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Exposure- Response Relationships in Patients 
With HER2- Positive Metastatic Breast 
Cancer and Other Solid Tumors Treated With 
Trastuzumab Deruxtecan
Ophelia Yin1,*, Hiroji Iwata2, Chia- Chi Lin3, Kenji Tamura4, Junichiro Watanabe5, Russ Wada6, 
Helen Kastrissios6, Malaz AbuTarif1, Tushar Garimella1, Caleb Lee1, Lin Zhang1, Javad Shahidi1 and 
Frank LaCreta1

Trastuzumab deruxtecan (T- DXd) is a HER2- targeting antibody- drug conjugate composed of a novel enzyme- cleavable 
linker and membrane- permeable topoisomerase I inhibitor payload. T- DXd has been approved for HER2- positive 
metastatic breast cancer and for HER2- positive metastatic gastric cancer. The approval in breast cancer was based 
on results from the DESTINY- Breast01 (U201; NCT03248492) and J101 (NCT02564900) trials. Here, we present dose 
justification for the approved 5.4 mg/kg every- 3- weeks (Q3W) dose based on exposure- efficacy evaluated in patients 
with HER2- positive breast cancer (N = 337) from these 2 trials. Exposure- safety was assessed in patients with all 
tumor types (N = 639, n = 512 with breast cancer) across 5 trials, including J101 and DESTINY- Breast01. T- DXd doses 
ranged from 0.8– 8.0 mg/kg Q3W; most patients received 5.4 (n = 312) or 6.4 mg/kg (n = 291). For each end point, 
multivariate logistic or Cox regression analysis was performed using various exposure metrics of T- DXd and released 
drug. A statistically significant association was observed between intact T- DXd area under the concentration- time 
curve (AUC) and confirmed objective response rate (ORR; P = 0.028). No significant exposure- response relationships 
were observed between intact T- DXd or released drug and duration of response or progression- free survival; however, 
follow- up was limited. All evaluated safety end points demonstrated a significant (P < 0.05) relationship with either 
intact T- DXd or released drug, with higher adverse event (AE) rates projected at higher exposures. Dose- response 
projections suggested an increase in ORR (67.5% vs. 62.9%) and toxicity (e.g., grade ≥ 3 all- cause treatment- emergent 
AEs: 61% vs. 54%) with T- DXd 6.4 vs. 5.4 mg/kg. Results demonstrate the benefit- risk profile at different doses and 
guide clinicians in the use of the 5.4- mg/kg Q3W dose in patients with HER2- positive metastatic breast cancer.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE 
TOPIC?
 Trastuzumab deruxtecan (T- DXd), a novel antibody- drug 
conjugate (ADC) composed of a HER2 antibody, cleavable 
tetrapeptide- based linker, and topoisomerase I inhibitor pay-
load, was approved in the United States and Japan for use in 
patients with previously treated, HER2- positive, unresectable, 
or metastatic breast cancer at a dose of 5.4 mg/kg every 3 weeks.
WHAT QUESTION DID THIS STUDY ADDRESS?
 We aimed to characterize exposure- efficacy and exposure- 
safety relationships and evaluate covariate relationships.
WHAT DOES THIS STUDY ADD TO OUR KNOW-    
LEDGE?
 Response to T- DXd was associated with intact drug expo-
sure, and all safety end points were significantly correlated with 

either intact T- DXd or released drug. Integrated dose- response 
projections suggested modest increases in both objective re-
sponse and adverse event rates when the T- DXd dose was in-
creased from 5.4 to 6.4 mg/kg every 3 weeks.
HOW MIGHT THIS CHANGE CLINICAL PHARMA- 
COLOGY OR TRANSLATIONAL SCIENCE?
 This study helps to inform future modeling of ADCs, and 
the specific data— together with clinical analyses— support the 
use of the label- approved 5.4- mg/kg every- 3- week dosing of T- 
DXd in breast cancer.
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Trastuzumab deruxtecan (T- DXd; DS- 8201) is an antibody- drug 
conjugate (ADC) composed of an anti- HER2 antibody, cleavable 
tetrapeptide- based linker, and topoisomerase I inhibitor payload 
(DXd).1 T- DXd has a drug- to- antibody ratio of ~ 8, with a linker 
that is stable in plasma and is selectively cleaved by cathepsins up-
regulated in tumor cells.2– 4 Once cleaved, the released payload 
is highly membrane permeable— potentially allowing for cyto-
toxic effects on neighboring tumor cells (known as the bystander 
effect)— and has a short half- life to minimize broad systemic ex-
posure.3,5 The anti- HER2 antibody portion of T- DXd is antici-
pated to be degraded to small peptides and amino acids through 
catabolism much like endogenous IgG. The major elimination 
route of the released payload is likely to be hepatobiliary excretion 
of unchanged DXd (based on preclinical data) with some minor 
metabolism by cytochrome P450 3A4 (CYP3A4) demonstrated 
in vitro.6

