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Changing Body Weight—Based Dosing to a Flat
Dose for Avelumab in Metastatic Merkel Cell
and Advanced Urothelial Carcinoma

Ana M. Novakovic, Justin J. Wilkins?, Haiqing Dai’, Janet R. Wade?, Berend Neuteboom?, Satjit Brar4,
Carlo L. Bello4, Pascal Girard® and Akash Khandelwal'™*

Avelumab, an anti-programmed death-ligand 1 monoclonal antibody approved for the treatment of metastatic
Merkel cell carcinoma and platinum-treated urothelial carcinoma, was initially approved with a 10 mg/kg weight-
based dose. We report pharmacokinetic (PK)/pharmacodynamic analyses for avelumab comparing weight-based
dosing and a flat 800 mg dose, developed using data from 1,827 patients enrolled in 3 clinical trials (NCTO1772004,
NCT01943461, and NCT02155647). PK metrics were simulated for weight-based and flat-dosing regimens and
summarized by quartiles of weight. Derived exposure metrics were used in simulations of exposure-safety (various
tumors) and exposure-efficacy (objective responses; Merkel cell or urothelial carcinoma). Flat dosing was predicted to
provide similar exposure to weight-based dosing, with slightly lower variability. Exposure-safety and exposure-efficacy
simulations suggested similar benefit:risk profiles for the two dosing regimens. These pharmacometric analyses
provided the basis for the US Food and Drug Administration approval of a flat dose of avelumab 800 mg every

2 weeks in approved indications.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THIS
TOPIC?

M In recent years, dosing regimens of some anti—programmed
cell death 1 and anti—programmed death-ligand 1 antibodies
have changed from weight-based dosing to a flat dose based on
pharmacokinetic modeling and clinical studies.

WHAT QUESTION DID THIS STUDY ADDRESS?

[ Does a flat dose of 800 mg avelumab provide a comparable
predicted exposure and benefit:risk profile to the previously ap-
proved 10 mg/kg weight-based dose?

WHAT DOES THIS STUDY ADD TO OUR KNOW-
LEDGE?

V] Based on pharmacometric modeling, an 800 mg flat dose
of avelumab was predicted to provide similar exposure with

Monoclonal antibodies that block the interaction between pro-
grammed death 1 (PD-1) and its ligand (PD-L1) are established
treatments for various tumor typcs.1 By blocking the immune
inhibitory effects induced by this molecular interaction, anti—
PD-1 or anti—-PD-L1 antibodies can reactivate and maintain
antitumor immune responses, rcsulting in therapeutic effi-
cacy.” Within oncology, there has been a shift from traditional
weight-based dosing with cytotoxic agents to the use of a flat
dose with monoclonal antibodies. Furthermore, the anti-PD-1

slightly lower variability compared with 10 mg/kg weight-based
dosing. Additionally, simulations of exposure-efficacy and ex-
posure-safety suggest that the two dosing regimens have similar
benefit:risk profiles.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

M These analyses provided the basis for the US Food and Drug
Administration approval of avelumab as an 800 mg flat dose
every 2 weeks instead of weight-based dosing across all approved
indications. Changing to a flat dose provides several practical
advantages, including ease of dose preparation, reduced chance
of dosing errors, and minimized drug wastage.

antibodies nivolumab and pembrolizumab were initially ap-
proved with weight-based dosing, but the dosing was changed
to flat dosing based on exposure-efficacy, exposure-safety,
and pharmacokinetic (PK) modeling studies, which showed a
similar benefit:risk profile, in addition to subsequent clinical
studies of pembrolizumab dosing.3’4 Similarly, the anti-PD-L1
antibody atezolizumab was administered via weight-based dos-
ing in early trials, but PK modeling led to flat dosing being se-
lected for subsequent trials,” which led to regulatory approvals.
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For monoclonal antibodies, flat-based and weight-based dosing
regimens are generally associated with similar variability in
exposure across a patient population, and flat dosing produces
less variability when the power exponent defining the effect of
weight on clearance (CL) is < 0.5. Importantly, flat dosing may
provide several additional practical advantages, including ease
of dose preparation, reduced chance of dosing errors, and mini-
mized drug wastagc.6

