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Trastuzumab deruxtecan (DS-8201) is a human epidermal growth factor receptor 2 (HER2)-targeting antibody-
drug conjugate with a novel enzyme-cleavable linker, a topoisomerase | inhibitor payload, and a drug-to-antibody
ratio of = 8. We have characterized the population pharmacokinetics (PK) of trastuzumab deruxtecan and released
drug (topoisomerase | inhibitor) in patients with HER2-positive breast cancer or other solid tumor malignancies.
This analysis includes pooled data from five clinical studies with 639 patients. Trastuzumab deruxtecan doses
ranged from 0.8 to 8.0 mg/kg every 3 weeks. Serum concentrations of trastuzumab deruxtecan and released

drug were analyzed using a sequential two-step approach, with the nonlinear mixed-effects modeling methods.
Covariate assessment was based upon stepwise forward-addition and backward-elimination process, followed

by both univariate and multivariate analysis quantifying their impact on steady-state exposure of trastuzumab
deruxtecan and released drug. A two-compartment model with linear elimination best described PK profiles of
intact trastuzumab deruxtecan, while a one-compartment model with time-varying release-rate constant and

linear elimination described released-drug PK profiles. Statistically significant covariates (country, tumor size, sex,
formulation, age, body weight, albumin, total bilirubin, and aspartate aminotransferase) resulted in < 20% change
in steady-state area under the concentration-time curve of trastuzumab deruxtecan and released drug, except for
increased body weight (95th percentile, 86 kg) and decreased albumin (5th percentile, 31 g/L). Analysis of patients
stratified by country, race, renal function, and hepatic function found no clinically meaningful differences in steady-
state exposure of intact trastuzumab deruxtecan or released drug. Overall, results suggest that no dose adjustment

based on tested covariates or in specific patient populations is warranted.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC:?

V] Trastuzumab deruxtecan is a novel anti—-human epidermal
growth factor receptor 2 (HER2) antibody—drug conjugate
delivering targeted cytotoxic activity associated with topoi-
somerase [ inhibition. It is approved for patients with previously
treated HER2-positive, unresectable or metastatic breast cancer
who received previous therapy.

WHAT Q[’JESTION DID THIS STUDY ADDRESS?

V] We aimed to characterize population pharmacokinetics
(PK), assess the impact of potential covariates on intact tras-
tuzumab deruxtecan and released drug, and estimate indi-
vidual posz hoc PK parameters for use in an exposure—response
analysis.

Opverall, mortality rates of breast cancer have been decreasing as a
. . L1

result of early detection and improved treatment options.” However,

among the 15-20% of patients whose tumors are positive for human

WHAT DOES THIS STUDY ADD TO OUR KNOW-
LEDGE?

V] This is the first report describing the population PK charac-
teristics of trastuzumab deruxtecan. Statistically significant co-
variates included in PK models appeared not to have a clinically
meaningful impact on the steady-state exposure of intact tras-
tuzumab deruxtecan or released drug, and no clinically signifi-
cant differences in exposure were observed when patients were
stratified by country, race, renal function, or hepatic function.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

V] Trastuzumab deruxtecan can be used in all patients at the
approved dosage without needing dose adjustment based on
tested covariates or in specific patient populations.

epidermal growth factor receptor 2 (HER2) expression, historically
. 2,

outcomes are poorer, and rates of recurrence are higher. > The

current standard of care for first-line treatment of HER2-positive
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unresectable or metastatic breast cancer consists of HER2-targeted
agents trastuzumab and pertuzumab combined with taxanes. After
treatment failure, trastuzumab emtansine, an antibody—drug con-
jugate (ADC), is typically used as second-line thcrapy.ét_6

Trastuzumab deruxtecan (DS-8201) is a rationally designed
ADC that addresses limitations of previous-generation ADCs.
It combines a humanized anti-HER2 antibody backbone with
a topoisomerase I inhibitor payload (an exatecan derivative)
through the use of an enzymatically cleavable peptide-based
linker.” The anti-HER2 antibody component of trastuzumab
deruxtecan is a human monoclonal immunoglobulin G1 pro-
duced with reference to the same amino acid sequence as tras-
tuzumab.® Importantly, trastuzumab deruxtecan contains a
peptide-based linker designed to be preferentially cleaved by
lysosomal enzymes. These enzymes, including cathepsins B and
L, are overexpressed in tumor cells, which facilitates cleavage of
free drug in tumor cells while limiting drug release in plasma.7
Unlike trastuzumab emtansine, the released drug (topoisomerase
I inhibitor) associated with trastuzumab deruxtecan has high
cell-membrane permeability, potentially allowing for a potent
cytotoxic effect on neighboring tumor cells regardless of target
expression; this is known as the bystander effect.” Additionally,
the released drughas a short half-life designed to minimize broad
systemic cxposure.9 In a comparison, the topoisomerase I inhibi-
tor used in trastuzumab deruxtecan was found to more potently
inhibit DNA topoisomerase I (concentration of drug producing
50% inhibition: 0.31 pM) than SN-38, the sacituzumab govite-
can payload (concentration of drug producing 50% inhibition:
2.78 uM), an ADC payload with a similar mechanism of action.’
The use of this linker-payload system also enabled conjugation
of eight molecules of deruxtecan with each antibody, a higher
ratio than that of most other ADCs, which typically range from
2 to 4. This facilitates higher delivery of released drug to tar-
geted cells, and preclinical studies have demonstrated this can be
achieved without an increase in toxicity.8