T- DXd was initially evaluated in the 2- part, phase I J101 trial 
(NCT02564900) in patients with HER2- expressing solid tu-
mors.1,7 In the dose- escalation phase, no dose- limiting toxicities 
were observed and the maximum tolerated dose was not reached 
(with a highest tested dose of 8.0 mg/kg); 5.4 and 6.4 mg/kg every 
3 weeks (Q3W) were selected as the recommended doses for ex-
pansion on the basis of the observed clinical activity and safety 
profile, as well as pharmacokinetic (PK)- pharmacodynamic (PD) 
modeling suggesting that intact T- DXd trough concentration at 
steady- state would exceed the target exposure derived from mouse 
xenograft studies (4,260  ng/mL) in >  90% of patients.8 In addi-
tion, clinical observation showed a numerical increase in hemato-
logic adverse events (i.e., decreased platelet count and decreased 
neutrophil count) in the high doses compared with the doses of 
3.2  mg/kg or lower. The 8.0  mg/kg was not selected because it 
was predicted to provide similar response and higher incidence 
of grade 3 hematologic adverse events based on PK- PD modeling. 
The elimination half- life of intact T- DXd 5.4 mg/kg in the J101 
study was ~ 6 days; accumulation was 35% at steady- state (cycle 
3), which was consistent with the elimination half- life.1,6,9 The 
released drug showed formation- limited kinetics, and its apparent 
elimination half- life was similar to that of intact T- DXd.1,9 In the 
dose- expansion phase, an objective response rate (ORR) per inves-
tigator assessment of 59.5% (66 of 111 patients) was observed in a 
heavily pretreated (median of 7 prior regimens) cohort of patients 
with HER2- positive unresectable or metastatic breast cancer previ-
ously treated with trastuzumab emtansine (T- DM1) who received 
T- DXd at the recommended dose of 5.4 or 6.4 mg/kg (ORR by 
dose: 5.4 mg/kg, 56.5%; 6.4 mg/kg, 61.5%).7

On the basis of findings from J101, T- DXd was further eval-
uated in the registrational phase II DESTINY- Breast01 trial 
(U201; NCT03248492) in patients with HER2- positive un-
resectable or metastatic breast cancer who had previously been 
treated with T- DM1.10 Patients enrolled in this trial were heavily 
pretreated, having received a median of six prior treatments. In 
the part I PK cohort of DESTINY- Breast01, patients received T- 
DXd 5.4, 6.4, or 7.4 mg/kg, with a new formulation, frozen liquid 
drug product 2. The 7.4 mg/kg dose was included to compensate 
for a potential reduction (estimated as ≈ 20% from a preclinical 
study) in T- DXd exposure with frozen liquid drug product 2, 

compared with the frozen liquid drug product 1 (used in the J101 
trial).9 When these data were analyzed along with data from the 
J101 trial, similar PK exposures were suggested between the 2 for-
mulations; therefore 7.4 mg/kg was not considered further, and 
the 5.4-  and 6.4- mg/kg doses were chosen for the dose- finding 
stage.9 On the basis of an exposure- response analysis showing a 
balance of efficacy and safety (a significant relationship between 
minimum concentration (Cmin) and ORR (P  =  0.035) but also 
significant relationships between exposure and hematologic lab-
oratory abnormalities, dose reductions, and discontinuations 
due to adverse events (AEs), and the incidence of interstitial lung 
disease (ILD)),11 5.4  mg/kg was recommended for the part 2 
expansion. T- DXd demonstrated a confirmed ORR by indepen-
dent central review of 60.9% (112 of 184 patients treated at the 
recommended dose of 5.4  mg/kg Q3W); consistent responses 
were observed across prespecified demographic and prognostic 
subgroups, including those based on geographic region, Eastern 
Cooperative Oncology Group (ECOG) performance status at 
baseline, number of prior regimens, and hormone receptor status. 
Durable benefit was also observed with T- DXd, with a median 
duration of response (DOR) of 14.8  months (95% confidence 
interval (CI), 13.8– 16.9  months) and median progression- free 
survival (PFS) of 16.4  months (95% CI, 12.7  months to not 
reached). The overall safety profile was acceptable and consistent 
with results from the phase I study. Low- grade hematologic and 
gastrointestinal AEs were the most common. ILD and pneumo-
nitis, including fatal cases, were reported (adjudicated ILD: grade 
1 or 2, 10.9%; grade 3, 0.5%; grade 4, none reported; and grade 
5, 2.2%).10

As of February 2021, T- DXd has been approved by the US Food 
and Drug Administration (FDA), the European Commission, 
and Japan’s Ministry of Health, Labour, and Welfare for HER2- 
positive breast and gastric cancers, with exact indications varying 
by region. Clinical investigation of T- DXd is ongoing in patients 
with HER2- positive or - mutated metastatic non- small cell lung 
cancer, HER2- expressing advanced colorectal cancer, and other 
HER2- expressing cancers.

