With ADVANG6

SUBROUTI NE DES (A, P, T, DADT, | R, DA, DP, DT)
DES SUBROUTI NE FOR THE THEOPHYLLI NE POPULATI ON DATA

USE NMPRDAP
USE SI ZES, ONLY:
USE PRDI M5, ONLY:

USE NVPRD_I NT, ONLY:
USE NVPRD_CHAR, ONLY:
USE NMPRD_I NT, ONLY:
USE PRCOM | NT, ONLY:
USE NMPRD_I NT, ONLY:

USE NMPRD_REAL, ONLY:

USE PRMOD_| NT, ONLY:

DPSI ZE, | Sl ZE
GPRD, HPRD, GERD, HERD, GPKD
| ERPRD, NETEXT, | QUI T
ETEXT
MSEC=>| SECDER, MFI RST=>| FRSTDER, | FI RSTEM | FI RSTEMJAC
M TER
MDVRES, ETASX! , NPDE_MODE, NOFI RSTDERCODE
DV_LOQ
| CALL=>] CALLD, | DEFD, | DEFA

| MPLI CI T REAL(KI ND=DPSI ZE) (A-2)

SAVE
I NTEGER( KI ND=1 SI ZE)

IR

DI MENSI ON :: A(*), P(*), DADT(*), DA(I R *), DP(1 R, *), DT(*)

| NTEGER( KI ND=I S| ZE)

FI RSTEM | FI RSTEMJACI N

| F(M TER==1. OR. M TER==4) | FI RSTEM-1

FI RSTEMFI FI RSTEM

I FI RSTEMJACI N=I FI RSTEMJIAC
| F( NOFI RSTDERCCDE/ =1) THEN

| FI RSTEMJAC=FI RSTEM
ELSE

| FI RSTEMJAC=0

ENDI F

I F(1 FI RSTEMJACI N==-2) RETURN

IF (ICALL == 1) THEN
CALL ASSOCNVPRD4

| DEFD(1)= O

| DEFDY 2) =0

DA(  1,1)=0014280
DA(  2,1)=0028441
DA( 3, 1)=0028560
DA(  4,1)=0014311
DA( 5, 1)=0028472
DA( 6, 1)=0028592
DA( 7, 1)=0000000
DP(  1,1)=0014280
DP( 2, 1)=0028441
DP( 3, 1)=0028560
DP( 4, 1)=0000000
DT( 1) =0000000
RETURN

ENDI F
| evel 0
| evel 0

DADT( 1) =- P(001) * A( 1)

DADT( 2) =P( 001) * A( 1) - P(002) * A( 2)
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IF (FIRSTEM == 1) THEN ! 1

! EO00004 = DERI VATI VE
E000004=- P(001)

! FO00081 = DERI VATI VE
FO00081=- A(1)

! E000006 = DERI VATI VE
E000006=P( 001)

! EO00007 = DERI VATI VE
E000007=- P(002)

! FO00082 = DERI VATI VE
FO00082=A(1)

! FO00083 = DERI VATI VE
FO00083=- A( 2)
ENDIF !'1
IF (MBEC == 1) THEN

! EO00005 = DERI VATI VE
E000005=-1. DO

! EO000008 = DERI VATI VE
E000008=1. DO

! EO00009 = DERI VATI VE OF FO00083 WR T. A(002)
E000009=-1. DO
ENDI F ! msec
IF (FIRSTEM == 1) THEN ! 2
DA( 1, 1) =EO000004
DA( 2, 1) =E000006
DA( 3, 1) =E000007
DP( 1, 1) =F000081
DP( 2, 1) =F000082
DP( 3, 1) =F000083
ENDIF !'2
IF (MBEC == 1) THEN
DA( 4, 1) =E000005
DA( 5, 1) =E000008
DA( 6, 1) =E000009
ENDI F
RETURN
END

DADT(1) WR T. A(001)
DADT(1) WR T. P(001)
DADT(2) WR T. A(001)
DADT(2) WR T. A(002)

DADT(2) WR. T. P(001)

I 3 & @ 3 K

DADT(2) WR T. P(002)

Q

FO00081 WR T. A(001)

Q

FO00082 WR. T. A(001)

TOL Routine 1 Be Used With AD/AN6

I TOL SUBROUTI NE FOR THE THEOPHYLLI NE POPULATI ON DATA
SUBROUTI NE TOL( NRD, ANRD, NRDC, ANRDC)