The efficacy and safety of trastuzumab deruxtecan were eval-
uated in the registrational phase II (A Study of DS-8201a in
Metastatic Breast Cancer Previously Treated With Trastuzumab
Emtansine (T-DM1) (DESTINY-Breast01)) scudy of patients
with HER2-positive breast cancer who had received previous
treatment with trastuzumab emtansine. Based on the results of this
trial,'® trastuzumab deruxtecan was recently approved by the US
Food and Drug Administration (FDA) for the treatment of adult
patients with HER2-positive, unresectable or metastatic breast
cancer who have received two or more prior anti-HER2-based
regimens in the metastatic setting.

To evaluate trastuzumab deruxtecan dosing in patient subgroups
of interest, we characterized the population pharmacokinetics
(PK) of trastuzumab deruxtecan and released drug in patients with
HER2-positive advanced breast cancer or other HER2-expressing
advanced solid tumors.

METHODS

Analysis data set and sampling schedules
Trastuzumab deruxtecan was administered every 3 weeks (dose
range, 0.8-8.0 mg/kg) with a treatment cycle length of 21 days. This
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analysis was performed using data from 4 phase I studies (J101,"
J102,"* A103," A104') and a phase IT study (DESTIN Y-Breast01).'
Details regarding the study population, dose regimens, and PK sam-
pling scheme are provided in Table $1. Serum concentrations of intact
trastuzumab deruxtecan were determined by a validated electroche-
miluminescence assay, with lower limit of quantification of 400 ng/
mL, and serum concentrations of released drug were determined by
a liquid chromatography-tandem mass spectrometry method, with
lower limit of quantification of 0.01 ng/mL. Patients who received at
least one trastuzumab deruxtecan dose and had at least one postdose
PK sample of intact trastuzumab deruxtecan or released drug were in-
cluded in the analysis. Collectively, the final analysis data set included
a total of 11,434 intact trastuzumab deruxtecan concentrations and
11,480 released drug concentrations from 639 patients.

Population PK analysis

Population PK modeling for intact trastuzumab deruxtecan and released
drug was conducted using the first-order conditional estimation with
interaction method in NONMEM (version 7.3) (ICON Development
Solutions, Ellicott City, MD). Xpose and Perl-Speaks- NONMEM (PsN)
(version 4.6.0) (Department of Pharmacy, Uppsala University, Uppsala,
Sweden) was used for model diagnostics and facilitation of NONMEM
tasks, such as covariate testing. R (version 3.5.1) (R Core Team, Vienna,
Austria) was used for data exploration, postprocessing of NONMEM re-
sults, and simulations.

A sequential two-step approach was used in this analysis. First, PK pro-
files of intact trastuzumab deruxtecan were fitted to the model; next, PK
parameter estimates, including the fixed- and random-effects terms of tras-
tuzumab deruxtecan, were fixed, and released-drug parameters were then
estimated.

For the base-model determination, several structure compartment
models with linear or nonlinear clearance were explored. Between-
subject variability (BSV) was modeled using an exponential random
effect on all PK parameters. Residual variability included additive and
proportional error terms for trastuzumab deruxtecan and a propor-
tional error term only for released drug. Covariates evaluated (listed in
Table S2) were based on known characteristics of trastuzumab derux-
tecan and released drug, as well as prior knowledge about trastuzumab
emtansine.

Correlations between covariates were first explored to identify con-
founded covariates. Correlations between post hoc individual random
effects and covariates were then explored using pairwise correlations.
Analysis-of-variance tests for categorical covariates and linear regres-
sions for continuous covariates were conducted to identify possible
covariate relationships significant at P < 0.05. Significance levels of
P <0.01 (adrop in objective function value (OFV) > 6.63 when adding
a covariate) and P < 0.001 (an increase in OFV > 10.83 when remov-
ing a covariate) were used in the stepwise forward-addition and back-
ward-climination processes, respectively, for the selection of covariates
in the final model.

Model selection was based on OFV, goodness-of-fit plots, precision in
parameter estimates, and scientific plausibility. Inspection of goodness of
fit and prediction-corrected visual predictive checks (pcVPC) were done
for major steps of model building, including the base and final models.
Evaluation of model robustness and parameter precision was conducted
using nonparametric bootstrapping. A total of 200 replicated data sets
were generated and then fitted to the model to obtain the parameter esti-
mate and 95% confidence interval (CI). Sensitivity analysis was conducted
by reincluding outliers (conditioned weighted residuals > 5 in the base
model) and rerunning the final models.

