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Preface

Immunotherapy is quickly becoming one of the most effective ways to combat cancer for
certain tumor types. The rise of immunotherapy started with the anti-CTLA-4 antibody
ipilimumab, which showed significant increase of survival for patients with metastatic
melanoma. Three years later, the anti-PD-1 antibodies nivolumab and pembrolizumab were
approved for the same indication. Now, in 2019, the anti-PD-1 monoclonal antibodies are
approved for metastatic melanoma, non-small cell lung cancer, renal cell carcinoma,
Hodgkin’s Lymphoma, head and neck cancer, small cell lung cancer, urothelial carcinoma,
colorectal cancer, hepatocellular carcinoma, gastric cancer, cervical cancer and mismatch
repair deficient tumors. Investigation to further broaden immunotherapy across indications is
currently ongoing. Novel immunotherapies are emerging, including monoclonal antibodies
that target co-stimulatory receptor molecules or checkpoint molecules, and antibodies which
aim to improve targeting of immune cells to the tumor site. This thesis describes the early
phase studies of novel immunotherapies in advanced solid tumors.

In chapter 1 we describe novel immunotherapies which aim to improve the targeting of
immunotherapy to the cancer site. Chapter 1.1 describes a bispecific monoclonal antibody
which targets the tumor-specific antigen carcinoembryonic antigen (CEA), while
simultaneously binding to CD3 on T-cells. Chapter 1.2 describes two modified versions of
interleukin-2 which are coupled to a monoclonal antibody. These monoclonal antibodies
target CEA or fibroblast activating protein (FAP).

Co-stimulatory receptor molecules act to amplify the activation signals of T-cells. Targeting
these molecules may be an effective way to increase an ongoing immune response. In
chapter 2 we describe clinical trials investigating monoclonal antibodies that target co-
stimulatory receptor molecules. Chapter 2.1 summarizes the preliminary results of a clinical
trial investigating an OX40 agonistic monoclonal antibody GSK3174998 alone and in
combination with pembrolizumab. Chapter 2.2 discusses the dose escalation phase of the
anti-OX40 antibody PF-04518600 alone and in combination with utomilumab, an anti-4-1BB
agonistic antibody. Chapter 2.3 reports the preliminary results of two trials of a monoclonal
antibody targeting CDA40, selicrelumab. Selicrelumab is combined with the anti-PD-L1
antibody atezolizumab and the VEGF/ANG-2 bispecific antibody vanucizumab.

Pembrolizumab has been approved for a wide variety of cancers. However, exploration for
further broadening of indications is still being performed. In KEYNOTE-158, pembrolizumab
is investigated in rare cancer types. Chapter 3.1 describes the efficacy of pembrolizumab in
cervical cancer. Chapter 3.2 describes an interim analysis of the efficacy of pembrolizumab
in ten rare cancer types investigated at the Netherlands Cancer Institute.

In addition to investigating novel immunotherapies and expansion across tumor types,
efforts are also made into identifying those patients that benefit from immunotherapy. For
this, identifying novel biomarkers is essential. Chapter 4 describes assays which may help
to identify these novel biomarkers. Chapter 4.1 describes an enzyme linked immunosorbent
assay which measures serum concentrations of pembrolizumab and nivolumab. Chapter
4.2 describes a multi-parameter flow cytometry assay which quantifies PD-1 expression on
various immune cells. In addition, this assay measures the PD-1 receptor occupancy by
nivolumab or pembrolizumab.
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Preface

Monoclonal antibodies are biological agents to which the immune system of the host can
generate an unwanted response in the form of anti-drug antibodies (ADAs). These ADAs
can affect the pharmacokinetics, pharmacodynamics or safety of the therapeutic drug.
Chapter 5 describes ADAs in oncology.

To further broaden checkpoint inhibition therapy, it can be combined with other
immunotherapies, as has been explored in this thesis. However, chemotherapy has also
been shown to exert beneficial immunological effects. Chapter 6 describes these
immunological aspects and discusses them in the light of combination therapy with
checkpoint inhibitors.

Finally, chapter 7 reflects on the findings of the research described in this thesis. Future

perspectives and challenges of the described anticancer immunotherapies are discussed in
this chapter.

11



12



Chapter 1
Tumor targeting immunotherapies

13



14



Chapter 1.1

Preliminary efficacy, safety, pharmacokinetics and pharmacodynamics of a
T-cell bispecific antibody cibisatamab (CEA-TCB) administered alone and in
combination with atezolizumab in patients with metastatic colorectal cancer.
A summary of published data from early analysis of BP29541 and WP29945.

Willeke Ros

Preliminary data has been presented at the European Society for Medical
Oncology (ESMO) Annual Congress 2017:

Melero |, Segal NH, Saro Suarez JM, Ros W, Martinez Garcia M, Calvo E, Moreno
V, Ponce Aix S, Marabelle A, Cleary JM, Hurwitz H, Eder JP, Jamois C, Belousov
A, Bouseida S, Sandoval F, Bacac M, Nayak TK, Karanikas V, Argiles G.
Pharmacokinetics (PK) and pharmacodynamics (PD) of a novel carcinoembryonic
antigen (CEA) T-cell bispecific antibody (CEA CD3 TCB) for the treatment of CEA-
expressing solid tumors.

Journal of Clinical Oncology 2017,;35:2549.

Segal NH, Saro J, Melero |, Ros W, Argiles G, Marabelle A, Rodriguez Ruiz ME,
Albanell J, Calvo E, Moreno V, Cleary JM, Eder JP, Karanikas V, Bouseida S,
Sandoval F, Sabanes D, Sreckovic S, Hurwitz HI, Paz-Ares L, Tabernero J. Phase
| Studies of the Novel Carcinoembryonic Antigen CD3 T-Cell Bispecific (CEA-CD3
TCB) Antibody as a Single Agent and in Combination With Atezolizumab:
Preliminary Efficacy and Safety in Patients With Metastatic Colorectal Cancer
(mCRC).

Annals of Oncology 2017;28:10.
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Chapter 1.1

ABSTRACT

Background: Cibisatamab is a novel bi-specific monoclonal antibody which binds bivalently
to CEA and monovalently to CD3. Simultaneous binding of cibisatamab to CEA and CD3
leads to T-cell activation and tumor cell lysis.

Methods: BP29541 (ClinicalTrials.gov identifier NCT02324257) and WP29945
(NCT02650713) are open-label, non-randomized multicenter studies designed to evaluate
the safety, tolerability, pharmacokinetics, pharmacodynamics and preliminary clinical activity
of cibisatamab as a single agent (BP29541) and in combination with atezolizumab
(WP29945) in CEA+ tumors. In this chapter, we describe the preliminary safety, efficacy,
pharmacokinetics (PK) and pharmacodynamics (PD) of cibisatamab of which the results
have been published on previous European Society for Medical Oncology (ESMO)
congresses. Safety analysis was performed on all dose levels in all tumor types. Efficacy
analysis was performed in colorectal cancer (CRC) patients on dose levels = 60mg for
monotherapy, and dose levels = 80mg for combination therapy.

Results: Between December 2014 and March 2017, 80 patients were enrolled in BP29541,
and 45 patients were enrolled in WP29945. The most common adverse events (all grades,
all dose levels) related to treatment were infusion related reactions (IRRs) (55%; 40%),
diarrhea (40%; 56%), and pyrexia (58%; 71%) for single agent and combination therapy
respectively. The maximal tolerated dose (MTD) was 400 mg cibisatamab as a single agent.
The MTD was not defined for the combination therapy. Observed dose limiting toxicities
included G3 dyspnea, G3 hypoxia, G3 diarrhea, G4 colitis and G5 respiratory failure (all
cibisatamab monotherapy), and G3 maculopapular rash and G3 transient increase of ALT
(cibisatamab + atezolizumab). Two (6%) out of 31 CRC patients receiving = 60 mg
cibisatamab showed a confirmed partial response in BP29541. Both responses were seen
in microsatelite stable (MSS) CRC patients. Two (18%) out of 11 MSS CRC patients
receiving = 80 mg cibisatamab showed a confirmed partial response in WP29945. Data
suggests a linear PK profile in doses = 20 mg. PD-analysis of tumor biopsies revealed T-cell
proliferation, increase of PD-(L)1 expression and a decrease of CEA-expressing tumor cells
upon treatment.

Conclusions: Safety profile of cibisatamab was manageable at doses up to 160 mg, both

with monotherapy and in combination with atezolizumab. Cibisatamab shows encouraging
anti-tumor activity in heavily pre-treated CRC patients, including patients with MSS tumors.
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Cibisatamab alone and in combination with atezolizumab

INTRODUCTION

Bispecific antibodies are emerging as a novel class of immunotherapies to combat cancer.
As the name implies, these antibodies are capable of binding two different epitopes
simultaneously. The two epitopes can either be a combination of two immunomodulators, a
tumor-associated antigen and an immunomodulator, or a tumor-associated antigen and the
T-cell receptor/CD3 complex[1]. The latter ones are the majority of bispecific antibodies and
are known as cytotoxic effector cell redirectors. The concept of these cytotoxic effector cell
redirectors is that T-cells are activated by the antibody via CD3, and redirected to the tumor
area via the tumor antigen binding property.

An example of a suitable tumor-associated antigen for targeting by bispecific antibodies is
carcinoembryonic antigen (CEA). CEA plays an important role in cell adhesion, invasion,
and metastasis of cancer cells[2]. It is often highly expressed in various tumors including
colorectal cancer (CRC), pancreatic cancer, gastric cancer, non-small cell lung cancer
(NSCLC), and breast cancer. CEA inhibits anoikis, which is a process whereby cells that
are no longer attached to the extracellular matrix undergo apoptosis. In healthy tissue, the
highest level of expression of CEA is found in the colon. However, CEA expression is
restricted to the luminal side of the gastro-intestinal tract, and therefore unreachable for
CEA-targeting monoclonal antibodies.

Cibisatamab (also known as CEA-TCB) is a T-cell bispecific antibody targeting CEA
expressed on tumor cells, and the CD3 epsilon chain (CD3e) on T-cells[3]. It has a human
IgG1 framework and a 2:1 format, with one arm binding to CEA, and one arm binding to
CEA and CD3 (Figure 1). As the CD3e binding is monovalent, activation of T-cells is
prevented in the absence of simultaneous binding to CEA on tumor cells. The binding
affinity is low for CD3e (80 nM), and high for CEA (0.2 nM). This differential binding affinity
may lead to better targeting of cibisatamab to tumors overexpressing CEA. The Fc region of
cibisatamab contains a point mutation which makes it unable to bind to the complement
system and to Fc receptors, thus preventing antigen dependent cell mediated
cytotoxicity[4]. Cytotoxicity assays using human peripheral blood mononuclear cells and
human tumor cells showed that incubation with cibisatamab led to T-cell activation,
secretion of cytotoxic granules, and induction of tumor cell lysis[5]. In vivo experiments with
mice xenograft tumor models treated with cibisatamab showed regression of CEA-
expressing tumors, formation of immune cell infiltrates, increased frequency of activated T-
cells and, most interestingly, conversion of PD-L1 negative tumors into PD-L1 positive
ones.[5]

Cibisatamab is currently being tested in study BP29541, a First Time in Human phase |
open label study; WP29945, in which it is combined with atezolizumab (anti-PD-L1); and
C040939, in which colorectal patients are pretreated with obinituzumab prior to receiving
atezolizumab and cibisatamab. Here is presented a summary of published data from early
analysis of both BP29541 and WP29945. The data cutoff for safety and efficacy was 3" of
March 2017. The data cutoff for pharmacokinetic (PK)/ pharmacodynamic (PD) analysis
was 24" of July 2017.
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Chapter 1.1

. Bivalent binding to human CEA
. Not cross-reactive to cynomolgus monkey CEA
e  High affinity/bivalency favors tumor targeting and retention

. Monovalent binding to CD3 epsilon chain
e  Cross-reactive to human and cynomolgus monkey CD3e
e  No T-cell activation without simultaneous binding to CEA

. Functionally inert FC-part
. Extended half-life

Figure 1. Design of cibisatamab. From Segal et al.[6]
METHODS

Study design

Studies BP29541 (ClinicalTrials.gov identifier ~NCT02324257) and WP29945
(NCT02650713) were designed to examine the safety, tolerability and maximal tolerated
dose of cibisatamab alone or in combination with atezolizumab in patients with advanced
CEA-positive solid tumors.

Figure 2 describes the design of both studies. BP29541 consisted of two parts (Figure 2A).
Part | consisted of single patient dose escalation cohorts with doses given which were
expected to be below relevant biological effects. Part Il consisted of multiple patient dose
escalation cohorts and an expansion cohort. WP29945 consisted of a multiple patient dose
escalation part, and an expansion cohort (Figure 2B). In both studies, cibisatamab was
given gW. In WP29945, atezolizumab was given as a fixed dose of 1200mg q3W.

Dose escalation was guided with a modified continual reassessment method (mCRM) -
escalation with overdose control (EWOC). After each cohort of patients, the model was
updated and the proposed dose was based on the logistic regression model.

Patient population

Key eligibility requirements included having locally advanced/metastatic CEA+ solid tumors,
with = 1 tumor lesion able to be biopsied, who progressed on or are intolerant of a standard
therapy, 218 years of age, radiologically measurable disease (Response Evaluation Criteria
In Solid Tumors [RECIST] v1.1), Eastern Cooperative Oncology Group performance status
(ECOG PS) 0-1, adequate organ function, measurable disease based on RECIST V1.1,
and a life expectancy of at least 12 weeks.

Key exclusion criteria included: prior approved anti-cancer therapy (including
chemotherapy, hormonal therapy or radiotherapy) within 2 weeks prior to initiation of study
treatment; prior biologic, systemic immunostimulatory, radiation or investigational therapy
within 4 weeks prior to initiation of study treatment; treatment with systemic
immunosuppressive medications within 2 weeks prior to initiation of study treatment; active
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Cibisatamab alone and in combination with atezolizumab

or untreated central nervous system metastases; uncontrolled hypertension; patients with
paraspinal, paratracheal and mediastinal pathological lesions larger than 2 cm unless
previously radiated; patients with bilateral lung lesions and dyspnea and/or SaOX2 <92 at
rest or patients with lobectomy or pneumonectomy with lung metastases in the remaining
lung and either dyspnea and/or SaOX2 <92 at rest ; allergy or hypersensitivity to
components of cibisatamab, obinituzumab or atezolizumab; history of autoimmune
diseases.

The study was conducted according to protocol, Good Clinical Practice standards, and
provisions outlined in the Declaration of Helsinki. The study protocol and all amendments
were approved by the appropriate institutional review board and ethics committees.

Treatment and assessments

For BP29541, a cycle consisted of one week. Cibisatamab was given intravenously (IV). For
WP29945, a cycle consisted of three weeks. Patients received atezolizumab 1200mg fixed
dose IV on day one of every cycle, followed by cibisatamab given IV on day 1, day 8 and
day 15 of each cycle. For both studies, tumor assessments were performed during
screening, every eight weeks during the first year, and every 12 weeks thereafter. Tumor
response was evaluated according to RECIST v1.1 and irRC[7] using computed
tomography (CT) scan or magnetic resonance imaging (MRI). Additionally, FDG-PET based
tumor assessment was performed at baseline and at week six.

Outcomes

Safety outcome measures

Safety outcome measures included incidence and nature of DLTs, and incidence and
severity of adverse events. The National Cancer Institute Common Terminology Criteria for
Adverse Events v4.03 was used to evaluate the safety of the treatment.

Efficacy outcome measures
Efficacy/activity outcome measures described in this analysis included change in target
lesion from baseline, and confirmed best overall response to treatment.

Pharmacokinetic outcome measures

Pharmacokinetic (PK) samples were drawn at every cycle in both studies. A target binding
competent PK assay was used to measure serum cibisatamab concentrations. PK was
analyzed with NONMEM software, version 7.3.0 (Icon Development Solutions).

Pharmacodynamic outcome measures

Plasma samples were used to measure IL-6 levels. Paired tumor biopsies were used for
flow cytometry analysis and immunohistochemistry analysis. In biopsies, changes in
characteristics, activation and differentiation of CD4+ T cells, CD8+ T cells, NK cells,
monocytes, regulatory T-cells, and B cells were assessed.
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Chapter 1.1

Figure 2. Study schedule for BP29541 and WP29945. (A) Study schedule for BP29541. During the
dose escalation phase, part | included single patient cohorts, whereas part Il included at least 3 patients
within a cohort (with and without obinutuzumab pre-treatment). (B) Study schedule for WP29945. MTD
= maximal tolerated dose; DLT = dose limiting toxicity; MABEL = minimum anticipated biological effect
level; SAD = single ascending dose; MAD = multiple ascending dose; SD = starting dose. From Segal
et al.[6]

CEA-TCB monotherapy (IV qw)

A
Part I: Part II:
Single Multiple ascending dose with
ascending dose | dose-finding and schedule comparison expansion
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a 1 . 4
= J
é ] > Biomarker cohort >
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CEA-TCB (IV qw) + atezolizumab (1200 mg IV q3w)

Multiple ascending dose with
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Cibisatamab alone and in combination with atezolizumab

RESULTS

Patient inclusion

At the data cut-off point of 3™ of March 2017, 80 patients were enrolled in BP29541, of
which 70 had CRC. In WP29945, 45 patients were included, of which 35 had CRC. Other
included cancer types in these studies were non-small cell lung cancer (n = 6), pancreatic
cancer (n = 6), gastric/lesophageal cancer (n = 5) and a small number of patients had a
different cancer type (n = 3).

Safety

A summary of treatment-related adverse events (AEs) is shown in Table 1. Nearly all
patients experienced treatment related AEs: 95% of patients treated in the monotherapy
(100% in dose levels = 40mg), and 91% in the combination treatment (94% in dose levels =
40mg). The most common adverse events (AEs) related to treatment (all grades) were
infusion related reactions (IRRs) (55%; 40%), diarrhea (40%; 56%), and pyrexia (58%;
71%) for single agent and combination therapy respectively. The most common =Grade (G)
3 AEs related to treatment were IRRs (18%; 11%) and diarrhea (5%; 13%) for single agent
and combination therapy respectively. Twenty-eight percent (monotherapy) and 31%
(combination therapy) of all patients experienced a 2G3 AE.