A population PK model was previously developed based 
on pooled data from five clinical studies of T- DXd. A two- 
compartment model with linear elimination best described PK 
profiles of intact T- DXd, whereas a one- compartment model with 
time- varying release- rate constant and linear elimination described 
released- drug PK profiles. Statistically significant covariates (coun-
try, tumor size, sex, formulation, age, body weight, albumin, total 
bilirubin, and aspartate aminotransferase (AST)) resulted in a 
<  20% change in steady- state area under the concentration- time 
curve (AUC) of intact T- DXd and released drug, except for in-
creased body weight (95th percentile, 86  kg) and decreased al-
bumin (5th percentile, 31  g/L). Analysis of patients stratified by 
country, race, renal function, and hepatic function found no clin-
ically meaningful differences in steady- state exposure of intact T- 
DXd or released drug.12

Here, we characterize T- DXd exposure- response relationships 
with respect to key efficacy and safety end points to further sup-
port dose justification of T- DXd in patients with HER2- positive 
metastatic breast cancer.
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METHODS
Study populations and end points
Data for these analyses were derived from 4 phase I studies (J101 
(NCT02564900; data cutoff, February 1, 2019), J102 (NCT03366428; 
data cutoff, December 5, 2018), A103 (NCT03368196; data cut-
off, September 14, 2018),13 and A104 (NCT03383692; data cutoff, 
September 26, 2018)) and a phase II study (DESTINY- Breast01 
(U201; NCT03248492; data cutoff, March 21, 2019)), which are 
summarized in Table  1. T- DXd was administered Q3W, with vary-
ing doses used across studies (J101: 0.8– 8.0  mg/kg; J102 and A103: 
6.4  mg/kg; A104: 5.4  mg/kg; DESTINY- Breast01: 5.4, 6.4, or 
7.4 mg/kg). The median treatment duration was 6.64, 3.98, 3.95, 4.80, 
and 6.31 months in studies J101, J102, A103, A104, and DESTINY- 
Breast01, respectively.

The efficacy data set included efficacy- evaluable patients (those who 
were treated with T- DXd and had both baseline and ≥  1 postbaseline 
tumor assessments) with HER2- positive breast cancer from the J101 and 
DESTINY- Breast01 studies. Efficacy end points included confirmed 
ORR, DOR, and PFS per independent central review.

The safety data set included evaluable patients (those who had re-
ceived ≥  1 dose of T- DXd) from the J101, J102, A103, A104, and 
DESTINY- Breast01 studies, and was not limited to patients with 
breast cancer. Safety end points included anemia, neutropenia, and 
thrombocytopenia (all laboratory test based), ILD (adjudicated by an 
independent adjudication committee as being drug related), decrease 
in left ventricular ejection fraction (LVEF; AE and echocardiogram 
[ECHO]/multigated acquisition [MUGA] based), discontinuations 
associated with AEs, dose reductions associated with AEs, drug inter-
ruptions associated with AEs, grade ≥ 3 AEs, and serious AEs. Unless 
otherwise specified, AEs were treatment- emergent events regardless of 
causality.

PK exposure measures
The PK exposure metrics of T- DXd and its payload were estimated for 
individual patients based on empirical Bayes estimates of PK parame-
ters and patients’ specific dosing history from a pooled population PK 
analysis.12 Exposure metrics included maximum concentration (Cmax), 
Cmin, and AUC at cycle 1 and steady- state as well as average concen-
tration (Cavg) during treatment or Cavg up to time of event. Cavg was 
calculated as cumulative AUC divided by duration of treatment, or 
cumulative AUC divided by the time from the start of treatment to 
time of event, taking into account dose interruption and dose reduc-
tion. The exposure metrics were tested for each end point, as described 
below, and the most statistically significant exposure metric was gen-
erally selected in the exposure- response model; however, consistency 
across end points and correlation between exposure metrics were also 
considered.

Exposure- efficacy analysis
Initial exploratory plots were used to assess exposure- response relation-
ships. For binary variables (confirmed ORR), data were split by expo-
sure quantiles and the mean response probability was plotted vs. mean 
exposure together with a fitted logistic regression line. For time- to- event 
variables (PFS and DOR), Kaplan- Meier curves were plotted by quantile, 
together with a log rank test.

Following graphical exploration, a logistic regression model with linear 
or nonlinear function was evaluated for confirmed ORR, and Cox pro-
portional hazards regression model was considered for PFS and DOR (see 
Supplement for details).

Once the exposure metric was selected into the model, a covariate anal-
ysis was conducted according to the standard stepwise forward- addition 
and backward- elimination processes. Covariates were tested on both 
the intercept and the slope of the exposure- response relationship (see 
Supplement for details).