Model application
The impact of identified statistically significant covariates on intact
trastuzumab deruxtecan and released-drug exposures at steady state,
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Figure 1 Observed pharmacokinetic profiles by study and dose following first dose of (a—c) intact T-DXd (trastuzumab deruxtecan) and (d-f)
released drug. Note: Points are geometric mean concentrations at nominal time points after the first dose. Vertical lines are £1 standard error
in the logarithmic domain. The plots show the curves over the first 504 hours. T-DXd, trastuzumab deruxtecan.

i.e., area under the concentration-time curve (AUC), maximum con-
centration (Cmax), and minimum concentration (Cmin)’ was examined
in both univariate and multivariate fashion. For the univariate ap-
proach, simulations were performed by varying each covariate value one
at a time and keeping other covariates as constant (that is, categorical
covariates were set at the reference categories and continuous covariate
values were set to the median values in the data set). Exposures of in-
tact trastuzumab deruxtecan and released drug at the 5th, 25th, 75th,
and 95th percentiles of the continuous covariates, or at each level of the
categorical covariates, were then compared with the exposure estimates
for a reference patient (with typical covariate values) via a forest plot.
A total of 1,000 simulations were conducted for each covariate effect.
For the multivariate approach, individual intact trastuzumab deruxtecan
and released-drug exposures were calculated from the individual post hoc
PK parameters, and then summarized and compared among subgroups of
interest, such as Asian vs. non-Asian, Japanese vs. non-Japanese Asian vs.
non-]aPancse other, hepatic function catf:gorics,15 and renal function cate-
gories.'® Specifically, individual post hoc PK parameters for all patients with
breast cancer included in the final models for intact trastuzumab deruxtecan
and released drug were used to simulate the corresponding individual con-
centration-time profiles with the 5.4-mg/kg every-3-weeks dosing regimen.

RESULTS

Population PK analysis data sets

Among 639 patients whose data were included in the analysis
data set, 512 (80.1%) had unresectable and/or metastatic breast
cancer and 445 (69.6%) had HER2-positive, unresectable and/
or metastatic breast cancer. PK profiles stratified by study and
dose level are presented in Figure 1a—fand for intact trastuzumab
deruxtecan and released drug, respectively. Intact trastuzumab
deruxtecan concentration follows a biphasic pattern, suggesting a
two-compartment model would describe the data. PK profiles of
the released drugappear to be driven by intact trastuzumab derux-
tecan elimination kinetics. Summaries of baseline categorical and
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continuous covariates by study are shown in Tables $3 and $4,
respectively. Summaries of baseline categorical and continuous
covariates by trastuzumab deruxtecan dose level are shown in

Tables S5 and S6, respectively.

Development of intact trastuzumab deruxtecan model
A two-compartment model with linear elimination was found to
adequately describe the PK profiles of intact trastuzumab derux-
tecan (Figure 2). BSV was evaluated on all PK parameters, includ-
ing clearance (CL, Lintace)
distribution clearance (Q, . ), and peripheral volume of distribu-
tion (V2,intact)'

The following covariate relationships were significant at P < 0.05,

), central volume of distribution (V

on the basis of the initial analysis-of-variance or linear regressions:

o CL, .. baseline tumor size, albumin, lactate dehydrogenase
(LDH), HER2 status, tumor type, body weight, age, sex, race,
and country

* Ve Dody weight, sex, race, and country

o V,. . trastuzumab deruxtecan formulation, body weight,
,intact

race, and country

Among these covariates, race and country were highly con-
founded (correlation coefficient, —0.81). Race was removed,
while country was retained in the subsequently stepwise co-
variate modeling, because country was more significant on all
PK parameters. During the next stepwise forward-addition and
backward-elimination processes, the effect of age, tumor type,
HER2 status, LDH, or trastuzumab deruxtecan formulation was
removed, resulting in the final model that included the follow-
ing parameter-covariate relationships:
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oL 02l x Welght 0.370 y Albumin —0.533
intact * 57.8
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57
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Vintace = 277 X < ) ( X 1.197, if male)

v, =5.16( % 0.738, if Japanese)
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Therefore, increased body weight, increased baseline tumor size,
and male sex were associated with increased CL, . Patients with
increased baseline albumin and Japanese patients had decreased
CL, i The V. Was greater in males and patients with increased
body weight, and the V,,

No parameter-covariate relationships were included for
Q,,cacer Parameters for the final intact trastuzumab deruxtecan
model are shown in Table 1 together with results of the boot-
strap analysis and sensitivity analysis. The relative standard
error (RSE) for the PK parameters ranged from < 1% to 27%,
indicating good precision of model parameter estimates. The
BSV was 25%, 16%, 20%, and 66% for CL, .o Vlyimm, Qivacer
and V,, ., respectively, and the shrinkage ranged from 5.5%
to 28.6%. Parameter estimates of the final intact trastuzumab
deruxtecan model were in good agreement with and fell within
the 95% CI of the bootstrap analysis. Parameter estimates were

comparable overall between the sensitivity analysis and final

was lower in Japanese patients.

trastuzumab deruxtecan model run, except that in the sensitiv-
ity analysis, there was a smaller effect size and less precision of
the estimated Japan country effect on clearance. The goodness-
of-fit diagnostics (Figure Sla) and pcVPC (Figure 3a) also
demonstrated that the final model provided adequate descrip-
tion of the observed data.