USE SI ZES, ONLY: |SIZE
| NTEGER(KI ND=I SI ZE) :: NRD(O:*), ANRD(O:*), NRDC(O:*), ANRDC(O:*)
NRD( 1) =5

RETURN

END
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NM-TRAN Control Stream @ Be Used With AD/ANG6

$PROB THEOPHYLLI NE  POPULATI ON DATA
$I NPUT | D DOSE=AMI' TI ME CP=DV WI'
$DATA DATAFI LE (5F10. 0)

$SUBROUTI NES ADVAN6 TOL=5
$MODEL COMP=( DEPOT, | NI TI ALOFF, DEFDOSE) COMP=( CENTRAL, DEFOBS, NOOFF)

$PK
. THETA( 1) =MEAN ABSORPTI ON RATE CONSTANT ( 1/ HR)
- THETA( 2) =MEAN ELI M NATI ON RATE CONSTANT ( 1/ HR)
: THETA( 3) =SLOPE OF CLEARANCE VS WAEI GHT RELATI ONSHI P (LI TERS/ HR/ KG)
: SCALI NG PARAVETER=VOLUME/ W' SI NCE DOSE | S \\EI GHT- ADJUSTED
CALLFL=1
KA=THETA( 1) +ETA( 1)
KE=THETA( 2) +ETA( 2)
CL=THETA( 3) * WI+ETA( 3)
S2=CL/ KE/ WI'

$THETA (.1,3,5) (.008,.08,.5) (.004,.04,.9)
$OVEGA BLOCK(3) 6 .005 .0002 .3 .006 .4

$DES
DADT( 1) =- KA* A( 1)
DADT(2) = KA*A(1)- KE*A(2)

$ERROR
Y=F+EPS( 1)
$SIGVA . 4
$EST MAXEVAL=450 PRI NT=5
$COV
$TABLE | D DOSE WI' TI ME

$SCAT (RES WRES) VS TIME BY ID
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MODEL Routine D Be Used With AD/AN7

SUBROUTI NE MODEL (1 DNO, NCM NPAR, | R, | ATT, LI NK)
I DEFINES A 1 COVPARTMENT LI NEAR MODEL W TH FI RST- ORDER ABSCRPTI ON
I COWPT1l: DRUG DEPOT  COWPTZ2: CENTRAL COMPT

USE PRMOD_CHAR, ONLY: NAME

USE Sl ZES, ONLY: DPSI ZE, | SI ZE, SD
USE PRDI M5, ONLY: GPRD, HPRD, GERD, HERD, GPKD

| NTEGER(KI ND=I SI ZE) :: |DNO, NCM NPAR, | R, | ATT, LINK, I, J
DI MENSI ON :: TATT(IR *), LINK(IR, *)

SAVE

| NTEGER( KI ND=I S| ZE), DI MENSION (2,7) :: MOD
CHARACTER( LEN=SD), DI MENSI ON(2) :: CMOD

DATA (MOD(I, 1),1= 1, 2)/&
I INITIAL STATUS: OFF ON

0,1/

DATA (MODX(I, 2),1= 1, 2)/&
| OV OFF ALLOVED: YES NO

1,0 /

DATA (MOD(I, 3),1= 1, 2)/&
| DOSE ALLOWED: YES YES

1,1/

DATA (MOD(I, 4),1= 1, 2)/&
| DEFAULT FOR OBSERVATI ONS: NO YES

0,1/

DATA (MOD(I, 5),1= 1, 2)/&
| DEFAULT FOR DOSES: YES NO

1,0 /

DATA (MOX(I, 6),1= 1, 2)/&

0,0 /

DATA (MOD(I, 7),1= 1, 2)/&

0,0 /

DATA (CMOD(1),1= 1, 2) &
| COMPARTMENT NAMES
/* DEPOT’ ,’ CENTRAL’ /
FORALL (1=1:2) NAVE(I)=CMoD(1)
FORALL (1=1:2,J=1:7) |ATT(l,J)=MOD(1I,J)

| DNO=9999
NCME 2
NPAR=002
| SET LINK:
I K12
LINK( 1, 002) =001
I K20
LINK( 2, 003) =002
RETURN

END
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NM-TRAN Control Stream @ Be Used With AD/AN7

$PROB THEOPHYLLI NE  POPULATI ON DATA
$I NPUT | D DOSE=AMI' TI ME CP=DV WI'
$DATA DATAFI LE (5F10. 0)

$SUBROUTI NES ~ ADVAN7
$MODEL COMP=( DEPOT, | NI TI ALOFF, DEFDOSE) COMP=( CENTRAL, DEFOBS, NOOFF)