More than 60% of all IRRs occurred during the first two drug administrations. G= 2 IRRs
correlated with post-infusion IL-6 peaks following the first infusion in the monotherapy study
(Figure 3). For patients experiencing IRRs, measures were taken including premedication
consisting of paracetamol, anti-histamines, corticosteroids, and slowing the infusion rate.

In BP29541, a total of five DLTs occurred at different dose levels. The first DLT was G3
dyspnea in a patient who received 40mg cibisatamab. The second DLT was G3 hypoxia,
seen at the 60 mg dose level. The third DLT occurred at the 300mg dose level, which was
G3 diarrhea. In the 600 mg cohort, two DLTS occurred: G4 colitis, and a fatal G5
respiratory failure. The maximum tolerated dose was established as 400 mg for
monotherapy.

Two DLTs occurred in WP29945, both at the 160 mg dose level. One patient demonstrated
a transient G3 alanine aminotransferase (ALAT) increase and another patient experienced
G3 maculopapular rash. The MTD was not defined in the combination trial.
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Chapter 1.1

Table 1. Treatment related adverse events. From Segal et al.[6]. *Some patients were pre-treated with
obinituzumab.’Due to DLT at 40 mg in monotherapy in a patient with NSCLC, safety data cutoff is = 40
mg. °Based on all patients treated with monotherapy. “Dose exceeded cycle 1 and 2 MTD (400 mg).

Safety - all | Cibisatamab monotherapy® \Cibisatamab+atezo|izumab

patients and = All (N=80) 40 mg All (N = 45) >40 mg
tumor types, % (n = 59)° (n=33)"°

Most common related AEs, all grades
Any 95% 100% 91% 94%
Pyrexia 58% 56% 71% 70%
IRR 55% 64% 40% 49%
Diarrhea 40% 46% 56% 61%
Most common related AEs, grade 2 3°
Any 28% 37% 31% 39%
IRR 18% 24% 11% 12%
Diarrhea 5% 7% 13% 18%
5 patients experienced DLTs: 2 patients experienced DLTs:
DLTs G3 dyspnea (40 mg); G3 transient increase of ALT (160
G3 hypoxia (60 mg); mg);
G3 diarrhea (300 mg); G3 rash (160 mg)
G4 colitis (600 mg)d;
G5 respiratory failure (600 mg)*

Clinical Activity

Patients included in the efficacy analysis for this preliminary analysis included CRC patients
who received 260 mg cibisatamab for monotherapy, and CRC patients receiving 280 mg
cibisatamab for combination therapy. The patients were heavily pretreated, and the majority
of patients had metastases in = 3 organs (Table 2). Ninety percent of patients had a
confirmed microsatellite stable (MSS) status in BP29541, and for the remaining 10% the
status was unknown. For WP29945, 92% of patients were MSS, and the remaining 8% (2
patients) had a MSI-H tumor.

Cibisatamab at doses of = 60 mg showed promising clinical activity in CRC (Table 3). For
the monotherapy, two out of 31 patients (6%) receiving 260 mg cibisatamab obtained a
partial response (PR). Both patients had confirmed MSS status. 12/31 patients had a
confirmed stable disease, and 16/31 patients had progressive disease (PD) as best
response. One patient was not evaluable. No clear correlation was seen between dose and
response for the monotherapy (data not shown). For combination treatment, a correlation
was seen between dose and response, with all partial responses seen at the highest dose
level of 160 mg (Figure 4). Three out of 25 patients receiving 5 — 160mg showed a
confirmed PR. Two out of three patients showing a response had MSS disease; one patient
showed a MSI-H tumor Two out of 11 MSS patients receiving 280 mg (18%) showed a
confirmed PR. In 7/11 (64%) of MSS patients receiving = 80 mg , confirmed SD was the
observed best response, and in 2/11 patients (18%), PD was the best response. All patients
were evaluable in the combination study.
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Chapter 1.1

Table 2. Patient demographics and baseline clinical characteristics of patients included in efficacy
analysis. ® MMR status as reported by investigators. From Segal et al. 2017[6].

Cibisatamab Cibisatamab + atezolizumab
Baseline monotherapy

characteristics n=31 n =25 (5-160 mg) n =11 (80 or 160
mg)
Median age, years 60 55 53
Sex, male, n (%) 19 (61%) 13 (52%) 5 (45%)

ECOG PS 0/1, n (%) 19 (61%)/12 (39%) 13 (52%)/12(48%) 6 (55%)/5 (45%)
MSSiI!MSI/Unknown, 28 (90%)/0/3 (10%) 23 (92%)/2 (8%)/0 11 (100%)/0/0
n(%)

Metastatic sites, n (%)

Lung 21 (68%) 18 (72%) 8 (73%)
Liver 26 (84%) 18 (72%) 5 (45%)
Peritoneal 7 (23%) 9 (36%) 5 (45%)
carcinomatosis

1-2 organs involved 6 (19%) 8 (32%) 5 (45%)
2 3 organs involved 25 (81%) 17 (68%) 6 (55%)
Prior adjuvant 12 (39%) 12 (48%) 5 (45%)

therapy, n (%)

No. of prior regimens (metastatic), n (%)

2 8 (26%) 6 (24%) 5 (45%)
23 19 (61%) 17 (68%) 6 (55%)

Table 3. Overview of confirmed best overall response to cibisatamab monotherapy and in combination
with atezolizumab (RECIST v1.1). Mismatch repair status was unknown for 3 patients; two patients had
MSI-high disease, sub-group of the column to the left (25 patients in combination study treated with
cibisatamab at doses of 5 mg to 160 mg). From Segal et al. [6]

Cibisatamab Cibisatamab + atezolizumab

Confirmed best ~ monotherapy

overall response n =31, 60 — 600 mg; n =25, 5-600 n =11, 80 or 160

(RECIST v1.1), n (%) MSS, n =28, (90%)° mg; MSS, n =23, mg% MSS, n =11,
(92%)° (100%)

Partial response 2 (6%) 3 (12%) 2 (18%)

Stable disease 12 (39%) 10 (40%) 7 (64%)

Disease control 14 (45%) 13 (52%) 9 (82%)

Progressive disease 16 (52%) 12 (48%) 2 (18%)

Non-evaluable 1 (3%) - -
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Cibisatamab alone and in combination with atezolizumab
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Figure 4. Spider plot of patients treated in WP29945 in all dose levels (A), and patients receiving =280
mg cibisatamab (B). From Segal et al.2017 [6]

Pharmacokinetics

In patients without anti-drug antibodies (ADA), PK was found to be near linear, with a
proportional increase of serum concentrations with doses (Figure 5). Serum exposure was
maintained after multiple doses. In BP29541, ADAs were detected in >50% of patients. At
cibisatamab doses of 60 to 200 mg, 42% of patients lost exposure. At the higher dose levels
(= 300 mg), only 13% of patients lost exposure). In WP29945, exposure below limit of
detection was observed in 21% of patients in dose levels 80 — 160 mg. Interestingly, at
similar dose levels, the percentage of patients losing exposure appeared lower with
combination with atezolizumab compared to cibisatamab alone.
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Pharmacodynamics

Paired biopsy sample analysis revealed pharmacodynamic (PD) changes upon cibisatamab
treatment which were in concordance with the mode of action of the molecule. Cibisatamab
appeared to induce T-cell proliferation, as shown by immunohistochemistry analysis using
proliferation marker Ki67 (Figure 6). In BP29541, at dose levels = 60 mg, a 6-fold increase
of Ki67 was observed in CD3+ T-cells after seven weeks of treatment, as compared to
baseline.

Both PD-1 and PD-L1 expression are shown to be increased in tumor-infiltrating immune
cells upon treatment (Figure 7 and 8), suggesting T-cell engagement and activation.
Furthermore, a correlation is seen between response and increase of PD-1 expression
(Figure 7). In both the monotherapy and combination therapy studies, patients who showed
shrinkage of target lesions subsequently demonstrated increased PD-1 expression on on-
treatment tumor biopsies, whereas for patients showing SD, the percentage of PD-1
positive T-cells did not change upon treatment.

On-treatment biopsies show a reduction in CEA expression in comparison to baseline
(Figure 9). This indicates that cibisatamab treatment leads to effective killing of CEA+ tumor
cells by T-cells through delivery of cytotoxic granules. In addition, patients who show tumor
reduction on the CT scan show a greater decrease of CEA expression on treatment
biospies as compared to non-responders.

DISCUSSION AND CONCLUSION

Here, we present analysis summary of published data from early analysis of BP29541 and
WP29945 of patients. Safety profile was manageable, and both studies showed promising
anti-tumor effects in MSS CRC patients.

To our knowledge, this is the first bispecific monoclonal antibody which targets CD3, that
shows clinical efficacy in solid tumors. Cibisatamab showed promising anti-tumor activity
both as a single agent and in combination with atezolizumab. Checkpoint blockade as
monotherapy is thought to be inefficient in MSS CRC, likely due to lower numbers of neo-
antigens and decreased levels of PD-(L)1 expression[8,9]. However, treatment with
cibisatamab alone and in combination with atezolizumab demonstrated tumor reduction in
this tumor type, as well as increase of PD-(L)1 expression in the t umor micro-environment.
A higher response rate was seen in the combination therapy versus monotherapy,
suggesting that the two drugs may work synergistically.
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Figure 5. Pharmacokinetics: Mean (+ SD) cibisatamab concentrations by dose in BP29541 and
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WP29945 (combination therapy). From Melero et al. [10]
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Preliminary efficacy and safety of the novel tumor targeting
immunocytokines CEA-IL2v (in combination with atezolizumab) and FAP-
IL2v, which contain a variant of interleukin-2.

An interim analysis of BP29435 and BP29842 of patients treated at the
Netherlands Cancer Institute

Willeke Ros

Preliminary data of study BP29842 has also been presented at the European
Society for Medical Oncology (ESMQ) Annual Congress 2018:
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Liberal J, Lassen UN, Melero Bermejo I, Lolkema MP, Tabernero J, Boetsch C,
Piper-Lepoutre H, Waldhauer I, Charo J, Evers S, Teichgraber V, Schellens JHM.
Safety, PK/PD, and anti-tumor activity of RO6874281, an engineered variant of
interleukin-2 (IL-2v) targeted to tumor-associated fibroblasts via binding to
fibroblast activation protein (FAP).

Journal of Clinical Oncology 2018;36:e15155

Melero |, Castanon Alvarez E, Mau Sorensen M, Lassen U, Lolkkema M, G
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RO6874281, a fibroblast activation protein (FAP) targeted interleukin-2 variant (IL-
2v).

Annals of Oncology 2018;29: viii133-viii148.
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ABSTRACT

Background: Although IL-2 treatment has shown some benefit in cancer patients, its
clinical use has thus far been limited due to high incidence of severe side effects. Currently,
attempts of improving IL-2 treatment are made which include better targeting of IL-2. This
may lead to reduced systemic toxic effects, which allow for higher dosing of the drug. Here,
we report the interim analysis of clinical trials investigating two novel immunocytokines.
These antibodies consist of an IL-2 variant fused with antibodies targeting the tumor site.
FAP-IL-2v targets fibroblast activating protein in the tumor micro-environment. CEA-IL2v
targets carcinoembryonic antigen on the tumor cells.

Methods: BP29435 (NCT02350673) investigated CEA-IL2v in combination with
atezolizumab. BP29842 (NCT02627274) investigated FAP-IL2v as monotherapy. Both
studies were open-label, non-randomized multicenter phase | dose escalation studies
designed to evaluate the safety, tolerability, pharmacokinetics, pharmacodynamics and
therapeutic activity. Here, we present interim results of patients treated at the Netherlands
Cancer Institute.

Results: Between June 2015 and October 2018, six patients were enrolled in BP29435,
and ten patients were enrolled in BP29842. The maximal tolerated dose for BP29435 was
15 mg qW. For BP29842, the maximal tolerated dose was 20 mg, using one-step intra-
patient dose escalation (15 mg followed by 20 mg). Dose limiting toxicities observed in this
interim analysis included G3 gamma-glutamyltransferase increase (BP29435), G3 hepatitis
and G3 fatigue (both BP29842). All patients (100%) experienced treatment related adverse
events. Common toxicities (all grades) for BP29435 included infusion related reactions
(IRRs) (67%), fatigue (50%) and pyrexia (50%). Common toxicities observed in BP29842
were IRRs (90%), pyrexia (80%) and diarrhea (50%). For BP29435, the best response was
SD (n = 1) lasting > 11 weeks. Anti-tumor activity was seen in BP29842, with one patient
(10%) obtaining a CR, and two patients (20%) showing a PR.

Conclusions and discussions: The maximal tolerated dose for both CEA-IL2v in
combination with atezolizumab, and FAP-IL2v monotherapy has been established. FAP-
IL2v showed promising anti-tumor activity and will continue development as monotherapy
and in combination.
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INTRODUCTION

Interleukin-2 (IL-2) is an important cytokine which exerts pleiotropic effects on the immune
system. It is mainly produced by antigen-stimulated CD4+ cells, as well as CD8+ cells,
natural killer (NK) cells and dendritic cells (DCs)[1, 2]. Its receptor is the IL-2 receptor (IL2-
R), a heterotrimeric protein which consists of an a chain (IL-2Ra, CD25), a 8 chain (IL-2Rp,
CD122), and a y chain (IL-2Ry, CD132). IL-2 is thought to fulfill both regulatory and
stimulatory roles. When stimulated by an antigen, IL-2 promotes the differentiation of T-cells
into effector and memory T-cells, and stimulates the cytotoxic activity of CD8+ and NK cells.
However, IL-2 may also stimulate regulatory T-cell development and proliferation[3]. Due to
its ability to stimulate CD8+ and NK cell activity, IL-2 was considered one of the first
candidates for cancer immunotherapy. Aldesleukin is a recombinant form of human IL-2,
and has been approved by the FDA for treatment of metastatic renal cell carcinoma (1992)
and metastatic melanoma (1998)[4]. The usefulness of this therapy was mainly limited due
to toxicity. For this reason, several attempts have been made to improve the IL-2
formulation[5-7]. This may allow for higher dosing while reducing the chance of side effects.
One potential method to improve safety and efficacy is better targeting of IL-2 to the tumor
site is by fusing IL-2 with a monoclonal antibody. The result is a so-called immunocytokine,
in which the binding part of the monoclonal antibody targets a tumors-specific antigen.

Two tumor targeting immunocytokines containing a variant of IL-2 are under development
by Roche. The two immunocytokines are CEA-IL2v (RO6895882, also recently named
cergutuzumab amunaleukin), and FAP-IL2v (RO6874281). Both immunocytokines have
been modified in such a way that they are not able to bind to the a chain of the IL-2R. As a
result, these immunocytokines have a longer half-life compared to wild-type IL-2 based
immunocytokines, and do not preferentially activate Treg cells[8]. Furthermore, the chances
of developing capillary leak syndrome (CLS) may be reduced, as IL-2Ra on pulmonary
vascular endothelium is thought to be a main mediator of CLS[9, 10]. Both CEA-lI2v and
FAP-IL2v activate and expand NK, CD4+ and CD8+ T cells in the peripheral blood,
lymphoid tissues and tumor in vivo[8]. Furthermore, both immunocytokines showed
improved safety compared to the wildtype immunocytokine, despite having a higher
exposure and half-life.

CEA-IL2v targets a membrane-proximal epitope of carcinoembryonic antigen (CEA), a
glycoprotein involved in cell adhesion. CEA is highly expressed in colorectal cancers (CRC)
(91%), pancreatic cancers (74%), gastric cancers (64%), and nonsquamous non-small cell
lung cancer (NSCLC) (64%)[11]. Study BP29820 previously investigated CEA-IL2v as
monotherapy. In this study, the maximal tolerated dose was established as 30 mg q2W. The
most frequently reported serious adverse events or = G3 AEs were pyrexia, infusion related
reaction (IRR), dyspnea, capillary leak syndrome, pyrexia, hypophosphatemia, fatigue,
decreased lymphocyte count, and decreased platelet count. The best reported response
was stable disease. A substudy investigated the biodistribution and tumor accumulation of
89Zirconium labeled CEA-IL2v using PET-imaging[12]. The substudy supported the
therapeutic concept, and drug accumulation was seen in CEA+ tumors, as well as in
lymphoid tissue. In the current study BP29435, CEA-IL2v is combined with the humanized
aPD-L1 inhibitor atezolizumab. PD-L1 blockade has been shown to synergize with IL-2
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therapy to boost exhausted T-cells[13]. In addition, IL-2 treatment may further enhance the
efficacy of atezolizumab, as it expands the pool of CD8+ T-cells and NK cells. Furthermore,
it prevents apoptosis and promotes the long-term survival of these cells[14]. The expansion
of immune cells induces IFN-y, which triggers a negative feedback loop by upregulating PD-
L1. This feedback loop will be inhibited by blocking PD-L1 using atezolizumab.

The other tumor targeting immunocytokine, FAP-IL2v, targets fibroblast activating protein
(FAP) in the tumor stroma[15]. FAP is highly expressed in squamous NSCLC (95%), head
and neck squamous cell carcinoma (HNSCC) (90%), pancreatic cancer (78%), and
colorectal cancer (74%)[11]. The current study investigates FAP-IL2v as monotherapy.

In this interim analysis, we describe the clinical safety and efficacy of CEA-IL2v in
combination with atezolizumab (BP29435, NCT02350673) and FAP-IL2v as monotherapy
(BP29842, NCT02627274). We discuss the patients treated at the Netherlands Cancer
Institute/Antoni Van Leeuwenhoek Ziekenhuis (NKI/AvL) between April 2016 and August
2018.