Development of released-drug model
The structural model for released drug was a one-compart-

ment model, with first-order release rate from trastuzumab
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deruxtecan and first-order elimination (Figure 2). The time-
course of intact trastuzumab deruxtecan concentrations, ad-
justed for the drug-antibody ratio and molar mass, was the
input to the released-drug model. Released-drug concentra-
tions were observed to decrease over treatment cycles; there-
fore, time-varying release-rate constant (Krel) was considered.
Based on an evaluation of various functions, Krel was modeled
according to the following, including a component describing
a gradual decline per cycle with a power function, and a sec-
ond component describing a further constant reduction in Krel
after cycle 1:

Krel = 0.0159 x Cycle ™*'¥ ( x 0.830, if Cycle > 1)

This combination enabled an adequate description of re-
leased-drug concentrations over the entire time-course of data. The
net effect of both components is a reduction of 39% in Krel at cycle
10 and 45% at cycle 20, compared with cycle 1.

Following the same covariate assessment procedures as described
for trastuzumab deruxtecan, the following parameter-covariate re-
lationships were found to be statistically significant and were in-

cluded in the final model for released drug:

Weight \ 4 . ( Bilirubin ad N (AST ) -0219
57.8 8 30
( X 0.897, if itraconazole) ( X 0.887, if ritonavir)

CLyg = 192 <

0.562
o [ Age
Vige =17 XBSAinm” X | —
rug 57

( x 1.255, if FL-DP2) ( X 0.788, if FL- DP1)

The model suggests that clearance of released drug (CLdmg) is
increased with increasing body weight, and clearance is decreased
with increasing bilirubin, aspartate aminotransferase (AST), and
coadministration of itraconazole or ritonavir. Volume of distri-
bution of released drug (Vdmg) was fixed at 17 L/m* according
to the literature-reported value of exatecan mesylate, since this
parameter was not uniquely identifiable.” Virug 18 higher in older
participants and participants receiving frozen liquid drug product
2 and lower in participants receiving frozen liquid drug product 1.

Parameters for the final released-drug model are shown in
Table 2, together with results of the bootstrap analysis, and sen-
sitivity analysis. Model parameters were estimated with good
precision; the RSE for PK parameters ranged from 1.6% to 28%,
shrinkage ranged from 16% to 38%, and parameter estimates of
the final released-drug model were in good agreement with and
fell within the 95% ClIs from bootstrap analysis. BSV percent
coefficient of variation was 25.4%, 42.0%, 37.6%, and 22.9% for
CL A\

drug’ "drug’
No significant differences were noted between the sensitivity

Krel, and fraction of decrease in Krel, respectively.

analysis and final released-drug model estimates. The goodness-
of-fit diagnostics (Figure S1b) and pcVPC (Figure 3b) sup-
port the overall adequate prediction performance by the final
model, except that there are slight underpredictions for the high
concentrations.
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Figure 3 Prediction-corrected visual predictive check (pcVPC) of observed vs. simulated exposure to (a) intact T-DXd (trastuzumab deruxtecan)
and (b) released drug. Note: Solid line corresponds to prediction-corrected observed median; dashed lines correspond to the 2.5th and 97.5th
percentiles of prediction-corrected observations; shaded regions correspond to 95% of the simulated (n = 1,000) values of the predicted
median (pink) and 2.5th and 97.5th percentiles (blue). Blue dots correspond to prediction-corrected observed data.

Impact of covariates on intact trastuzumab deruxtecan
exposure

Figure 4 shows the results of a forest plot of relative changes in ex-
posure (C__ ,C_.
varied one at a time. Ten dosing cycles were simulated to obtain

.»and AUC at steady state) when covariates were

represented steady-state profiles, since Krel difference became very
small after cycle 10 (< 1% difference when compared with cycle
9). All covariates had effects less than 20% (i.e., exposure ratio
was within the 0.8-1.25 range) except for patients with > 86 kg
(95th percentile) body weight who had an approximately 28% in-
crease in AUC relative to a patient with the median body weight
(57.8 kg), and patients with 31 g/L (Sth percentile) albumin had a
23% decrease in C_, relative to a patient with the median albumin
(40 g/L).

