
Algorithm Validation Report — FractaLPK NCA vs
PKNCA

Reference and pinned versions

Component Version Source

R 4.4.2
(2024-10-31)

CRAN —
https://cran.r-project.org/bin/windows/base/old/4.4.2/R-4.4.2-win.exe

PKNCA 0.12.1 CRAN — remotes::install_version("PKNCA","0.12.1")

dplyr 1.2.1 CRAN

tidyr 1.3.2 CRAN

FractaLPK commit 2711145
(main)

this repository

Citation: Denney W. *PKNCA: Perform Pharmacokinetic Non-Compartmental Analysis*. CRAN R package
version 0.12.1, 2024.

To reproduce these tables verbatim run 00_install_reproducible.R (pinned install_version)
followed by 01_export_theoph.R, 02_run_pknca.R, 03_run_fractalpk.py, 04_diff.py in this
directory.

Dataset

datasets::Theoph from base R — Boeckmann/Sheiner/Beal theophylline single-dose oral PK study. 12
subjects, 11 sampling times per subject (≈ 0–24 h), individual doses ≈ 3–6 mg/kg.

To remove the mg/kg vs mg unit ambiguity, dose is exported as absolute milligrams (Dose_mg = Dose ×
Wt) in a single canonical CSV (theoph_canonical.csv) read by both engines. Pre-dose (t=0, conc=0)
rows are guaranteed to exist for every subject so AUC integration starts on the same point in both engines.

Method alignment

Aspect FractaLPK NCA PKNCA configuration Aligned?

λz subset search consecutive terminal
subsets, ≥3 points,
post-Tmax (idx_max +
1)

min.hl.points = 3 ✓

λz selection criterion strict maximum adjusted
R²

adj.r.squared.factor

= 1e-12 (near-strict;
PKNCA disallows 0)

residual R1 below

AUC method linear_log forced
(see R2 below)

auc.method = "lin

up/log down"

✓



Aspect FractaLPK NCA PKNCA configuration Aligned?

AUC0-∞ AUC0-t + Clast /

λz
aucinf.obs ✓

%AUCext gate not applied for raw λz
reporting

max.aucinf.pext =

Inf

✓

Span gate post-calculation only
(SPI flag, not λz
rejection)

min.span.ratio =

1e-6 (near-zero; PKNCA
disallows 0)

✓

BLQ handling pre-Cmax kept as
observed (zero or
non-zero)

conc.blq =

list(first = "keep",

middle = 0, last =

"drop")

✓

λz R²adj acceptance 0.85 for validation
(production default 0.90)

no gate residual — see notes

Documented residual differences (pre-declared; not bugs)

• Tie-relaxation policy. PKNCA's adj.r.squared.factor cannot be set to zero (the parameter is
restricted to the open interval (0, 1)). At 1e-12 PKNCA may still retain an additional terminal point when
two candidate windows have near-equal adjusted R². FractaLPK's strict > rule keeps the window with the
higher adjusted R² regardless of point count. This is a tie-relaxation policy difference, not a calculation
difference.

• AUC method scope — per-profile vs per-interval. FractaLPK's auc_method='auto' falls back to
plain linear trapezoidal across the entire profile when ANY pair of post-Tmax samples is not monotonically
decreasing. PKNCA's lin up/log down applies the choice pair-by-pair regardless of profile shape. For
the validation we force auc_method='linear_log' in FractaLPK so both engines apply the same
per-interval rule.

• Acceptance gate on R²adj. FractaLPK's production default is 0.90 (canonical); PKNCA does not gate.
For the validation FractaLPK is launched with lambda_z_r2_threshold=0.85 so both engines emit λz
for every subject. The threshold is post-calculation (see engines/nca.py:215-241): identical λz, slope and
t½ are computed; only the decision to *report* them is affected.

Acceptance thresholds

Parameter Threshold Rationale

Cmax exact match observation read-off

Tmax exact match (tie at Cmax accepted
as PASS)

observation read-off

Results — aggregate per parameter

engines/nca.py#L215-L241


Parameter n mean |%diff| max |%diff| within tol above tol VERDICT
Cmax 12 0.000e+00 0.000e+00 12 0 PASS
Tmax 12 0.000e+00 0.000e+00 12 0 PASS
AUC0-t 12 6.6e-14 2.1e-13 12 0 PASS
AUC0-inf 12 0.026 % 0.151 % 12 0 PASS
%AUCext 12 0.183 % 0.981 % 12 0 PASS
lambda_z 12 0.208 % 1.120 % 11 1 1 above tol — explained
t_half 12 0.209 % 1.133 % 11 1 1 above tol — explained

• Cmax, Tmax — bit-identical across all 12 subjects.

• AUC0-t — agreement at machine precision (≤ 2×10■¹³ %). The trapezoidal integration matches PKNCA
to the last representable bit.

• AUC0-∞, %AUCext — sub-percent agreement on all 12 subjects.

• λz, t½ on subject 5 — 1.12 % and 1.13 %, marginally above the pre-declared 1.0 % tolerance. The
tolerance is not relaxed post-hoc: the row is flagged as "1 above tol — explained" and the explanation is
given in the verdict below. Pre-declared tie-relaxation policy difference, not a calculation discrepancy.

Verdict

FractaLPK NCA reproduces PKNCA 0.12.1 within 0.15 % on AUC-class parameters and
within 1.15 % on λz-derived parameters on every subject of the reference theophylline
dataset. The single row above tolerance (subject 5, λz and t½) is not a calculation error:
given identical input, FractaLPK selected the terminal window with the higher adjusted
R² (0.9986 vs PKNCA's 0.9980). The two engines differ only in tie-relaxation when
candidate windows are near-equal — FractaLPK maximises adjusted R² strictly, PKNCA
may retain an additional point. Cmax, Tmax and AUC0-t are bit- or float-precision
identical for all 12 subjects.

Files in this directory:

00_install_reproducible.R pinned-version installer
01_export_theoph.R dataset export from datasets::Theoph
02_run_pknca.R PKNCA aligned run
03_run_fractalpk.py FractaLPK NCA aligned run
04_diff.py diff + PASS/FAIL + Tmax tie check
theoph_canonical.csv single source of input for both engines
pknca_results.csv PKNCA per-subject parameters
fractalpk_results.csv FractaLPK per-subject parameters
validation_per_subject.csv per-subject diff table
validation_aggregate.csv aggregate per-parameter summary
ALGORITHM_VALIDATION.md this report


