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P Provide R code for semi-log plot of concentration over time for scientific report. 4 P How to Calculate AUC and AUMC from O to infinity.
Purpose Case 1 — PK word problems e e L R C Case 2 1A, 1B, 1C- Case 4 — NONMEM
1215.2236, 964.6353)
' . The terms AUC (Area Under the Curve) and AUMC (Area Under the Moment Curve) are often O o3 &P .
o . ) ° ° ° ° ° used in pharmacokinetics to describe the total exposure to a drug over time and to describe
To systematically assess the ChatGPT large language model on diverse tasks relevant to ChatGPT’s performance in solving pharmacokinetics word problems varied across three B o it g gttt isncgs 8 7 i meen eidence e I th oc espctely Semi-| og Gra ph ,
° ° ° ° ° ° e o ° ° ° ° ° ° code snippet: The AUC from O to infinity (AU Cjj—, ) can be estimated by dividing the curve into discrete
pharmacokinetic data analysis and NONMEM coding in pharmacometrics and clinical case studies. In Case Study 3A, which involved a five-part IV bolus dosing problem, it , e e e e o AUC, AUMC
under each segment. If the curve follows exponential decay, you can add the last
pharmacology settings. achieved an 88% accuracy rate. In Case Study 3B, focused on bioavailability — 0> Khater] @ it I, i
ou Provide NONMEM code for a one-compartment model with two parallel absorptions
° ° ° % Baliing Fhe vecfops A stae b s s T e o ° ° Provide the NONMEM code for a one compartment model with two parallel first-order absorptions and linear eimination.
calculations after subcutaneous or oral dosing, the accuracy was higher at 94.3%. B0ie Bheneltpre o o e e Hors'sastp-bysep gudeto calelate AUC om0 toifniy The results indicate that e s e oo i s o dlinear eiminat
. . . . . C_ng_ml <- c(9953.8813, 9704.5133, 9383.7171, 8223.5475, 5685.306, 3118.7764 1k c:lle(:(?on:entraﬂo:-ﬂmebata:Otfta.isrt\tt:-econcentrationsofthedruginthebloodor Bl o e $52
Method However, in Case Study 3C, involving a three-part problem on multiple oral dosing, e s o e e ChatGPT can generate R code s B s B o s B G |
df <- data.frame(TIME_HR, C_ng_ml) and apply a numerical integration method like the trapezoidal rule: Creating a NONMEM (Nonlinear Mixed Effects Modeling) code for a pharmacokinetic model involves solutely: heres a code Tor the moadel you described, along wi
. . . Chd‘l‘G PT’S GCCU rqcy WOS 80%. 3 Giaats 4hs Sailibg Blak e e lh:‘j:k e for quiC PK anIYSiS ‘I'OSkS specifyigthestructural model, which in this case isaogne-compartr:entmodelwithtwoparallelﬁrst- explanations:
ChatGPT-4 was evaluated with prototypical tasks related to non-compartmental analysis, ~ l ooplot(ata = af, ass(x = THER, = C.10.11) < G 2 R et e S e e B NONMEM Code
geom_petntl) & ' : routes that lead to absorption through two parallel pathways, such as oral and sublingual, or for
phd rdeOkine‘I'ic WO rd prObIemS qnd reql World CI pplicq‘l'ions Of NONMEM Pmblem Smtement Acmra zz::;lini:;;() . where n is the number of time points, C; is the concentration at time t;, and C; 1 is the SUCh CIS Creqtlng g rq phs. In formulations that result in two distinct absorption phases.
— ° . . * e« RS W 75 OoReeERELah CRGRRIS, concentration at time £; 1. . o ode snippe
! Case lA. tiWheI.] 100 ]mg thja d(I(':u.g wangvzn .as han L{%b b01usl; the f;llomng plasma labs(;:lé : () :_-ij plot of Concentration over Time") + 3. :""“"_"“‘;E’:f’fm"’ﬁ"o‘“ﬁFita":;;m“e"tia'decayf”“‘:ti°"t°th°'35tp°i"t5t° cd ICUIO"'Ing me'l'rlcs SUCh ads Below is a simplified example of NONMEM code for this type of model. Please note that the actual cod Ppet
Concentra On-tlme re atlons lp ln m an t ln Ours was 0 Serve L 4 ete"::;et eer::":::r:tecons::: . e Bolal 10 Ininite Use s Iest obeers . implementation méyvarydepending on thes.;?ecifics ofyourétuéy, such a'sthe paramete'rization of the $PROBLEM One Compartment Model Parallel Absorption - Linear Eliminatic
Resulis C =g7 1 4,0-0051¢ ’ S e AUC and AUMC, ChatGPT is o bl o e e e seur o THE v A
""""""""""""""""" R et Sttty et o oot et iy sl i e e AUC s = et - $DATA DataFile.csv. IGNORE=#
. VOhlme Ofdlstnbutlon. 10/10 ax'i)sisir.xlog:cale.(bas:10),,ma:inr;f::.eplotaZemi-log;Iot.ThetitIe?x.,anéys.;l:b:I::rey B Adkl Both Parts Togatha: ; Cq qule Of CorreCﬂy USIng The nmtran ) Copy code T e T
ChatGPT showed satisfactory performance on the R code generation tasks and provided . Elimination half-life. 10/10 e e SRS T e trapezoidal  rule  but s i e e e SwopeL