METHODS

Study design

BP29435 investigated CEA-IL2v in combination with atezolizumab, and BP29842
investigated FAP-IL2v as a single agent. Both studies were open-label, non-randomized
multicenter dose escalation phase | studies. Here, we describe the dose escalation parts of
both studies of patients treated at the Netherlands Cancer Institute. The primary objectives
were to describe the safety and tolerability, to determine the maximum tolerated dose
(MTD), and to identify a recommended phase |l dose and schedule. Secondary objectives
were to assess preliminary anti-tumor activity, and to describe the pharmacodynamics
effects and pharmacokinetics.

The starting dose for BP29435 was 6 mg CEA-IL2v. Atezolizumab was given as a fixed flat
dose at 840 mg (q2W) or 1200 mg (q3W). For BP29842, the starting dose was 5 mg FAP-
IL2v. All drugs were given as intravenous infusions. Dose escalation was carried out
according to a modified Continual Reassessment Method with Overdose Control (mMCRM
with EWOC). A dose limiting toxicity (DLT) was defined as one of the following toxicities:
grade = 4 neutropenia, grade = 3 febrile neutropenia, grade = 4 trombocytopenia, non-
hematological toxicities = grade 3, failure to recover from any toxicity that results in a dose
delay of the next scheduled administration of > 14 days for any regimen, elevated ALT or
AST (> 3 x ULN) with elevated total bilirubin or clinical jaundice.

Patients

The key eligibility requirements included having a locally advanced/metastatic (for BP29435
only: CEA+) solid tumor, = 1 tumor lesion amenable to biopsy, progression on or
intolerance for standard therapy, =18 years of age, radiologically measurable disease
(Response Evaluation Criteria in Solid Tumors [RECIST] v1.1), Eastern Cooperative
Oncology Group performance status (ECOG PS) 0-1, adequate organ function, and a life
expectancy of at least 12 weeks.
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Key exclusion criteria included: treatment with systemic immunosuppressive medications
within 2 weeks prior to initiation of study treatment; uncontrolled pleural effusion, pericardial
effusion, or ascites; uncontrolled hypertension; known clinically significant cardiovascular or
cerebrovascular disease; severe dyspnea at rest or requiring supplementary oxygen
therapy; history of autoimmune diseases.

Outcomes

Safety Assessments

The safety outcome measures for both studies included the incidence of DLTs, incidence
and severity of adverse events, and incidence of anti-drug antibodies (ADAs). The National
Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE), Version
4.03 were used for clinical safety evaluation.

Efficacy assessments

The efficacy outcomes included confirmed best overall response; progression free survival
(PFS), and overall survival (OS). Patients who were not evaluable for efficacy analysis were
analyzed as non-responders. Tumor response was evaluated according to RECIST v1.1.
For BP29435, tumor assessment was performed during screening, at week 8, week 12, and
every 8 weeks thereafter. After the first year, tumor assessments were done every 12
weeks. For BP29842, tumor assessment was performed prior to screening, every 8 weeks
for the first year, and then every 12 weeks thereafter until disease progression.

Pharmacokinetic outcome measures

Pharmacokinetic (PK) outcomes are not discussed in this interim analysis but are performed
in both studies. PK outcome measures included the area under the curve (AUC), Cmax,
Cmin, Tmax, clearance (CL), volume of distribution (V4), and elimination half-life (t 72) of the
immunocytokines.

Pharmacodynamic outcome measures

Pharmacodynamic (PD) outcomes are not discussed in this interim analysis but are
performed in both studies. The pharmacodynamic outcome measures included number of
wholeblood CD4+ T cells, CD8+ T cells, NK cells, monocytes, regulatory T cells, and B
cells. For BP29842, wholeblood samples were also used to evaluate the potential of
inducing antigen-dependent cell mediated toxicity (ADCC) of FAP-IL2v. Plasma and serum
samples were used to assess immune biomarkers such as cytokines and inflammation
markers. Fresh pre- and on treatment tumor biopsy samples were analyzed for immune cell
infiltration and activation by flow cytometry and immunohistochemical analysis. For
BP29842, FAP content and pattern distribution were also assessed. Archival tumor was
used to identify potential prognostic biomarkers.
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Statistical analysis

Safety was assessed in patients who received 21 dose of FAP-IL2v (BP29842), or CEA-
IL2v plus atezolizumab (BP29435) and were summarized using descriptive statistics. The
Kaplan—Meier method was used to estimate PFS, OS, and DOR. The data cutoff date for
this report was 16™ of October 2018.

Table 1. Patient characteristics. WHO = World Health Organisation.

Demographic characteristic CEA-IL2v plus FAP-IL2v
atezolizumab Total
Total (n=6) (n=10)
Age (Years) 66.5 [50 — 73] 54 [38 — 77]
Gender (n,%)
Male 1(17%) 7 (70%)
Female 5 (83%) 3 (30%)
WHO PS (%)
0 5 (83%) 4 (40%)
1 1(17%) 6 (60%)
Tumor Type (n)
Melanoma 4 (40%)
H&N Squamous cell carcinoma 1(10%)
Adenocarcinoma 1(10%)
CRC 4 (67%) 1 (10%)
NSCLC 2 (33%)
Pseudomyxoma peritonei 1(10%)
Prostate cancer 1(10%)
Sarcoma 1(10%)
Prior lines of therapy for advanced 3[2-5] 3 [1-6]
disease
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RESULTS

Baseline patient characteristics

Between June 2015 and October 2018, six patients were enrolled in BP29435, and ten
patients were enrolled in BP29842 (Table 1 & 2). Included tumor types for BP29435 were
colorectal cancer (CRC) (67%) and non-small cell lung cancer (NSCLC) (33%). For
BP29842, included tumor types were melanoma (40%), head and neck squamous cell
carcinoma (HNSCC) (10%), adenocarcinoma of the head and neck (10%), CRC (10%),
pseudomyxoma peritonei (10%), prostate cancer (10%), and chondrosarcoma (10%). Mean
age was 67 years [60 — 73] for BP29435, and 54 years [38 — 77] for BP29842. For
BP29435, the majority of patients was female (n = 5, 83%). For BP29842, the majority of
patients was male (n =7, 70%). The median prior lines for advanced disease was 3 [range
2- 5] for BP29435. The median prior lines for advanced disease was 3 [range 1 — 6] for
BP29842.

Table 2. Overview of tumor type and treatment per individual patient in (A) BP29435 and (B) BP29842.

A. CEA-IL2v plus Atezolizumab

Pt No. Tumor Type Dose/regimen CEA-IL2v (mg) Dose/regimen
atezolizumab
3001 CRC 6mg (g2W) 800mg g2W
3002 NSCLC 6mg (q2W 800mg gq2W
3003 CRC 20mg (q2W) 800mg q2W
3004 CRC | 20mg at C1, 25mg C2 onwards 800mg q2W
(92W)
3005 CRC 10mg qW 1200mg q3W
15mg qW 1200mg q3W
B. FAP-IL2v
Pt No. Tumor Type Dose / regimen FAP-IL2v (mg)
HNSCC 5mg qW
1123 Sarcoma 10mg qW
1133 CRC 20 mg qW
1151 Melanoma 20mg cycle 1 and 2, 35mg cycle 3 onwards qW
1152 Melanoma 20mg cycle 1 and 2, 35mg cycle 3 onwards qW
1155 Pseudomyxoma 20mg cycle 1 and 2, 35mg cycle 3 onwards qW
peritonei
1173 Prostate 20mg cycle 1, 25mg cycle 2 onwards qW
1176 Head and neck 20 mg cycle 1, 25 mg cycle 2 onwards qW
adenocarcinoma
1183 Melanoma 15 mg cycle 1, 20 mg cycle 2 onwards qW
1191 Melanoma 15 mg cycle 1, 20 mg cycle 2 onwards qW
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Treatment and doses

Explored dose levels for BP29435 included in this interim analysis were 6 mg q2W, 20 mg
(C1); 25 mg (C2 onwards g2W, 10 mg qW, 15 mg qW, all in combination with fixed dose
atezolizumab as described in the methods section (Table 2). The maximal tolerated dose
was 15 mg CEA-IL2v qW in combination with 1200 mg atezolizumab g3W.

Explored dose levels for BP29842 included in this interim analysis were 5 mg, 10 mg, 20
mg, 20 mg (first two administrations) and 35 mg (third and subsequent administrations), 20
mg (first administration) and 25 mg (second and subsequent administrations), and 15 mg
(first administration) and 20 mg (second and subsequent administrations) (Table 2). The
maximal tolerated dose was 20 mg, using one-step intra-patient dose escalation (15 mg
followed by 20 mg).

Safety

All patients experienced treatment related adverse events (AE) (Table 3). The most
common AEs related to either CEA-IL2v or atezolizumab observed in BP29435 (Table 3A)
were infusion related reactions (67%), fatigue (50%), pyrexia (50%), diarrhea (33%),
nausea (33%), and vomiting (33%). The most common AEs observed in BP29842 related to
FAP-IL2v were IRRs (90%), pyrexia (80%), diarrhea (50%), fatigue (40%), AST (40%) and
ALT (30%) increase, nausea (30%), and pruritus (30%). The only observed grade (G)3 AE
for BP29435 included GGT increase (n=1). For BP29842 (Table 3B), G=3 AEs included
ALT increase (n=1), AST increase (n=3), drug induced liver injury (n=1), fatigue (n= 1),
generalized muscle weakness (n=1), hypertension (n=1), hypophosphatemia (n=1),
hypotension (n=1), IRR (n=3), liver transaminase elevation (n=1), and pyrexia (n=1).

In BP29435, one out of six patients experienced a DLT. This patient was pt 3006, a NSCLC
patient with lymph node metastases. The patient received 15 mg CEA-IL2v qW and 1200
mg atezolizumab q3W. The DLT was a G3 gamma-glutamyl transferase (GGT) increase,
occurring one day after the first infusion. The event was resolved 27 days later. No
treatment was given for this AE, and the event was deemed clinically insignificant. After two
weeks of dose delay, the patient continued treatment with a dose reduction to 10 mg CEA-
IL2v qW.

In BP29842, three patients experienced DLTs. The DLTs occurred at the 10 mg dose level
and at the 20 mg dose level. The DLT at the 10 mg dose level was G3 fatigue occurring in
patient 1133, a 49-year-old male CRC patient with lung, liver and adrenal metastases. One
day after infusion, the patient developed G3 fever, had a WHO performance status of 3, and
was completely bedridden. The patient received IV paracetamol on the day of DLT until
recovery. The DLTs observed at the 20 mg dose levels were immune-mediated hepatitis.
Patient 1173, a 64-year-old prostate cancer patient with bone metastases, experienced G3
hepatitis two days after the first infusion (Figure 1A). The patient showed elevated alkaline
phosphatase (G1), AST (G2), ALT (G3) and GGT (G2) levels, and normal bilirubin levels.
The AE was resolved on the 16th day after infusion. Prior to treatment, the patient had
normal baseline liver enzyme functions. Ultrasound scan showed no dilatation of the
gallbladder nor any other explanation for the increased liver enzymes. The patient
underwent dose reduction to 15 mg FAP-IL2v qW. This dose was well tolerated, with liver
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enzyme elevations no higher than G1. The other patient experiencing hepatotoxicities was
patient 1176, a 45-year-old male head and neck adenocarcinoma patient with pulmonary
metastases. This patient experienced G3 hepatitis as well, consisting of G3 AST/ALT
increase and blood bilirubin increase, and G2 GGT and alkaline phosphatase increase
(Figure 1B). Clinically, the patient was doing well. However, due to the severity of the
hepatitis, treatment was stopped after one single dose. The event was fully resolved twenty
days after onset.

In BP29842, three out of ten patients developed immune-mediated hepatitis which led to
either drug delay, dose reduction or withdrawal from study (Figure 1). For two of these
patients, the observed hepatoxicity was considered a DLT and were described earlier. The
third patient was patient 1123, a 48-year-old male chondrosarcoma patient with lung
metastases. This patient received 10 mg FAP-IL2v qW. The patient experienced recurring
G2 — G3 AST/ALT elevation after every infusion (Figure 1C). Doses were delayed a total of
three times due to either liver enzyme increase or increased malaise. No medication was
given for these adverse events. The patient withdrew informed consent due to increased
malaise and fatigue related to treatment.

For BP29435, two out of six patients withdrew consent. For BP29842, two patients stopped
treatment due to treatment related adverse events, and one patient withdrew consent. The
patients who withdrew consent described the reason being their quality of life deteriorating
due to treatment.

Table 3A. AEs (possibly) related to treatment with CEA-IL2v + atezolizumab.

Toxicities observed in BP29435 (total n = 6)
G1-G2 G3-G4 G5 Total (%)

Diarrhea 2 (33%) 2 (33%)
Dry mouth 1(17%) 1(17%)
Dry skin 1(17%) 1(17%)
Fatigue 3 (50%) 3 (50%)
Pyrexia 3 (50%) 3 (50%)
GGT increase 1(17%) 1(17%)
Hypothyroidism 1(17%) 1(17%)
Hepatitis 1(17%) 1(17%)
IRR 4 (67%) 4 (67%)
Myalgia 1(17%) 1(17%)
Nausea 2 (33%) 2 (33%)
Oral pain 1(17%) 1(17%)
Pruritus 1(17%) 1(17%)
Skin disorder 1(17%) 1(17%)
Vomiting 2 (33%) 2 (33%)
Weight loss 1(17%) 1(17%)
White fingers 1(17%) 1(17%)
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Table 3B continued. AEs (possibly) related to treatment with FAP-IL2v.

Toxicities observed in BP29842. (total n = 10)

G1-G2

G3 -G4

Abdominal pain 2(20%) 2(20%)
ALT increase 2 (20%) 2 (20%)
Anemia 1(10%) 1(10%)
Anorexia 2 (20%) 2 (20%)
AST increase 3 (30%) 3 (30%)
Blood bilirubin increase 1(10%) 1(10%)
Capillary leak syndrome 1(10%) 1(10%)
Chills 1(10%) 1(10%)
Constipation 1(10%) 1(10%)
Creatinine increase 1(10%) 1(10%)
Diarrhea 5 (50%) 5 (50%)
Dizziness 1(10%) 1(10%)
Dry eyes 1(10%) 1(10%)
Edema 1(10%) 1(10%)
Edema face 1(10%) 1(10%)
Erythema multiforme 1(10%) 1(10%)
Fatigue 3 (30%) 1(10%) 4 (40%)
Flu like symptoms 2(20%) 2(20%)
Generalized muscle weakness 1(10%) 1(10%)
Hepatitis 3(30%) 3 (30%)
Hypertension 1(10%) 1(10%)
Hypophosphatemia 1(10%) 1(10%)
Hypotension 1(10%) 1(10%)
IRR 6 (60%) 3 (30%) 9 (90%)
Malaise 2 (20%) 2 (20%)
Nausea 3 (30%) 3 (30%)
Pain 2 (20%) 2 (20%)
Pain in extremity 2 (20%) 2 (20%)
Pruritus 3 (30%) 3 (30%)
Pyrexia 7 (70%) 1(10%) 8 (80%)
Rash 3(30%) 3(30%)
Skin hypopigmentation 1(10%) 1(10%)
Weight loss 2 (20%) 2 (20%)
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Antitumor activity

Efficacy for BP29435

Five out of six patients were available for efficacy analysis. One patient withdrew consent
prior to the first tumor assessment. Zero patients showed a response (Figure 2A-C). One
CRC patient (17%) showed stable disease for > 11 weeks. This patient decided to stop
treatment due to increased fatigue after 15 weeks. The mean PFS was 15 weeks [6— 34],
with patients receiving a mean of 6.3 cycles [3-12] (Figure 3A). The mean OS was 45
weeks [22 — 100] (Figure 3B).

Efficacy for BP29842

Eight out of ten patients were available for efficacy analysis. Two patients discontinued
before the first tumor assessment due to treatment related toxicities. One patient (10%)
obtained a CR, and two patients (20%) obtained a PR (Figure 2D-F). One patient (10%) had
SD as best response, and 4 patients (40%) showed progression on the first scan. The mean
PFS was 25 weeks [2.8 — not reached] (Figure 3C), with a mean of 17.2 received cycles [1 -
78]. The mean OS is 61.1 [15.1 — not reached] (Figure 3D). At the time of data cut-off, one
patient was still on treatment, and five patients were still alive. The patient with a complete
response was a 57-year-old male HNSCC patient with lymph node metastases. The patient
had received three prior lines of treatment for advanced disease, including (I)
chemoradiation with cisplatin with a switch to carboplatin, (Il) cetuximab, carboplatin and
capecitabine, and (Ill) oral docetaxel. The patient started treatment with 5 mg FAP-IL2v.
After two months, the dose was escalated to 10 mg qW. However, due to increased fatigue
and malaise, the next month the dose was reduced to 5 mg. After approximately one year
of being on study, the patient changed to a q2W regimen due to recurring G1 fatigue and
malaise. Tumor reduction occurred slowly and the patient obtained a PR after being on
study for 44 weeks. The CR was obtained after 88 weeks of treatment. The patient stopped
treatment with a sustained response after being on treatment for over two years. Six months
after stop of treatment, the CT scan showed progression.