Avelumab is a human immunoglobulin G1 anti-PD-L1
monoclonal antibody that has been approved in various coun-
tries for the treatment of patients with metastatic Merkel cell
carcinoma (mMCC) and patients with advanced or metastatic
urothelial carcinoma (UC) after discase progression on plat-
inum therapy.7’8 Unlike other approved anti-PD-L1 or anti—
PD-1 antibodies, avelumab has a wild-type Fc region and has
been shown in preclinical studies to induce antitumor activity
mediated by innate immune effector cells, in addition to reacti-
vating adaptive immune rcsponscs.9’10 In addition to approved
indications, avelumab is in clinical development for the treat-
ment of other cancers, including renal cell carcinoma, non-small
cell lung cancer, and gastric cancer.'!

The first phase I trials of avelumab as monotherapy were
JAVELIN Solid Tumor (NCTO01772004), a large, global
study,'"'* and JAVELIN Solid Tumor JPN (NCT01943461),
performed in Japan."? Both studies included an initial dose-es-
calation part. The approval of avelumab 10 mg/kg in advanced
or metastatic UC was based on a pooled analysis of 2 dose-ex-
pansion cohorts from JAVELIN Solid Tumor."*'® The approval
of avelumab 10 mg/kg in patients with mMCC was based on
results from JAVELIN Merkel 200 (NCT02155647, a separate
single-arm phase II study that included a cohort of 88 patients
with stage IV chemotherapy-refractory mMCC who received
avelumab 10 mg/kg every 2 weeks (qu)).16 Single-dose PK
for avelumab was reported from the dose-escalation parts of
JAVELIN Solid Tumor'* and JAVELIN Solid Tumor JPN."
Population PK models have been developed that show a mod-
est effect of body weight on CLY and a potential shallow expo-
sure-response relationship in some tumor types.lg‘19

Avelumab was initially approved with weight-based dosing
of 10 mg/kg given intravenously q2w, which has been admin-
istered in several clinical trials. In light of experiences with
similar agents, we describe analyses supporting the use of a flat
dose of 800 mg q2w for avelumab across approved indications.
The 800 mg dose was selected based on previous studies show-
ing that the median body weight for adults with various tumor
types is = 80 kg,3’4’20 which would require a dose of 800 mg with
10 mg/kg weight-based dosing. The objectives of this analysis
were to (i) compare avelumab exposure between weight-based
and flat-dosing regimens using simulations based on previously
developed population PK models, (ii) compare the simulated
probability of experiencing an adverse event (AE) of special in-
terest with weight-based and flat-dosing regimens, specifically
immune-related AEs (irAEs) and infusion-related reactions
(IRRs), and (iii) compare the simulated probability of objective
response (OR) between weight-based and flat-dosing regimens
in patients with mMCC or advanced/metastatic UC.
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RESULTS
Comparison of avelumab exposure between weight-based
and flat dosing
Data were obtained from 1,827 patients enrolled in 3 trials of ave-
lumab, comprising 1,688 patients from JAVELIN Solid Tumor, 51
patients from JAVELIN Solid Tumor JPN, and 88 patients from
JAVELIN Merkel 200 part A. The median body weight among
trial participants was 70.6 kg (range 30.4-204 kg; Figure S1).
Avelumab was administered at doses of 1 mg/kg (» = 4), 3 mg/kg
(n=18), 10 mg/kg (n = 1,778), or 20 mg/kg (n = 27) q2w.
Simulations of exposure comparing weight-based (10 mg/
kg q2w) and flat dosing (800 mg q2w) after the first cycle and at
steady state were performed using previously developed population
PK models (see Methods). Using the first-cycle model in the sim-
ulated population, the flat 800 mg dose resulted in slightly higher
exposures than weight-based dosing, with the median area under
the curve (AUC) during the first dosing interval (AUC, ;. ;)
increasing by = 12% (Figure 1). This increased exposure was ex-
pected because the median weight of sampled patients (70.6 kg)
was lower than the weight used to determine the flat dose (80.0 kg).
Differences in exposure were more pronounced within the light-
est and heaviest weight quartiles (Figure 1b) and extreme weight
percentiles (2.5th and 97.5th percentiles; Figures S2 and S3). For
weight-based dosing (10 mg/kg), exposures were lowest in the light-
est body weight quartile/percentile, and for flat dosing (800 mg),
exposures were lowest in the heaviest body weight quartile/percen-
tile. However, exposures in all weight groups showed considerable
overlap, and exposures with flat dosing in all weight groups were
lower than the median exposure observed following administration
of avelumab 20 mg/kg q2w (Figure 1b). Total variability for simu-
lated AUC,_,, ¢, values was slightly lower for flat dosing compared
with weight-based dosing (Table 1); the coefficients of variation for
simulated AUC ., values were 27.1% and 29.0%, respectively.
Simulations based on other exposure metrics (minimum and
maximum serum concentrations ( Cm)ugh and C__)) in the first-cy-
cle model and additional analyses using the steady-state model
resulted in findings consistent with those reported above for
AUC,_,54, in the first-cycle model (examples of results for Ctrough
in the steady-state model (Ctmugh’ss) are shown in Figure $4).
Opverall, population PK modeling and simulations suggested
that exposure to avelumab was similar with 800 mg q2w flat dosing

