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Summary

Background—Avelumab (MSB0010718C) is a human IgG1 monoclonal antibody that binds to 

PD-L1, inhibiting its binding to PD-1, which inactivates T cells. We aimed to establish the safety 

and pharmacokinetics of avelumab in patients with solid tumours while assessing biological 

correlatives for future development.

Methods—This open-label, single-centre, phase 1a, dose-escalation trial (part of the JAVELIN 

Solid Tumor trial) assessed four doses of avelumab (1 mg/kg, 3 mg/kg, 10 mg/kg, and 20 mg/kg), 

with dose-level cohort expansions to provide additional safety, pharmacokinetics, and target 

occupancy data. This study used a standard 3 + 3 cohort design and assigned patients sequentially 

at trial entry according to the 3 + 3 dose-escalation algorithm and depending on the number of 

dose-limiting toxicities during the first 3-week assessment period (the primary endpoint). Patient 

eligibility criteria included age 18 years or older, Eastern Cooperative Oncology Group 

performance status 0–1, metastatic or locally advanced previously treated solid tumours, and 

adequate end-organ function. Avelumab was given as a 1-h intravenous infusion every 2 weeks. 

Patients in the dose-limiting toxicity analysis set were assessed for the primary endpoint of dose-

limiting toxicity, and all patients enrolled in the dose-escalation part were assessed for the 

secondary endpoints of safety (treatment-emergent and treatment-related adverse events according 

to National Cancer Institute Common Terminology Criteria for Adverse Events version 4.0), 

pharmacokinetic and pharmacodynamic profiles (immunological effects), best overall response by 

Response Evaluation Criteria, and antidrug antibody formation. The population for the 

pharmacokinetic analysis included a subset of patients with rich pharmacokinetic samples from 
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two selected disease-specific expansion cohorts at the same study site who had serum samples 

obtained at multiple early timepoints. This trial is registered with ClinicalTrials.gov, number 

NCT01772004. Patient recruitment to the dose-escalation part reported here is closed.

Findings—Between Jan 31, 2013, and Oct 8, 2014, 53 patients were enrolled (four patients at 1 

mg/kg, 13 at 3 mg/kg, 15 at 10 mg/kg, and 21 at 20 mg/kg). 18 patients were analysed in the dose-

limiting toxicity analysis set: three at dose level 1 (1 mg/kg), three at dose level 2 (3 mg/kg), six at 

dose level 3 (10 mg/kg), and six at dose level 4 (20 mg/kg). Only one dose-limiting toxicity 

occurred, at the 20 mg/kg dose, and thus the maximum tolerated dose was not reached. In all 53 

enrolled patients (the safety analysis set), common treatment-related adverse events (occurring in 

>10% of patients) included fatigue (21 patients [40%]), influenza-like symptoms (11 [21%]), fever 

(8 [15%]), and chills (6 [11%]). Grade 3–4 treatment-related adverse events occurred in nine 

(17%) of 53 patients, with autoimmune disorder (n=3), increased blood creatine phosphokinase 

(n=2), and increased aspartate aminotransferase (n=2) each occurring in more than one patient 

(autoimmune disorder in two patients at 10 mg/kg and one patient at 20 mg/kg, increased blood 

creatine phosphokinase in two patients at 20 mg/kg, and increased aspartate aminotransferase in 

one patient at 1 mg/kg, and one patient at 10 mg/kg). Six (11%) of 53 patients had a serious 

treatment-related adverse event: autoimmune disorder (two [13%]), lower abdominal pain (one 

[7%]), fatigue (one [7%]), and influenza-like illness (one [7%]) in three patients treated at 10 

mg/kg dose level, and autoimmune disorder (one [5%]), increased amylase (one [5%]), myositis 

(one [5%]), and dysphonia (one [5%]) in three patients who received the 20 mg/kg dose. We 

recorded some evidence of clinical activity in various solid tumours, with partial confirmed or 

unconfirmed responses in four (8%) of 53 patients; 30 (57%) additional patients had stable 

disease. Pharmacokinetic analysis (n=86) showed a dose-proportional exposure between doses of 

3 mg/kg and 20 mg/kg and a half-life of 95–99 h (3·9–4·1 days) at the 10 mg/kg and 20 mg/kg 

doses. Target occupancy was greater than 90% at doses of 3 mg/kg and 10 mg/kg. Antidrug 

antibodies were detected in two (4%) of 53 patients. No substantial differences were found in 

absolute lymphocyte count or multiple immune cell subsets, including those expressing PD-L1, 

after treatment with avelumab. 31 (58%) of 53 patients in the overall safety population died; no 

deaths were related to treatment on study.

Interpretation—Avelumab has an acceptable toxicity profile up to 20 mg/kg and the maximum 

tolerated dose was not reached. Based on pharmacokinetics, target occupancy, and immunological 

analysis, we chose 10 mg/kg every 2 weeks as the dose for further development and phase 3 trials 

are ongoing.

Introduction

Avelumab (MSB0010718C) is a fully human immunoglobulin G1 (IgG1) monoclonal 

antibody that specifically binds PD-L1 and inhibits its binding to PD-1, which otherwise 

results in T-cell inactivation and suppression. Monoclonal antibodies targeting PD-1 and PD-

L1 have shown antitumour activity in a range of human solid tumours, including melanoma 

and cancers of the lung, kidney, head and neck, bladder, stomach, and breast.1 Two 

antibodies specific for PD-1 (nivolumab and pembrolizumab) and two specific for PD-L1 

(atezolizumab and avelumab) have been approved by the US Food and Drug Administration 

(FDA) for the treatment of several tumour types, including metastatic melanoma,2,3 non-
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small-cell lung cancer,4–7 bladder cancer,8 and metastatic Merkel cell carcinoma.9 Although 

other agents targeting PD-L1 are in clinical development, to the best of our knowledge, 

avelumab is the first human anti-PD-L1 IgG1 antibody with a native Fc region, which means 

it is capable of inducing antibody-dependent cell-mediated cytotoxicity (ADCC).10–12

Toxicology studies in cynomolgus monkeys determined a starting dose of 1 mg/kg for 

avelumab dose-escalation in human beings (Neuteboom B, unpublished). This starting dose 

level was further supported by preliminary pharmacokinetic data showing that this dose level 

produced serum concentrations associated with pharmacological activity (ie, target 

occupancy and T-cell activation; Neuteboom B, unpublished). Previous in-vitro studies have 

shown several key findings: avelumab can lyse a range of human tumour cells in the 

presence of peripheral blood mononuclear cells (PBMCs) or natural killer (NK) cells; 

interferon γ can enhance tumour cell PD-L1 expression and, in some cases, enhance ADCC 

tumour cell lysis; purified NK cells are potent effectors for avelumab; levels of avelumab-

mediated ADCC lysis of tumour cells are similar using purified NK cells from either healthy 

donors or patients with cancer; levels of avelumab-mediated lysis are very low when whole 

PBMCs are used as targets; and the addition of interleukin 12 to NK cells greatly enhances 

avelumab-mediated ADCC.10,13 A recent in-vitro study14 has also shown that avelumab can 

lyse a residential cancer stem-cell population of chordoma cells via the ADCC mechanism. 