accurate information on the principles and methods underlying pharmacokinetic data analysis.

; F1/F2 = Fractions of dose absorbed through DEPOT1/DEPOT2

To calculate the AUMC from O to infinity, you will follow a similar process, but instead of using 1-. b I .I- f
TOtal Clearance 9/ 10 B o the concentrations C, you will multiply the concentrations by time at each time point: Susce p I e O rCI n g e 0 e r ro rS. $SUBROUTINE ADVAN2 TRANS2 |n(orre(t subroutine ; Pharmacokinetic parameters
- L

: F1+F2 must sum to 1

1. Calculate AUMC from O to the Last Measured Time Point (£):
$MODEL ; KA1/KA2 = Absorption rate constants from DEPOT1/DEPOT2

= ; Compartment amounts |ncorrect format
c. Total AUC 10/10 $0ATA dataset. cov[Lonore-our (3 ] Did not exclude column names COMP=(CENT, DEPOT1, DEPOT2)
e e Semi-log plot of Concentration over Time

However, ChatGPT had high error rates in numerical calculations involving exponential functions.

. Plasma concentration 70 min after a 250-mg iy, bolus Incorrectly identified central compartment

M 6 10 1= C'f"'P_'(DEPOTl' DEFDOSE) . : V = Volume of distribution
ChatGPT was able to generate applicable code blocks for the NONMEM control stream from dose. / AUMGers =5 3 (Gt Gt =4 e — 2s default dosing compartment
1 1 1 1 1 1 1 1vi é"“m 2. Calculate the Area from the Last Measured Time Point to Infinity: g‘le: 0.6 ; Fraction in first absorption pathway
the lay language prompts for the code tasks. The control streams contained focal structural and Case 1B. The information in Table 6-6 on cidofovir (Vistide), an antiviral agent, was e s S e s
: .. : obtained by Wachsman et al. (Wachsman M, Petty PG, Cundy KC, et al. Pharmacokinetics, ; A= T e Lo SR e el e e e $DES & STHETA missing
NONMEM syntax errors that required revision before they could be executed without errors PR . Ak . . . R Ll e V= THeTA)
safety and bioavailability of HPMPC [Cidofovir] in human immunodeficiency virus- G AU At IVGL = THETAG) ; Clearance CL = THETA(2
Clnd wdarnings. The OU'l'pU'l'S generdfed by ChC”'GPT were not I‘eprodUCIble. infected Subjects. Antiviral Res 1996;29°153-161) Use mean values to answer the | . - DR St enies SEatE T [S1 = CENT/V | $PKmissing scale factor 3=V
followin g que stions. - :l:;i;:t:::ZT:E::::::::T:O‘;T::Z::.L::t:;nv::::::::: :::::::::e R Unnecessary and incorrect i Incorrect error model
° . . . context, so it may be advisable to consult with a pharmacokinetics expert or refer to ETA(2) : IIV for KA2 |nte|‘-|nd|V|dua| vaﬂablhty SEST METHOD=1 INTER MAXEVAL=9999 SIG=3 PRINT=1 NOABORT
Conclusion TABLE 6-6 Area, Half-life, and Amount Excreted Unchanged of Cidofovir after Intravenous, K e e NS
Subcutaneous, and Oral Administration — Silssonitial Estanates
LLMs may be useful in pharmacometrics for efficiently generating an initial coding template for Dose 1mg/kg 3 mg/kg 10 mg/kg — S e Actual parameters and
del oot H h fout toi that : " Route of administration i.v. V. s.C. V. p.o. Case 3 NONMEM’ S0 DN SOMEGA conflict * Incorrect Subroutines: ChatGPT correctly
modeling projects. However, the output can contain errors that require correction. AUC(0 — o0) (ug-hr/mL) S 170423 178415 EA2128 <35 . - S— structured the model but chose the wrong
Half-life observed (hr 1.7+0.5 25%09 2.31+0.7 2.9%+0.7 o You a | cminl | o DADT(1) = -KAL*A(1) ; Change in amount in DEPOT1 over time
( ) e Can you provide the NONMEM code for a linear PK model with oral administration? 0 Can you provide the NONMEM code for a linear PK model with oral administration? DADT(2) = -KA2*A(2) : Change in amount in DEPOT2 over time SUbI‘OUﬁneS (ADVAN2 Clnd TRANSz) Ieadin 1_0
Amount excreted unchanged, 092+0.20 238+036 247+0.25 10516 0.24%0.03 DADT(3) = KAL*A(1) + KA2*A(2) - (CL/V)*A(3) ; Change in amount in CENTRAL compartment ’ g