$PK
. THETA( 1) =MEAN ABSORPTI ON RATE CONSTANT ( 1/ HR)
- THETA( 2) =MEAN ELI M NATI ON RATE CONSTANT ( 1/ HR)
: THETA( 3) =SLOPE OF CLEARANCE VS WAEI GHT RELATI ONSHI P (LI TERS/ HR/ KG)
: SCALI NG PARAVETER=VOLUME/ W' SI NCE DOSE | S \\EI GHT- ADJUSTED
CALLFL=1
K12=THETA( 1) +ETA( 1)
K20=THETA( 2) +ETA( 2)
CL=THETA( 3) * WI+ETA( 3)
S2=CL/ K20/ AT

$THETA (.1,3,5) (.008,.08,.5) (.004,.04,.9)
$OVEGA BLOCK(3) 6 .005 .0002 .3 .006 .4

$ERROR
Y=F+EPS( 1)
$SIGVA . 4
$EST MAXEVAL=450 PRI NT=5
$Cov
$TABLE | D DOSE WI' TI ME

$SCAT (RES WRES) VS TIME BY ID
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Appendix Ill. MTIME Details

IIILA. GENERAL DESCRIPTION

Model event times are additional PK parameters defined in the PK routine or $PK B#avikdel event

time is not associated with yaoompartment, but, lié& an @sorption lag time, defines a time to which the
system is adanced. Whetthe time is reached, certainméndicator variables are set and a call to PK is
made. Atthis call (and/or subsequent to this call) PK or DES or AES or ERROR can use the indicator
variables to change some aspect of the system, e.g., a term in a differential equation, or the rate of an
infusion. Thisfeature may be used withya®DVAN routine and does not require that extra compart-
ments be added to the model or that dummy doses be included in the data set. There may be up to PCT
model eent times, where PCT is defined in PSIZES and TSIZES. Its current value is 30.

Model times are independent of norest dose times.See belw (Rules for coincidence of times) when
model times happen to coincide with other times.

In abbreviated code, the modekst times hae resered names MTIME(i), where i is an integer from 1
to PCT.

The indicator variables currently implementedédiaesened names MNEXT (i) and MPAST(i), each €or
responding to the MTIME(i) variable with the same de An indicator \ariable may be used in the

PK, ERROR, DES, or AES routine (as a right-hand quantity in abbreviated codes). An indiciaiolev

may not be used on the right (other than in a write/ print statement) unless the corresponding MTIME has
already been defined. It is not required that one or more indicator variables be used.

There is no requirement that the MTIME(i) be in ascending ofidet is, MTIME(i) may be less than,
equal to, or greater than MTIME(i+1)Any MTIME(i) may be ngaive a havethe value 0, in which
case MPAST(i)=1 alays and MNEXT (i)=0 alays.

There may be gaps in the sequence gflangth. E.g., PK may define MTIME(i)) and MTIME(i+2utb
not MTIME(i+1). This has the same effect as including the code MTIME(i+1)=0.

PK may redefine MTIME(i). See "Example 3" b&lo
An ETA may be used in the definition of MTIME(i).
PREDPP sets all indicator variables to 0 at start of an IR and at RESHEHS. e

MNEXT(i)=1 when PREDPP calls PK prior to the advance to MTIME(i), and remains 1 during the
advance from the previous time to MTIME(i). Otherwise, MNEXT (i)=0.he previous time may be an
event time, non-gent time, or modeleent time).

MPAST(i)=0 until the call to PK subsequent to the one for which MNEXT(i)=1. At that call
MPAST(i)=1. It then retains this value, unless MTIME is redefined, in which case MPAST will be appro-
priately redefined as another step function.

Another related variable is MN® MNOWS-=i if this is a call to PK such that MNEXT(i)=1 for some i.
MNOW=0 otherwise.

Model event time MTIME is not a dose-related feature and has fectedn steady-state doses. See Note
3 of chapter V.

I11.B. EXAMPLES

Example of indicator variable values
Suppose there are three MTIMES, and MTIME(1)<MTIME(2)<MTIME(3).