Two melanoma patients obtained a PR. The first patient was a 53-year-old female patient
with BRAF/NRAS/KIT WT malign melanoma. Prior to FAP-IL2v treatment, this patient
received one cycle of ipilimumab followed by six cycles of nivolumab q2W, with no
response. The patient received two cycles of 20 mg FAP-IL2v qW, followed by one cycle of
35 mg. This dose was not tolerated, with the patient developing a severe IRR with G3 fever,
nausea, hypotension, vomiting and dehydration. The dose was reduced to 20 mg, however
the patient again developed a IRR G2, consisting of G3 fever, chills, malaise, nausea and
vomiting. Finally, the dose was reduced to 10 mg, which was well tolerated during the
remainder of treatment. Despite dose reductions, decrease of all target lesions was seen
already at the first tumor assessment. The duration of response was 27 weeks. The patient
went off study due to increase of non-target lesions. The last patient which showed a PR
was a 38-year-old female with NRAS mutated melanoma. The patient had six prior lines of
treatment for advanced disease. The patient received 15 mg FAP-IL2v during cycle one,
and 20 mg at cycle 2 onwards. Upon treatment, the patient showed slow tumor reduction,
and a PR was reached 38 weeks after start of treatment. At the time of data cut-off, the
response was still ongoing.
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Figure 1. Overview of liver function tests of patients experiencing severe transaminase
increase due to FAP-IL2v treatment. (A) Patient 1173. (B) Patient 1176. (C) Patient 1123.
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DISCUSSION AND CONCLUSION

We described the safety, tolerability and efficacy of two novel tumor targeting IL-2 therapies.
Both FAP-IL2v and CEA-IL2v were shown to be quite toxic for patients, with two out of
sixteen patients stopping treatment due to toxicity, and three patients withdrawing informed
consent due to intolerability. Broad clinical implementation of these immunocytokines may
provide to be challenging, as treatment requires an experienced healthcare staff that is well-
trained in providing supportive and interventional management of complications, as well as
being able to make rational decisions regarding further dosing.

Preliminary efficacy analysis showed promising anti-tumor activity of FAP-IL2v but not of
CEA-IL2v in these small patient groups. A possible explanation for this is the difference in
tumor types for which these compounds are investigated. As CEA is highly expressed in
CRC, CEA- lI2v was mainly investigated in this tumor type. However, the majority of CRCs
are microsatellite stable, not very immunogenic, and likely have a noninflamed tumor
microenvironment, making them unlikely to respond to immunotherapy[16, 17]. In contrast,
FAP-IL2v has been investigated in a wide variety of tumors, including immunogenic cancer
types such as melanoma and H&N cancer[18]. In this interim analysis, two out of four
melanoma patients responded to treatment. It is noteworthy to mention that one of the
patients described in this interim analysis did not respond to checkpoint blockade, but did
respond to IL-2 treatment.

Development of FAP-IL2v as a single agent continues in melanoma and squamous cell
carcinomas expansion cohorts . Furthermore, FAP-IL2v is being further investigated as a
combination partner with trastuzumab (HER2+ breast cancer), cetuximab (EGFR+ head
and neck squamous cell carcinoma), and atezolizumab (solid tumors). FAP-IL2v has been
shown to preferentially boost NK cells and CD8+ T cells (data not shown). For this reason it
is expected that FAP-IL2v will enhance anti-tumor activity of these monoclonal antibodies:
for atezolizumab through CD8+ T cells, and for cetuximab and trastuzumab through
antigen-dependent cell mediated cytotoxicity of NK cells[19, 20]. For BP29435, patient
recruitment has been completed and the clinical study report is in preparation.
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Preliminary clinical activity and safety of OX40 agonistic monoclonal
antibody GSK3174998 administered alone and in combination with
pembrolizumab in selected advanced solid tumors.

A preliminary analysis of GSK201212 of patients treated at the Netherlands
Cancer Institute.

Willeke Ros

Part of this study has been presented at the American Society of Clinical Oncology
(ASCO) Annual Meeting 2016:

Infante JR, Ahlers CM, Hodi FS, Postel-Vinay S, Schellens JHM, Heymach J,
Autio KA, Barnette MS, Struemper H, Watmuff M, Paul EM, Kaufman DR, Weber
JS, Hoos A. ENGAGE-1: A first in human study of the OX40 agonist GSK3174998
alone and in combination with pembrolizumab in patients with advanced solid
tumors.

Journal of Clinical Oncology 2016;34:TPS3107.
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ABSTRACT

Background: OX40 is a co-stimulatory receptor molecule which is transiently expressed by
activated T-cells. OX40 engagement by its ligand leads to increased proliferation, effector
function and survival of T-cells, and increases anti-tumor activity. GSK3174998 is a
monoclonal antibody that binds agonistically to OX40, thereby activating the OX40 pathway.

Methods: Study 201212 (clinicaltrials.gov identifier NCT02528357) is an open-label, non-
randomized multicenter study designed to evaluate the safety, tolerability,
pharmacokinetics, pharmacodynamics and preliminary clinical activity of GSK3174998
alone and in combination with pembrolizumab. Here, we present interim results of patients
treated at the Netherlands Cancer Institute.

Results: Twenty-one patients, six males (28.6%) and 15 females (71.4%), median age 65
years [31- 77], were enrolled between May 2016 and June 2018 at the Netherlands Cancer
Institute. Included tumor types were soft tissue sarcoma (STS), microsatellite instability high
colorectal cancer (MSI-H CRC), head and neck squamous cell carcinoma (HNSCC), triple
negative breast cancer (TNBC), bladder carcinoma, renal cell carcinoma (RCC), and non-
small cell lung cancer (NSCLC). The most common adverse events (AEs) possibly related
to treatment seen in the monotherapy were fatigue (31%) and pruritus (15%). For
combination treatment, the most common possibly related AEs were fever (44%), fatigue
(33%), nausea (22%), constipation (22%), and flushing (22%). No G3 - G4 related AEs
occurred, and the maximal tolerated dose was not reached. Antitumor activity was seen in
one patient with dedifferentiated liposarcoma. This patient developed a partial response
after cycle 8 and lasted for 10.7 weeks.

Conclusions: GSK3174998 was well-tolerated. Preliminary clinical activity was observed in

one patient with STS who received GSK3174998 monotherapy at an intermediate dose-
level.
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INTRODUCTION

The co-stimulatory receptor molecule OX40 (CD134) is a member of the tumor-necrosis
factor (TNF) receptor superfamily. It is expressed on activated T-cells[1, 2], as well as on
regulatory T cells[3]. OX40L is the only known ligand for OX40, and is expressed mainly on
antigen presenting cells (APCs)[4]. The binding of OX40 with its ligand is crucial for the
generation of memory T cells, as it promotes the survival of effector T cells after antigen
priming. OX40 has a more prominent effect on CD4+ cells compared to CD8+ cells[5],
although roles in promoting CD8+ cells have also been identified[6]. Regarding regulatory T
cells, OX40 signaling appears to not only impair their function but also their development[7].
These immunomodulating effects make OX40 an attractive target for anticancer
immunotherapy.

In general, immunotherapy such as OX40 treatment is thought to be most effective in
inflamed tumors - tumors which are infiltrated with high densities of functional effector T
cells[8]. Potential biomarkers for anti-OX40 antibodies have been identified in preclinical
models[9]. Higher baseline expression of immune activation markers and lower expression
of immune inhibitory and Th2 associated markers may be predictive of better outcome to
anti-OX40 antibodies. Biomarkers for pharmacodynamic activity include reduced Treg cell
number and function in the tumor and periphery, increased effector T cell proliferation, and
increased IFN- y, granzymes, and perforin expression in the tumor micro-environment.

GSK3174998 is a humanized IgG1 anti-OX40 agonistic monoclonal antibody. It binds to the
human OX40 extracellular domain with an affinity of 4.9 nM. GSK3174998 was selected
based on its ability to promote effector CD4+ T-cell proliferation, inhibit induction of
immunosuppressive interleukin-10, produce CD4+ Type 1 regulatory cells, block the
suppressive function of natural Treg cells, and bind to Fc receptors to augment OX40
signaling. GSK3174998 was shown to bind to human FcyR |, lla R, lla H, lIb, llla V158, and
Illa F158 as well as human C1q.

GSK3174998 is currently being tested in study 201212, a phase | First Time in Human
(FTIH) open label study of GSK3174998 administered alone and in combination with
pembrolizumab. Here, we present data from patients enrolled at the Netherlands Cancer
Institute between May 2016 and June 2018.

METHODS

Study design and patient population

Study 201212 (ClinicalTrials.gov identifier NCT02528357) was designed to examine the
safety, tolerability and maximal tolerated dose of GSK3174998 in patients with advanced
solid tumors. Key eligibility requirements included having histologically or cytologically-
documented advanced metastatic and/or unresectable solid cancer which was incurable
and for which prior standard first-line treatment has failed or did not exist, progression on or
intolerance to therapies that are known to provide clinical benefit, 218 years of age,
adequate organ function, < 5 prior lines of therapy for advanced disease, measurable
disease based on response evaluation criteria in solid tumors (RECIST) V1.1., Eastern
Cooperative Oncology Group (ECOG) Performance Status (PS) of 0 or 1, and a life
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expectancy of at least 12 weeks. Eligible tumor types were melanoma, non-small cell lung
cancer (NSCLC), renal cell carcinoma (RCC), bladder cancer, squamous cell carcinoma of
the head and neck (SCCHN), soft tissue sarcoma (STS), triple-negative breast cancer
(TNBC), and colorectal carcinoma displaying microsatellite instability (MSI-H CRC).The
majority of these tumor types have demonstrated prior response to checkpoint inhibition
therapy[10, 11]. In addition, gene expression data suggests that the selected tumor types
have at least moderate OX40 expression levels[12].

Key exclusion criteria included: prior treatment with TNFR agonists (OX40, CD27, CD137,
CD357); prior treatment with checkpoint inhibitors within 8 weeks (PD-1, PD-L1, CTLA-4),
prior anticancer therapy within four weeks or five half-lives, whichever is shorter; prior
radiation therapy within two weeks, prior investigational therapy within 30 days, prior
allogeneic or autologous bone marrow transplantation or solid organ transplantation, =
Grade (G) 3 toxicity related to prior immunotherapy leading to treatment discontinuation,
major surgery or anticancer monoclonal antibody therapy within four weeks of treatment
initiation, prior treatment with an anti—-PD-1, anti-PD-L1, or anti-PD-L2 therapy or other
immune checkpoint inhibitor, known active CNS metastases, diagnosis of
immunodeficiency, autoimmune disease, interstitial lung disease, or active infection
requiring systemic therapy and known severe hypersensitivity to pembrolizumab and/or any
of its excipients.

A modified 3+3 design was used for dose escalation. If zero out of three patients
experienced a dose limiting toxicity (DLT), escalation to the next dose level took place. If
one out of three patients experienced a DLT, three additional patients would be enrolled. If
two or more patients in a dosing cohort experienced a DLT, dose escalation would be
stopped and at that dose level, the maximal tolerated dose (MTD) was exceeded. A DLT
was defined as one of the following clinically relevant toxicities: febrile neutropenia, G4
neutropenia of >7 days duration or requiring G-CSF, G4 anemia of any duration, G4
thrombocytopenia of any duration or G3 thrombocytopenia with bleeding, G4 toxicity, G3
toxicity that does not downgrade to G1 or baseline within three days despite optimal
supportive care, any G2 ocular toxicity requiring systemic steroids, or any = G3 ocular
toxicity, toxicity that results in permanent discontinuation of GSK3174998 or GSK3174998
and pembrolizumab during the first four weeks of treatment, or any other event which in the
judgment of the investigator and GSK Medical Monitor is considered to be a DLT.

The study was conducted according to protocol, Good Clinical Practice standards, and
provisions outlined in the Declaration of Helsinki. The study protocol and all amendments
were approved by the appropriate institutional review board and ethics committee. All
patients provided written informed consent before any study related procedures were
performed.
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Treatment and assessments

By determining the minimum anticipated biological effect level, a dose of 0.003 mg/kg was
selected as a safe starting dose for the FTIH study. GSK3174998 was dosed q3W at dose
levels of 0.003, 0.01, 0.03, 0.1, 0.3, 1.0, 3.0 or 10.0 mg/kg for a maximum duration of 48
weeks, or until confirmed disease progression, death, unacceptable toxicity or withdrawal of
consent. The study was a non-randomized study, and subjects were assigned to study
treatment in the order in which they completed screening assessments. Patients receiving
combination therapy with pembrolizumab received a flat dose of 200 mg pembrolizumab
intravenously every three weeks, in addition to GSK3174998. Tumor imaging was done
every 12 weeks using CT or MRI. Adverse events were monitored throughout the study
period and graded according to the National Cancer Institute’s Common Terminology
Criteria for Adverse Events (CTCAE v4.0)

Outcomes

The primary objective of this preliminary analysis was (l) to evaluate the safety and
tolerability of GSK3174998 alone and in combination with pembrolizumab, and (Il) to
identify the MTD or maximum administered dose (MAD). Endpoints include adverse events
(AEs), serious adverse events (SAEs), withdrawals due to AEs, dose reductions or delays.

The secondary objective was to evaluate the antitumor activity of GSK3174998. Endpoints
included confirmed best overall response rates, time to response (TTR), time to tumor
progression (TTP), duration of response (DOR), progression free survival (PFS), and
overall survival (OS). Subjects with unknown or missing response information were treated
as non-responders.

Secondary and exploratory objectives will not be discussed in this interim analysis, but were
investigated in the study, including (l) characterization of pharmacokinetics, (Il)
determination of the immunogenicity, by assessing the number and percentage of subjects
who develop detectable anti-drug antibodies, (lll) exploration of the relationship between
antitumor activity, PK parameters, pharmacodynamic activity and other patient
characteristics, and (IV) evaluation of the pharmacodynamic activity of GSK3174998 in the
peripheral blood and tumor biopsies. In peripheral blood, Lymphocyte OX40 receptor
membrane expression and occupancy by GSK3174998 was assessed, as well as of
immune function in blood (e.g. phenotype, quantity, and activation state of T cells in the
periphery, expression of circulating soluble factors such as cytokines and stress-related
proteins). In tumor biopsies, the number of tumor-infiltrating lymphocytes and other
immune cells expressing key phenotypic markers are assessed, as well as changes in gene
expression, T-cell receptor diversity and mutational load.
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Statistical analysis

Safety was assessed in patients who received =1 dose of GSK3174998 and were
summarized using descriptive statistics. The Kaplan—Meier method was used to estimate
PFS, 0S, and DOR. The data cutoff date for this report was 19™ of June 2018.

Table 1. Patient characteristics.

Demographic characteristic Total (n=21)
Age (Years) 65 [31 —77]
Gender (n,%)

Male 6 (28.6%)
Female 15 (71.4%)
WHO PS (%)

0 13 (61.9%)
1 8 (38.1%)
Tumor Type (n)

STS 5

TNBC 4

MSI-H CRC 3

RCC 1

HNSCC 5

Bladder 1

NSCLC 2

Prior lines of therapy for advanced 2[0-5]
disease

RESULTS

Baseline Patient Characteristics

Twenty-one patients were enrolled between May 2016 and June 2018 (Table 1, 2). At the
time of study initiation at the NKI/AvL, the dose level of 0.01 mg/kg for monotherapy was
reached. Investigated dose-levels included 0.01 mg/kg, 0.03 mg/kg, 0.1 mg/kg, 0.3 mg/kg, 1
mg/kg, 3 mg/kg, and 10 mg/kg; with or without 200 mg pembrolizumab. Included tumor
types were STS, MSI-H CRC, SCCHN, TNBC, bladder carcinoma, RCC, and NSCLC. The
median age was 65 years [31 - 77]; the median lines of prior therapy for advanced disease
was 2 [0 — 5]; 28.6% of patients were male; and 61.9% had an ECOG performance status of
0. Thirteen patients received GSK3174998 monotherapy, and nine patients received
combination therapy. Out of the nine patients receiving combination therapy, one patient
originally received monotherapy and switched to combination therapy after progression.
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Table 2. Overview of tumor type and treatment per individual patient.
* = switched to combination therapy after initial progression on monotherapy

Pt No. Tumor Type Dose GSK3174998 Pembrolizumab
(mg/kg)
01 STS 0.1 No
02 STS 0.03 No
03 TNBC 0.03 No
04 STS 0.3 No
05 STS 0.3 No
06 MSI-H CRC 0.003 Yes
07 STS 0.1 No
08 RCC 0.1 No
09 MSI-H CRC *1;0.03 *Yes
10 HNSCC 0.01 Yes
11 NSCLC 0.3 No
12 NSCLC 3 No
13 TNBC 3 No
14 TNBC 3 No
15 Bladder 0.1 No
16 MSI-H CRC 1 Yes
17 HNSCC 0.3 Yes
18 HNSCC 1 Yes
19 HNSCC 10 Yes
20 HNSCC 0.1 Yes
21 TNBC 0.3 Yes
Safety

Sixteen patients (76.2%) experienced treatment-related adverse events (Table 3). The most
common adverse events (AEs) possibly related to treatment were fatigue (33%), fever
(23%) and nausea (14%). The most common possibly related AEs seen in the monotherapy
were fatigue (31%) and pruritus (15%). For combination treatment, the most common
possibly related AEs were fever (44%), fatigue (33%), nausea (22%), constipation (22%),
and flushing (22%)The duration and time of onset of AEs differed amongst patients, with no
apparent trend in toxicities. AEs were reversible and did not reoccur at later cycles. No
grade 3 or higher treatment related AEs were observed, and no treatment related
discontinuations or deaths occurred. No additional toxicities were observed in the
combination therapy compared to monotherapy.

Antitumor activity

One out of 13 patients receiving monotherapy obtained a confirmed partial response, and
zero out of nine patients receiving combination treatment showed a confirmed response
(Figure 1). No patients showed confirmed stable disease. The median PFS was 75 days [28
— 212]; 68 days [28 — 212] for monotherapy and 75 days [28 — 94] for combination therapy.
The median overall survival was 148 days [57 — 701+]; 176 days [57-701+] for monotherapy
and 148 days [67 — 470+] for combination therapy (Figure 2). The median received cycles
was 4 [2 - 11]; 3 [2-11] for monotherapy and 4 [2-5] for combination therapy. Eight patients
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were not evaluable for efficacy analysis: six patients discontinued before the first tumor
assessment due to clinical disease progression, one patient went off study prior to the first
tumor assessment due to a non-related AE (hip fracture), and another patient had target
lesions which were not assessable during treatment due to atelectasis and pleural effusion.