— Extra [IV = ETA(1) code block
Ae(e)(mg/ke) ChatGPT | | T T Incorrect SD equation errors.
pP.o0., oral Certainly! Below is an example of NONMEM code for a simple linear pharmacokinetic * Absolutely! Here's the NONMEM code for a linear, one-compartment PK model with IIV = ETA(1) Wrong proportional error ° P i' E . Wh.l k
Ldl“ge Iq ngUCIge mOdels (LLM): SUCh as ChCI'I.GPT from OpenAL BCI I’d fI’Om GOOg|e, CInCI OTheI‘S * Concentration too low to obtain a proper estimate. (PK) model with oral administration. This type of model typically assumes first-order oral administration, along with explanations: V{“;Széési":(éés(i; (S;Z’”:‘zluj:;:zlm eartionsl exsor arameiter crrors: e ey pq I‘Clmefel‘S were
. ofe o . . R o« . T T 1 a. a1l 1L . 2 » EBBe.. & 2. .2 @ LTy T ommmm/mTmEEmmEEEEES absorption and elimination processes. Here's a basic structure for such a model: . . . . .
are an emerging artificial intelligence technology that has engendered great public interest. a. Calculate the bioavailability (extent of systemic St men defined, it failed to properly distribute the dose
LLM are deep learning neural networks trained on a large body of text and other information ?bsorf:::g)ugifncg’fmfomr when given by the subcutaneous R O S S S between absorption pathways and included
° . ° ° o * $PROBLEM One Compartment PK with Oral Dosing S e N
, o) nn r :
that are capable of two-way interactions with users in a manner that approximates the 1) The plasma data. ig/ ig S e unnecessary cc.>c|e |
complexity and nuance of human conversations. 2.) The urine data. / CNPUT 1D TIE AT Dy SOATA mydata. sy SSTOWA 0.1 1 Revidua variabiiity bioc * Repeated Mistakes: incorrect formulas for the
. _ . S b. Calculate the bioavailability of cidofovir when given orally CSROUTINES AOVAS TRANSS $SSUEROUTINES ADVANZ TRARG2 5 {One=compoistment mcdel specif catien el laac iy error model and estimation method, requiring
PhCIrmCICOme"'ICS: dppquCheS enCIble OnOIYSIS Of the tlme courses Gnd vd FICIbIII'ry Of drug using- $MODEL CMT=1| ; Central compartment Redundant code $TABLE ID TIME AMT DV PRED RES WRES ETA(1) ETA(2) ETA(3) ETA(4) ONEHEADER NOPRINT FI .
: 8/10 PR issi = Incorrect parameter names fixes for the code to run SUCCGSSfU”)’.
: : - : / $PK] P
concentrations and are leveraged to inform dosage recommendations and therapeutic 1.) The plasma data. 8/10 Faraneter definitions TV - THETACL) * EC(ETA)) ; Typical clearance G/m)
a KA = THETA . Absorption rat nstant V F TH * ( ; Typical volume of distribution (L
strategies. NONMEM is a software package for implementing nonlinear mixed effects 2.) The urine data. e o O AR [ J
, thods widel d by bh b c. Estimate the fraction excreted unchanged after all three V= THETA(3)  ; Volume of distribution A o L S
regression m | rm metricians. : -r . . . .
egression mernods widely used by pharmacomeiricians i.v, doses. | Calculation of concentration sesTaueTIon BETHOD-FOCE[STG0 3. ; etination with intorcction, Initi Our results suggest that ChatGPT could be a useful productivity aid for knowledge encapsulation,
+ Elimination rate constant TA T V [1PR R W S|G is inco"ect
1)1 mg/kg 10710 SCOVARIANCE PRINT-E @SBRI and programming tasks. However, the high rate of errors in arithmetic calculations and NONMEM
2) 3 mg/ kg 10 / 10 ?E:::(SR_ i  Tndividual oredicted W Conflicting residual error model ' notdefine . T ol . . . .
3) 10 mg/kg 10/10 [PReD =P Tnatvidual predicted concentration | TIT SRRGT Missing $THETA, $OMEGA, $SIGMA coding could limit its utility for more complex tasks and diverse data analysis scenarios in PK and
Case 1: PK word problems involving PK calculations related to intravenous and extravascular C TPRED » MEPSID) + Oboeves Comeontaation with error pharmacometrics.