and 10 mg/kg q2w weight-based dosing.

Exposure-safety simulations

For a comparison of the simulated probability of experiencing
AEs of special interest (irAEs and IRRs of any grade) between flat
dosing and weight-based dosing, simulated avelumab exposure
metrics (AUC0—336 h’ Ctrough’ Cmax’ AUCss’ Ctrough,ss’ and Cmax,ss>
and safety data were analyzed in 1,712 patients with various tu-
mors who had PK data collected in the aforementioned trials.

In the model, the simulated probability of irAEs across all pa-
tients with weight-based dosing was 11.9%, which was the same as
the observed rate with avelumab 10 mg/kg dosing across the clinical
trials included. The simulated probability of experiencing an irAE
based on AUC 5., showed a similar and overlapping distribu-
tion between flat and weight-based dosing (Figure 2a). The mean
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Figure 1 Simulated AUC,_,.. ,, values for weight-based (10 mg/kg q2w) and flat (800 mg q2w) dosing of avelumab using the first-cycle
population pharmacokinetic model. Box and whisker plots for (a) the entire population and (b) the population split by quartiles of weight;
observed data with avelumab 20 mg/kg dosing are included for comparison purposes (n = 27). AUC,_554,, area under the curve during the

first dosing interval.

probability of irAEs was slightly higher for flat dosing compared with
weight-based dosing (12.6% vs. 11.4%, respectively), which can be
attributed to the higher exposure of the flat-dosing regimen result-
ing from the median weight of the sampled patients being < 80 kg.
Across weight quartiles, there were opposing trends for the probabil-
ities of irAEs in flat and weight-based dose simulations (Figure 2b).
Specifically, in the lightest weight quartile, the mean probability of
irAEs was numerically higher with flat dosing compared with weight-
based dosing (14.3% vs. 10.0%, respectively); however, this projected
difference is not expected to be clinically meaningful because this rate
is similar to or lower than rates of irAEs seen with other approved
anti—-PD-1/PD-L1 antibodies.”*? In contrast, in the heaviest weight
quartile, the probability of irAEs was lower for flat dosing compared
with weight-based dosing.

In the model, the probability of experiencing an IRR with
weight-based avelumab dosing in the overall population was
24.7%, which was the same as the observed rate from clinical

trials. Simulated probabilities of IRRs based on exposure (C__ )
were strongly concordant between weight-based and flat dosing
(Figure 2c), with no trends seen in weight quartiles (Figure 2d).
This finding was expected because a previously developed expo-
sure-IRR model concluded that the probability of IRRs does not
change with exposure (data not shown). Simulated probabilities
of irAEs or IRRs based on other exposure metrics and using the
steady-state model resulted in findings consistent with those re-
ported above (example of results for C -irAE and for C
IRR are shown Figure S5).

Overall, these exposure-based analyses suggest that the safety profile

trough,ss ‘max,ss

of flat dosing for avelumab is similar to that of weight-based dosing.