The partial response was seen in a 66-year-old female patient with dedifferentiated
liposarcoma. This patient received 0.3 mg/kg GSK3174998 monotherapy. The observed
partial response occurred at the third tumor assessment (Figure 3) and occurred 24 weeks
after start of treatment. The patient was taken off study after the fifth tumor assessment
showed progression of non-target lesions. The DOR was 10.7 weeks. The TTP was 34.7
weeks.

DISCUSSION AND CONCLUSION

We investigated the safety, maximal tolerated dose and preliminary antitumor activity of the
0OX40 agonistic monoclonal antibody GSK3174998. The maximal tolerated dose was not
reached, and the safety profile was excellent without high-grade toxicity.

One out of 21 patients showed a partial response, which was a patient with dedifferentiated
liposarcoma who received 0.3mg/kg GSK3174998 monotherapy. This is an interesting
outcome, as liposarcomas generally have a low mutational burden and are not very
immunogenic tumors. Rather, they are frequently driven through overexpression of MDM2
and CDK4[13]. However, dedifferentiated liposarcomas can acquire additional mutations,
and can ultimately become highly mutated, making it more likely that epitopes are produced
which are recognized by the immune system[14]. Another potential explanation why this
patient may have responded to OX40 treatment is the prior palliative treatment with
doxorubicin-based chemotherapy. Anthracyclines are capable of inducing a phenomenon
known as immunogenic cell death, a form of apoptosis in which novel immunogenic
antigens are released during tumor cell death. These antigens can induce an anti-tumor
immune response by activating dendritic cells and subsequently activate specific T-cell
responses[15, 16]. The patient received two months of weekly low-dose (15 mg)
doxorubicin for palliative treatment and stopped treatment one month prior to start of OX40
treatment.

Although clinical activity has been seen in anti-OX40 monotherapy, the activity is thus far
rather limiting. A possible explanation for this, is that OX40 is known to be an inducible
receptor molecule. It only regulates later expansion of T-cell numbers, at the peak of the
immune response[17]. This suggests that if there is no prior immune response initiated,
attempting to activate the OX40 pathway may not work optimally. Indeed, it has been shown
that more immunogenic tumors, which contain more activated tumor infiltrating
lymphocytes, respond better to anti-OX40 therapy compared to nonimmunogenic
models[18]. To fully optimize OX40 therapy, it may need to be combined with other
treatment options. It can be combined with other immunotherapies, such as pembrolizumab,
or even other treatment modalities such as chemotherapy. These agents may be capable of
initiating an intratumoral immune response, which in return will be strengthened and
sustained by anti-OX40 therapy.
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Table 3. AEs at least possibly related to study treatment. AEs related to OX40 were observed in
monotherapy alone, (n = 13); AEs related to OX40 or pembrolizumab were observed in the combination
therapy (n = 9) and could be contributed to either drugs.

Toxicities related to Grade 1, n (%) Grade 2 n (%) Total, n (%)
GSK3174998

Rash 1(8%) 1(8%)
Pruritus 2 (15%) 2 (15%)
Urticaria 1(8%) 1(8%)
Fatigue 4 (31%) 4 (31%)
Fever 1 (8%) 1(8%)
Anorexia 1 (8%) 1 (8%)
Alopecia 1 (8%) 1 (8%)
Nausea 1 (8%) 1 (8%)
Flu-like symptoms 1 (8%) 1 (8%)
Vomiting 1 (8%) 1 (8%)
Malaise 1(8%) 1(8%)
Dysgeusia 1 (8%) 1(8%)
Myalgia 1 (8%) 1(8%)

Toxicities related to Grade 1, n (%) Grade 2 n (%) Total, n (%)
GSK3174998 or

Pembrolizumab

Rash 1 (11%) 1(11%)
Fatigue 2 (22%) 1(11%) 3 (33%)
Fever 1 (11%) 3 (33%) 4 (44%)
Nausea 11(11%) 1(11%)
Vascular disorders 1 (11%) 1(11%)
Hyperhidrosis 1 (11%) 1 (11%)
Nausea 2 (22%) 2 (22%)
Increased throat secretion 1(11%) 1(11%)
Weight loss 1 (11%) 1(11%)
Anemia 1 (11%) 1 (11%)
Flushing 2 (22%) 2 (22%)
ALAT increase 1(11%) 1 (11%)
ASAT increase 1 (11%) 1 (11%)
Malaise 1 (11%) 1(11%)
Constipation 2 (22%) 2 (22%)
Vomiting 1 (11%) 1(11%)
Constipation 1(11%) 1(11%)
Hypothyroidism 1 (11%) 1(11%)
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Figure 1. (A) Best change from baseline in tumor size (n=13). Dotted lines at 20% and -30% indicate
progressive disease and partial response, respectively. (B) Longitudinal change from baseline in
tumor size (n=13). (C) Treatment exposure and response duration. The length of each bar
corresponds to the duration of treatment for each patient
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One out of nine patients receiving combination therapy showed tumor reduction of 25%.
This patient received a low dose of 0.003 mg/kg GSK3174998 and 200mg pembrolizumab.
This near-PR was seen in a patient with MSI-H CRC, a tumor type for which pembrolizumab
monotherapy is known to be effective. Therefore, we cannot exclude that the tumor
reduction was contributed solely to the pembrolizumab. Interestingly, none of the other eight
patients receiving combination therapy showed even stabilization of disease, despite the
majority of these patient having tumor types (three patients with MSI-H, and five patients
with SCCHN) for which pembrolizumab has been approved.

To conclude, although GSK3174998 appears to be well tolerated; modest preliminary
clinical activity suggests more investigation is needed in order to understand how this
agonist could be further developed . Not only the correct combination partner needs to be
selected, also the patient population which is most likely to respond to treatment needs to
be identified. For this, we need to find biomarkers which are predictive of response.
Potential biomarkers may include Treg and effector T-cell function and levels, as well as
intratumoral cytotoxic immune function[9]

Figure 3. CT scan images of a liposarcoma patient who obtained a PR. Retroperitoneal lesion at
baseline (A) and after 24 weeks of treatment (B). Liver lesion at baseline (C) and after 24 weeks of
treatment (D).
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Preliminary efficacy, safety, pharmacokinetics and pharmacodynamics data
from a phase | dose-escalation study of O0X40 agonistic monoclonal antibody
PF-04518600 administered alone and in combination with utomilumab, a 4-
1BB agonistic monoclonal antibody.

A summary of published data from early analysis of BO601002.

Willeke Ros

Preliminary data has been presented at the American Society of Clinical Oncology
(ASCO) annual meeting 2017, European Society for Medical Oncology (ESMO)
Annual Meeting 2017, and the American Association for Cancer Research (AACR)
Annual Meeting 2018:

El-Khoueiry AB, Hamid O, Thompson J, Ros W, Eskens F, Doi T, Hu-Lieskovan S,
Chou J, Liao K, J Ganguly B, Fleener C, Joh T, Diab A. The relationship of
pharmacodynamics (PD) and pharmacokinetics (PK) to clinical outcomes in a
phase | study of OX40 agonistic monoclonal antibody (mAb) PF-04518600 (PF-
8600).

Journal of Clinical Oncology 2017; 35:3027

Hamid O, Ros W, Thompson JA, Rizvi NA, Angevin E, Chiappori A, Ott PA,
Ganguly BJ, Fleener C, Liao K, Joh T, Dell V, Chou J, Hu-Lieskovan S, Eskens
FALM, Diab A, Doi T, Wasser J, Spano J-P, El-Khoueiry A. Safety,
pharmacokinetics (PK) and pharmacodynamics (PD) data from a phase | dose-
escalation study of OX40 agonistic monoclonal antibody (mAb) PF-04518600 (PF-
8600) in combination with utomilumab, a 4-1BB agonistic mAb.

Annals of Oncology 2017;28: v403-v427.

Diab A, Hamid O, Thompson JA, Ros W, Eskens FALM, Doi T, Hu-Lieskovan S,
Long H, Joh T, Potluri S, Wang X, Fleener C, Taylor CT, Ganguli BJ, Chou J, El-
Khoueiry AB. Pharmacodynamic (PD) changes in tumor RNA expression and the
peripheral blood T cell receptor (TCR) repertoire in a phase | study of OX40
agonistic monoclonal antibody (mAb) PF-04518600 (PF-8600).

Cancer Research 2018; 78:CT010
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ABSTRACT

Background Stimulating effector T-cells through the co-stimulatory protein OX40 may be
an effective new therapeutic strategy for eradicating cancer. Preclinical data has shown that
0OX40 engagement led to proliferation and activation of effector T-cells in vitro, and showed
antitumor activity in in vivo models. PF-04518600 (PF-8600) is a novel fully human
immunoglobulin (Ig)G2 monoclonal antibody which binds agonistically to OX40.

Methods B0601002 (ClinicalTrials.gov identifier NCT02315066) was a phase 1 open-label,
dose escalation study of PF-8600 as a single agent and in combination with utomilumab
(anti-4.1-BB) in patients with selected locally advanced or metastatic cancers. This thesis
chapter describes the safety, efficacy, pharmacokinetics (PK), and pharmacodynamics (PD)
of PF-8600 of which the results have been published on previous congresses.

Results At the data cutoff date, 51 patients were enrolled in the monotherapy part, and 42
patients were enrolled in the combination part. The most common adverse events (AEs)
observed in the monotherapy were fatigue, nausea, vomiting, decreased appetite,
headache, influenza like illness and pruritus. For combination treatment, the most common
AEs (=5%) were fatigue and nausea. No dose limiting toxicities were observed, and the
maximal tolerated dose was not reached. In the monotherapy, two patients obtained a
partial response: a melanoma patient who was previously treated with checkpoint blockade,
and a hepatocellular carcinoma patient. PK profiles exhibited a pattern consistent with
target-mediated drug disposition. PD data revealed increase of proliferation and activation
of peripheral CD4+ central memory T-cells, and upregulation of genes associated with
inflammation and immune activation in the tumor tissue.

Conclusion PF-8600 alone and in combination with utomilumab was well tolerated and

showed evidence of single agent efficacy as well as in combination with utomilumab. There
was clear evidence of PD activity in both tumor samples and peripheral blood.
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INTRODUCTION

Immunotherapy has made a large impact on anti-cancer therapy. The anti-CTLA-4 and anti-
PD(L)1 antibodies have demonstrated clinical benefit in a vast amount of tumor types. The
next step for immunotherapy is to develop novel strategies to improve treatment even
further. One of these promising strategies is to target immunostimulatory receptor
molecules, such as 0X40, 4-1BB, CD27, CD40 and GITR. Targeting these receptors may
reduce tumor growth by promoting immune cell proliferation and activation. OX40 is a co-
stimulatory receptor molecule expressed on the surface of activated CD4+ cells and, to a
lesser extent, on CD8+ T cells. It fulfils functions in memory T-cell survival, clonal expansion
of naive T-cells, generation of effective T-cell responses, suppression of regulatory T-cells,
and regulation of cytokine production[1-3]. In contrast to OX40, 4-1BB is mainly expressed
on activated CD8+ and NK cells. However, similar to OX40, it fulfills functions in
proliferation, activation and cytokine secretion of T-cells[4]. In addition, 4-1BB also
stimulates antigen-dependent cell mediated cytotoxicity of NK cells, and can induce
antitumor immune responses of macrophages[4].

PF-04518600 (PF-8600) is a novel fully human IgG2 agonistic monoclonal antibody (mAb)
specific for human OX40 . In vitro, PF-8600 demonstrated dose-dependent induction of cell
proliferation and pro-inflammatory cytokine release. Study B0601002 investigates PF-8600
alone and in combination with the 4-1BB agonistic mAb utomilumab. By combining these
two mAbs, both CD4+ and CD8+ cells are stimulated simultaneously. In vivo experiments
have shown that this dual stimulation induces an enormous burst of CD8+ T cell effector
function[5].

In this chapter we present the preliminary results of the dose escalation portion of the study.
These results have been published previously on the American Society Clinical Oncology
(ASCO) annual congress in 2017, The European Society of Medical Oncology (ESMO)
annual congress in 2017 and American Association for Cancer Research (AACR) annual
congress in 2018[6-8].

METHODS

Study design

Both the monotherapy and combination therapy used a modified toxicity probability interval
method, targeting a dose-limiting toxicity (DLT) rate of 25% and an acceptable DLT interval
of 20-30%.

Each dose level included an initial dose-escalation cohort of 2—4 patients. This cohort was

expanded to ~10 patients (biopsy cohort) if the initial dose-escalation cohort blood and/or
biopsy samples showed peripheral pharmacodynamic (PD) effects (Figure 1).
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Patient population

Key eligibility requirements included having selected advanced malignancies. For
monotherapy this included melanoma, hepatocellular carcinoma (HCC), clear-cell renal cell
carcinoma (RCC), or head and neck squamous-cell carcinoma (HNSCC). For combination
therapy, the included tumor types were non-small cell lung cancer (NSCLC), HNSCC,
melanoma, bladder, gastric and cervical cancer. Other key eligibility requirements included:
age 18 years or older; Eastern Cooperative Oncology Group (ECOG) performance status of
0 or 1; Adequate renal (creatinine <1.5x upper limit of normal [ULN]), bone marrow
(hemoglobin =x9 g/dL), liver (bilirubin <1.5x ULN), and cardiac function; measurable
disease as defined by Response Evaluation Criteria in Solid Tumors (RECIST) v1.1.

Key exclusion criteria included central nervous system (CNS) primary tumors or CNS
metastases; active autoimmune disorders; currently requiring systemic immune suppressive
medication; solid organ or hematopoietic transplants and prior therapy with OX40 agonists.

The study was conducted according to protocol, Good Clinical Practice standards, and
provisions outlined in the Declaration of Helsinki. The study protocol and all amendments
were approved by the appropriate institutional review board and ethics committees.

Treatment and assessments

PF-8600 (0.01-10 mg/kg) was administered intravenously every 14 days (g2w).
Utomilumab was administered intravenously every 28 days (g4w). Tumor assessment was
done at baseline and every six weeks using RECIST version 1.1 and immune-related (ir)-
RECIST. Imaging techniques included CT, MRI or equivalent.

Objectives

The primary objectives were to assess the safety and tolerability of PF-8600 alone and in
combination with utomilumab, and to estimate the maximum tolerated dose alone and in
combination with utomilumab. Secondary objectives were to assess preliminary antitumor
clinical activity of PF-8600, to characterize the pharmacokinetics (PK) of PF-8600, and to
assess degree of target engagement by PF-8600 by measuring unbound (free) cell surface
OX40 in peripheral blood. Exploratory objectives were to assess PD activity in the blood
and tumor microenvironment.

Outcomes

Safety outcome measures

Safety assessments included collection of AEs, SAEs, vital signs and physical examination,
electrocardiogram (ECG [12-lead]), laboratory assessments, including pregnancy tests and
verification of concomitant treatments. Assessment of adverse events (AEs) included the
type, incidence, severity (graded by the National Cancer Institute Common Terminology
Criteria for Adverse Events [NCI CTCAE]version 4.03) timing, seriousness, and
relatedness.
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Figure 1. Study design of (A) monotherapy and (B) combination therapy. Each dose level
consisted of a safety cohort (2-4 pts), and a pharmacodynamics cohort (0-9 pts).
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Efficacy outcome measures
Efficacy outcome measures described in this analysis included best overall response based
on investigator responses, and time to progression.

Pharmacokinetic outcome measures

Serum samples PK assessments were collected on cycle 1 (pre-dose, 1, 4, 24 hr, and day
8); cycles 2 through 6 (pre-dose and 1 hr post-dose); cycle 3 day 8, cycle 7 pre-dose; and
every other cycle thereafter pre-dose. PF-8600 concentrations were analyzed using a
validated electochemiluminescence assay.

Pharmacodynamic outcome measures

Whole blood samples for immunophenotyping assessment were collected on cycles 1
through 3 on days 1 and 8, cycles 4 and 7 on day 1, and at the end of treatment. Blood
samples were used to assess T-cell receptor clonality, and proliferation and activation rates
of CD4+ and CD8+ central memory (CM) and effector memory (EM) T-cells.

Paired tumor biopsies were collected from a subset of patients (dosed =0.1 mg/kg) at
baseline and week 6. Biopsies were used to assess mutational load and % of OX40+ cells,
and to perform gene set enrichment analysis.

RESULTS

Patient characteristics

As of the data cutoff of 24" of May 2017, 52 patients were enrolled in the dose escalation
phase of the monotherapy (Table 1A), and 42 patients in the combination therapy (Table
1B). For the monotherapy, HCC (37%), melanoma (29%), RCC (17%) and HNSCC (17%)
patients were enrolled. Patients were heavily pretreated, with a mean prior therapies was
4.5 [1-21]. In addition, 23% of patients were treated with prior anti-CTLA-4 therapy, and
37% of patients with prior anti PD-1/PD-L1 therapy. For combination therapy, melanoma
(29%), bladder (12%), gastric (14%), cervical (10%), NSCLC (10%), and HNSCC (26%)
patients were included in the study. The mean prior therapies received in the combination
treatment was 3.1 [range 1 — 9], and the majority received prior anti-PD-1/PD-L1 therapy
(60%). 24% of patients received prior anti-CTLA-4 in the combination arm.