Exposure- safety analysis
The exposure- safety analysis was performed in evaluable patients from 
the aforementioned five studies. Because ILD has been identified as 
an important risk, an additional sensitivity analysis was performed 
in patients from J101 and DESTINY- Breast01 only, due to a shorter 
treatment duration in the other 3 trials. ILD was modeled using time- to- 
event– based Cox proportional hazards regression to gain a thorough un-
derstanding of the time course and incidence of ILD events. Other safety 
end points were modeled using linear logistic regression to characterize 
the relationship between drug exposure and event rates. As was done for 
the exposure- efficacy analysis, covariates were tested on both the inter-
cept and the slope of the exposure- response relationship (see Supplement 
for details).

Dose- response projection
Based on the developed exposure- response models, dose- response pro-
jections were made for the 5.4-  and 6.4- mg/kg doses. For each end 
point, 1,000 exposure- covariate groups were sampled with replace-
ment from the 5.4-  and 6.4- mg/kg groups and 1,000 models were sim-
ulated from the variance- covariance matrix of the exposure- response 
model. Model- estimated response rate and 90% CI were then calcu-
lated for each dose.

RESULTS
Exposure- efficacy analysis
Of 493 efficacy- evaluable patients from the J101 (n  =  258) 
and DESTINY- Breast01 (n  =  235) trials, 337 (J101, n  =  106; 
DESTINY- Breast01, n = 231) with HER2- positive breast cancer 
were included in this analysis. A total of 152 patients from J101 
were excluded from this analysis because they did not have HER2- 
positive breast cancer (n = 151) or had taken prohibited medica-
tion (CYP3A4 inhibitor) prior to starting treatment (n = 1). Four 
patients from the DESTINY- Breast01 trial were excluded because 
they did not have HER2- positive breast cancer (n = 1) or had miss-
ing PK samples (n = 3). Among 337 patients, 2 and 1 received the 
lower doses of 0.8 and 1.6 mg/kg, respectively, whereas 211, 100, 
21, and 2 received the higher doses of 5.4, 6.4, 7.4, and 8.0 mg/kg, 
respectively.

A statistically significant relationship was observed between in-
tact T- DXd Cavg to time of response and confirmed central ORR 
(P = 0.028; Figure 1a), with no significant covariates identified. In 
the current analysis data set, 25% and 37% of patients had a dose 
interruption and dose reduction, respectively. The relative dose in-
tensity was 92% and was slightly numerically lower in the 6.4- mg/
kg group than in the 5.4- mg/kg group (Table S3). The predicted 
ORR in patients with median Cavg was 64.9%; the predicted ORR 
in patients with Cavg at the 5th and 95th percentiles was 55.7% 
and 74.5%, respectively (Figure 1b). A numerical predictive check 
of the final model demonstrated that across all quartiles of intact 
T- DXd Cavg, there was agreement between model- predicted and 
observed ORR, and the observed ORR was contained within the 
90% prediction interval. Although not statistically significant, a 
similar trend was observed in the relationship between steady- state 
Cmin of intact T- DXd and confirmed central ORR (Figure 1c). No 
statistically significant relationship was observed between released 
drug exposure and confirmed central ORR.

Kaplan- Meier analysis stratified by quartile for intact T- DXd 
Cavg to time of response demonstrated no statistically significant 
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relationship between DOR and intact T- DXd Cavg response 
(Figure 2a). Likewise, no statistically significant relationship was 
observed between DOR and other intact T- DXd exposure metrics 
or released drug exposure. Notably, 88 of 218 patients (40%) re-
mained at risk beyond 6 months. The effect of T- DXd exposure on 
PFS was also evaluated and, although there was a trend toward an 
increased probability of PFS with increasing intact T- DXd Cavg to 
time of response (P = 0.127), no intact T- DXd exposure– PFS re-
lationships achieved statistical significance (P > 0.05; Figure 2b). 
In this analysis, 188 of 337 patients (56%) remained at risk beyond 
6 months. Because no significant exposure- response relationships 
were observed for DOR and PFS, no further covariate assessment 
was performed for these end points.

Exposure- safety analysis
A total of 645 patients (n = 512 with breast cancer) were evaluable 
for safety across the 5 studies; 639 were included in this exposure- 
safety analysis and 6 were excluded (DESTINY- Breast01, n  =  3 
(missing PK samples); J101, n = 3 (protocol deviation for taking 
prohibited medication (CYP3A4 inhibitors) prior to starting treat-
ment)). Among 639 patients, 3 each received the lower doses of 0.8, 

1.6, and 3.2 mg/kg, respectively, whereas 312, 291, 21, and 6 re-
ceived the higher doses of 5.4, 6.4, 7.4, and 8.0 mg/kg, respectively. 
A summary of the observed incidences of events for the safety end 
points is provided in Table  S4. All safety end points were cor-
related with intact T- DXd and/or released drug exposure. Selected 
exposure metrics together with significant covariates included in 
the final model for each end point are summarized in Table 2.