MT1 ME( 1) MT1 MVE( 2) MT1 MVE( 3)
............ S (A I (S 0 N 1 =2 D BT
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IMNEXT( 1) =1 MNEXT( 2) =1 MNEXT( 3) =1
MPAST( 1) =1
MPAST( 2) =1
MPAST( 3) =1
Another way to dra the same picture:
MTT ME( 1) M1 MVE( 2) M1 ME( 3)

011111111111100000000000000000000000000000000000000 MNEXT( 1)
0000000000000111111111112112100000000000000000000000 MNEXT( 2)
000000000000000000000000000011111111111111100000000 MNEXT( 3)
00000000000001121112112171217121712112212212111111111111 MPAST( 1)
0000000000000000000000000000111111112211211211211121112 MPAST( 2)
000000000000000000000000000000000000000000011111111 MPAST( 3)

If the relationship MTIME(1)<MTIME(2)<MTIME(3) does not hold, imagine the picturevabwaith
indices i, j, k (a permutation of 1, 2, 3) such that MTIME(i)<MTIME()<MTIME(k)

Event times (both dose and non-dose) can ocouniagre abve. See belav (Rules for coincidence of
times).

If model event times depend on ETAS, so do tleues of indicator ariables. Hwever, the effect of the
model &ent times or of the indicator variables on the etawdivies of the state vector is handled by
PREDPP in such a way that the indicatariables are *not* random variables, and their etavelivies
are alvays 0.

Examples of use of model time parameters
Example 1. Flexible input

There is an infusion with modeled rate.

The rate is 400*EXP(ETA(1)) from time 0 to 1.5

The rate is 300*EXP(ETA(2)) from time 1.5t0 2.5

The rate is 200*EXP(ETA(3)) from time 2.5 till end of infusion.

Code in $PK:
M1 ME(1) =1. 5
M1 ME( 2) =2. 5
Rl=  400* EXP(ETA(1))*(1- MPAST(1))
R1=R1+300* EXP( ETA( 2) ) * ( MPAST( 1) - MPAST( 2))
R1=R1+200* EXP( ETA( 3) ) * MPAST( 2)
WRI TE (82, *) TI ME, MNOW MNEXT( 1), MNEXT( 2) , MPAST( 1), MPAST(2) , RL, TSTATE

Events at times O, 1, 3.
Values in fort.82 are
TI MVE MNOW MNEXT1 MNEXT2 MPAST1 MPAST?2 R1 TSTATE
0. 00 0. 00 0. 00 0. 00 0. 00 0. 00 400. 00 0. 00
1.00 0. 00 0. 00 0. 00 0. 00 0. 00 400. 00 0. 00
3.00 1.00 1.00 0. 00 0. 00 0. 00 400. 00 1.00
3.00 2.00 0. 00 1.00 1.00 0. 00 300.00 1.50
3.00 0. 00 0. 00 0. 00 1.00 1. 00 200. 00 2.50

Example 2. Here are three versions of an EHC control stream.
(EHC stands for Enterohepatic Recycling.)
All give identical results. The transfer of drug from
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compt. 4 to 1 is controlled by "FLAG":

DADT(L)=-KA*A(1)+KA41*A(4)*FLAG
DADT(4)=K1G*A(2)-K41*A(4)*FLAG

1) No use of modelvent times.
Define 2 dummy compts. (5 and 6) and dummy doses with lag times

CID DOSE TIME D/ EVID CMT
10110 0 0 1 2
1011 0 01 5
1011 0 01 6
101020 00 2

In $PK
ALAG5=THETA(8)*EXP(ETA(8))
DELTA=THETA(9)*EXP(ETA(9))
ALAG6=ALAG5+DELTA

la) Define FLAS in $DES
$DES
FLAG=0.0
IF (T.GE.ALAG5) FLAG=1
IF (T.GE.ALAG5.AND.DOSTIM.EQ.ALAG5) FLAG=0
IF (T.GE.ALAG5.AND.DOSTIM.EQ.0.AND.TIME.EQ.ALAG5) FLAG=0
IF (T.GE.ALAG6) FLAG=0
IF (T.GE.ALAG6.AND.DOSTIM.EQ.ALAG6) FLAG=1
IF (T.GE.ALAG6.AND.DOSTIM.EQ.0.AND.TIME.EQ.ALAG6) FLAG=1

1b) Define FLAG in $PK
$PK
IF (NEWIND.LT.2) THEN
FLAG=0.0
OLDTIM=0
ENDIF
IF (OLDTIM.EQ.ALAGS) FLAG=1
IF (OLDTIM.EQ.ALAG6) FLAG=0
OLDTIM=DOSTIM

2) Use of modelwent times.
No dummy compartments, no dummy doses

CID DOSE TIME D/ EVID CMT
10110 0 0 1 2
101020 00 2

2a) Define MTIMES and FL@& in $PK
$PK
MTIME(1)=THETA(8)*EXP(ETA(8))
DELTA=THETA(9)*EXP(ETA(9))
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MTIME(2)=MTIME(1)+DELTA
FLAG=MPAST(1)-MPAST(2)

2b) Define FLAG in $DES.
Might give ketter run time than 2a.
In 2a, FLAG is monsidered by NMTRAN to be an implicit basic PK
parameter and hence its eta datives (which are alvays 0) are
included in the chain rule calculations. In 2b, FLA known
not to hae cerivatives because it is DES-defined.