Safety

The investigated dose levels in this study were 0.01 (monotherapy only), 0.1, 0.3, 1.0
(combination therapy only), 1.5 (monotherapy only), 3.0, and 10.0 (monotherapy only)
mg/kg PF-8600, alone or in combination with 20 or 100 mg utomilumab. 58% of patients
experienced treatment related AE in the monotherapy, with no apparent relationship to dose
(Table 2A). The most commonly reported treatment related AEs occurring in = 5% of
patients were fatigue, nausea, vomiting, decreased appetite, headache, influenza like
illness, and pruritis. One treatment related grade (G) 3 AE occurred in the 1.5mg/kg cohort,
which was a G3 gamma glutamyl transferase elevation. In addition, one serious G2 AE
occurred, which was congestive heart failure in the 0.1mg/kg cohort.
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Table 1. Patient characteristics of patients treated in the monotherapy [6] (A) and combination therapy
[71(B). *Some patients are still on treatment.

glkg
0.01 (n=2) 041 0.3 1.5 3.0 10 Total
(n=10) (n=11) (n=12) (n=13) (n=4) (N=52)
Age, mean 52.5 58.2 (40- 52.3(23- 67.7(54- 62.0(45- 60.0 60.0 (23-
(range), (48-57) 79) 67) 78) 75) (41-74) 79)
years
Baseline ECOG PS, n
0 1 6 7 4 6 2 26
1 1 4 4 8 7 2 26
Primary diagnosis, n
Melanoma 1 2 4 3 4 1 15
HCC 1 6 3 6 3 0 19
RCC 0 2 3 2 2 0 9
HNSCC 0 0 1 1 4 3 9
Prior 8.0 3.6 5.0 4.9 43 3.3 4.5
therapies, (2-14) (1-14) (1-21) (1-10) (1-12) (1-12) (1-21)
mean (range),
n
Anti-CTLA-4, 1 2 2 3 3 1 12
n
Anti-PD-1/PD- 1 3 5 4 3 3 19
L1, n
Median 435(29- 715 74.0 50.0 98.0 50.0 70
treatment 58) (27-183) (29-296) (27-183) (1 -225) (1-70) (1-296)
duration,

days (range)*

73



Chapter 2.2

Table 1 continued. Patient characteristics of patients treated in the monotherapy [6] (A) and
combination therapy [7](B). ** Chemotherapy regimens excluded.

B. PF-8600, mg/kg + Utomilumab

0.1 +20 03 +20 03+ 100 1.0+ 100 3.0 + Total

(n=10) (n=11) (n=12) (n=13) 100 (N=52)

(n=4)

Age,mean (range), 50.5 63.0 60.6 57.3 (45- 68.3 (61- 58.6 (22-
years (22-81) (48 -75) (38 — 85) 70) 79) 85)
Baseline ECOG PS, n
0 4 6 7 3 0 20
1 6 5 2 4 3 20
Not reported 1 0 1 0 0 2
Primary diagnosis, n
Melanoma 2 4 4 1 1 12
Bladder 2 1 1 1 0 5
Gastric 3 1 1 1 0 6
Cervical 1 0 0 1 0 4
NSCLC 0 1 1 2 1 4
HNSCC 3 4 4 1 1 11
Prior therapies, mean 3.5 2.9 3.3 2.9 3.0 3.1
(range), n (1-6-) (1-9) (1-7) (1-6) (2-4) (1-9)
Anti-CTLA-4, n 2 4 1 1 2 10
Anti-PD-1/PD-L1, n 4 9 5 4 3 25
Median treatment 154.0 (53- 219.0 110.5 (21- 148.0 (30- 274.0 148.0
duration, days 731) (53-731) 518) 397) (85-422)  (21-808)
(range)**

For combination treatment, 35.7% of patients experienced treatment related AEs. The most
common related AEs were fatigue (9.5%), and nausea (7.1%). Treatment related AEs were
all G1-G2 with the exception of one patient with asymptomatic G3 amylase and G4 lipase
elevations (Table 2B). These events occurred at the 0.3mg/kg + 100mg dose level. No
discontinuations due to treatment-related AEs occurred.

Overall, treatment with PF-8600 alone or in combination with utomilumab was well-

tolerable, with no DLTS occurring in the study, and the maximal tolerated dose (MTD) was
not established.
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Table 2. AEs observed in the monotherapy (A) [6], and combination therapy [7] (B). *G3 gamma
glutamyl transferase elevation. ** G2 congestive heart failure .

A. PF-8600, mg/kg

Total (N
=52)

All-causality, n %

Any adverse event 2(100) 10 11 12 13 3(75) 51(98)
(100) (100) (100) (100)

Grade 3 -5 adverse 1(50) 5 (50) 2(18) 5(42) 9 (69) 2(50) 24 (46)

event

Discontinuation due to 0 1 0 0 0 0 1

adverse event
Treatment-related, n (%)

Any adverse event 2(100) 7 (70) 6 (55) 7 (58) 7 (54) 1(25) 30 (58)
Grade 3 — 5 adverse 0 0 0 1(8)* 0 0 1(2)
event

Any serious adverse 0 110 0 0 0 0 1(2)
event

Grade 3-5 serious 0 0 0 0 0 0 0
adverse event

Discontinuation due to 0 1 0 0 0 0 0
adverse event

Dose-limiting toxicity 0 0 0 0 0 0 0
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Table 2 Continued. AEs observed in the monotherapy (A) [6], and combination therapy [7] (B). ***G3
AE.
B. PF-8600, mg/kg + Utomilumab (mg)

0.1+20 0.3+20 0.3+100

1.0+ 100 3.0

+100 Total (N =

(n=11) (n=11) (n=10) (n=7) (n=3) 42)
Treatment-related,
n (%)
Any adverse event 3 (27.3) 4 (36.4) 4 (40.0) 2 (28.6) 2 (66.7) 15 (35.7)
Fatigue 2 (20.0) 1(14.3) 1(33.3) 4 (9.5)
Nausea 2(18.2) 1(10.0) 3(7.1)
Anaemia 1(9.1) 1(33.3) 2(4.8)
Decreased 2(18.2) 2(4.8)
appetitie
ALT increased 1(9.1) 1(2.4)
Amylase increased 1 1(2.4)
(10-0)***
Constipation 1(10.0) 1(2.4)
Cough 1(9.1) 1(2.4)
Diarrhea 1(9.1) 1(2.4)
Dysgeusia 1(9.1) 1(2.4)
Dysphonia 1(9.1) 1(2.4)
Flushing 1(9.1) 1(2.4)
Lipase increased 1 1(2.4)
(10.0)***
Pruritus 1(33.3) 1(2.4)
Pyrexia 1(33.3) 1(2.4)
Rash maculo- 1(14.3) 1(2.4)
papular
Tumor pain 1(33.3) 1(2.4)
Vitiligo 1(14.3) 1(2.4)
Vomiting 1(9.1) 1(2.4)
Weight decreased 1(9.1) 1(2.4)
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Clinical activity

In total, 49 patients were evaluable for assessment of best overall response in the
monotherapy (Table 3A). Two out of 49 patients showed a confirmed partial response. The
partial responses were observed in a melanoma patient treated at the 0.1mg/kg dose level,
and a HCC patient treated at the 0.3 mg/kg dose level. Interestingly, the melanoma patient
received prior ipilimumab and nivolumab, with mixed response as best response. The HCC
patient received sorafenib 6 weeks prior to PF-8600 therapy. The duration of response was
10.3 weeks for the melanoma patient, and 26.1+ weeks for the HCC patient.

Twenty-eight out of 49 patients showed confirmed SD as best response, with a mean
duration of stable disease of 11.8 weeks [5.1-37.4+]. Nineteen out of 49 patients showed
PD as best response. The median time to tumor progression was 6.3 weeks [5.1 — 37.4+].

In the combination therapy, 37 patients were included in the efficacy analysis (Table 3B).
Two patients obtained a partial response; a patient with cutaneous melanoma receiving 0.3
mg/kg PF-8600 and 20mg utomilumab, and a patient with ocular melanoma receiving
0.3mg/kg PF-8600 and 100mg utomilumab. Both patients were still on treatment during the
data cutoff, with the cutaneous melanoma patient having a response of 16.1+ weeks, and
the ocular melanoma pt having a response of 0.1+ weeks. Eleven (30%) out of 37 patients
demonstrated SD as best response, with a duration ranging between 5.3 — 18.1+ weeks.
Eighteen patients (49%) showed PD as best response, and four patients were not
evaluable. The time to progression ranged from 2.4 weeks to 23.9+ weeks.

Table 3. Best overall response and time to progression for (A) monotherapy[6] and (B) combination
therapy[7].

A. PF-8600, mg/kg

Total (N
= 49)

Best overall
response (n (%)

Complete response 0 0 0 0 0 0

o
o
o

Partial response 1(10) 1(9) 2 (4)

0

0
Stable disease 0 6 (60) 6 (55) 6 (50) 8 (73) 2 (67) 28 (57)
Progressive disease 2 3(30) 4 (36) 6 (50) 3(27) 1(33) 19 (39)

(100)
Duration of 10.3 26.1+ 18.2+
response, weeks*
Duration of stable 11.7 17.1 11.7 54 121 (5.7 59 11.8 (5.1
disease, median (5.1- (6.1- - 37.4+) -32.9+) 5.9 - -37.4+)
(range), weeks* 24.1) 37.4+) 6.0+)
TTP, median 5.8 89(5.1- 76 (54- 6.2 (54- 119 5.9 6.3 (5.1-
(range), weeks* (5.6- 28.3) 37.4+) 37.4+) (5.3- (5.3- 37.4+)
6.0) 32.9+) 6.0+)
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Table 3 continued. Best overall response and time to progression for (A) monotherapy[6] and (B)
combination therapy[7].

B. PF-8600+ utomilumab

Tumor type

Melanoma HNSCC Gastric Bladder
(n=10) (n=11) (n=5) (n=4)

Best overall response

(n (%)
Complete response 0 0 0 0 0 0
Partial response 2 (20.0) 0 0 0 0 0
Stable disease 3(30.0) 2(18.2) 2 (40.0) 2 (50.0) 1(33.3) 1(25.0)
Progressive disease 4 (40.0) 7 (63.6) 1 (20.0) 2 (50.0) 1(33.3) 3(75.0)
Not evaluable 1(10.0) 2(18.2) 2 (40.0) 0 1(333) O
Duration of response, 3.1
weeks* (0.1 -

16.1+)
Duration of stable 9.5 (5.6- 11.7 (6.3- 12.0 85(56 - 54 5.9 (5.9-
disease, median 18.1+) 18.1+) 119 - 11.4+) (5.4- 5.9)
(range), weeks* 12.1) 5.4)
TTP, median (range), 11.6 6.1 (4.0- 119 (54- 96 (6.0- 6.8 5.6 (3.9-
weeks* (6.0-18.1+) 23.9+) 13.4) 18.1+) (2.4- 5.9+)

11.1)

*At the last assessment, the max (+) patient still has response/stable disease and remains on
study.

Pharmacokinetics

Preliminary PK characterization was performed based on full cycle 1 PF-8600
concentration-time profiles of 44 patients (Figure 2). At the 0.1mg/kg dose level, PK profiles
showed patterns consistent with target-mediated drug disposition, showing concentrations
below predicted values. Between the doses of 0.3 and 10 mg/kg, exposure to PF-8600
increased with increasing dose in an approximately dose-proportional manner.

Pharmacodynamics

Peripheral blood

Studies have shown that treatment with immunotherapy has led to a broadening of the T
cell receptor repertoire[9]. T-cell receptor sequencing analysis was performed in patients
treated in the monotherapy. Clonal expansion of CD4+ and CD8+ T-cells was seen in week
6 compared to baseline (Figure 3B). Patients who achieved PR had among the lowest
levels of normalized T-cell clonal expansion in the peripheral blood (Figure 3A), particularly
in the CD8+ T-cell populations. Median numbers of expanded clones were similar for
patients with SD or PD.
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Figure 2. Predicted (lines) and observed (dots) single-dose concentration time profiles after IV infusion
of PF-8600 [6].

Flow cytometry analysis using proliferation marker ki67 and activation marker HLA-
DR/CD38+ revealed increase in proliferation and activation of CD4+ central memory (CM)
in peripheral blood of patients treated with PF-8600 alone and in combination with
utomilumab (Figure 4). Interestingly, for monotherapy, the increased proliferation and
activation was observed in dose levels 0.1mg/kg, 0.3mg/kg and 3.0mg/kg but not in
1.5mg/kg and 10mg/kg cohorts (Figure 4A). More frequent and greater fold-increases of
ki67 were observed in the combination therapy compared with the monotherapy (Figure
4BC). CD8+ cells were relatively unaffected (Figure 4C).
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Number of Expanded Clones per 100,000
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Figure 3. Expansion of peripheral blood T-cell clones, by response (A) and dose (B). Number of
patients per dose group is indicated above the box plot.[6].
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Chapter 2.2

Tumor tissue

Gene set enrichment analysis was performed to identify those pathways and individual
genes that are being upregulated upon OX40 treatment (Figure 5). RNAseq data from 8
paired biopsies of patients dosed with =1.5 mg/kg PF-8600 indicated that gene sets
associated with immune activation and inflammation were the most frequently upregulated
(Figure 5B). These effects were not observed if samples from lower dose cohorts (0.1 and
0.3 mg/kg) were included in the analysis. Gene sets associated with cell division (mitotic
spindle formation), hypoxia, epithelial to mesenchymal transition (EMT), and TGF-
signaling were among the most down-regulated in response to PF-8600 therapy in patients
dosed with 21.5 mg/kg. Individual genes upregulated included markers associated with T
cells, the OX40 pathway, and antigen presentation, including CD4, CD8, OX40L, and B2M.

The regulatory T cell marker FOXP3 was frequently decreased or unchanged upon
treatment (Figure 5A).

A Best Overall Response (RECIST) Tumor Type
@ Objective progression A Stable disease @®HCC ®Melanoma @SCCHN
CD4 CD8A FOXP3
L L
A 4 L
70 \\ /L 6 L_ ’A
y
6.5 5
T/ N N / 3
z A = | z
£ 60 E 4 [ b
o~ ~ \ /J\ o~
o o o
55 3 I 2 = \
50 pd 2
| — X
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BIOP BIOP BIOP BIOP BIOP BIOP
TNFRSF4 TNFSF4 B2M
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‘ 0 _—] 100
SCREEN- C4D1- SCREEN- C4D1- SCREEN- C4D1-
BIOP BIOP BIOP BIOP BIOP BIOP

Figure 5. Gene expression changes in tumor tissue in response to PF-8600. Changes in individual
genes (A), and gene sets (B)[8].
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Figure 5 continued. Gene expression changes in tumor tissue in response to PF-8600. Changes in
individual genes (A), and gene sets (B)[8].

Studies have shown that tumors with a high mutational burden are more likely to show a
response upon treatment with immunotherapy[10]. Mutational burden was derived from
tumor RNAseq analysis and revealed no difference in mutational load at baseline between
patients having SD as best response and patients with PD as best response (Figure 6).
However, the patient (n=1) in this analysis which had PR as best response showed a higher
mutational load at baseline compared to those with SD and PD, and in addition showed
decrease of mutational burden upon treatment. (Figure 6B).

An increase in percentage of OX40 positive cells is seen in a subset of patients treated with
PF-8600 (Figure 7A). In addition, a positive correlation between fold-change in percent
OX40-positive cells in the tumor and time to tumor progression (TTP) was observed (n=10)
(Figure 7B). This correlation was not observed for CD8, CD4, or FoxP3.
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Figure 6. Mutational burden analysis. (A) Mutation burden derived from tumor RNA seq at baseline.
(B) Changes in mutation burden derived from tumor RNAseq. * Number of functional mutations in
transcripts normalized by library size.
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Figure 7. (A) Correlation of change in % OX40-positive cells with time to tumor progression (TTP)[8].
(B) Examples of OX40 positive staining at baseline and week 6 in a renal cell carcinoma patient and an
HCC patient.
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DISCUSSION AND CONCLUSION

In this chapter we presented preliminary and previously published data from study
B0601002. PF-8600 demonstrated to be well-tolerable, both as a single agent and in
combination with utomilumab. The MTD was not reached for both monotherapy and
combination therapy. Furthermore, the vast majority of treatment-related AEs were of low
grade and no dose-limiting toxicities occurred.

PF-8600 showed clinical activity, both as a single agent and in combination with
utomilumab. The partial responses were seen in melanoma patients and a HCC patient. It is
known that melanoma is a highly immunogenic tumor and the response rates to
immunotherapy are relatively high[11-13]. Interestingly, a response to PF8600 was seen in
a melanoma patient who showed at best a mixed response to checkpoint blockade therapy.
It is of note that this patient received nivolumab seven weeks prior to PF-8600 therapy.

This study employed comprehensive PD analyses. As expected, PF-8600 treatment led to
proliferation and activation of CD4+ cells in peripheral blood. Analysis of T-cell receptor
clonality revealed that upon treatment, an increase is seen in the amount of T-cell clones.
However, the patients which showed a partial response showed smaller numbers of
expanded clones compared to those with a SD or PD. A possible explanation for this is that
in order to have an effective immune response, it is not the quantity, but the quality of the
clones that matter. An anti-tumor response may need the expansion of specific clonal
populations which target specific neo-antigens.

Current PD studies are almost impossible to imagine without fresh pre- and on treatment
tumor biopsy samples. In this study, tumor tissue was used to perform gene set analyses,
characterization of the mutational load, characterization of immune cell subsets in the
tumor, and determination of OX40 levels. Gene set enrichment analysis unsurprisingly
showed upregulation of infammatory pathways. However, the pattern of enrichment of
inflammatory genes was not observed if samples from lower dose cohorts (0.1 and 0.3
mg/kg) were included in the analysis. A possible explanation for this is that biopsies were
collected at least 2 weeks after the last dose. At that time, the lower doses may have not
been at sufficient levels to sustain the enrichment of immune-related gene sets at a
detectable level. Paradoxically, clinical responses have been observed at lower dose levels,
suggesting the hypothesis that persistent enrichment of immune transcripts may not be
necessary to elicit antitumor activity. These, and other PD findings will be further evaluated
in the dose expansion cohorts of B0601002.
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Preliminary efficacy and safety of CD40 agonistic monoclonal antibody
selicrelumab administered in combination with atezolizumab or
vanucizumab.

An interim analysis of BP29392 and BP29889 of patients treated at the
Netherlands Cancer Institute.