Intact T- DXd exposures were correlated with discontinuations 
associated with AEs (steady- state AUC), ILD (any grade (steady- 
state AUC) and grade ≥ 3 (steady- state Cmax)), and LVEF decrease 
by ECHO/MUGA (grade ≥ 2 (steady- state Cmax)). LVEF decrease 
by ECHO was used as an end point due to low patient numbers 
when LVEF was included as an investigator- reported AE (any- 
grade LVEF decrease, n = 14; grade ≥ 3, n = 2). The Cavg of re-
leased drug up to the end of the event cycle was correlated with the 
remaining AEs. Figure  3 shows example logistic regression plots 
for discontinuations associated with AEs (Figure 3a) and anemia 
(Figure 3b) and Cox regression fits for ILD (Figure 3c) demon-
strating increased event probabilities with increasing exposure of 
intact T- DXd or released drug. Numerical predictive checks sup-
ported the final model for each of the safety end points.

Figure 1 Exposure- response plot (a) and forest plot of confirmed central ORR by Cavg (b) and exposure- response plot of confirmed central ORR 
by Cmin (c). In panels a and c, numbers in red represent n/N; horizontal bars below the plot illustrate the 5th, 50th, and 95th percentiles of 
exposures. Cavg, average concentration; Cmin, minimum concentration; ORR, objective response rate.
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Analysis of covariates identified race- country (Asian- Japan, 
Asian– non- Japan, and non- Asian) as the most common covari-
ate— it was observed to be significantly associated with eight 
safety end points, including discontinuations and dose inter-
ruptions due to AEs, most hematologic end points (grade ≥  3 
anemia, neutropenia (any grade and grade ≥  3), and thrombo-
cytopenia (any grade and grade ≥  3)), and any- grade (but not 
≥ grade 3) ILD (Table 2). For these eight end points, the mod-
eled event rates in patients in the Asian- Japan group were greater 
than those in the non- Asian group. Example forest plots of event 
probabilities for discontinuations associated with AEs, anemia, 
and ILD are shown in Figure 4 and final model parameters are 
shown in Table S5. There was a higher probability of discontinu-
ations associated with AEs in the Asian- Japan group and a lower 
probability in the Asian– non- Japan group than in the non- Asian 
group. The probability of discontinuations associated with AEs 
was also higher in patients who had received greater than or equal 
to six prior nonhormonal cancer therapies than in patients who 
had received less than six (Figure 4a). The probability of anemia 
of any grade was decreased in patients weighing ≥ 60 kg and was 
increased in men or patients with baseline hemoglobin level < 
120  g/L (Figure  4b). The probability of grade ≥  3 anemia was 
increased in patients in the Asian- Japan and Asian– non- Japan 
groups relative to the non- Asian group and was also increased 
in patients aged ≥ 60 years and those with baseline hemoglobin 
level <  120  g/L but was decreased in patients with an ECOG 
performance status ≥ 1 (Figure 4b). With respect to ILD, char-
acteristics appeared to differ based on severity. Any- grade ILD 
was projected to occur more frequently in the Asian- Japan group 
than in the non- Asian group. Conversely, high- grade ILD (grade 
≥ 3) was projected to occur at a similar frequency regardless of 
race- country (Figure 4c). A sensitivity analysis of ILD using data 
from the J101 and DESTINY- Breast01 trials identified the same 
covariates and similar parameter estimates.

Integrated dose- response projections
Model- projected event rates were plotted and compared for T- DXd 
doses of 5.4 and 6.4 mg/kg (Figure 5). Dose- response projections 
suggested a numerical increase in efficacy with 6.4 vs. 5.4  mg/
kg, with an absolute increase of 4.6% in ORR (67.5% (90% CI, 
58.4– 76.0%) vs. 62.9% (90% CI, 55.4– 69.5%)). However, the 6.4- 
mg/kg dose was also associated with a corresponding increase in 
projected grade ≥ 3 AEs (6.9% projected absolute increase; 60.6% 
(90% CI, 57.3%– 63.6%) vs. 53.7% (90% CI, 50.2– 57.1%)) and 
discontinuations due to AEs (3.1% projected absolute increase; 
14.4% (90% CI, 12.4– 17.2%) vs. 11.3% (90% CI, 9.5– 13.9%)). 
Additionally, the incidence of some specific AEs, including grade 
≥ 2 LVEF decrease (by ECHO; 4.0% projected absolute increase; 
17.2% (90% CI, 14.6– 20.1%) vs. 13.2% (90% CI, 11.1– 15.9%)), 
any- grade ILD (3.0% projected absolute increase; 17.0% (90% CI, 
14.8– 19.2%) vs. 14.0% (90% CI, 11.5– 15.6%)), and grade ≥ 3 ILD 
at 360 days of treatment (1.6% projected absolute increase; 4.0% 
(90% CI, 2.6– 5.1%) vs. 2.4% (90% CI, 1.7– 3.2%)), were projected 
to be higher with 6.4 vs. 5.4  mg/kg. Dose- response projections 
stratified by race- country showed a similar pattern of benefit- risk 
in the Asian- Japan, Asian– non- Japan, and non- Asian groups. 
Higher rates of some hematologic laboratory abnormalities were 
projected in Asian- Japan and Asian– non- Japan patients com-
pared with non- Asian patients at both 5.4-  and 6.4- mg/kg doses 
(Figure  5). Notably, projections for efficacy are based on data 
from patients with metastatic breast cancer only, whereas those 
for safety are based on patients with various solid tumors.