$PK
MTIME(1)=THETA(8)*EXP(ETA(8))
DELTA=THETA(9)*EXP(ETA(9))
MTIME(2)=MTIME(1)+DELTA
$DES
FLAG=MPAST(1)-MPAST(2)

Example 3. MTIMES may be changed.

Suppose there argents at times 0 and 10 but one wants to advance
in increments of 1 with stops attimes 1, 2, 3, ...., 9, 10.
This code does not work:

IF (TIME.EQ.0) THEN
MTIME(1)=0

ELSE
MTIME(1)=MTIME(1)+1
ENDIF

Instead, use

IF (TIME.EQ.0) THEN
TEMP=0

ELSE
TEMP=TEMP+1
ENDIF
MTIME(1)=TEMP

Reason: If a basic or additional PK parameters is set conditionally
in the $PK block, NM-TRAN inserts statements setting it to 0 so
that, if it is not set by the $PK block, its value is 0. In the

code that does not work, MTIME(1) does not retain its value from
one call to the né. Inthe code that does work, TEMP (being a
PK-defined item that does not depend on etas) does retain its
value.

Other Examples of the Use of Model Time Parameters
"Model Time Examples".
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Some of the ab@ examples are also found in Guide VIII and in on-line help entry for examples.
"Using MTIME to Model Periodic Discontinuities in $DES"

Contains important examples of modelling circadiartiin. InGuide VIII and in on-line help entry for
examples. Thigelp entry also describes the following control streams.

Indirect response model

idr_circexa.ctl in the NONMEM examples directory.
Step Function model

step_circexa.ctl in the NONMEM examples directory.

See ehc.exa (Enterhepatic circulatioaraple). Thiggives a ully worked-out example for EHC. It can-
not be used with Steady-State doses. This example aloaidternative nodel, a smooth step model
using Hill terms in a sigmoid emax model. This may be used with Steady-State doses.

[II.C. RULES FOR COINCIDENCE OF TIMES
(1) MTIME(1))=MTIME())

There are tw calls to PK. Assuming i<j, the calls are described by:
MNEXT(i) MNEXT(j) MPAST(i) MPAST(j) MNOW

call #1 1 0 0 0 1
cal |l #2 0 1 1 0 2
(2) MTIME(i)=ALAG;j
MNEXT(i) and DOSTIM are set on separate calls to PK.
First, MNEXT(i). Then, DOSTIM.
E.g., code in $PK is
ALAGI=. 5
M1 VE( 1) =ALAGL
VWRI TE (82,*) TI M, MNOWN MNEXT( 1), MPAST(1), DOSTI M TSTATE
Events at times 0, 1, 3.
Values in fort.82 are
TI VE MNOW MNEXT MPAST DOSTI M TSTATE
0. 00 0. 00 0. 00 0. 00 0. 00
1.00 1.00 1.00 0. 00 0. 00
1.00 0. 00 0. 00 1.00 0. 50
1.00 0. 00 0. 00 1.00 0. 00
3.00 0. 00 0. 00 1.00 0. 00 1.

(3) MTIME(i)=event time
Two calls. First MTIME(1). Then,\ent time.

o 01010 O

E.g., code in $PK is
MTI ME(1) =1
WRI TE (82, *) TI ME, MNOW MNEXT( 1), MPAST( 1), TSTATE
Events at times 0O, 1, 3
Values in fort.82 are
TI MVE MNOW  MNEXT MPAST TSTATE
0. 00 0. 00 0. 00 0. 00 0
1.00 1.00 1.00 0. 00 0
1.00 0. 00 0. 00 1.00 1
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3.00
compare with

0. 00

(3a) ALAGj=event time:

Two calls. First, ALAG1. Then,\ent time.
E.g., code in $PK is

ALAGL=1

0. 00

1.00

WRI TE (72,*) TIME, DOSTI M TSTATE
Events attimes 0, 1, 3
Values in fort.72 are

TIME DOSTI M TSTATE

0. 00
1.00
1.00
3. 00

0. 00
1.00
0. 00
0. 00

0
0
1
1

(4) MTIME(i)=additional dose time
MNEXT(i) and DOSTIM are set on separate calls to PK.