These studies thus provide evidence that avelumab, through its ADCC activity, might have 

an additional method of action for an anti-PD-L1 antibody. In this phase 1a study, we aimed 

to establish the safety and pharmacokinetics of avelumab and to assess the biological 

correlatives of different doses of avelumab. This paper reports the dose-escalation part of the 

trial; dose-expansion cohorts are reported separately.15

Methods

Study design and participants

The dose-escalation part of the JAVELIN Solid Tumor trial was an open-label, phase 1a 

study. All patients were enrolled at the Center for Cancer Research of the National Cancer 

Institute (Bethesda, MD, USA). Patient eligibility criteria included age 18 years or older, 

Eastern Cooperative Oncology Group performance status 0–1, life expectancy of at least 3 

months, and histologically or cytologically confirmed metastatic or locally advanced solid 

tumours for which no standard therapy exists or standard therapy has failed. All patients, 

irrespective of solid tumour type, disease histology, and molecular biomarkers, had to have 

measurable disease by Response Evaluation Criteria In Solid Tumors (RECIST) version 1.1 

and adequate end-organ function (defined by the following laboratory values: white blood 

cell count ≥3 × 109 cells per L with an absolute neutrophil count ≥1·5 × 109 cells per L, 

lymphocyte count ≥0·5 × 109 cells per L, platelet count ≥100 × 109 platelets per L, 

haemoglobin ≥9 g/dL, total bilirubin concentration of ≤1·5 × the upper limit of normal 

[ULN] range, aspartate aminotransferase and alanine aminotransferase concentrations of 

≤2·5 × ULN), and an estimated creatinine clearance greater than 50 mL per min according to 

the Cockcroft-Gault formula. No previous use of a T-cell-targeting immune checkpoint 

inhibitor was allowed, and no other anticancer therapies could be continued on study, with 

the exception of androgen-deprivation therapy in metastatic castration-resistant prostate 
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cancer or palliative bone-directed radiotherapy. Patients could not have had another cancer 

diagnosis within the previous 5 years, rapidly progressive disease, CNS metastases, a 

previous stem-cell or organ transplant, known hypersensitivity to monoclonal antibodies, or 

known autoimmune disease. Pregnant or lactating women were excluded because of the 

unknown effects of avelumab on a foetus or infant. Steroid use within 30 days of enrolment 

was not allowed, and steroids were prohibited on study except to manage autoimmune 

toxicity.

The study was done in accordance with the ethics principles of the Declaration of Helsinki 

and the International Council on Harmonisation Guidelines on Good Clinical Practice. The 

study protocol was reviewed and approved by the National Cancer Institute’s Institutional 

Review Board. Written informed consent was obtained from all study participants.

Procedures

We enrolled patients in a standard 3 + 3 dose-escalation phase to assess four dose levels (1 

mg/kg bodyweight [dose level 1], 3 mg/kg bodyweight [dose level 2], 10 mg/kg bodyweight 

[dose level 3], and 20 mg/kg bodyweight [dose level 4]) and then expanded enrolment at the 

three highest doses (3 mg/kg, 10 mg/kg, and 20 mg/kg) to obtain supplemental data for 

safety, pharmacokinetics, clinical activity, and immunological parameters. The first patient 

treated with each dose level was observed for 16 days (48 h after the second dose) for the 

occurrence of dose-limiting toxicity before treatment of the second patient. The second and 

third patients were treated at least 48 h apart. If no dose-limiting toxicity was observed, 

additional patients were enrolled at the same dose level without sequential dosing. Patients 

were followed for adverse events for a 3-week dose-limiting toxicity evaluation period. If no 

patient of three (dose levels 1 and 2) or no more than one of six patients (dose level 3) had a 

dose-limiting toxicity 3 weeks after initial treatment, the dose level was determined to have 

an acceptable toxicity profile to allow escalation to the next dose level. Patients who 

required discontinuation of avelumab before the end of the dose-limiting toxicity evaluation 

period for reasons other than the occurrence of a dose-limiting toxicity could be replaced.

Avelumab was supplied as a 10 mg/mL solution. Avelumab was given intravenously as a 1-h 

infusion every 2 weeks. The first two doses were given in the inpatient setting to monitor 

safety and do pharmacokinetics and correlative blood draws. Safety was assessed 

continuously with weekly visits during the first 4 weeks and then biweekly thereafter, and 

included assessment of performance status and medical history; physical examination and 

clinical laboratory tests (haematology, serum chemistry, and hepatic panels) were also done. 

Additional laboratory assessments included a complete urinalysis and an ECG every 2 

weeks through to 13 weeks and then every 4 weeks thereafter. Laboratory tests of endocrine 

function (thyroid, pituitary, and adrenal glands) were done at 6-week intervals. Adverse 

events and laboratory abnormalities were classified and graded according to the National 

Cancer Institute Common Terminology Criteria for Adverse Events (NCI-CTCAE) version 

4.0. A dose-limiting toxicity was defined as a grade 3 or worse adverse event occurring 

within the dose- limiting toxicity evaluation period of the 3 + 3 dose-escalation cohorts and 

confirmed by the study’s safety monitoring committee as related or relevant to treatment 

with avelumab. Exceptions were grade 3 infusion-related reaction resolving within 6 h and 
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controlled with medical management; transient (≤6 h) grade 3 influenza-like symptoms or 

pyrexia controlled with medical management; grade 3 fatigue, local reaction, headache, 

nausea, or emesis that resolved to a maximum severity of grade 1 within 24 h; diarrhoea, 

skin toxicity, or increased liver enzyme (alanine aminotransferase, aspartate 

aminotransferase, or γ glutamyltransferase) that resolved to a maximum severity of grade 1 

within 7 days after initiation of medical management (eg, immunosuppressant treatment). 