Trastuzumab deruxtecan is FDA approved for patients with
HER2-positive metastatic breast cancer. Comparisons of steady-
state exposure of intact trastuzumab deruxtecan with the 5.4-mg/

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 109 NUMBER 5 | May 2021

kg every-3-weeks dosing regimen and stratified by country and race
are presented in Figure 2. Exposure appears similar between pa-
tients regardless of country or race.

Impact of covariates on released-drug exposure

In a similar fashion, a forest plot of relative changes in re-
, C ., and AUC) when covariates

max min

were varied one at a time is presented in Figure 5. All covariates

leased-drug exposure (C

except extreme values of baseline body weight had effects less
than 20%. Specifically, patients with 86 kg (95th percentile)
body weight had an approximately 30% increase in AUC and
26% increase in C__relative to a patient with the median body
weight (57.8 kg).

Steady-state exposure of released drug with the 5.4-mg/kg every-
3-weeks dosing regimen was similar when patients were stratified
by country, race, hepatic function, and renal function (Figures S$3

and $4).
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Steady-state C,,;, ratio

Steady-state C,,,, ratio

Covariate Percentile Value Ratio Ratio
Body 5th 42 :|_._| : 0.85 : ol : 0.85
weight (kg) 25th 50 1 o 1 0.93 1 ] 1 0.93
75th 67 X e X 1.08 X . | 1.08
95th 86 1 —e+— 1.23 1 e 1.22
1 1 1 1
Baseline 5th 31 o : 077 X . X 0.98
albumin (g/L) 25th 37 : ol : 0.92 : r : 0.99
75th 42 " ol | 1.05 | p | 1.00
95th 45 : et : 1.13 : U : 1.01
1 1 1 1
Baseline 5th 17 1 —e—oil 1.18 1 . 1 1.02
tumor size (mm)  25th 37 : Fef : 1.06 : S : 1.01
75th 89 1 ke 1 0.94 1 [ ! 0.99
95th 163 pa— X 0.87 X . X 0.99
Sex Male —— ! 0.80 Iie I 0.83
Country Japan X —e— 1.19 X " X 1.02
I | | 1 I | | 1
0.6 0.8 1 1.2 1.4 0.6 0.8 1 1.2 14
Ratio relative to a typical patient Ratio relative to a typical patient
Steady-state AUC ratio
Covariate Percentile Value )
Ratio
Body 5th 42 I"" : 0.82
weight (kg) 25th 50 1 fol 1 0.91
75th 67 X fei X 1.10
95th 86 1 H-e—i 1.28
1 1
Baseline 5th 31 : o : 0.87
albumin (g/L) 25th 37 : . : 0.96
75th 42 1 L] 1 1.03
95th 45 : fol : 1.06
1 1
Baseline 5th 17 ! ot 1 1.09
tumor size (mm)  25th 37 : . : 1.03
75th 89 1 ol 1 0.97
95th 163 Y X 0.93
Sex Male —— I 0.85
Country Japan ! e ! 1.11
I I T 1
0.6 0.8 1 1.2 1.4

Ratio relative to a typical patient

Figure 4 Forest plot of covariate effects on intact T-DXd (trastuzumab deruxtecan) exposure. Note: First and second dashed vertical lines
correspond to ratios of 0.8 and 1.25, respectively. The solid vertical line corresponds to a ratio of 1 and represents the typical patient. Points
and whiskers represent the median and 90% confidence interval, respectively. A typical patient is defined as a female from a non-Japan

country with body weight 57.8 kg, albumin 40 g/L, and baseline tumor size 57 mm. AUC, area under the concentration-time curve; C

maximum concentration; C minimum concentration.

min’

DISCUSSION

Trastuzumab deruxtecan is a novel ADC recently approved by
the FDA for patients with HER2-positive, unresectable or met-
astatic breast cancer who have received > 2 prior anti-HER2-
based regimens in the metastatic setting and by Japan’s Ministry
of Health, Labor, and Welfare for patients with HER2-positive,
unresectable or recurrent breast cancer after prior chemother-
apy."”"® This is the first report to characterize the population PK

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 109 NUMBER 5 | May 2021

max’