First, MNEXT(i). Then, DOSTIM.

E.g., code in $PK is
MI1 ME(1) =. 5

VWRI TE (82,*) TI M, MNOWN MNEXT( 1), MPAST(1), DOSTI M TSTATE
Events at times 0, 1, 3.

Dose at time 0 specifies ADDL=1, 11=.5
Values in fort.82 are

TI ME
0. 00
1.00
1.00
1.00
3. 00

(5) MTIME(i)=additional dose time =vent time

MNOW  MNEXT
0. 00 0. 00
1.00 1.00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00

There are three calls to PK.
MNEXT(i) and DOSTIM are set on separate calls to PK.
First, MNEXT(i). Then, DOSTIM. Finallya all at event time.

E.g., code in $PK is

MTI VE(1) =1
WRI TE (82, *) TI ME, MNOW MNEXT( 1), MPAST(1), DOSTI M TSTATE
Events at times 0, 1, 3.

MPAST DCSTI M TSTATE
0.00 0.00
0.00 0.00
0.50 0.50
0.00 0.50
0.00 1.00

0. 00
0. 00
1.00
1.00
1.00

Dose at time 0 specifies ADDL=1, lI=1
Values in fort.82 are

TI ME
0. 00
1.00
1.00
1.00
3.00
compare with

MNOW  MNEXT
0. 00 0. 00
1.00 1.00
0. 00 0. 00
0. 00 0. 00
0. 00 0. 00

MPAST DCSTI M TSTATE

0. 00
0. 00
1.00
1.00
1.00

0.00
0. 00
1.00
0. 00
0. 00

0. 00
0. 00
1.00
1.00
1.00

154
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(5a) MTIME(i)= lagged dose time vent time

There are three calls to PK.
MNEXT(i) and DOSTIM are set on separate calls to PK.
First, MNEXT(i). Then, DOSTIM. Finallya all at ezent time.

E.g., code in $PK is

MTI ME( 1) =1

ALAGL=1

VWRI TE (82,*) TI M, MNOWN MNEXT( 1), MPAST(1), DOSTI M TSTATE
Events at times 0, 1, 3.
Dose at time 0 specifies ADDL=1, lI=1
Values in fort.82 are

TI ME MNOW MNEXT MPAST DOSTI M TSTATE

0. 00 0. 00 0. 00 0. 00 0. 00 0. 00
1.00 1.00 1.00 0. 00 0. 00 0. 00
1.00 0. 00 0. 00 1.00 1.00 1.00
1.00 0. 00 0. 00 1.00 0. 00 1.00
3. 00 0. 00 0. 00 1.00 2.00 1.00
3. 00 0. 00 0. 00 1.00 0. 00 2.00

[1.D. IMPLEMENT ATION DETAILS
MTIME parameters are defined in a MODULE. The declaration is:

MODULE PKERR_REAL
USE SI ZES, ONLY : DPSI ZE, PCT
REAL( KI ND=DPSI ZE) :: Ml ME( PCT)

END MODULE PKERR REAL

where the size is gén in SZES.f90 by RRAMETER (PCT=30) and PCT can be changed with the
$SIZES record.

In FSUBS, the generated PK routine contains
USE PKERR_REAL, ONLY: MTI MVE

PK contains code to cgpMTIME parameters and their eta detives to GG. If there are gaps in the
sequence of MTIME parameters, the corresponding positions in GG are leftSaseis.GG is initialized
to O before calls to PK, the effactivalue of omitted MTIME parameters is 0.

The MTIME array is neer listed in NMPRDA4. Therefore, if an MTIME parameter is to be displayed in
a table or scatter it must be copied to a PK-defined variable in NMPRD4. E.g.,

M VE(1) =. ..

MI1=Mr1 ME( 1)

$TABLE M1

Another reason for defining MTIME in a MODULE is to neak available to the ERROR routine via the
same USE statement. All other basic and additional parametergdabla to ERROR only if listed in
NMPRD4. If MTIME is defined in ERROR, then the values of the MTIME parametersvailalde as
well. However, éa dervatives ae not included in MTIME, only in GG. (This is done twsapace and
compute time.) Hence the ERIR routine should not use MTIME parameters in such a way as to influ-

ence the value of Y if those parametergehda dervatives. NM-TRAN gives an gpropriate warning if
an MTIME variable is used in the $ERROR block.
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Values of MTIME may be used in DES and AES, where #re obtained from the subroutinegament
P (which is really GG) and may e da dervatives.
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Appendix IV. Compact Arrays in DES

IV.A. FULL ARRAYS AND THE CHAIN RULE

With general non-linear models ABN6, ADVAN8, ADVAN9, ADVAN13, ADVAN14, and
ADVANL15, a DES subroutine is needed.