Assessment of adverse events was continued with a clinical visit and safety assessment 7–28 

days after completion of treatment and telephone assessment at 3-month intervals thereafter. 

Infusion-related reaction was an adverse event of special interest and was assessed by 

investigators according to the occurrence of fever, chills, or rigors occurring on the day of 

infusion (post dosing) or the following day. After observations of infusion-related reactions, 

mandatory premedication was implemented from Jan 29, 2014. Premedication was an 

antihistamine (eg, 25–50 mg diphenhydramine) and paracetamol (acetaminophen; eg, 500–

650 mg intravenous or oral equivalent) given 30–60 min before each dose of avelumab. The 

protocol amendment was approved by the principal and coordinating investigator of the trial 

(JLG), the National Cancer Institute’s Institutional Review Board, individuals employed by 

the sponsor with responsibility for the trial, and relevant regulatory authorities.

Tumours were assessed every 6 weeks based on RECIST version 1.1 using contrast-

enhanced CT scans when possible. If clinically appropriate (eg, for tumours in specific body 

sites), MRI, PET, bone scan, or other imaging was also done. If a patient completed therapy 

without disease progression, radiographic assessments continued until disease progression.

The trial duration for each patient was up to about 30 weeks, including an 18-day screening 

period, followed by treatment until confirmed progression, unacceptable toxicity, or any 

other criterion for withdrawal occurred, and finally an end-of-treatment visit 4 weeks after 

the final dose of avelumab was given. Treatment was permanently discontinued if any grade 

3 or worse adverse event occurred (with the exception of transient [≤6 h] influenza-like 

symptoms or pyrexia controlled with medical management; fatigue, local infusion-related 

reaction, headache, nausea, or emesis that resolved to grade ≤1 within 24 h; single 

laboratory values outside of the normal range that were unrelated to study treatment and 

without clinical correlate [except for elevation in liver enzyme concentrations] that resolved 

to grade ≤1 within 7 days; and tumour flare, defined as local pain, irritation, or rash localised 

at sites of known or suspected malignant tissue) or recurring grade 2 treatment-related 

adverse events. Grade 2 adverse drug reactions were managed by dose modifications 

(changes in the infusion rate) and dose delays, and those that did not resolve to grade 1 or 

less by the end of the next cycle led to permanent discontinuation of avelumab. Preplanned 

dose level reductions were not allowed; however, interruptions in delivering the planned 

dose that resulted in an actual dose that was less than 90% of the planned dose were defined 

as dose reductions.

Samples were drawn for pharmacokinetic analysis prior to initial dosing and then on days 1, 

2, 3, 8, 15, 29, 43, and 85 and every 6 weeks through to week 25. Pharmacokinetic and dose 

proportionality of avelumab were characterised by standard non-compartmental analysis 

based on rich serum concentration-time data obtained over the 2-week dosing interval. 

Pharmacokinetic parameters were area under the curve (AUC) from the time of dosing to the 
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time of last observation (AUC0-t), during the first dose interval (AUC0–336), or extrapolated 

to infinity (AUC0−∞), calculated by linear trapezoidal summation; the maximum serum 

concentration (Cmax); and elimination half-life (t1/2), determined as 0·693 divided by the 

terminal elimination rate constant (λz).

Serum samples for assessing cytokine concentrations were obtained on day 1 (baseline), and 

on days 3 (48 h plus or minus 6 h), 8, 15, 29, 43, 45, 50, and 85. Additional methods for 

assessment of cytokine release by PBMCs are provided in the appendix (p 2). Serum 

concentrations of avelumab were measured by a three-step immunoassay in the Gyrolab 

platform (Gyros, Warren, NJ, USA) using streptavidin-coated beads, biotinylated 

recombinant human B7-H1/PD-L1–Fc chimera as capture reagent, and an Alexa Fluor-647–

labelled recombinant human B7-H1/PD-L1–Fc chimera as detection reagent.

Samples for monitoring development of human antidrug antibodies were drawn before initial 

dosing on days 15, 29, 43, and 85, and every 6 weeks through to week 25. Antidrug 

antibodies to avelumab were detected with an electrochemiluminescent immunoassay using 

Meso Scale Discovery technology (Rockville, MD, USA), validated according to current US 

FDA and European Medicines Agency guidelines for immunogenicity testing, including 

those for specificity. Antidrug antibody detection was based on binding to labelled 

avelumab. Briefly, serum samples were incubated in an acidic solution to dissociate existing 

immune complexes. During neutralisation, excess biotinylated avelumab was introduced to 

capture anti-avelumab antibodies, and complexes were captured on streptavidin-coated 

microplates. Quantification involved addition of ruthenylated avelumab and measurement of 

light emission.

To assay PD-L1 target occupancy by avelumab, PBMCs were isolated from patients at 

baseline and after one treatment cycle (on day 15 before treatment) and immediately frozen. 

After thawing to 4°C, non-specific binding was saturated by adding human IgG (anti-HEL) 

and incubating for 15 min. Next, either a biotinylated version of avelumab or an inactive 

biotinylated control (MSB0010707C) was added to duplicate wells, followed by incubation 

on ice for 45 min. Binding was detected with streptavidin APC. Target occupancy of PD-L1 

on CD3+ T cells was determined with flow cytometry based on the difference in mean 

fluorescence intensity between baseline and post-treatment samples.

As part of the pharmacodynamic profile analyses, immune response samples, including 

PBMCs for analysis of immune cell subsets and serum for cytokine profile and soluble 

immune factors (including interferon γ, interleukin 6, and tumour necrosis factor a; for a full 

list of cytokines and soluble factors analysed see appendix p 2) were drawn on days 1, 3, 8, 

15, 43, and 85 and every 6 weeks up to week 25. Archived tumour tissue was also collected 

at baseline. Multicolour flow cytometry was done on frozen PBMC samples to identify 

CD4+ and CD8+ T cells, B cells, regulatory T cells (Tregs), NK cells, NK T cells, 

conventional dendritic cells (cDCs), plasmacytoid DCs (pDCs), and myeloid derived 

suppressor cells (MDSCs), as well as PD-L1 expression within each of these subsets, as 

previously described.16 Briefly, one vial of PBMCs containing 107 cells was thawed per 

patient before therapy and following one cycle (at around day 15), three cycles (at around 

day 43), and nine cycles (at around day 127) of avelumab, and was stained with multiple 
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antibody panels and acquired on a BD LSRII cytometer. Data were analysed using FlowJo 

with non-viable cells excluded and negative gates set based on fluorescence minus one 

controls. The frequency of all subsets was calculated as a percentage of PBMCs to help to 

eliminate the bias that could occur in the smaller populations with fluctuations in parental 

leukocyte subpopulations.