Exposure-efficacy simulations

For a comparison of the simulated probability of OR between
flat dosing and weight-based dosing, previously simulated ave-
lumab exposure metrics (AUC07336 b C[mugh, and Ctrough,ss)

Table 1 Simulated range of exposure (AUC, ... ) and number of patients for weight-based (10 mg/kg) and flat (800 mg)
dosing of avelumab by quartiles of baseline body weight using the first-cycle population pharmacokinetic model

Median AUC_,..,, mg/L*h (range)
Weight quartiles N 10 mg/kg 800 mg
Q1 (30.4 to < 60.0 kg) 415 19,102 (8,271-36,965) 29,418 (14,191-54,763)
Q2 (60.0 to < 70.6 kg) 404 22,221 (9,057-35,556) 27,170 (10,893-45,739)
Q3 (70.6 to < 84.6 kg) 435 24,720 (12,970-51,742) 25,280 (13,627-51,103)
Q4 (84.4 to < 204 kg) 409 27,681 (7,438-44,938) 22,583 (5,689-38,309)
Overall 1,663 23,160 (7,438-51,742) 25,913 (5,689-54,763)

AUC,_554,, area under the curve during the first dosing interval.

590

VOLUME 107 NUMBER 3 | MARCH 2020 | www.cpt-journal.com



ARTICLE

(a)
0.200+

0.175+

0.150 -

0.1254

0.1004

0.075 -

Mean probability of irAE

0.0504

Flat aose
(800 mg)
ose

Weight—bésed dose
(10 mg/kg)

()

0.300+

0.275+

0.250 4

0.225 -

Mean probability of IRR

0.200

Flat aose

(800 mg)
ose

Weight-ba'sed dose
(10 mg/kg)

(b)

©
N

o
1

; == ﬁ.

Q2 Q3
Weight quartiles (kg)
B3 Weight-based dose (10 mg/kg) B Flat dose (800 mg)

0.10 1

Mean probability of irAE

Q1 Q4

(d)

0.30 1

0.25 1

Mean probability of IRR

0.20 1

Q1 Q2 Q3 Q4
Weight quartiles (kg)
E3 Weight-based dose (10 mg/kg) ER Flat dose (800 mg)

Figure 2 Mean probability of experiencing an irAE (upper panels) or IRR (lower panels) for weight-based (10 mg/kg q2w) and flat (800 mg g2w)
dosing with avelumab based on the first-cycle population pharmacokinetic model. Box and whisker plots for (a) probability of irAEs based on
AUC,_545,, in all patients; (b) probability of irAEs based on AUC,_,.., stratified by quartiles of weight; (c) probability of IRRs based on C__ in

all patients; and (d) probability of IRRs based on C
the first dosing interval; C

max

max’

and OR data were analyzed in 88 patients with mMCC from
part A of JAVELIN Merkel 200 and 249 patients with ad-
vanced/metastatic UC from JAVELIN Solid Tumor. OR was
chosen for efficacy simulations because it provided the pri-
mary basis for regulatory approval (primary end point) in both
tumor types.

Simulated probabilities of achieving an OR with weight-based
dosing in the mMCC and advanced/metastatic UC populations

CLINICAL PHARMACOLOGY & THERAPEUTICS | VOLUME 107 NUMBER 3 | MARCH 2020

max

stratified by quartiles of weight. AUC,_54, area under the concentration curve during
maximum concentration; irAE, immune-related adverse event; IRR, infusion-related reaction.

were 31.8% and 17.3%, respectively, which matched the observed
OR rates in clinical trials. In both mMCC and advanced/metastatic
UC populations, the simulated probability of OR based on expo-
sure (AUC ;) was slightly higher with the 800 mg flat dose than
weight-based dosing with 10 mg/kg (Figure 3). For typical patients
with mMCC or advanced or metastatic UC (see Methods), the es-
timated probability of OR was = 5% higher and ~ 3% higher with
flat vs. weight-based dosing, respectively. However, the two regimens
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Figure 3 Mean probability of objective response in patients with mMCC (upper panels) or advanced/metastatic UC (lower panels) for weight-
based (10 mg/kg q2w) and flat (800 mg q2w) dosing with avelumab based on AUC,_4, (first-cycle population pharmacokinetic model).