SUBRQOUTI NE DES (A, P, T, DADT, | R, DA, DP, DT)

DI MENSION :: A(*),P(*),DADT(*),DA(IR *),DP(IR, *), DT(*)
If DES sets IDEFD(2)=1, the arrays are full.

As explained in Chapter VI Section C,

The partial of DADT(i) wrt A(k) is stored in DA(i,k).

The partial of DADT(i) wrt P(k) is stored in DP(i,k).
The partial of DADT(i) wrt T is stored in DT(i).

These arguments are used by PREDPP subroutines such as FCN1 as follows.
: . . 0A,
The state vector consists of compartment amoungd their eta partlaIg,T'.

The ADVAN routines must integraterer time t both of the following, for each compartment i and eta j:
dA; d 0A;

o "t an,

The latter is not known to PREDR#Rt can be computed by changing the order of differentiation:
d 0A; 0 dA
dtag  om; dt
... 0 dA . . :
The total dewative a dt can be obtained by the chain rule by adding the stemalli compartments
Ay and parameterskl%{nd time T

d dA A, d dA P, d dA T
O ... — ... + O—

Bu t— (—) is amply DA(i,k) and— (—) is DP(i,k) and— (i) is DT(i).

dT " dt
d 0A,
The denvative a 6— can thus be computed as the sum of quantities thavaitabde to the FCN rou-
tine:
0A 0P, oT
DAG,K) O—X ... + DP(i,K O—F ... + DT() O—

This can be extended easily to secondvdgvies.
Note:

(1) For every PK parameter (i.e.yvery variable defined in PK and used in DES) there is a loepat
the etas. If a gien PK parameter does not e partials with respect to etas, the loop does a lot of
multiplying by zeros and adding of zer@. Thiswastes time. It is better simply to define it in
$DES.

(2) Thereis no third dimension of B or DP or DT for the second partials (e.g., partials &f@I with
respect to A(k),A(n)), or cross-partials (e.g., partials of DADT with respect to A(Kk),P(n)).
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Therefore the Laplacian method cannot be used with the FULL arrays,

(3) FCNlalways loops wer al elements of DA(i,j), DP(i,j) and DT(i)With a large sparse system of
differential equations, marof these elements are zero becausg &he never computed by DES.
With compact arrays (below), the elements that avayal zero are not included in the computa-
tion.

IV.B. COMPACT ARRAYS

If DES sets IDEFD(2)=0, the arrays are compact. (This is theutlef FCN1luses only those destives
that are actually computed by DES.T In addition, second partials (Laplace method) can be computed by
DES.

DES computes all first and second partials and cross-partial&@T DThese may include (for all com-
partments and parameters defined in the model):

In DA:

the first partials of DADT(i) wrt A(j)

the second partials of DADT(i) wrt A(j) A(K)
the cross partials of DADT(i) wrt A(j) P(k)
In DP:

the first partials of DADT(i) wrt P(j)

the second partials of DADT(i) wrt P(j) P(k)
In DT:

the first partials of DADT(i) wrt T

the second partials of DADT(i)) wrt T T

the cross partials of DADT(i) wrt T A(j)

the cross partials of DADT(i) wrt T P(j)

At ICALL=1, DES uses the first vo DA(*,1) to describe each position inADxthat will contain a &lue
and describes ("maps") which A and eta it corresponds to (and whichhE case of second partials).
At other values of ICALL, DES puts thalies themselves inAj*,1). Similarly for DP and DT Thus
DA, DP, DT are linear (e.g., only the firstwoDA(*,1) is used for both the ICALL=1 "map" and the
ICALL=2 value.)

The mapping uses twoonstants:
PG=max. no. of basic and additional PK parameters); may be set by $SIZES PG
PC=max. no. of compartments + 1; may be set by $SIZES PC

From these are computed
MM=MAX(100,PC-1+PG+10)

MMSQ=MM*MM

For DA, the mapping is in position p is:
DA(p,1)=DA(I*MMSQ+j*MM+k,1)

Where:

i tells which DADT(i)

j tells which A(j)

k=0 if this is a first partial. k>0 if this is a second partial.

if k < PC, k tells which A(K)
if kK> PC, k tells which P(n), where n=k-PC.