Outcomes

The primary endpoint of the dose-escalation part of the study was the safety of avelumab in 

ascending-dose cohorts by investigator assessment, defined by the occurrence of dose-

limiting toxicities during the evaluation period and identification of the maximum tolerated 

dose (the highest dose at which fewer than two of six patients experience a dose-limiting 

toxicity). Secondary endpoints in the dose-escalation part of the study were the number, 

severity, and duration of treatment-emergent adverse events and treatment-related adverse 

events according to NCI-CTCAE version 4.0 (treatment-emergent adverse events were 

defined as adverse events with onset dates during the on-treatment period, or which 

worsened during the on-treatment period and treatment-related adverse events were defined 

as treatment-emergent adverse events considered by the investigator to be possibly related to 

avelumab treatment); pharmacokinetic and pharmacodynamic profiles (immunological 

effects); best overall response by RECIST version 1.1; and assessment of antidrug antibody 

formation.

Statistical analysis

The planned number of evaluable patients during the dose-escalation part of the trial (the 

dose-limiting toxicity population) was at least 18 and up to 66 patients, derived from the 3 

+ 3 study design. The safety analysis population for the dose-escalation part was defined as 

all patients who received at least one dose of avelumab. The planned cutoff date for analysis 

was the timepoint at which all patients had completed at least three 2-week treatment cycles 

(ie, at least 6 weeks after the last patient had received a first dose of avelumab). For the 

determination of the maximum tolerated dose, individual patient data were reported and in 

the final analysis of the dose-limiting toxicity population, the number and proportion of 

patients who experienced a dose-limiting toxicity or treatment-emergent adverse event 

during the dose-limiting toxicity evaluation period were analysed. Adverse events were 

reported and analysed for all patients in the dose-escalation safety population. Analysis of 

pharmacokinetic variables was done on the pharmacokinetic population comprised of all 

patients from the dose-escalation part plus patients with rich pharmacokinetic sampling from 

selected expansion cohorts. Patients with rich pharmacokinetic sampling were enrolled 

within two disease-specific expansion cohorts at the same study site, and had serum samples 

obtained at multiple early timepoints to increase the robustness of the pharmacokinetic data 

available. Pharmacokinetic parameters were estimated with the validated software Phoenix/

WinNonlin 6.3. All other statistical analyses were done with SAS version 9.1.3 or higher, or 

R, version 2.10.1 or higher.
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Results

Between Jan 31, 2013, and Oct 8, 2014, 54 patients were assessed and 53 eligible patients 

were enrolled at the Center for Cancer Research, National Cancer Institute, Bethesda, MD, 

USA (figure 1). Median age at the time of enrolment was 58 years (IQR 49–64) and patients 

had a range of solid tumours (table 1). At data cutoff on Nov 20, 2015, 53 patients had 

received at least one dose of avelumab and all were evaluable for the safety analysis. For 

dose level 1 we enrolled four patients, for dose level 2 we enrolled 13 patients, for dose level 

3 we enrolled 15 patients, and for dose level 4 we enrolled 21. One patient receiving dose 

level 1 had to be replaced because of rapid disease progression and death before completion 

of the dose-limiting toxicity evaluation period. The dose-limiting toxicity analysis set 

comprised 18 patients: three at dose level 1 (1 mg/kg), three at dose level 2 (3 mg/kg), six at 

dose level 3 (10 mg/kg), and six at dose level 4 (20 mg/kg).

Median treatment duration was 7·1 weeks (IQR 3·1–10·9) for dose level 1, 12·0 weeks (6·0–

17·9) for dose level 2, 12·0 weeks (4·3–24·0) for dose level 3, 12·1 weeks (6·0–17·7) for 

dose level 4, and 12·0 weeks (5·9–17·9) for all cohorts combined. Median number of 

treatment administrations was 3·5 (IQR 1·5–5·5) for dose level 1, 6·0 (3·0–9·0) for dose level 

2, 6·0 (2·0–12·0) for dose level 3, 6·0 (3·0–9·0) for dose level 4, and 6·0 (3·0–9·0) for all 

cohorts combined. No preplanned dose reductions were allowed as per the protocol; 

however, dose administration was interrupted in one patient at dose level 4 because of a 

treatment-related adverse event (grade 3 increased blood creatine phosphokinase), resulting 

in administration of a dose that was less than 90% of the planned dose. Dose delays occurred 

in no patients at dose level 1, four patients at dose level 2, six patients at dose level 3, and 

four patients at dose level 4. Median duration of follow-up for all 53 patients was 22·2 

months (IQR 19·7–26·3).

Of 18 patients treated in the dose-limiting toxicity analysis set, no dose-limiting toxicities 

were noted at dose levels 1, 2, or 3, and one dose-limiting toxicity was reported at dose level 

4 in a patient with metastatic thymoma. The array of symptoms that this patient had 

irrespective of treatment included myositis, neurological dysfunction, and transaminitis, as 

previously described17–20 (classified as autoimmune disorder in table 2), and increased 

blood creatine phosphokinase. All dose levels had fewer than two dose-limiting toxicities; 

thus, the maximum tolerated dose was not reached.

Table 2 summarises treatment-related adverse events in the safety analysis set of 53 patients 

and table 3 presents an overview of the safety profile for avelumab. Across all dose levels, 

common treatment-related adverse events (occurring in ≥10% of patients) of any grade 

included fatigue (21 [40%] of 53 patients), influenza-like symptoms (11 [21%]), fever (eight 

[15%]), and chills (six [11%]; table 2). Grade 3–4 treatment-related adverse events occurred 

in nine (17%) of 53 patients, with autoimmune disorder (n=3), increased blood creatine 

phosphokinase (n=2), and increased aspartate aminotransferase (n=2) each occurring in 

more than one patient (autoimmune disorder in two patients at 10 mg/kg and one patient at 

20 mg/kg, increased blood creatine phosphokinase in two patients at 20 mg/kg, and 

increased aspartate aminotransferase in one patient at 1 mg/kg and one patient at 10 mg/kg). 