Box and whisker plots in (a) all patients with mMCC, (b) patients with mMCC stratified by quartiles of weight, (c) all patients with advanced/
metastatic UC, and (d) patients with advanced/metastatic UC stratified by quartiles of weight. AUC,_5.,,,, area under the curve during the first
dosing interval; C h minimum serum concentrations; mMCC, metastatic Merkel cell carcinoma; UC, urothelial carcinoma.

troug
showed an overlapping distribution of simulated ORs in the overall Across all weight quartiles for both tumor types, there was sub-
populations (Figure 3a,c), suggesting that the probability of OR is  stantial overlap between the weight-based and flat-dose regimens
similar within each tumor type. but with opposing trends (Figure 3b,d). Specifically, the probability
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of OR was highest for the heaviest weight quartile with weight-
based dosing and for the lowest weight quartile with flat dosing.
Although the probability of OR was numerically decreased in the
heaviest weight quartile with flat dosing, it was comparable to the
OR probability with weight-based dosing in the three lower weight
quartiles (75% of the population). Simulated probabilities of OR for
mMCC and advanced/metastatic UC based on other exposure met-
trough,ss) showed
consistent findings (examples of results for Cm)ughSS are shown in
Figure S6).

Opverall, these exposure-efficacy simulations indicated that the
probability of OR is likely to be similar with flat or weight-based

dosing in the populations examined.

rics and using the steady-state model (Ctmugh and C

DISCUSSION
Population PK modeling and simulation, based on a large patient
data set, support the use of a flat avelumab dose of 800 mg q2w
instead of the weight-based 10 mg/kg q2w dose that was approved
initially. Compared with weight-based dosing, flat dosing provides
similar predicted exposure with slightly less variability, providing the
primary evidence that supports this change. The estimated power
exponent for the effect of weight on CL in the avelumab first-cy-
cle population PK model was 0.324." Thus, our data are consistent
with published data showing that flat dosing produces less variabil-
ity in exposure when the estimated exponent defining the relation-
ship is < 05.° Although overall exposure was slightly increased with
flat dosing, this was expected because the median weight of sampled
patients (70.6 kg) was lower than the “standard” weight of 80 kg
seen in other populations of patients with solid tumors, on which
the flat dose was based. In comparison, in a real-world population
of = 500 patients with mMCC enrolled in a global expanded access
program for avelumab, the median body weight was 78 kg.z3 Only
minor differences in simulated exposure were seen between flat dos-
ing and weight-based dosing in quartiles of patients with lightest
and heaviest body weights, but the distributions of exposure over-
lapped across all quartiles. Thus, the exposures expected with flat
dosing of avelumab are within the exposure range of a weight-based
dose that has shown clinical activity and an acceptable safety profile.
In addition, simulated exposure with the 800 mg dose was markedly
lower than that observed with a 20 mg/kg dose, which has shown
acceptable safety and tolerability in 2 phase I trials.!>1

The preferred PK exposure metrics used to compare weight-
based and flat-dosing regimens were simulated based on the pop-
ulation PK model developed using first-cycle data. Avelumab
displays a time-dependent decrease in CL," which has also been
reported for agents within the same class (nivolumab and pem-
brolizumab).y"25 Thus, the results obtained with simulated PK
exposures based on the first-cycle model minimize the potential
impact of time-dependent changes in CL (also for subsequent
exposure-cfficacy and exposure-safety simulations).24 However,
for completeness, PK exposures were also simulated based on the
steady-state model, which corroborated the results obtained with
the first-cycle model.

Exposure-safety and exposure-efficacy simulations provided
additional support for a change in dosing regimen and indicated

that the benefit:risk profile for the 800 mg flat dose is likely to be
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similar to that of the 10 mg/kg weight-based dose. Although there
was a slight increase in the predicted probability of experiencing
an irAE with flat dosing, the expected incidence remains consis-
tent with safety profiles of other approved anti-PD-1/PD-L1
antibodies.?* % In addition, the probability of experiencing an
AE of special interest was similar between flat dosing and weight-
based dosing. In an analysis of data derived from populations of
patients with mMCC or advanced/metastatic UC, the probabil-
ity of achieving an OR was similar with both dosing regimens.
Thus, although minor differences between dosing regimens were
observed in body weight quartiles in exposure-safety and expo-
sure-cfficacy simulations, these were not considered to be clinically
significant based on the small numerical differences observed, and
probabilities of AEs and OR were similar when dosing regimens
were compared in the overall populations. Limitations of the ex-
posure-efficacy models include the absence of data from multiple
dose levels, the assumption of linearity for logistic regression mod-
els, and the imbalance of covariates across the exposure quartiles.
These could affect the observed exposure-efficacy relationship,
which may seem steeper than expected. Nonetheless, these expo-
sure-cfficacy simulations provide additional support for a flat dos-
ing regimen.