DISCUSSION
This is the first report of exposure- response relationships in pa-
tients treated with the novel HER2- directed ADC T- DXd. This 
analysis demonstrated that objective response to T- DXd in pa-
tients with HER2- positive metastatic breast cancer was signifi-
cantly correlated with intact drug exposure and that all safety end 

Figure 2 Kaplan- Meier curves of duration of response (a) and progression- free survival (b) stratified by intact T- DXd exposure. Cavg, average 
concentration; ORR, objective response rate; PFS, progression- free survival; Q, quartile; T- DXd, trastuzumab deruxtecan.
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points were significantly correlated with either intact T- DXd or 
released drug exposure. Integrated dose- response projections sug-
gested modest increases in both ORRs and AE rates when the T- 
DXd dose was increased from 5.4 to 6.4 mg/kg Q3W.

Exposure- efficacy analysis showed that ORR was significantly 
correlated with intact T- DXd Cavg in patients with metastatic 
breast cancer. This result may not be surprising, because Cavg re-
flects the actual average exposure in individual patients. Because 

25% and 37% of patients had dose interruptions or dose reduc-
tions, respectively, during treatment and these events occurred 
more often in the 6.4-  vs. 5.4- mg/kg group, evaluation of Cavg as 
the exposure metric is important because it considers the impact 
of dose interruptions or reductions and therefore represents the 
actual average exposure in individual patients. The model pre-
dicted an absolute increase in ORR of 4.6% with 6.4 vs. 5.4 mg/kg 
(67.5% vs. 62.9%), which was consistent with observed clinical 

Table 2 Summary of significant (P < 0.05) exposure- response relationships identified for safety end points

Safety end point Exposure variable Slope effect
Covariates  

(increase [+]/decrease [−] in event rate)

Discontinuations due to 
AEs

Intact steady- state AUC + Asian- Japan on slope (+)a  
Asian– non- Japan on slope (−)a  

≥ 6 prior cancer therapies on intercept (+)

Dose reductions due to 
AEs

Released drug Cavg through event 
cycle

+ HER2- negative status on intercept (−)b  
HER2 unknown/other status on intercept (−)b  

Body weight ≥ 60 kg on slope (−)  
≥ 6 prior cancer therapies on slope (−)

Dose interruptions due 
to AEs

+ Asian- Japan on intercept (+)a  
Asian– non- Japan on intercept (+)a  

≥ 6 prior cancer therapies on intercept (−)

Grade ≥ 3 AEs + Body weight ≥ 60 kg on slope (−)

Serious AEs + ECOG PS ≥ 1 on slope (+)

Anemia (any grade) + Body weight ≥ 60 kg on slope (−)  
Male sex on intercept (+)  

Baseline hemoglobin level < 120 g/L on 
intercept (+)

Anemia (grade ≥ 3) + Asian- Japan on slope (+)a  
Asian– non- Japan on slope (+)a  
ECOG PS ≥ 1 on intercept (−)  

Baseline hemoglobin level < 120 g/L on 
intercept (+)  

Age ≥ 60 years on intercept (+)

Neutropenia (any grade) + Asian- Japan on slope (+)a  
Asian– non- Japan on slope (+)a  

Male sex on slope (−)  
Baseline neutrophil count < 3.6 × 109/L on 

intercept (+)

Neutropenia (grade ≥ 3) + Asian- Japan on slope (+)a  
Asian– non- Japan on slope (+)a  

Baseline neutrophil count < 3.6 × 109/L on 
intercept (+)

Thrombocytopenia (any 
grade)

+ Asian- Japan on slope (+)a  
Asian– non- Japan on slope (+)a  

Baseline platelet count < 220 × 109/L on 
intercept (+)

Thrombocytopenia (grade 
≥ 3)

+ Asian- Japan on slope (+)a  
Asian– non- Japan on slope (+)a  

≥ 6 prior cancer therapies on intercept (+)  
≥ 6 prior cancer therapies on slope (−)

LVEF decrease by ECHO 
(grade ≥ 2)

Intact steady- state Cmax + None

ILD (any grade) Intact steady- state AUC + Asian- Japan (+)a  
Asian– non- Japan (−)a