Potential immune-related adverse events related to avelumab were hypothyroidism (one 
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[8%] of 13 at dose level 2), autoimmune disorder (two [13%] of 15 at dose level 3 and one 

[5%] of 21 at dose level 4), and myositis (one [5%] of 21 at dose level 4). Three patients 

with thymoma experienced the above noted array of autoimmune toxicities associated with 

antitumour effects, summarised as autoimmune disorder grade 3 or worse in table 2. Serious 

adverse events regardless of relation to study treatment occurred in 22 (42%) of 53 patients. 

Serious adverse events related to avelumab were autoimmune disorder, lower abdominal 

pain, fatigue, and influenza-like illness in three (20%) of 15 patients treated at dose level 3, 

(lower abdominal pain, fatigue, and influenza-like illness occurred in the same patient; 

autoimmune disorder occurred in two patients) and autoimmune disorder, increased 

amylase, myositis, and dysphonia in three (14%) of 21 patients (myositis and dysphonia 

occurred in the same patient) treated at dose level 4. Treatment-related adverse events 

leading to permanent discontinuation of treatment were elevated aspartate aminotransferase 

in one (25%) of four patients at dose level 1, autoimmune disorder in one (7%) of 15 at dose 

level 3, and increased creatine phosphokinase (two patients [10%]), increased amylase (one 

patient [5%]), autoimmune disorder (one patient [5%]), infusion-related reaction (one 

patient [5%]), myositis (one patient [5%]), pain in extremity (one patient [5%]), and 

dysphonia (one patient [5%]) in four (19%) of 21 patients treated at dose level 4. In the 20 

mg/kg dose level, two patients discontinued after experiencing more than one treatment-

related adverse event (one patient with increased creatinine phosphokinase and autoimmune 

disorder, and another patient with increased creatinine phosphokinase, myositis, pain in 

extremity, and dysphonia).

31 (58%) of 53 patients in the overall safety population died, and of these, 14 (26%) of the 

31 deaths were due to disease progression. Adverse events leading to death and not related 

to study treatment occurred in four (8%) of 53 patients: two (50%) of four patients at dose 

level 1 (dyspnoea, hypoxia, and pneumonia in one patient and ascites and duodenal 

obstruction in one patient), none of 13 patients at dose level 2, one (7%) of 15 patients at 

dose level 3 (decreased appetite and disease progression), and one (5%) of 21 patients at 

dose level 4 (respiratory failure); cause of death was not reported or not available for the 

other 13 patients. No treatment-related adverse event led to death.

Infusion was stopped in the event of infusion-related reactions. If not given as 

premedication, acetaminophen, diphenhydramine, and ranitidine were given. In the case of 

rigors, meperidine was given. In all cases, patients with infusion-related reactions responded 

rapidly to cessation of infusion and to the described interventions. One patient in dose level 

3 was given steroids. After symptoms resolved, infusion was restarted at 50% of the rate of 

initial infusion. In only one patient on dose level 4, an infusion-related reaction occurred 

after the infusion was restarted at the 50% rate, and treatment was permanently 

discontinued. Initially, premedication was not required, but the requirement was added after 

infusion-related reactions were observed. 24 (45%) of 53 patients received premedication 

before every dose (one [25%] of four patients at dose level 1, one [8%] of 13 at dose level 2, 

eight [53%] of 15 at dose level 3, and 14 [67%] of 21 at dose level 4). Of these patients, two 

(8% overall, 14% of the premedicated dose level 4 cohort) had an infusion-related reaction. 

29 (55%) of 53 patients received at least one dose without premedication, of whom two 

(7%) had infusion-related reactions: one at dose level 3 and one at dose level 4. These 
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patients were premedicated before receiving subsequent doses; one had a subsequent 

infusion-related reaction and was withdrawn from the study.

The pharmacokinetic analysis population (n=86) included all 53 patients from the phase 1a 

dose-escalation cohort plus 33 patients with rich pharmacokinetic sampling enrolled from 

the same institution within the dose-expansion part of the trial, which comprises parallel 

expansion in multiple solid tumour cohorts. These 33 patients had either castration-resistant 

prostate cancer or colorectal cancer. The avelumab dose was 1 mg/kg in four patients, 3 

mg/kg in 13 patients, 10 mg/kg in 48 patients, and 20 mg/kg in 21 patients. Avelumab 

showed a dose-proportional increase for AUC and maximum serum concentration between 

doses of 3 mg/kg and 20 mg/kg (figure 2A, B). For all doses, the mean time to maximum 

concentration was within 1 h from the end of infusion (figure 2C, D). The geometric mean 

half-life for avelumab after the 1 mg/kg dose was 59·5 h (2·5 days), after the 3 mg/kg dose 

was 81·2 h (3·4 days), after the 10 mg/kg dose was 94·6 h (3·9 days), and after the 20 mg/kg 

dose was 99·1 h (4·1 days; table 4). Trough levels below 1 μg/mL were observed in some 

patients receiving 3 mg/kg dosing. Profiles with more than 20% AUC extrapolation beyond 

336 h were excluded from AUC0−∞ and half-life calculations, which introduced a 

downward bias for the 10 mg/kg and 20 mg/kg doses. The similarity in half-life between 

these two higher dose levels suggests that target-mediated clearance was saturated at these 

doses. Accumulation on repeated dosing, based on Ctrough measurements over time, was 

slightly higher than expected from the observed half-life.

Antidrug antibodies were detected in two (4%) of 53 patients in the dose-escalation part of 

the study (both at dose level 2). One patient tested positive for antidrug antibodies at several 

timepoints; the study treatment was not changed, and the patient received nine doses in total 

until disease progression. The other patient tested positive for antidrug antibodies at a single 

assessment only.

As part of the pharmacodynamic profiling, minor increases in serum concentrations of 

tumour necrosis factor α, interferon γ, and interleukin 6 were noted in some patients at 48 h 

after the end of infusion, reaching two to three times the concentrations recorded at baseline; 

data for individual patients who received avelumab 10 mg/kg or 20 mg/kg are shown in the 

appendix (pp 2–3). Cytokine concentrations varied with dose and time but no clear pattern 

emerged. Appendix pp 4–9 show serum concentrations of interferon γ, interleukin 6, and 

tumour necrosis factor α for patients in the avelumab 10 mg/kg and 20 mg/kg dose groups.

In other pharmacodynamics analyses, avelumab target occupancy of PD-L1 on CD3+ T cells 

was assessed in 21 patients at the end of cycle 1 (day 15) before the second dose. Mean PD-

L1 target occupancy (figure 2E) was 76% with 1 mg/kg (n=3), 90% with 3 mg/kg (n=7), 

93% with 10 mg/kg (n=4), and 87% with 20 mg/kg (n=7).