Case 1C.. Table 11-8 lists a typical plasma concentration-time profile obtained following * Correct Structure and Components: ChatGPT generated a

bolus dosing and multiple oral dosing from textbook Clinical Pharmacokinetics: Concepts and an oral 500-mg dose of a drug. The AUC is 80.6 mg-hr/L, and the terminal half-life is 5 hr. e ___ o . ! . The utility of ChatGPT for NONMEM coding might be metaphorically viewed as a cup that is
Applications, 3! Edition, by Rowland and Tozer TABLE 11-8 Plasma Concentration-Time Profile of a Drug After a Single 500-mg Oral Dose ‘0;‘“‘”'j fnitial estinate for CL for an ETA that ot wsed NONMEM COd? wit Clpplzoprlcl’re sections for data input, currently half full.

: : : : _ , Time (hr) . 1 2 4 8 12 24 36 48 o mm——— correctly selecting subroutines (ADVAN2 and TRANS?2)
Case 2: NCA analysis consisted of generating R code for semi-logarithmic graphing of Drug Concentration(mg/L) 0 23 47 52 4 28 06 014 0.03 b1+ Random inter-individuad variability on parsneiers suitable for a one-compartment model with first-order [ J
concentration-time profiles and calculating the AUC and the AUMC from time zero to infinity — IV not specified absorption and elimination.

----------------------- o i g 4ol and Ectiration Method Rowland M, Tozer TN. Clinical pharmacokinetics : concepts and applications. 3rd ed. Baltimore:
rrors In Residual Error VModel an stimation Method: Williams & Wilkins; 1995. xiv, 601 5. p.

8 / 10 $ESTIMATION METHOD=FOCE |INTERACTION Incorrect method
oARTACE METHOD =1 INTERACTION The code contained errors, including an incorrect residual

$TABLE ID TIME PRED DV IPRED IRES RES W

a. What oral dosing rate of drug is needed to maintain an
average plateau concentration of 10 mg/L?

b. The decision has been made to give the drug once every

. T 12 hr. What is:
and linear elimination 1.) The unit dose strength of product needed?

2.) The plateau trough concentration expected.

Case 3: NONMEM code for a linear pharmacokinetic (PK) model with oral administration

Case 4: NONMEM code for one compartment model with two parallel first-order absorptions . . .
error model and an inappropriate choice of the FOCE [ ]

INTERACTION estimation method, which led to errors during
execution. This is unfunded research.
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