TSome dexiatives may happen to be zero for somaues of A and P5s and etas, but presumably thare
non-zero at other values.
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Pasition p in A will be used to store the value at ICALL=2
The DA values are terminated by DA(..)=0

Similarly for partials of DADT(i) wrt P:
DP(i*MMSQ+j*MM+k,1)

Where

j tells which P(j)

k=0 if this is a first partial. k>0 if this is a second partial.
if k > 0, k tells which P(k)

Similarly for partials of DADT(i) wrt T:
DT(i*MMSQ+k,1)

Where

k=0 if this is a first partial. k>0 if this is a second partial.

if 0< k < PC, this is partial wrt,TA(k)

if k > PC and k < PC+PG, this is partial witA[n) where n=k-PC
if Kk = PC+PG+1, this is second partial wrt T T

IV.C. EXAMPLE

An example is gien as @pd4example.ctl. Thisis not a realistic model,ub serves to demonstrate the
mapping. Thenly differential equation is:

DADT(1)=-T*T*A(1) *A(2) *P(1) *P(2)
The example contains contains
$SI ZES PC=5 PG=10
Then MM=100 and MMSQ=10000 and the mappingagiby the right sides can be read easily.

For DA, right sides hee the form 00i0jOk.
The DA values in DES at ICALL=1 are:

DA( 1, 1)=0010100
DA( 2, 1)=0010200
DA( 3, 1)=0010201
DA( 4, 1)=0010102
DA(  5,1)=0010106
DA( 6, 1)=0010107
DA(  7,1)=0010206
DA( 8, 1)=0010207

1st partial of DADT(1) wrt A(1) will be stored in DA(1,1)

1st partial of DADT(1) wrt A(2) will be stored in DA(2,1)

2nd partial of DADT(1) wrt A(2) A(1) will be stored in DA(3,1)
2nd partial of DADT(1) wrt A(1) A(2) will be stored in DA(4,1)
2nd partial of DADT(1) wrt A(1) P(1) will be stored in DA(5,1)
2nd partial of DADT(1) wrt A(1) P(2) will be stored in DA(6,1)
2nd partial of DADT(1) wrt A(2) P(1) will be stored in DA(7,1)
2nd partial of DADT(1) wrt A(2) P(2) will be stored in DA(8,1)

For DP, right sides hee the form 00iQjOk.
The DP values in DES at ICALL=1 are:
DP( 1, 1) =0010100
DP( 2,1)=0010200
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DP( 3,1)=0010201
DP( 4,1)=0010102
DP( 5,1)=0
1st partial of DADT(1) wrt P(1) will be stored in DP(1,1)
1st partial of DADT(1) wrt P(2) will be stored in DP(2,1)
2nd partial of DADT(1) wrt P(2) P(1) will be stored in DP(3,1)
2nd partial of DADT(1) wrt P(1) P(2) will be stored in DP(4,1)

For DT, right sides hee the form: 00i000k
The DT values in DES at ICALL=1 are:

DT( 1) =0010000

DT( 2) =0010001

DT( 3) =0010002

DT( 4) =0010016

DT( 5) =0010006

DT( 6) =0010007

DT( 7) =0
1st partial of DADT(1) wrt T will be stored in DT(1)
2nd partial of DADT(1) wrt T A(1) will be stored in DT(2)
2nd partial of DADT(1) wrt T A(2) will be stored in DT(3)
2nd partial of DADT(1) wrt T T will be stored in DT(4)
2nd partial of DADT(1) wrt T P(1) will be stored in DT(5)
2nd partial of DADT(1) wrt T P(2) will be stored in DT(6)

Here is the appd4example.ctl:

$SI ZES PC=5 PG=10

$PROB DEMONSTRATE COWPACT DES MAPPI NG
$I NPUT | D DOSE=AMI' TI ME CP=DV WI'
$DATA THEOPP RECS=1

$SUBROUTI NES ADVAN6 TOL=5
$MODEL NCM=2

$PK
P( 1) =THETA( 1) * EXP( ETA( 1))
P(2) =THETA( 2) * EXP( ETA( 2) )

$DES
DADT( 1) =- T* T*A( 1) *A( 2) *P(1) * P( 2)

$ERROR
Y=F+EPS( 1)

$THETA
$OVEGA
$SI GVA

12
12
1
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