ILD (grade ≥ 3) Intact steady- state Cmax + None

AE, adverse event; AUC, area under the concentration- time curve; Cavg, average concentration; Cmax, maximum concentration; ECHO, echocardiogram; ECOG PS, 
Eastern Cooperative Oncology Group performance status; HER2, human epidermal growth factor receptor 2; ILD, interstitial lung disease; LVEF, left ventricular 
ejection fraction.
 aReference category is non- Asian.
 bReference category is HER2- positive status.
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data in patients with HER2- positive metastatic breast cancer 
treated with T- DXd in the DESTINY- Breast01 (ORR (6.4 vs. 
5.4 mg/kg), 68.8% vs. 60.9%) and J101 (ORR, 61.5% vs. 56.5%) 
trials.7,10 Exposure- response analysis of T- DM1 in patients with 
HER2- positive metastatic breast cancer showed a similar cor-
relation between T- DM1 exposure (Cmin at cycle 1, day 21) and 
ORR.14 Previous studies have demonstrated that higher disease 
burden at baseline can impact the clearance of monoclonal an-
tibodies, leading to higher target- mediated clearance, which can 
confound exposure- efficacy relationships.15,16 Importantly, as 
described in a population PK analysis, target- mediated clearance 
was not observed at a clinically relevant dose of T- DXd (nonlin-
ear clearance was observed at dose levels ≤ 1.6 mg/kg).10 Tumor 
size (sum of diameters of target tumors) was included in the as-
sessed covariates in this analysis and was not associated with the 
T- DXd exposure– ORR relationship. Overall, no significant co-
variates were identified in the exposure- ORR relationship.

Despite the observed relationship between intact T- DXd and 
ORR, no significant correlation was observed between exposure 
and DOR or PFS. Exposure- response analysis of T- DM1 demon-
strated significantly greater PFS and OS with higher T- DM1 expo-
sure.14 One potential reason for lack of a significant exposure- DOR 
or exposure- PFS association in the current analysis was the limited 

duration of patient follow- up at the time of this analysis, with only 
88 of 218 (40%) and 188 of 337 (56%) patients remaining at risk 
beyond 6  months for DOR and PFS, respectively. In addition, 
the relatively narrow range of intact T- DXd (3- fold) and released 
drug (4- fold) exposure due to the limited dose levels available for 
this analysis may limit a more complete picture of the exposure- 
response relationships. As a limitation, immortal time bias may 
exist for time- to- event measures. This potential bias has not been 
accounted for in the Cox regression analysis of DOR and PFS be-
cause a consistent early landmark exposure or treatment predictor 
could not be readily identified.

All evaluated safety end points demonstrated an exposure- 
response relationship with intact T- DXd and/or released drug, with 
higher AE rates projected at 6.4 mg/kg vs. 5.4 mg/kg T- DXd. Intact 
T- DXd exposure was most significantly correlated with discontin-
uations associated with AEs, ILD, and grade ≥ 2 LVEF decreases 
by ECHO, whereas the Cavg of released drug was most significant 
for all other safety end points. Similar exposure- response profiles 
regarding ILD and discontinuations associated with AEs were 
expected because discontinuation was mandated in patients with 
grade ≥ 2 ILD, and ILD/pneumonitis was the most common AE 
leading to discontinuation.7,10 Previous studies have suggested that 
AEs associated with ADCs can be driven by non– target- mediated 

Figure 3 Logistic regression plots of discontinuations associated with AEs (a) and anemia (b) and Cox regression plots of ILD (c). In panels 
a and b, numbers in red represent n/N; horizontal bars below the plot illustrate the 5th, 50th, and 95th percentiles of exposures. In panel 
c, the solid black line represents the estimated Kaplan- Meier curves, the dashed lines are 95% CIs, and the solid green line represents the 
estimated Kaplan- Meier curve determined using multivariate Cox regression. AE, adverse event; AUC, area under the concentration- time curve; 
Cavg, average concentration; CI, confidence interval; Cmax, maximum concentration; ILD, interstitial lung disease; Q, quartile.
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pinocytosis of the intact ADC or by the released payload.17– 19 The 
mechanism of some AEs associated with T- DXd is unknown and 
may warrant further evaluation to clarify whether they are driven 
by released drug or by intact T- DXd. For instance, ILD was most 
strongly associated with intact T- DXd exposure. However, pul-
monary toxicity has been observed with HER2- directed thera-
pies, including trastuzumab and T- DM1,20,21 and topoisomerase 
I inhibitors.22 Therefore, further evaluation is currently ongoing 
in order to understand the mechanism of T- DXd– associated ILD. 
LVEF dysfunction has previously been associated with anti- HER2 
therapy, including trastuzumab.23 However, data from T- DXd 
clinical trials, including DESTINY- Breast0110 and J101,7,24 have 
demonstrated no clinically significant cardiotoxicity in patients 
treated with T- DXd. This is further evidenced by the very limited 
incidence of LVEF dysfunction reported as an AE across T- DXd 
trials, and thus the end point assessed was amended to grade ≥ 2 
LVEF decrease by ECHO/MUGA for this analysis. The relatively 
low incidence of cardiotoxicity across T- DXd trials may limit the 
interpretability of any associations observed in these analyses.