The potential interchangeability between flat dosing and
weight-based dosing based on pharmacometric modeling, which is
reported here for the first time for avelumab, is generally consistent
with previously reported analyses of other monoclonal antibodies,6
including those targeting PD-1/PD-L1 (e.g., nivolumab,’ pem-
brolizumab,4 atezolizumab,’ and durvalumab3o). In general, use of
flat dosing is expected to provide practical benefits for administra-
tion. In particular, avelumab is available in vials containing 200 mg
of drug in a 10 mL volume; thus, administering the 800 mg dose
will require 4 vials with no resulting waste.

In conclusion, a flat dose of avelumab 800 mg q2w is likely to
provide a similar benefit:risk profile to that of avelumab 10 mg/
kg q2w seen in clinical trials, and this regimen has been adopted
for new clinical trials of avelumab. The analyses reported provided
the basis for the US Food and Drug Administration approval of
avelumab 800 mg for all approved indications” and further demon-
strate the value of pharmacometric modeling and simulation in the
absence of newly generated clinical data to assess clinically untested
dosing regimens.

METHODS

Clinical studies

Data for PK analyses were obtained from 3 clinical trials: JAVELIN
Solid Tumor (NCTO01772004), JAVELIN Solid Tumor JPN
(NCT01943461), and JAVELIN Merkel 200 (NCT02155647). Data
cutoff dates are shown in Table S1.

JAVELIN Solid Tumor is a phase I, international, open-label trial of
avelumab in patients with advanced or metastatic solid tumors. In the ini-
tial dose-escalation part (phase Ia), patients with various tumors received
avelumab at 1, 3, 10, or 20 mg/kg q2w via a 1-hour intravenous infusion.'?
In the dosc-expansion part (phase Ib), patients were enrolled into tu-
mor-specific cohorts and received avelumab at 10 mg/kg q2w.'?!

JAVELIN Solid Tumor JPN is a phase I, open-label, multicenter trial
of avelumab in Japanese patients with various advanced or metastatic solid
tumors. In the initial dose-escalation part, patients received avelumab at 3,
10, or 20 mg/kg q2w. In the dose-expansion part, patients with advanced/
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metastatic gastric or gastroesophageal cancer received avelumab at 10 mg/
kg qu.13

JAVELIN Merkel 200 is an international, open-label, phase IT trial eval-
uating the cfficacy and safety of avelumab at 10 mg/kg q2w in patients
with mMCC; patients included in the analysis pogmlation (from part A of
the trial) received > 1 prior line of chemotherapy.'®

All trials were conducted in accordance with international standards
of Good Clinical Practice. Study protocols were approved by institutional
review boards or ethics committees at each center. All patients provided
written informed consent.

Simulations of exposure

Previous population PK models were developed to describe avelumab
PK after single-dose infusion and multiple-dose infusions,”>* which are
described briefly below. These models were based on PK data collected
from 1,827 patients enrolled in the 3 trials described above.

In the first population PK analysis, first-cycle concentrations of
avelumab over time (single infusion) were adequately described by a
two-compartmental linecar model (the first-cycle model). Covariate
effects included in the final model, which had a significant effect on
CL but were not considered clinically meaningful, were baseline body
weight, baseline C-reactive protein level, baseline albumin level, base-
line tumor burden, tumor type (squamous cell carcinoma of the head
and neck or mMCC), age, sex, race (black), estimated glomerular filtra-
tion rate (¢GFR), Eastern Cooperative Oncology Group performance
status (score of 0), baseline platelet count, baseline aspartate amino-
transferase concentration, and previous use of biologics. For volume
of distribution of the central compartment, bascline weight was of po-
tential clinical importance, and sex, baseline albumin level, tumor size,
and previous use of biologics produced small but statistically significant
effects. The first-cycle model was developed to minimize the limita-
tions of the assumed nonindependence between exposure and response/
post-treatment effects.”*

In the second population PK analysis, avelumab concentrations over
time after multiple infusions were adequately described by a 2-compart-
mental linear model incorporating time-varying CL (the steady-state
model). In the final reduced steady-state model for CL, baseline weight
and baseline C-reactive protein concentration produced a statistically
significant effect that was considered unlikely to be clinically relevant.
Baseline albumin level, antidrug antibodies (ever), sex, race (black), age,
¢GFR, tumor burden, baseline platelet count, aspartate aminotransferase
concentration, no concomitant opioid use, and a history of biologics use
also had a statistically significant influence on CL but were judged unlikely
to be clinically significant. For volume of distribution of the central com-
partment, only weight was both statistically significant and considered
possibly clinically relevant; other statistically significant (but not clinically
meaningful) predictors were sex, albumin concentration, and a history
of biologics use. Significant decreases in CL over time were seen with
mMCC and squamous cell carcinoma of the head and neck tumor types.