Willeke Ros

Preliminary data of study BP29889 has been presented at the Society of
Immunotherapy for Cancer (SITC) Annual Congress 2018:

Emiliano Calvo, Jan Schellens, Ignacio Matos, Elena Garralda, Morten Mau-
Soerensen, Aaron Hansen, Maria Martinez-Garcia, Martijn Lolkema, Jehad Charo,
Chiara Lambertini, Christoph Mancao, Katrijn Bogman, Cristiano Ferlini,, Martin
Sern, Ros W. Combination of subcutaneous selicrelumab (CD40 agonist) and
vanucizumab (anti-Ang2/VEGF) in patients with solid tumors demonstrates early
clinical activity and a favorable safety profile.

Journal for ImmunoTherapy of Cancer 2018;115:386
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ABSTRACT

Background: Targeting CD40 is a novel immunotherapeutic approach to combat cancer.
CD40 is a co-stimulatory receptor molecule which is mainly expressed by antigen
presenting cells. CD40 engagement by its ligand leads to increased proliferation, effector
function and survival of T-cells, and increases anti-tumor activity. Selicrelumab is a
monoclonal antibody that binds agonistically to CD40, thereby activating the CD40 pathway.

Methods: BP29392 (NCT02304393) and BP29889 (NCT02665416) investigated
selicrelumab in combination with atezolizumab and vanucizumab respectively. Both studies
were open-label, non-randomized multicenter phase | dose escalation studies designed to
evaluate the safety, tolerability, pharmacokinetics, pharmacodynamics and therapeutic
activity of selicrelumab in combination with aforementioned antibodies. Here, we present
interim results of patients treated at the Netherlands Cancer Institute.

Results: Between April 2016 and August 2018, seventeen (selicrelumab plus
atezolizumab) and eleven (selicrelumab plus vanucizumab) patients were enrolled. Both
combinations showed a favorable safety profile, and the maximal tolerated dose was not
reached. The most common adverse event (AE) related to treatment was injection site
reactions (ISR) to the subcutaneous administration of selicrelumab. This toxicity was
manageable when treated with topical (G2 ISR) or oral (G3 ISR) corticosteroids. Other
common AEs included ASAT/ALAT increase, fatigue, fever and headache. No patient
discontinued due to treatment-related AEs. One ISR was considered a dose limiting toxicity.
Three (11.8%) and one (9.1%) patient showed a partial response for selicrelumab plus
atezolizumab, and selicrelumab plus vanucizumab respectively. Antitumor activity was seen
in a microsatellite instability-high colorectal cancer patient and a patient with squamous cell
carcinoma of unknown origin (selicrelumab plus atezolizumab), and an ovarian cancer
patient (selicrelumab plus vanucizumab).

Conclusions: Selicrelumab in combination with vanucizumab or atezolizumab showed a

favorable safety profile and was well-tolerated. Preliminary clinical activity was observed in
three out of twenty-eight patients.
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INTRODUCTION

CD40 is a co-stimulatory receptor molecule belonging to the tumor necrosis factor (TNF)
receptor superfamily. It is expressed on antigen presenting cells (APCs), such as dendritic
cells (DCs), B-cells and monocytes, as well as on non-immune cells and a wide range of
tumor cells[1-3]. Its ligand is CD154 (also known as CD40-L), and is primarily expressed by
CD4+ helper T cells. Signaling through CD40 is one of the main components of T-cell help.
It activates APCs and increases the expression of other co-stimulatory molecules and MHC
molecules, as well as the production of pro-inflammatory cytokines[4]. Indeed, targeting
CD40 has the potential to be an effective way to combat cancer. Triggering CD40 with an
agonistic monoclonal antibody (mAb) can substitute for stimulation normally provided by
helper T cells via CD154[5]. Although the main anti-tumor effects triggered by agonistic
binding by a mAb are thought to be due to activating APCs, other immunological antitumor
effects independent of T-cells have been proposed as well. For example CD40 activated
macrophages can exert antitumor effects[6—8]. The exact effects of CD40 signaling differ
depending on the cell type expressing CD40 and the microenvironment in which the
signaling is taking place.

Due to its favorable immunological impact, CD40 has become an attractive target for cancer
immunotherapy. Monoclonal antibodies targeting CD40 or its ligand are currently under
development[9]. One of them is selicrelumab (RO7009789), a fully human IgG2 antibody
which binds agonistically to CD40. It started its development under the name CP-870893,
and has been evaluated as a single agent during a phase | clinical trial (clinicaltrials.gov
identifier NCT02225002)[10]. Here, selicrelumab was given intravenously in doses ranging
from 0.01 to 0.3 mg/kg and the maximal tolerated dose (MTD) was established as 0.2
mg/kg. Dose limiting toxicities included venous thromboembolism and headache. Partial
responses were exclusively seen in melanoma patients (14% of all patients and 27% of
melanoma patients) . Selicrelumab is further being investigated as a combination partner for
several other anti-cancer agents. For example, it has been combined with gemcitabine for
the treatment of pancreatic ductal adenocarcinomal11]. In this study, four out of 22 patients
(19%) achieved a partial response.

Two potential candidates for combination treatment with selicrelumab are the anti-PD-L1
agent atezolizumab, and vanucizumab, a bispecific monoclonal antibody targeting ANG2
and VEGF.

Atezolizumab blocks the binding of checkpoint inhibitor PD-1 with its ligand PD-L1. CD40
activation ultimately leads to T-cell activation and subsequently PD-L1 expression[12-14].
This upregulated expression of PD-L1 may inhibit the activated T-cells and make them
anergic[15]. By inhibiting PD-L1 with atezolizumab, the negative feedback loop of PD-L1
may be nullified, making T-cell responses more durable. Alternatively, atezolizumab may
benefit from selicrelumab as well. Checkpoint blockade is thought to stimulate ongoing
immune responses, but it is incapable of starting novel immune responses[12, 16].
Agonistic binding of CD40 may trigger novel immune responses by DC stimulation, which in
return leads to priming of T-cells.
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The rationale of combining selicrelumab with vanucizumab is that it may lead to novel
immune cell infiltration through normalization of the tumor neovasculature[17]. CD40
signaling triggers angiogenesis by inducing the expression of both VEGF and Ang-2, two
pro-angiogenic molecules produced by the endothelium, tumors and tumor-associated
macrophages[18]. These proangiogenic molecules cause aberrant expression of various
integrins and chemokines in the tumor microenvironment, which in return prevents proper
trafficking of T-cells into tumor tissue[19, 20]. By blocking these two factors using
vanucizumab, the angiogenic reaction in response to CD40 signaling is reduced. The
blocking of angiogenic factors further benefits CD40 signaling, as VEGF expression is a
negative feedback loop for CD40 signaling: VEGF inhibits dendritic cell maturation, and
induces regulatory T-cells and checkpoint inhibitors[21-23].

In this interim analysis, we evaluated the safety, efficacy and pharmacological effects of
selicrelumab in combination with atezolizumab (NCT02304393) and vanucizumab
(NCT02665416). Both studies are open-label, multi-center phase | dose escalation studies.
We discuss the patients treated at the Netherlands Cancer Institute/Antoni Van
Leeuwenhoek Ziekenhuis (NKI/AvL) between January 2015 and August 2018.

METHODS

Study Design

BP29392 (NCT02304393) and BP29889 (NCT02665416) investigated selicrelumab in
combination with atezolizumab and vanucizumab respectively. Both studies were open-
label, non-randomized multicenter dose escalation phase | studies. Here, we describe the
interim results of part 1A, 1B, and Il for BP29392 and part | for BP29889. The primary
objectives of part | of the studies were to evaluate the safety and tolerability of selicrelumab
in combination with atezolizumab or vanucizumab, and to determine the maximal tolerated
dose (MTD) or optimal biological dose (OBD) and recommended phase Il dose of the
combinations. The primary objectives of part Il of BP29392 were to evaluate the clinical
activity in head and neck squamous cell carincoma (HNSCC), non-small cell lung cancer
(NSCLC) and small and large bowel carcinoma. Secondary objectives were
pharmacokinetics (PK), pharmacodynamics (PD) and immunogenicity. For BP29392,
different regimens were assessed (Figure 1). For Part 1A, selicrelumab and atezolizumab
were given sequentially: a single dose of selicrelumab was given on day 1 of treatment,
followed by atezolizumab three weeks later. Atezolizumab was given q3W. For Part IB:
selicrelumab and atezolizumab were given concomitantly: on day 1, atezolizumab was
given, q3W. On day 2, a single dose of selicrelumab was given. For part Il, multiple doses
of selicrelumab were given. A cycle consisted of three weeks. Atezolizumab was given q3W
on day 1 of every cycle. For the first four administrations, selicrelumab was given q6W, on
day 2 of every odd cycle . After these administrations, selicrelumab was given q12W on day
two. For BP29889, a single regimen was tested (Figure 1): vanucizumab was given on day
1 and 15, g2W, and selicrelumab was given q4W during the first eight weeks, followed by
g12W administration of selicrelumab.
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The starting dose of selicrelumab for both studies was 1mg. At least three patients were
enrolled in each cohort. The dose limiting toxicity (DLT) assessment window was 43 days
(part 1A, BP29392), 22 days (part IB, BP29392), or 28 days (BP29889). Dose escalation
was guided with a modified continual reassessment method (MCRM)- escalation with
overdose control (EWOC). After each cohort of patients, the model was updated and the
proposed dose was based on the logistic regression model.

In BP29392, a DLT was defined as one of the following toxicities: drug-related = grade (G) 3
febrile neutropenia, = G3 thrombocytopenia with G2 bleeding episodes and/or requiring at
least 1 platelet transfusion, G4 neutropenia lasting = 7 days, Any = G3 hepatic toxicity with
the exception if it consists of asymptomatic transaminase elevation <8 x ULN without
bilirubin elevation, inability to re-treat the patient within 3 weeks of scheduled dosing
because of lack of recovery to < G1 toxicity that is related to the study drug, and any = G3
non-hematologic or non-hepatic major organ adverse event excluding the following: G3
nausea or vomiting that resolves to < G1 within 72 hours of appropriate supportive therapy,
= G3 fatigue that resolves to < G2 within 7 days, G3 arthralgia that can be adequately
managed with supportive care or that resolves to < G2 within 7 days, G3 fever (in the
absence of any clinically significant source of fever) that resolves to < G2 within 7 days with
supportive care, = G3 laboratory abnormality that is asymptomatic and deemed by the
investigator not to be clinically significant, G3 tumor flare defined as local pain, irritation, or
rash localized at sites of known or suspected tumor, G3 infusion reaction that resolves
within 12 hours to < G1.

In BP29889, a DLT was defined as one of the following toxicities: drug-related = G3 febrile
neutropenia, = G3 thrombocytopenia with G2 bleeding episodes and/or requiring at least 1
platelet transfusion, G3 hypertension, for > 14 consecutive days, despite appropriate anti-
hypertensive medication, = G3 thromboembolic event, = G2 bronchopulmonary
hemorrhage, = G1 intracranial hemorrhage, = G1 reversible posterior leukoencephalopathy
syndrome (RPLS), proteinuria = 2 g/24 hrs for = 14 days, = G3 proteinuria, Any = G1 fistula
formation involving an internal organ, and any other G3 selicrelumab or vanucizumab-
related toxicity which fails to revert to < G1 or baseline within 4 weeks despite adequate
medical therapy, with the exception of = G3 toxicities which are judged not clinically
significant by the Investigator, transient (<10 days) lymphopenia, = G3 skin toxicity in the
absence of adequate supportive care, alopecia (any grade)

Patients

BP29392 and BP29889 were designed to examine the safety, tolerability and maximal
tolerated dose of selicrelumab in combination with atezolizumab and vanucizumab
respectively, in patients with advanced solid tumors. For part | in BP29392 and BP29889, all
solid tumor types (with the exception of non-small cell lung cancer (NSCLC) and prostate
cancer for BP29889) were eligible. Preclinical studies have shown that a wide array of
tumors may respond to anti-CD40 treatment, independently of CD40 expression on tumor
cells[24]. For part Il in BP29392, eligible tumors types were head and neck squamous cell
carcinoma (HNSCC), NSCLC, colorectal cancer (CRC) and small bowel carcinoma. These
tumor types were selected based on preliminary efficacy findings in part I.
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Key eligibility requirements included having histologically or cytologically-documented
advanced metastatic and/or unresectable solid cancer that was not amenable to standard
therapy; for part Il of BP29392 only: histologically confirmed diagnosis of
advanced/metastatic small or large bowel carcinoma, HNSCC or non-squamous NSCLC
previously treated with anti-PD-L1 / PD-1 inhibitor (Part Il); Life expectancy = 16 weeks; 218
years of age, adequate hematologic and organ function; for BP29889 only: adequate
cardiovascular function; measurable disease based on response evaluation criteria in solid
tumors (RECIST) V1.1.; Eastern Cooperative Oncology Group (ECOG) Performance Status
(PS) of 0 or 1 (or 2 for BP29889 only); ability to comply with the collection of tumor biopsies.

Key exclusion criteria included: prior approved anti-cancer therapy (including
chemotherapy, hormonal therapy or radiotherapy) within two weeks prior to initiation of
study treatment (BP29392 only); patients who had received cyclical chemotherapy within a
period of time that is shorter than the cycle length used for that treatment prior to study drug
administration (BP29889 only); prior biologic, systemic immunostimulatory, or
investigational therapy within four weeks prior to initiation of study treatment; patients with
prostate cancer or squamous NSCLC (BP29889 only); soluble CD25 = 2x ULN or serum
ferritin = 1000 ng/mL within 14 days prior to the first study treatment (BP29392 only);
previous treatment with compounds targeting CD40; treatment with systemic
immunosuppressive medications within two weeks prior to initiation of study treatment;
uncontrolled pleural effusion, pericardial effusion, or ascites; known clinically significant
liver, lung, vascular, cardiovascular or cerebrovascular disease; prior history of hypertensive
crisis (BP29889 only); allergy or hypersensitivity to components of the selicrelumab,
atezolizumab (BP29392) or vanucizumab (BP29889) formulation; history of autoimmune
diseases.

The study was conducted according to protocol, Good Clinical Practice standards, and
provisions outlined in the Declaration of Helsinki. The study protocol and all amendments
were approved by the appropriate institutional review board and ethics committee. All
patients provided written informed consent before any study related procedures were
performed.

Treatment and assessments

Selicrelumab was administered subcutaneously (s.c.). Atezolizumab and vanicizumab were
given in a fixed dose of 1200mg and 2000mg respectively. Atezolizumab was given
intravenously over 60 minutes, whereas vanucizumab was given over 90 minutes.

Tumor imaging was done every six (BP29392) or eight (BP29889) weeks using CT or MRI.
Adverse events were monitored throughout the study period and graded according to the
National Cancer Institute’s Common Terminology Criteria for Adverse Events (CTCAE
v4.03)
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Table 1. Patient characteristics.

Demographic characteristic

Selicrelumab plus
atezolizumab
Total (n=17)

Selicrelumab plus
vanucizumab
Total (n=11)

Age (Years) 57 [26 — 81] 56 [30 - 70]
Gender (n,%)

Male 8 (47.1%) 4 (36.4%)
Female 9 (52.9%) 7 (63.6%)
WHO PS (%)

0 14 (82.4%) 6 (54.5%)
1 3(17.6%) 5 (45.5%)
Tumor Type (n)

CRC 6 3

H&N 4 2

Ewing sarcoma 2

QOvarian Cancer 1 3
Squamous cell carcinoma of 1 -
unknown origin

Esophageal Cancer 1 -
Gallbladder Cancer 1 -
Pancreas Cancer 1 -

Cervical cancer - 2
Urachus Cancer - 1

Prior lines of therapy for 2[0-9] 3 [1-6]
advanced disease

Outcomes

The safety outcome measures for this study included the nature and frequency of DLTs, the
incidence, nature and severity of adverse events graded according to the NCI CTCAE
v4.03, and changes in vital signs, physical findings, ECG and clinical laboratory results
during and following selicrelumab, vanucizumab, and atezolizumab administration. Safety
measures not discussed in this interim analyses but were performed included incidence of
ADA responses to selicrelumab, vanucizumab and atezolizumab, and possible correlation
with PK, PD, safety and efficacy parameters.

Efficacy outcome measures included best confirmed; duration of objective response was
defined as time from the first occurrence of a documented objective response to the time of
relapse or death from any cause. Progression-free survival (PFS) was defined as the time
from the first study treatment to the first occurrence of progression or death, whichever
occurred first. Overall survival (OS) was defined as the time from the first study treatment to
death. Patients who are not evaluable for efficacy analysis were treated as non-
responders. An efficacy outcome not described in this interim analysis but was performed
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included model-based estimates of tumor growth inhibition (TGl) metrics defined as
deviations due to the study drugs on the kinetic curve of the tumor.

PK and PD outcomes are not discussed in this interim analysis but are performed in both
studies. PK outcome measures included the area under the curve (AUC), Cmax, Cmin,
Tmax, clearance (CL), volume of distribution (Vg4), and elimination half-life (t '2) of
selicrelumab; AUC, Cmax, CL, (Vq4) and t %2 of vanucizumab; and the Cmax and Cmin of
atezolizumab. PD outcome measures included monitoring of the number and percentage of
T, B, natural killer cells, naive and memory T cells, monocytes, activated and exhausted T
cells and Treg cells in peripheral blood, quantification of the levels of free and total soluble
VEGF and AnG2 (BP29889 only). CD8+ cell tumor-infiltration levels in baseline and on-
treatment tumor biopsy, PD-L1 expression levels on both tumor and immune-infiltrating cells
in baseline and on-treatment tumor biopsy, microvessel density, proliferation, apoptosis and
hypoxia in baseline and on-treatment tumor biopsy (BP29889 only), monitoring of cytokines
and sCD25 in the peripheral blood, identification of pro- versus anti-inflammatory immune
gene expression signatures (in blood or tumor tissue), immune cell population-specific gene
transcripts or T-cell receptor deep sequencing, TCR Vp repertoire assessment and gene
expression to define immune signature.