profiles of trastuzumab deruxtecan and released drug, based on
data from 639 patients from five clinical trials in HER2-positive,
unresectable and/or metastatic breast cancer and other solid tu-
mors. The released drug showed formation limited kinetics and
its PK profile was driven by trastuzumab deruxtecan. However,
the released drug is not expected to alter the PK of trastuzumab
deruxtecan. Considering the large, complex data set in this analy-
sis, a sequential two-step modeling approach was taken because it
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Steady-state C,, ratio Steady-state C,,.x ratio
Covariate Percentile Value Ratio Ratio
pody weight s 42 . : 0.84 e : 0.83
(kg) 25th 50 e ! 0.92 e ! 0.92
75th 67 . o . 1.09 . r— . 1.09
95th 86 . —_— 1.25 . —— 1.26
Body surface 5th 1.3 : : 1.00 : : 1.01
2 - ' ' - ' ' .
area (m’) 25th 15 . . 1.00 : : 1.00
75th 1.7 , , 1.00 . . 1.00
95th 2 ' ' 1.00 : | : 0.99
AST (U/L) . . . .
5th 16 v — . 0.87 Ve . 0.88
25th 22 Ve . 0.93 P . 0.94
75th 44 : o : 1.09 : v . 1.09
95th 83 ' —_ 1.25 ' —_ 1.24
e 5th 4 . . 0.87 . . 0.8
t ' — . . V — . 87
(umol/L) 25th 6 RS ' 0.94 R ' 0.94
75th 11 : - : 1.07 : v : 1.07
Age (1) 95th 17 ! —— 1.17 ! —— 1.16
ge (y ' ' . .
5th 37 ! . 1.00 . L . 1.01
25th 49 . : 1.00 ' ' 1.00
75th 66 ! ! 1.00 ! ! 1.00
95th 74 . . 1.00 . | . 0.99
Formulation ' ' ' '
FL-DP1 ' : 1.00 : : 1.01
FL-DP2 ' ' 1.00 ' ' 0.99
0.6 0.8 1 1.2 1.4 0.6 0.8 1 1.2 1.4
Ratio relative to a typical patient Ratio relative to a typical patient
Steady-state AUC ratio
Covariate Percentile Value Ratio
pooy weight 5th 42 - : 0.81
(kg) 25th 50 . : 0.90
75th 67 . — 1.11
95th 86 ' ae 1.31
Body surface sth 13 ! ! 100
2 . . . .
area (m) 25th 15 : : 1.00
75th 1.7 , , 1.00
95th 2 : : 1.00
AST (U/L) ' '
5th 16 v — . 0.87
25th 22 e . 0.93
75th 44 : r— ' 1.09
95th 83 ' —_ 1.25
1ol 5th 4 . . 0.87
(umol/L) 25th 6 . . 0.94
75th 1 : e : 1.07
Age () 95th 17 . — 1.17
e ' '
g 5th 37 . . 1.00
25th 49 . . 1.00
75th 66 ! ! 1.00
95th 74 . . 1.00
Formulation ' '
FL-DP1 ' ' 1.00
FL-DP2 ' ' 1.00
0.6 0.8 1 1.2 1.4

Ratio relative to a typical patient

Figure 5 Forest plot of covariate effects on released-drug exposure. Note: First and second dashed vertical lines correspond to ratios of 0.8
and 1.25, respectively. The solid vertical line corresponds to a ratio of 1 and represents the typical patient. Points and whiskers represent the
estimate and 90% Cl, respectively. A typical patient is defined as a 57-year-old female with body weight 57.8 kg, TBIL 8 uM, and AST 30 U/L
and who was administered the Lyo-DP formulation of T-DXd. Covariate effects of ritonavir or itraconazole coadministration are not presented
because they were assessed in the dedicated drug—drug interaction study (Study A104; N = 40). Ten cycles were simulated to represent
steady-state profiles. AST, aspartate aminotransferase; AUC, area under the concentration-time curve; Cl, confidence interval; C__ , maximum
concentration; C_., minimum concentration; FL-DP1, frozen liquid drug product 1; FL-DP2, frozen liquid drug product 2; Lyo-DP, lyophilized
powder drug product; TBIL, total bilirubin; T-DXd, trastuzumab deruxtecan.

is more efficient, can significantly reduce computing time, avoids  similar model parameter estimates for both trastuzumab derux-
common model convergence issues, and helps improve model sta-  tecan and released drug (Daiichi Sankyo, data on file).

bility. In addition, a comparison of this sequential two-step mod- We have demonstrated that the PK of intact trastuzumab
cling and a simultaneous two-analyte modeling suggested very  deruxtecan is adequately described by a two-compartment
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model with linear elimination. Observed exposure (C__ and

AUQC) of intact trastuzumab deruxtecan was shown to il?lacxreasc
proportionally over a dose range of 3.2 to 8.0 mg/kg, while a
trend of nonlinear elimination was apparent at lower doses of
0.8 and 1.6 mg/kg, suggesting potential target-mediated drug
disposition at these lower doses. Such characteristics are com-

mon for monoclonal antibodies!”*°

and have also been reported
for trastuzumab.?! During the initial base-model exploration,
linear, nonlinear, parallel linear, and nonlinear elimination were
evaluated. Because limited data from the lower-dose groups
(three patients cach in the 0.8-mg/kg and 1.6-mg/kg groups)
were included in the current analysis, incorporation of a non-
linear component of elimination did not result in a marked im-
provement in the model fitting. Lower doses are also deemed
to be suboptimal for efficacy and would not likely be included
in the current dosing regimen. Furthermore, the nonlinear com-
ponent accounted for < 10% of the total elimination over the
observed concentration range. Therefore, a model with linear
clearance was used for trastuzumab deruxtecan. This was con-
sidered appropriate for the current analysis data set and purpose
of the current modeling work based on the reasons mentioned
above as well as model qualification.