Despite the heterogeneous and heavily pretreated patient population (table 1), some evidence 

of clinical activity was recorded (figure 3; appendix p 10). Four (8%) of 53 patients had a 

partial response (two at dose level 3, one confirmed; two at dose level 4, one confirmed per 

standard RECIST version 1.1 definition [ie, response criteria must be met again in an 

assessment performed 4 weeks after initial documentation]), and 30 (57%) of 53 additional 
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patients had stable disease, which was durable in three patients with duration of 40 weeks or 

more (figure 3). Three of the partial responses occurred in eight patients enrolled with 

thymic epithelial malignancies (one with thymic carcinoma and seven with thymoma); all 

three of these responders also had a complicated range of autoimmune effects, which 

seemed to be specific to this cohort of patients, as previously described in thymoma.16–19 

The complexities of this set of patients will be discussed in a separate report. The other 

partial response occurred in a patient with adrenocortical carcinoma at dose level 4.

As a further part of the pharmacodynamic profiling, frozen PBMCs from 28 patients with 

sufficient PBMC sampling were assessed before treatment versus after one dose (day 15, 

n=19), three doses (day 43, n=14), and nine doses (day 127, n=16) of avelumab. We tested 

21 of the first 23 patients who enrolled in the study; two patients were excluded because the 

patient remained on study for only 2 days or they had insufficient PBMCs at the post-

treatment timepoints. The other seven of the 28 patients were selected with the purpose of 

assessing the potential long-term effects of avelumab on the peripheral immunome. These 

seven patients had received more than nine cycles of avelumab (two at dose level 2, one at 

dose level 3, four at dose level 4) and had sufficient PBMCs. The 28 patients examined 

provided a valid representation of the dose levels of avelumab tested in the study (two given 

1 mg/kg; nine given 3 mg/kg; eight given 10 mg/kg; and nine given 20 mg/kg). Stable 

disease occurred in 23 (82%) of 28 patients, including confirmed stable disease in two 

patients at dose level 1, seven at dose level 2, six at dose level 3, and eight at dose level 4; 

unconfirmed partial response occurred in one patient at dose level 4. No significant change 

in absolute lymphocyte count was noted from baseline to day 15 (figure 4A) or day 85 

(figure 4B) of avelumab treatment. Furthermore, no changes were noted in the nine standard 

immune cell subsets (CD4+ T cells, CD8+ T cells, NK cells, Tregs cells, MDSCs, NK T 

cells, pDCs, cDCs, and B cells) or in the frequency of PD-L1+ cells within these standard 

subsets after one, three, or nine cycles of avelumab (appendix p 11).

Discussion

This dose-escalation study of avelumab in patients with advanced solid tumours assessed 18 

patients during the dose-limiting toxicity evaluation period and 53 patients overall at four 

dose levels. One patient had dose-limiting toxicity (autoimmune disorder and increased 

creatine phosphokinase) at the highest dose level assessed (20 mg/kg), and the maximum 

tolerated dose was not reached. Based on pharmacokinetics, target occupancy, and 

immunological analysis, we chose 10 mg/kg given every 2 weeks as the dose for ongoing 

development. Although avelumab mediates ADCC cytotoxicity in vitro, we found no 

evidence of targeting peripheral immune cells expressing PD-L1. Evidence of clinical 

activity was noted in this heavily pretreated and heterogeneous patient population.

Although in-vivo murine experiments have shown that an IgG1 capable of mediating ADCC, 

while possibly detrimental in PD-1-targeting antibodies, increases the antitumour efficacy of 

PD-L1-targeting antibodies,21 avelumab did not have a substantial effect on absolute 

lymphocyte count or the number of circulating PD-L1-expressing immune cells.16 These 

data greatly allay concerns that avelumab—an IgG1 anti-PD-L1 antibody capable of 

mediating ADCC—might deplete tumour-specific effector cells expressing PD-L1. These 
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data also support our previous finding that avelumab does not induce lysis of PBMCs when 

cocultured with purified autologous NK cells in vitro.10 In a subsequent study, we also 

showed that the addition of avelumab in an in-vitro stimulation assay resulted in greater 

antigen-specific immune activation than without avelumab, indicating that it does not lyse 

cells important for immune stimulation.21 However, so far, no data have shown that ADCC 

contributes to the clinical activity of avelumab.

At all dose levels, patients were assessed for safety and clinical activity at each visit, 

resulting in assessment of dose-limiting toxicities during the first 3 weeks of treatment and 

longer-term assessment of safety through extended and regular follow-up. The safety profile 

of avelumab noted in the dose-escalation part of this trial is similar to preliminary pooled 

data from expansion cohorts enrolled in this trial22 and to data for other anti-PD-L1 and anti-

PD-1 antibodies,8,23,24 apart from the slightly increased rate of infusion-related reactions, 

which occurred mainly after the first infusion. Infusion-related reactions, such as influenza-

like symptoms, are often associated with release of proinflammatory cytokines by direct 

activation of various immunocompetent cells.25 Although our in-vitro studies with human 

PBMCs indicated the potential for avelumab to induce cytokine release after 6 h and 24 h of 

incubation, concentrations of proinflammatory cytokines in serum measured at 48 h after the 

end of infusion showed only minor increases. Because cytokine release has been reported to 

occur during and shortly after therapeutic antibody infusion,26,27 cytokine concentrations 

noted at 48 h might be indicative of increased concentrations shortly after the infusion. We 

currently do not have adequate data to analyse the relation between cytokine concentrations 

immediately after avelumab infusions and specific toxicities; this association will be 

investigated further in ongoing clinical studies. Infusion-related reactions were manageable 

in all patients enrolled in the dose-escalation part of the trial and were resolved quickly with 

standard agents such as antihistamines, meperidine, acetaminophen, and, rarely, 

corticosteroids. Consistent with standard clinical practice, patients who had an infusion-

related reaction had their infusion restarted at 50% reduced rate, and only one of four 

patients had a recurrent event, suggesting that reducing the rate might help to avoid 

recurrence. This aspect of avelumab requires additional caution, but it is manageable with 

techniques similar to those used with other monoclonal antibodies currently used in standard 

clinical practice.