PK exposure metrics, specifically Cerough Conare and AUC after a single
dose (first-cycle model) and multiple doses (steady-state model), were sim-
ulated for both weight-based and flat dosing.

The methodology for simulations using the first-cycle and steady-state
models was similar. Two hundred sets of model parameters were sampled
from the first-cycle and steady-state models. For each sampled parameter
set, 500 sets of interpatient variability parameters were sampled from the
variance-covariance matrix, resulting in 100,000 sets of parameter esti-
mates. A total of 100,000 simulated patients were then resampled from
the PK data set (7 = 1,827), with all covariates present in the final model
retained at the patient level and randomly assigned to the parameter esti-
mates. Thereafter, 10,000 patients were randomly sampled from the pool
0f 100,000 patients for both dosing regimens (10 mg/kg q2w and 800 mg
q2w).

For the first-cycle model, a closed-form solution for a linear 2-compart-
ment model was used to calculate AUC,,__ (using the linear trapezoidal
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rule (T =336 h)), Cerough (minimum concentration over the dosing inter-
val (t = 336 h), assumed to occur at 335.5 h after the start of infusion),
and C__(maximum concentration over the dosing interval (T = 336 h),
assumed to occur at 1 h after the start of infusion). For the steady-state
model, a “skeleton” data set was constructed to reflect dosing with 10 mg/
kg or 800 mg q2w for 28 weeks. Using this data set, simulations were per-
formed in NONMEM. Metrics calculated for the steady-state model were
the same as those calculated for the first-cycle model, with an assumed
steady state occurring between weeks 26 and 28 (T = 336 h). These met-
rics were used to compare dosing regimens by quartiles of weight, defined
as 30.4 to < 60 kg, > 60 to < 70.6 kg, > 70.6 to < 84.6 kg, and > 84.6 to
< 204 kg. To assess the variability of derived PK metrics, coefficients of
variation were calculated as a ratio of SD to mean. Observed data for ave-

lumab 20 mg/kg were included as a reference.

Exposure-safety simulations

Simulated avelumab exposure metrics from the first-cycle and steady-
state models were used to compare the probability of experiencing AEs of
special interest (irAEs or IRRs of any grade) with weight-based and flat
dosing. AUC and C trough MELTiCs Were used to evaluate the probability of
irAEs, whereas C___was used to evaluate IRRs. The univariate models
that were used to perform the exposure-irAE and exposure-IRR simu-
lations suggested that higher avelumab exposure was associated with a
modest increase in the incidence of irAEs but not IRRs (data not shown).
Because these models are univariate, the simulations represent worst-case
scenarios and estimate the effect of exposure on the probability of AEs.