Body weight, albumin, tumor size, sex, and country were iden-
tified as statistically significant covariates for intact trastuzumab
deruxtecan. Trastuzumab deruxtecan clearance increases with
increasing body weight; this is expected and consistent with cur-
rent knowledge about monoclonal antibodies.”?> However, be-
cause trastuzumab deruxtecan is administered by weight-based
dosing (ie., drug amount administered increases with increas-
ing Weight), the apparent net effect of increased body weight
is slightly increased exposure. The 5th to 95th percentile body
weight range of 42-86 kg corresponded to an 18% decrease
in steady-state AUC at body weight 42 kg and a 28% increase
in steady-state AUC at body weight 86 kg relative to a typical
patient. Albumin is also an expected covariate for clearance
of monoclonal antibodies,? possibly due to elevated protein
turnover associated with cancer-related cachexia, for which low
albumin is an indicator.”*** The baseline albumin effect on tras-
tuzumab deruxtecan exposure is less than 20%, except for the
extreme low value of albumin, where patients with 31 g/L (5th
percentile) albumin had a 23% decrease in C_, relative to a pa-
tient with the median albumin (40 g/L). Such an effect is not
considered clinically meaningful. Although baseline tumor size,
being Japanese, and being male were identified as statistically
significant covariates for trastuzumab deruxtecan, their effects
were all contained within the 0.8 to 1.25 ratio range and there-
fore were not clinically relevant. Comparison of post hoc indi-
vidual exposures also confirmed similar trastuzumab deruxtecan
exposure between patients regardless of country or race. No clear
or direct explanations were seen for the identified effects of male
sex or Japan on the volume of distribution of trastuzumab derux-
tecan; such results could be data driven.

Exploratory data analysis suggested that the intact trastuzumab
deruxtecan exposure tended to be slightly lower (by ~ 10%) in
patients with gastric cancer than in patients with breast cancer;
however, tumor type was not shown as a statistically significant

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 109 NUMBER 5 | May 2021

covariate for trastuzumab deruxtecan. There were differences be-
tween the breast and gastric cancer patient populations in average
body weight and sex ratio, which may account for the difference
in exposure. In addition, the majority (80%) of patients included
in this data set were patients with breast cancer; therefore, further
assessment may be needed with additional data from patients with
other tumor types. Studies evaluating the safety and efficacy of
trastuzumab deruxtecan in HER2-expressing advanced gastric or
gastroesophageal junction adenocarcinoma,24’25 HER2-positive
or HER2-mutated, unresectable and/or metastatic non-small cell

2627
lung cancer,

and HER2-expressing advanced colorectal cancer
are also ongoingzs‘29 and may provide additional insight into the
PK of trastuzumab deruxtecan in these other tumor types.

The released-drug PK profile was driven by intact trastuzumab
deruxtecan, and the kinetics of released drug manifested in the
early upswing to peak concentrations in the first 6 hours after dose
(Figure 1). Structural models with or without a time-varying release
rate were tested during the base-model development stage. The
model with a constant release rate showed largely biased predic-
tions and a much higher OFV than the selected released-drug base
model; hence, a time-varying component was incorporated. Based
on an evaluation of various functions, the release rate was modeled
to decrease over time using two components: one describes a con-
stant reduction in release rate after cycle 1 and the other describes a
gradual decline per cycle. This combination of two terms enabled an
adequate description of released-drug concentrations over the entire
time-course of data, and was consistent with the results of an ap-
proximately twofold difference in C_, in intact trastuzumab derux-
tecan between cycle 1 and steady state and a 1.4-fold difference in
C, . in released-drug levels between cycle 1 and steady state, deter-
mined from the individual simulated profiles with the 5.4-mg/kg
every-3-weeks dosing regimen (Figure $3d—f). The decline of the
release-rate constant slows at later cycles: the release rate decreases
by 39% after 10 cycles and 45% after 20 cycles, and it decreases to
around half of the release rate after the 40th cycle.

The decrease in release rate over time is potentially driven by
multiple mechanisms. Since trastuzumab deruxtecan contains a
linker that is cleaved selectively in tumor cells, changes in tumor
size (e.g., tumor shrinkage) over time can impact drug release and
clearance. In the current analysis, a semimechanistic time-varying
Krel model was initially considered; for example, decrease of Krel
was modeled as a function of tumor shrinkage. This approach did
not result in successful model convergence, presumably due to
limited longitudinal tumor-size data (tumor sum-of-lesion diam-
eters was assessed every 6 weeks / 2 cycles in the first 24 weeks,
then every 12 weeks afterward). Subsequently, empirical models
were explored and found to provide an adequate description of
the observed concentration-time profiles of released drug. Similar
empirical approaches have been used for other ADCs—including
brentuximab vedotin, with which released drug was assumed to
form through ADC proteolytic degradation and deconjugation
and to decrease exponentially over time.” Further evaluation may
be warranted when more data from other ongoing clinical studies
are available.