Evidence of clinical activity was noted in patients treated with avelumab in the dose-

escalation part of this phase 1a trial. Of four partial responses, three occurred in patients 

with thymic tumours, and response in these patients was associated with autoimmune 

effects. These effects could be related to PD-L1 blockade and T-cell activation or ADCC 

activity, or both, by avelumab. However, autoimmune disorders are a commonly recognised 

feature of thymic tumours.17–20 The other partial response occurred in a patient with 

adrenocortical carcinoma. Additionally, stable disease was recorded in 30 of 53 patients 

across a heterogenous array of advanced solid tumours. Although antitumour activity was 

not a primary endpoint of this study, partial response and stable disease data were 

encouraging and supported further studies of durable clinical activity and safety in tumour-

type-specific cohorts enrolled in the dose-expansion part of this trial.
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The 10 mg/kg dose and 2-week dosing schedule were selected for further development 

based on a combination of the adequate safety and tolerability noted in this study, in addition 

to pharmacokinetic studies and pharmacokinetic modelling, target occupancy studies, and 

animal studies. The exposures associated with the 10 mg/kg dose given every 2 weeks were 

shown to achieve the high target occupancy of PD-L1 to enable clinical assessment of 

potential treatment benefit with avelumab. Although target occupancy was higher than 90% 

in four of seven patients tested at the 3 mg/kg dose, trough levels below 1 μg/mL were 

observed at several dosing occasions in some patients receiving 3 mg/kg dosing. In-vitro 

studies have previously shown that 1 μg/mL was the serum level required to ensure more 

than 90% target occupancy,28 and trough concentrations with 10 mg/kg dosing were 

consistently above this threshold. A limitation of our data for target occupancy is that only a 

subset of patients (21 of 53) had PBMC samples available for analysis because of challenges 

with PBMC sample preparation, storage, and cell survival. These early data do not represent 

a comprehensive assessment of optimal avelumab dosing, and additional questions relating 

to dose and schedule are planned to be addressed in further clinical studies.

The half-life of avelumab (3·9 days for the 10 mg/kg dose and 4·1 days for the 20 mg/kg 

dose) is relatively short compared with those of other anti-PD-1-PD-L1 monoclonal 

antibodies, including nivolumab (12–20 days),29 pembrolizumab (14–22 days),30 and 

atezolizumab31 and durvalumab24 (both about 21 days). The isoelectric point of avelumab is 

quite high at 8·9–9·3 (Neuteboom B, unpublished), and a high antibody isoelectric point has 

been found to correlate with increased tissue distribution, tumour uptake, and hepatic 

clearance, resulting in shorter circulating half-life.32,33 Thus, the high isoelectric point of 

avelumab might help to explain its relatively short half-life.

Like other agents targeting the PD-1-PD-L1 pathway, avelumab has the potential to be 

combined with T cell-activating agents, including therapeutic cancer vaccines and cytokines 

or other T-cell therapies (eg, chimeric antigen receptor T cells). However, its ability to 

mediate ADCC might give avelumab a unique advantage over other PD-1 or PD-L1-

targeting agents in combination with agents that drive NK cell activation or expansion or 

with the adoptive transfer of expanded NK cells. The efficacy and safety of avelumab at a 10 

mg/kg dose is being examined in several phase 3 trials, including single-agent 

(NCT02395172, NCT02576574, NCT02603432, NCT02625610, and NCT02625623) and 

combination (NCT02580058, NCT02684006, NCT02718417, and NCT02952586) studies, 

with durable responses already reported with single-agent avelumab in a phase 2 study in 

patients with metastatic Merkel cell carcinoma,9 and a phase 1b cohort with previously 

treated non-small-cell lung cancer.15 This phase 3 programme will provide a detailed 

examination of the therapeutic potential of avelumab in a range of tumor types.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

Before we began this study, evidence of clinical activity of PD-1-PD-L1 blockade had 

been reported in the literature. We searched PubMed using the terms “PD-1” and “PD-

L1” in June, 2016, which identified a range of literature, including various preclinical and 

clinical studies. Published preclinical work was supported by our own preclinical work 

showing the potential of inhibiting this pathway to allow activated T cells to kill tumour 

cells in an efficient way. Our preclinical work also showed that avelumab, an IgG1 

antibody with an unmodified Fc portion, could mediate antibody-dependent cellular 

cytotoxicity (ADCC), making it unique compared with similar anti-PD-1 and anti-PD-L1 

agents in development. In addition, avelumab has been shown to produce rapid and 

durable tumour responses in patients with metastatic Merkel cell carcinoma progressed 

after chemotherapy and is approved in the USA for this indication.

Added value of this study

Before this study, the pharmacodynamics, pharmacokinetics, safety, and immunological 

activity of avelumab in human beings was unknown. This phase 1a dose-escalation study 

aimed to establish the safety and pharmacodynamic and pharmacokinetic profiles, while 

showing that avelumab did not negatively affect the quantity of any immune cell subsets 

in peripheral blood mononuclear cells (PBMCs) or the absolute lymphocyte count, 

despite its potential to induce ADCC in vitro when binding to PD-L1-expressing cells.

Implications of all the available evidence

The results of this study provide a basis for further clinical investigations of avelumab as 

an anticancer treatment. The findings build on the existing knowledge of PD-1 or PD-L1 

axis blockade by showing no negative immunological effect on PBMCs with a fully 

human IgG1 PD-L1-targeting antibody capable of inducing ADCC. Avelumab has a 

safety profile similar to that of other PD-1 or PD-L1-targeting monoclonal antibodies, but 

with a shorter half-life. This study provides initial evidence of the clinical activity of 

avelumab in various types of solid tumours.
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Figure 1: Trial profile
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Figure 2: Pharmacokinetic and pharmacodynamic profile of avelumab after the first 1-h infusion
(A) Relation between each avelumab dose and its maximum serum concentration (Cmax). 