Exposure-efficacy simulations
Simulated avelumab exposure metrics were used to compare the simu-
lated probability of OR with weight-based or flat dosing in patients with
mMCC or advanced/metastatic UC. Data from JAVELIN Solid Tumor
JPN were not included in this analysis because no patients with mMCC
or UC were enrolled. The multivariable logistic regression models
used for these simulations were developed for both tumor subgroups.'®
Briefly, covariates included in the final model for mMCC were PD-L1
status (< 5%/2 5%), albumin concentration, tumor burden at baseline,
number of prior anticancer treatments (< 1/> 1), and lymph node dis-
case only at baseline (yes/no). Covariates included in the final model for
advanced/metastatic UC were race, sex, age, PD-L1 status (< 5%/> 5%),
visceral metastasis (yes/no), tumor subsite (upper/lower tract), number of
prior anticancer treatments or nontarget lesions, lactate dehydrogenase
or hemoglobin concentration, ¢GFR, and concomitant steroids (yes/no).
For efficacy simulations in each tumor subgroup, 400 sets of vector
parameter estimates were sampled from multivariate normal distribu-
tions. For each of the 400 parameter sets, 5,000 simulated patients were
assigned from the simulated exposure data set (as described previously
under “simulations of exposure”). The mean predicted probability of re-
sponse across simulated patients was obtained for each of the 400 sets of
logistic regression model parameter estimates. For simulation purposes,
a typical patient in each tumor population was defined as an individ-
ual with median values for continuous covariates and the most common
category for categorical covariates. A typical patient with mMCC had
an albumin concentration of 40.5 g/L, a tumor burden at baseline of
60 mm, receipt of 1 prior anticancer therapy, tumor PD-L1 expression
of < 5%, and no positive lymph nodes at bascline. A typical patient with
advanced or metastatic UC was a white man aged 68 years with visceral
metastasis, a lower-tract tumor subsite, tumor PD-L1 expression of
< 5%, receipt of > 1 prior anticancer therapy, 4 nontarget lesions, lactate
dehydrogenase concentration of 206.9 UI/L, hemoglobin concentration
of 7.1 mmol/L, eGER of 65.9 mL/min/1.73 m? and no concomitant
corticosteroid use.

SUPPORTING INFORMATION

Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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Table S1. Data cutoff dates for trials providing data for pharmacokinetic
analyses. UC, urothelial carcinoma.
Figure S1. Weight distribution for the study population. Solid vertical
lines represent the 25th percentile (60.0 kg), median (70.6 kg), and
75th percentile (84.6 kg) of weight.
Figure S2. Simulated exposure values for weight-based (10 mg/kg q2w)
and flat (800 mg g2w) dosing of avelumab by extremes of weight using
the first-cycle population pharmacokinetic model. (a) AUC,_555 1, (b)
Cirougn» @nd (c) C .. AUC, area under the curve; Cy ., trough concen-
tration after first dose; C maximum concentration after first dose;
q2w, every 2 weeks.
Figure S3. Simulated exposure values for weight-based (10 mg/kg
q2w) and flat (800 mg g2w) dosing of avelumab by extremes of weight
using the steady-state population pharmacokinetic model. (a) AUC_,
(b) Cyougn,ssr @Nd (€) iy oo- AUC, steady-state area under the curve;
trough s+ Steady-state trough concentration; C steady-state maxi-
mum concentration; q2w, every 2 weeks.
Figure S4. Simulated Ctrough,ss values for weight-based (10 mg/kg q2w)
and flat (800 mg g2w) dosing of avelumab using the steady-state pop-
ulation pharmacokinetic model. Box and whisker plots for (a) the entire
population and (b) the population split by quartiles of weight; observed
data with avelumab 20 mg/kg dosing is included for comparison pur-
poses (n = 27).C steady-state trough concentration; q2w, every
2 weeks.
Figure S5. Mean probability of experiencing an irAE (upper panels) or IRR
(lower panels) for weight-based (10 mg/kg g2w) and flat (800 mg q2w)
dosing with avelumab based on the steady-state population pharmacoki-
netic model. Box and whisker plots for (a) probability of irAEs based on
Cirougn,ss IN all patients; (b) probability of irAEs based on C ., ., Strat-
ified by quartiles of weight; (¢) box and whisker plots for probability of
IRRs based on C_ . .. in all patients; and (d) probability of IRRs based
on C .. Stratified by quartiles of weight. C_ ., steady-state maxi-
mum concentration; Ctmughiss, steady-state trough concentration; irAE,
immune-related adverse event; IRR, infusion-related reaction; g2w, every
2 weeks.
Figure S6. Mean probability of objective response in patients with mMCC
(upper panels) or advanced/metastatic UC (lower panels) for weight-based
(10 mg/kg g2w) and flat (800 mg q2w) dosing with avelumab based on
CtmughvSS (steady-state population pharmacokinetic model). Box and whis-
ker plots in (a) all patients with mMCC, (b) patients with mMCC stratified
by quartiles of weight, (c) all patients with advanced/metastatic UC, and
(d) in patients with advanced/metastatic UC stratified by quartiles of
weight. Ctmughyss, steady-state trough concentration; mMCC, metastatic
Merkel cell carcinoma; q2w, every 2 weeks; UC, urothelial carcinoma.
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