The released drug showed formation rate-limited kinetics.

Body weight, age, formulation, AST, and total bilirubin (TBIL)
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were identified as statistically significant covariates; however,
as in the case with intact trastuzumab deruxtecan, they do not
appear to have a clinically meaningful impact on the steady-
state exposure of released drug and do not present a compelling
indication for any dose adjustment. Similar to the findings for
trastuzumab deruxtecan, increased body weight was correlated
with increased clearance of released drug, but the net effect of
increased body weight is slightly increased exposure of released
drug because of the weight-based dosing scheme. Age and for-
mulation were identified as statistically significant covariates on
the volume of distribution of released drug but had no effect on
released-drug AUC and C_; and a limited effect on C__ . This
is because the released-drug time course is primarily driven by
trastuzumab deruxtecan elimination kinetics, and the volume of
distribution affects only the initial rate of rise. Increased TBIL
and AST were associated with decreased clearance and corre-
sponded with a 25% and 16-17% increase in released-drug ex-
posure, respectively, at the 95th percentile values of AST and
TBIL. The impact of these changes is not expected to be clin-
ically meaningful because the post hoc individual AUC ratio
between patients with mild hepatic impairment (according to
National Cancer Institute (NCI) organ dysfunction working
group criteria) and those with normal hepatic function was
1.07. No effect of creatinine clearance was identified on any
of the PK parameters of released drug. These findings are con-
sistent with current knowledge that released drug undergoes
minimal renal excretion and is mainly eliminated through the
hepatobiliary pathway. Overall, the exposure ranges observed
in patients with mild renal impairment and those with normal
renal function were similar, but there was a slightly lower (~
10%) released-drug exposure in mild renal impairment, which
may be explained by the lower body weight of patients with mild
renal impairment vs. those with normal renal function (~ 10 kg
less). These results support that no dose adjustment is required
in patients with mild or moderate renal or hepatic impairment.
Presently no data are available for patients with severe renal or
hepatic impairment. Data for patients with moderate hepatic
impairment are limited; due to potentially increased exposure,
close monitoring for increased toxicities related to the released
drug is recommended.

Concomitant use of itraconazole and ritonavir was associated
with an 11.5% and 12.7% increase in released-drug AUC, re-
spectively. These results agree with the observed data from the
phase I study evaluating these specific drug—drug interactions.'
Itraconazole is a strong CYP3A inhibitor, and ritonavir is a
dual organic-anion-transporting polypeptide 1B (OATP1B)/
CYP3A inhibitor. The released drug is a substrate of CYP3A,
and its hepatic update is mediated by OATP1B. The results
from this analysis, as well as observed data, suggest that inhibi-
tion of CYP3A and OATP1B has small effects on the exposure
of released drug, and therefore strong inhibitors of CYP3A and
inhibitors of OATP1B can be used without trastuzumab derux-
tecan dose adjustment.

Individual posz hoc steady-state exposures in Japanese, non-
Japanese Asian, and non-Asian patients were similar, with geomet-
ric mean ratios ranging from 0.965 to 1.08 comparing Japanese vs.
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non-Asian patients and from 0.901 to 0.918 comparing non-Japa-
nese Asian vs. non-Asian patients. Therefore, no dose adjustments
were recommended on the basis of race.

Opverall, the PK properties of trastuzumab deruxtecan are more
similar to those of trastuzumab emtansine and trastuzumab than
to those of small-molecule therapies, with relatively slow clearance
and a small volume of distribution mostly confined to plasma.
Trastuzumab deruxtecan, similar to trastuzumab emtansine, is
cleared at a faster rate than trastuzumab (clearance, 0.421 L/day
with trastuzumab deruxtecan vs. 0.676 L/day with trastuzumab
emtansine vs. 0.225 L/day with trastuzumab), which could be
attributed to additional mechanisms of clearance for ADCs vs.
unconjugated monoclonal antibodies. The central volume of dis-
tribution of trastuzumab deruxtecan (2.77 L) is similar to that of
trastuzumab emtansine (3.13 L) and unconjugated trastuzumab
(2.95L)."%

In conclusion, the PK of intact trastuzumab deruxtecan was ad-
equately described by a two-compartment model with linear elim-
ination from central compartment, and the PK of released drug
was characterized by a one-compartment model with time-vary-
ing release rate and linear elimination. Although some statisti-
cally significant covariates were identified in the population PK
analysis (country, tumor size, sex, formulation, age, body weight,
albumin, TBIL, and AST), none had a clinically meaningful im-
pact on steady-state exposure of intact trastuzumab deruxtecan or
released drug. Likewise, stratification of patients by country, race,
renal function, and hepatic function did not reveal any clinically
meaningful differences in the steady-state exposure of intact trastu-
zumab deruxtecan or released drug. Based on these findings, there
is no recommendation for dose adjustment based on tested covari-
ates or specific populations.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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