(B) Relation between each avelumab dose and the area under the concentration-time curve 

(AUC) during the first dose interval (AUC0–336). Open circles represent individual patients; 

filled triangles represent the geometric mean. (C) Mean serum concentration of avelumab 

over time after treatment with different doses using a linear scale. (D) Mean serum 

concentration of avelumab over time after treatment with different doses using a semilog 

scale. (E) Target occupancy of avelumab for PD-L1 on CD3+T cells on day 15 (end of first 

dosing cycle) after treatment at the four different dose levels in 21 patients (1 mg/kg, n=3; 3 

mg/kg, n=7; 10 mg/kg, n=4; and 20 mg/kg, n=7).
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Figure 3: Clinical activity
Plot of the percentage change in tumour measurements over time in 47 evaluable patients 

enrolled at dose levels 1, 2, 3, and 4 who had at least one post-baseline lesion assessment.
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Figure 4: Median absolute lymphocyte count pre-treatment to post treatment
Absolute lymphocyte count at (A) baseline and day 15 (n=49) and (B) baseline and day 85 

(n=31).
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Table 1:

Patient characteristics

1 mg/kg (n=4) 3 mg/kg (n=13) 10 mg/kg (n=15) 20 mg/kg (n=21)

Age (years) 60.5 (56.0–64.5) 59.0 (50.0–67.0) 56.0 (49.0–66.0) 59.0 (46.0–61.0)

Age group

 <65 years 3 (75%) 9 (69%) 10 (67%) 18 (86%)

 ≥65 years 1 (25%) 4 (31%) 5 (33%) 3 (14%)

ECOG performance status

 0 1 (25%) 4 (31%) 8 (53%) 9 (43%)

 1 3 (75%) 9 (69%) 7 (47%) 12 (57%)

Sex

 Men 2 (50%) 4 (31%) 7 (47%) 14 (67%)

 Women 2 (50%) 9 (69%) 8 (53%) 7 (33%)

Race

 White 3 (75%) 13 (100%) 11 (73%) 20 (95%)

 Black or African American 0 0 2 (13%) 0

 Asian 1 (25%) 0 2 (13%) 0

 Other 0 0 0 1 (5%)

Primary tumour

 Adrenocortical 0 0 0 2 (10%)

 Anal (squamous) 0 2 (15%) 2 (13%) 0

 Bladder 0 0 0 2 (10%)

 Breast 0 1 (8%) 1 (7%) 2 (10%)

 Cervical 0 0 0 1 (5%)

 Cholangiocarcinoma 1 (25%) 0 0 0

 Chordoma 0 1 (8%) 0 0

 Colorectal 0 0 2 (13%) 0

 Medullary thyroid 0 0 0 1 (5%)

 Mesothelioma 0 2 (15%) 0 1 (5%)

 Nasopharyngeal 0 0 1 (7%) 0

 Non-small-cell lung cancer 0 1 (8%) 1 (7%) 2 (10%)

 Oesophagus (squamous) 0 0 0 1 (5%)

 Ovarian 0 1 (8%) 0 0

 Pancreatic 2 (50%) 2 (15%) 2 (13%) 1 (5%)

 Renal cell 1 (25%) 1 (8%) 1 (7%) 4 (19%)

 Synovial sarcoma 0 0 0 1 (5%)

 Thymic epithelial tumours 0 0 5 (33%) 3 (14%)

 Tongue (spindle) 0 1 (8%) 0 0

 Trachea (squamous) 0 1 (8%) 0 0

Previous lines of anticancer therapy

 1 1 (25%) 4 (31%) 1 (7%) 2 (10%)

 2 2 (50%) 3 (23%) 1 (7%) 6 (29%)
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1 mg/kg (n=4) 3 mg/kg (n=13) 10 mg/kg (n=15) 20 mg/kg (n=21)

 3 1 (25%) 2 (15%) 2 (13%) 4 (19%)

 ≥4 0 4 (31%) 11 (73%) 9 (43%)

Data are median (IQR) or n (%). ECOG=Eastern Cooperative Oncology Group.
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Table 3:

Overview of safety

1 mg/kg (n=4) 3 mg/kg (n=13) 10 mg/kg (n=15) 20 mg/kg (n=21)

Any treatment-related adverse event 3 (75%) 9 (69%) 14 (93%) 17 (21%)

Grade ≥3 treatment-related adverse event 1 (25%) 0 5 (33%) 3 (14%)

Treatment-related adverse event leading to treatment 
discontinuation

1 (25%) 0 1 (7%) 4 (19%)

Serious treatment-related adverse event 0 0 3 (20%) 3 (14%)

Immune-related treatment-related adverse event 0 1 (8%) 2 (13%) 2 (10%)

Data are n (%).
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Table 4:

Summary of pharmacokinetic parameters for avelumab dose groups

1 mg/kg dose 3 mg/kg dose 10 mg/kg dose 20 mg/kg dose

Cmax (μg/mL)

Patients, n 4 13 48 21

Mean (SD) 18.7 (3.96) 81.9 (22.1) 310 (109) 489 (140)

Geometric mean (CV%) 18.4 (21.8%) 78.9 (29.5%) 294 (32.5%) 470 (29.9%)

Ctrough (μg/mL)

Patients, n 3 13 39 19

Mean (SD) 0.23 (0.39) 3.55 (2.61) 24.0 (13.3) 50.1 (34.6)

Geometric mean (CV%) NC NC 20.9 (57.4%) 36.9 (112.0%)

AUC0–t (h·μg/mL)

Patients, n 4 13 48 21

Mean (SD) 1040 (443) 6080 (1970) 24 800(9150) 45 100 (15 600)

Geometric mean (CV%) 976 (40.7%) 5740 (37.6%) 22 800 (48.2%) 42 200 (40.8%)

AUC0–336 h (h·μg/mL)

Patients, n 2 12 39 15

Mean (SD) 1250 (591) 6340 (1800) 25 900 (6680) 41 100 (14 800)

Geometric mean (CV%) 1180 (52.2%) 6080 (32.1%) 25 200 (25.3%) 38 300 (42.0%)

AUC0–∞ (h·μg/mL)

Patients, n 2 12 39 15

Mean (SD) 1290(650) 6850 (2100) 28 600 (7700) 46 600 (18 500)

Geometric mean (CV%) 1200 (56.7%) 6520 (34.8%) 27 700 (27.0%) 42 700 (47.6%)

t1/2 (h)

Patients, n 2 12 39 15

Mean (SD) 61.4 (21.7) 84.3 (21.8) 96.6 (18.6) 103 (27.4)

Geometric mean (CV%) 59.5 (37.4%) 81.2 (30.3%) 94.6 (22.0%) 99.1 (29.9%)

Cmax=maximum serum concentration observed post dose. CV%=coefficient variation for geometric mean. Ctrough=median serum concentration 

at 336 h. NC=non-calculable. AUC0–t=area under the concentration-time curve from the time of dosing to the time of the last observation. 

AUC0–336=area under the serum concentration-time curve during the first dose interval. AUC0–∞=area under the concentration-time curve from 

the time of dosing extrapolated to infinity. t1/2=elimination half-life.
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