In a pooled population PK analysis, exposures of intact T- DXd 
and released drug were similar between Asian vs. non- Asian and 
Japanese vs. non- Japanese patients.12 Despite similar PK expo-
sures, discontinuations associated with AEs, dose interruptions 
associated with AEs, and hematologic AEs were generally higher 
in the Asian- Japan group than in the non- Asian group at both 
the 5.4-  and 6.4- mg/kg doses. The Asian- Japan group had more 
any- grade ILD events than the non- Asian group. One possible 
explanation for the higher rate of any- grade ILD in the Asian- 
Japan group could be differences in ILD monitoring and/or 
physician experience with drug- induced pulmonary toxicities. 
Alternatively, there is evidence that Japanese patients may have 

a higher susceptibility to drug- induced ILD than non- Japanese 
patients.25,26 In addition, a recent study identified a potential 
genetic polymorphism linked to the pathophysiology of ILD 
in Japanese patients with antineutrophil cytoplasmic antibody– 
associated vasculitis, suggesting that there could be some genetic 
basis to increased ILD susceptibility in Japanese patients.27 The 
mechanisms of T- DXd– associated ILD require further evalua-
tion, and it remains unknown whether genetic variants play a 
role in the modeled increase observed in the Asian- Japan group. 
The limited population in the non- Asian group in the assessed 
studies unfortunately precluded further assessment of potential 
differential safety signals in other race groups.

Dose- response projections in the overall population suggested 
a modest 4.6% increase in ORR but also an increase in most AEs 
with T- DXd 6.4 vs. 5.4 mg/kg Q3W. Notably, the majority of 90% 
CIs for model- projected event rates, including those for ORR, 
overlapped between the 5.4-  and 6.4- mg/kg doses. One exception 
was the increased rate of grade ≥  3 AEs, for which the 90% CIs 
did not overlap. Clinical data from the J101 trial support these 
model projections, with an ORR of 56.5% in patients treated with 
5.4 mg/kg and 61.5% in patients treated with 6.4 mg/kg, but with 
an increase in grade ≥ 3 AEs (5.4 vs. 6.4 mg/kg, 39% vs. 58%).7 In 
line with clinical observations, the current analysis also suggested 
a lower rate of any- grade ILD and grade ≥ 3 ILD with T- DXd 5.4 
vs. 6.4 mg/kg. Overall, exposure- response analysis in patients with 
HER2- positive metastatic breast cancer supported clinically mean-
ingful efficacy of T- DXd at both the 5.4-  and 6.4- mg/kg doses, but 
the 5.4- mg/kg dose was considered to have a more positive benefit- 
risk profile due to a lower modeled incidence of safety events with-
out a meaningful reduction in efficacy compared with the 6.4- mg/
kg dose.

Figure 4 Forest plots of probability of discontinuations associated with AEs (a), anemia (b), and ILD (c). AE, adverse event; AUCSS, area under 
the concentration- time curve at steady state; Cavg, average concentration; ECOG PS, Eastern Cooperative Oncology Group performance status; 
ILD, interstitial lung disease.

ARTICLE



CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 110 NUMBER 4 | October 2021 995

No significant covariates were identified for the exposure- 
ORR relationship, whereas race- country was identified as the 
most common and relevant covariate for the safety end points 
evaluated. The slope of exposure- response relationships for the 
hematologic laboratory abnormalities appeared to be greater in 
the Asian−non- Japan group than in the non- Asian group, with 
a similar pattern observed for Asian- Japan patients. Although 
serious AEs, grade ≥ 2 LVEF reductions by ECHO, and grade 
≥ 3 ILD events were similar between the Asian- Japan and non- 
Asian groups, discontinuations due to AEs, dose interruption 
associated with AEs, hematologic laboratory abnormalities, 
and ILD of any grade were higher, and the slope of exposure- 
response relationships for these AEs was greater in Asian- Japan 
patients. Dose- response projections stratified by race- country 
suggested similar overall benefit- risk profiles among non- Asian, 
Asian- Japan, and Asian−non- Japan patients except for higher 
hematologic laboratory abnormalities in the Asian−non- Japan 
and Asian- Japan vs. non- Asian group at both the 5.4-  and 6.4- 
mg/kg doses. These results supported the selection of 5.4 mg/kg 
as the recommended dose in Asian−non- Japan and Asian- Japan 
patients.

In conclusion, the results of these analyses demonstrate the 
benefit- risk profile at different doses and guide clinicians in the 
use of the T- DXd 5.4 mg/kg Q3W dose in patients with HER2- 
positive metastatic breast cancer; this corresponds to the dose 
regimen recommended in the recently approved FDA prescribing 
information.

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