Statistical analysis

Safety was assessed in patients who received 21 dose of selicrelumab and were
summarized using descriptive statistics. The Kaplan—Meier method was used to estimate
PFS, OS, and DOR. The data cutoff date for this report was 23" of August 2018.

RESULTS

Baseline Patient Characteristics

Between April 2016 and August 2018, seventeen patients were enrolled in BP29392 and
eleven patients in BP29889 (Table 1). At the time of study initiation at the NKI/AvL, the dose
level of 2mg selicrelumab was reached in BP29889, whereas for BP29392 the NKI/AvL
started at the 1mg selicrelumab dose level. Included tumor types for BP29392 were
colorectal cancer (CRC), HNSCC, Ewing sarcoma, gallbladder cancer, pancreatic cancer,
esophageal cancer and squamous cell cancer of unknown origin (Table 2). Included tumor
types for BP29889 were CRC, head and neck (H&N), ovarian cancer, cervical cancer and
urachus cancer. The median age was 57 years [26- 81] and 56 years [30-70] for BP29392
and BP29889 respectively; the median lines of prior therapy for advanced disease was 2 [0
— 9] and 3 [1-6] for BP29392 and BP29889 respectively; 47.1% and 36.4% of patients were
male for BP29392 and BP29889 respectively; and 82.4% and 54.5% had an ECOG
performance status of 0 for BP29392 and BP29889 respectively.
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Table 2 Overview of tumor type and treatment per individual patient.

98

Selicrelumab plus atezolizumab

Selicrelumab plus

vanucizumab

Pt No. Tumor Type Dose Selicrelumab (mg) Part of study
11200 Esophageal Cancer | 1 1A
12200 CRC 2 1A
12201 CRC 2 1A
13200 Ewing sarcoma 16 1A
15200 H&N 1 1B
17200 CRC 4 1B
19200 Gallbladder Cancer | 9 1B
20200 Pancreas Cancer 12 1B
31200 Ewing sarcoma 21 1B
31201 CRC 21 1B
33200 SCC, two 36 1B
34200 Ovarian 48 1B
60200 CRC 16 Il
60201 CRC 16 Il
60202 H&N 16 Il
60203 H&N 16 Il
60204 H&N 16 Il
Pt No. Tumor Type Dose Selicrelumab (mg)
1250 CRC 2

1251 Cervix 8

1252 H&N 12

1253 H&N 14

1254 CRC 18

1255 Ovary 24

1256 Ovary 32

1257 CRC 48

1258 Cervix 64

1259 Urachus 40

1260 Ovary 40
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Dose Escalation

The dose-levels investigated in this interim analysis included 1, 2, and 16 mg selicrelumab
for BP29392 part IA; 1, 4, 9, 12, 21, 36, 48 mg selicrelumab for BP29392 part IB; 16 mg mg
selicrelumab for BP29392 part II; and 2, 8, 12, 14, 18, 24, 32, 48, 64 and 40 mg
selicrelumab for BP29989.

Safety

Seventeen patients (100%) experienced treatment related AEs in BP29392, and ten
patients (90.1%) experienced treatment related AEs in BP29889. The most common AEs
related to selicrelumab treatment were injection site reactions (ISR), which were observed
in 15 (88.2%) and 10 (90.9%) patients in BP29392 and BP29889 respectively (Table 3).
The injection site reaction typically consisted of redness, itching, pain, and swelling. The
reaction started four to five days after the subcutaneous administration and lasted
approximately a week. The reaction was manageable when treating with topical
corticosteroid cream and paracetamol (for G2 ISRs), or oral prednisone (for G3 ISRs). The
reaction was often recurrent but less severe in subsequent cycles. Because the
administration of higher doses was divided over multiple injections, the severity of the ISR
did not differ across dose levels (Supplementary Table 1 and 2).

One DLT occurred in BP29392. This DLT was a G3 ISR in a patient receiving one mg
selicrelumab (Figure 2). The ISR started forming three days after the injection. Five days
after the injection, the ISR was deemed a G3 reaction, due to the patient being in severe
pain and the subcutaneous forming of immune infiltrates. The patient was treated with 10mg
oral prednisone and fully recovered from the ISR 15 days after the injection.

Other common AEs included ASAT/ALAT increase (35.3% for BP29392 and 18.1% for
BP29889), fatigue (52.9% for BP29392 and 36.4% for BP29889), fever (29.4% for BP29392
and 54.54% for BP29889) and headache (17.6% for BP29392 and 45.4% for BP29889).

G3-4 AEs observed in the studies include G3 ISR (selicrelumab; n = 1), platelet count
decrease (selicrelumab; n =1), ASAT and ALAT increase (selicrelumab, vanucizumab,
atezolizumab; n = 4), hypertension (selicrelumab, vanucizumab; n = 5), increased serum
amylase (vanucizumab; n = 1), and increased lipase (vanucizumab; n = 1). Severity and
frequency of AEs was similar across dose levels (Supplementary Table 1 and 2).
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Table 3. AEs at least possibly related to study treatment (A) toxicities observed in BP29392. (B)

toxicities observed in BP29989

A. Selicrelumab plus atezolizumab

syndrome

Toxicities related to Selicrelumab G1 -2, n (%) G3-4 n (%) Total, n (%)
ALAT increase 4 (23.6%) 4 (23.6%)
ASAT increase 4 (23.6%) 4 (23.6%)
Diarrhea 2 (11.8%) 2 (11.8%)
Fatigue 2 (11.8%) 2 (11.8%)
Fever 4 (23.6%) 4 (23.6%)
Flu like symptoms 1 (5.8%) 1 (5.8%)
Hematuria 1(5.8%) 1(5.8%)
Injection site reaction 14 (82.4%) 1(5.8%) 15 (88.2%)
Myalgia 1(5.8%) 1(5.8%)
Platelet count decrease 1(5.8%) 1 (5.8%)
Toxicities related to Atezolizumab G1 -2, n (%) G3-4 n (%) Total, n (%)
ALAT increase 2 (11.8%) 2 (11.8%)
ASAT increase 2 (11.8%) 1(5.8%)
Colitis 1(5.8%) 1(5.8%)
Dry skin 1(5.8%) 1(5.8%)
Dyspnea 1 (5.8%) 2 (11.8%)
Fatigue 1 (5.8%) 2 (11.8%)
Fever 1(5.8%) 2 (11.8%)
Flu like symptoms 3 (17.6%) 1(5.8%)
Flushing 1 (5.8%) 1(5.8%)
GGT increase 2 (11.8%) 1(5.8%)
Headache 1(5.8%) 1(5.8%)
Infusion reaction 3 (17.6%) 3 (17.6%)
Malaise 1(5.8%) 3 (17.6%)
Mucositis 1 (5.8%) 1(5.8%)
Myalgia 2 (11.8%) 1(5.8%)
Nausea 1(5.8%) 1(5.8%)
Neutrophil count decrease 1(5.8%) 1 (5.8%)
Pain 1(5.8%) 1(5.8%)
Productive cough 1 (5.8%) 1 (5.8%)
Rash maculopapular 1(5.8%) 1(5.8%)
Toxicities related to either G1 -2, n (%) G3-4 n (%) Total, n (%)
ALAT increase 1(5.8%) 2 (11.8%) 3 (17.6%)
Alopecia 1 (5.8%) 1 (5.8%)
Anorexia 1 (5.8%) 1(5.8%)
ASAT increase 1 (5.8%) 1(5.8%) 2 (11.8%)
Chills 1(5.8%) 1(5.8%)
Diarrhea 1(5.8%) 1(5.8%)
Dry mouth 1 (5.8%) 1 (5.8%)
Ear pain 1 (5.8%) 1(5.8%)
GGT increase 2 (11.8%) 2 (11.8%)
Headache 2 (11.8%) 2 (11.8%)
Nausea 3 (17.6%) 3 (17.6%)
Neutrophil count decrease 1 (5.8%) 1(5.8%)
Pain 1 (5.8%) 1(5.8%)
Palmar-plantar erythrodysesthesia 1 (5.8%) 1(5.8%)
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Table 3 Continued. AEs at least possibly related to study treatment.(A) Toxicities observed in

BP29392. (B) Toxicities observed in BP29989.

Toxicities related to Selicrelumab G1-2,n(%) | G3-4n (%) | Total, n (%)
Fever 1(9.1%) 1(9.1%)

Flu-like symptoms 1(9.1%) 1(9.1%)
Injection related reaction 10 (90.9%) 10 (90.9%)
Papulopustular rash 1(9.1%) 1(9.1%)
Toxicities related to Vanucizumab G1-2,n (%) | G3-4 n (%) | Total, n (%)
Fever 1(9.1%) 1(9.1%)

Hypertension 3 (27.3%) 3 (27.3%)

lipase increased 1(9.1%) 1(9.1%)
Localized edema 1(9.1%) 1(9.1%)

Pain 1(9.1%) 1(9.1%)

Proteinuria 1(9.1%) 1(9.1%)

Serum amylase increased 1(9.1%) 1(9.1%)
Toxicities related to either G1-2,n (%) | G3-4 n (%) | Total, n (%)
ALAT increase 1(9.1%) 1(9.1%) 2 (18.2%)

Alopecia 1(9.1%) 1(9.1%)

Anorexia 3 (27.3%) 3 (27.3%)

Arthralgia 1(9.1%) 1(9.1%)

ASAT increase 2 (18.2%) 2 (18.2%)

Diarrhea 1(9.1%) 1(9.1%)

Dry skin 1(9.1%) 1(9.1%)

Dysgeusia 1(9.1%) 1(9.1%)

Dyspnea 1(9.1%) 1(9.1%)

Fatigue 4 (36.4%) 4 (36.4%)

Fever 4 (36.4%) 4 (36.4%)

Flu like symptoms 2 (18.2%) 2 (18.2%)
Flushing 1(9.1%) 1(9.1%)

GGT increase 1(9.1%) 1(9.1%)

Headache 5 (45.4%) 5 (45.4%)

Hyperhidrosis 1(9.1%) 1(9.1%)
Hypertension 2 (18.2%) 2 (18.2%)
Hypomagnesia 1(9.1%) 1(9.1%)

Nausea 3 (27.3%) 3 (27.3%)

Nightly sweating 1(9.1%) 1(9.1%)

Pain 3 (27.3%) 3 (27.3%)

Peripheral sensory neuropathy 1(9.1%) 1(9.1%)
Platelet count decreased 1(9.1%) 1(9.1%)
Proteinuria 1(9.1%) 1(9.1%)

Rash maculo-papular 1(9.1%) 1(9.1%)
Skin hyperpigmentation 1(9.1%) 1(9.1%)
Vomiting 2 (18.2%) 2 (18.2%)

ALAT increase 1(9.1%) 1(9.1%) 2 (18.2%)
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Figure 2. G3 injection site reaction occurring in a patient five days after subcutaneous administration of
1 mg selicrelumab. Pen marks in black were used to indicate the border of the reaction site.

Antitumor activity

Efficacy for BP29392

Two out of seventeen patients (11.7%) showed a partial response (Figure 3A-C). No stable
diseases = 8 weeks were seen. The duration of response was not established as the
patients were still on study at day of data cutoff. The time to response was 10 weeks for
patient 12201, a microsatellite instability-high (MSI-H) CRC receiving 2 mg selicrelumab in
part IA, and five weeks for patient 33200, a patient with squamous cell carcinoma of
unknown origin receiving 36mg in part IB. Patient 12201 had a PR lasting > 110 weeks.
Patient 33200 had a PR lasting >32 weeks. The latter patient showed tumor growth five
weeks after establishing the PR. However, the subsequent CT scan which was taken four
weeks later showed tumor reduction again. The median PFS was 10 weeks [3.29 — 110+]
and the median overall survival was 24 weeks [4.57 — 113+] (Figure 4AB). Patients received
a median of 4 cycles [1 — 37]. Two patients were not evaluable for efficacy: one patient
showed progression prior to on treatment scan and one patient decided to stop treatment.

Efficacy for BP29889

One out of eleven patients (9.1%) demonstrated a confirmed partial response (Figure 3D-
F). The PR was seen in a 67-year old female patient with ovarian cancer, who had received
three prior lines of therapy. The time to response for this patient was 17 weeks. The DOR
was not established (> 72 weeks) as the patient was still on study at day of data cutoff.
Three patients showed a stable disease lasting > 8 weeks. The median PFS was 16 weeks
[2.57 — 72.3+] and the median overall survival was 37.3 weeks [3.14 — 91.1+] (Figure 4CD).
Patients received a median of 4 cycles [1 — 18]. Three patients were not evaluable for
efficacy: two patients showed clinical disease progression prior to the first on treatment
scan and one patient had non-reliable target lesions.
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Figure 3. Efficacy analysis from BP29392(A-C) and BP29889(D-F). (A;D) Best change from
baseline in tumor size. Dotted lines at 20% and -30% indicate progressive disease and partial
response, respectively. (B;E) Longitudinal change from baseline in tumor size. (C;F)
Longitudinal change from baseline in tumor size. CRC : Colorectal carcinoma. SCC: squamous
cell carcinoma. H&N: Head and neck carcinoma. OC: Ovarian carcinoma.
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Figure 3 continued. Efficacy analysis from BP29392(A-C) and BP29889(D-F). (A;D) Best change
from baseline in tumor size. Dotted lines at 20% and -30% indicate progressive disease and partial
response, respectively. (B;E) Longitudinal change from baseline in tumor size. (C;F) Longitudinal
change from baseline in tumor size. CRC : Colorectal carcinoma. SCC: squamous cell carcinoma.
H&N: Head and neck carcinoma. OC: Ovarian carcinoma.
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Figure 4. Kaplan-Meier estimates. (A,B) Progression-free survival and overall survival of BP29392.
(C,D) Progression-free survival and overall survival of BP29889
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DISCUSSION AND CONCLUSION

We present the safety, tolerability, and preliminary efficacy of selicrelumab in combination
with vanucizumab or atezolizumab. Combination treatment was well tolerated, with only one
DLT occurring in a patient receiving one mg selicrelumab in part IB. In both studies, the
maximal tolerated dose was not reached. The main toxicity seen in the majority of patients
was ISR to the subcutaneous administration of selicrelumab. Interestingly, the most severe
ISR (a G3 reaction), was observed in the lowest dose-level of BP29392 part IB. Higher
doses of selicrelumab were divided over multiple injections to avoid administration of high
concentrations in a single injection. This, in combination with proper management with
topical or oral corticosteroids made the ISR manageable. Other common AEs were
ASAT/ALAT increase, fatigue, fever and headache. The administration of selicrelumab via
injections may have had advantages over administration via i.v. route[26]. Reduced Cmax
levels may have led to reduced side effects, while not necessarily compromising on efficacy
(data not shown). During the phase | studies of selicrelumab as a single agent, the
compound was given intravenously in doses ranging from 0.01 to 0.3 mg/kg. The dose
limiting toxicities at the 0.3 mg/kg dose level were venous thromboembolism and G3
headache. The most common adverse event was cytokine release syndrome (CRS), which
included chills, rigors and fever. Possibly due to the fact that selicrelumab was administered
s.c. rather than i.v., no CRS have occurred in patients described in this interim analysis.

The optimal biological dose, with the largest number of responses, as well as PD activity
was seen at the intermediate dose levels. Peripheral B-cells have been proposed as a
marker for PD activity[27]. The strongest depletion of B-cells was observed at dose levels =
14mg (data not shown). In addition, the increase in peripheral activated CD8+ T-cells was
found to be optimal at the 14 mg and 18 mg cohorts (data not shown). For part Il of both
studies, 16 mg selicrelumab was estimated to be the OBD.

Clinical anti-tumor activity has been observed in both studies. Three durable partial
responses were observed: in BP29392, PRs were seen in a MSI-H CRC patient and in a
SCC patient, and in BP29889 the response was seen in a patient with ovarian cancer. It is
uncertain to what extend the addition of selicrelumab to either vanucizumab or atezolizumab
has contributed to the partial response, as checkpoint blockade has been effective in MSI-H
tumors, and single agent vanucizumab has been shown to be effective in platinum-resistant
recurrent ovarian cancer[28]. As the observed responses have mainly occurred in tumor
types in which single agent efficacy of atezolizumab and vanucizumab has been seen,
pharmacodynamic assessments are needed to conclude whether selicrelumab adds
additional value to treatment. Pharmacodynamic questions that need to be answered
include: (I) Do patient tumor biopsies and blood samples show that, upon selicrelumab
treatment, indeed DCs are stimulated, activate tumor specific T-cells, and in return
eventually lead to novel immune cell infiltration in the tumor? (lI) Does vanucizumab
treatment indeed lead to normalization of the tumor neovasculature, reduce inhibitory
signals (such as VEGF), and subsequently lead to better immune cell infiltration in the
tumor? These pharmacodynamic questions are currently being addressed in the studies.

Both BP29392 and BP29889 continue with the expansion cohorts. For BP29392, enroliment
is currently open for HNSCC and checkpoint-inhibitor experienced NSCLC. Colorectal
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cancer cohort has been closed due to lack of efficacy. For HNSSC, three out of ten patients
showed a partial response and this cohort expanded further. For NSCLC, no efficacy has
been seen as of yet. For BP29889, vanucizumab has been replaced with bevacizumab, and
expansion cohorts are open for platinum-resistant ovarian carcinoma, HNSCC, and
checkpoint-inhibitor experienced NSCLC. The expected completions of the studies are
October 2019 (BP29392) and June 2020 (BP29889).
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Table S1. Treatment related AEs observed in BP29392 per dose level.

Part Dose selicrelumab Number of patients Toxicity

1A 1 1 Hematuria 1
ASAT increase 1
ALAT increase 1
1A 2 2 ISR 2

Productive cough
Myalgia

Fatigue

Fever

Flu like symptoms
ASAT increase
ALAT increase
GGT increase

Neutrophil count
decreased
Dyspnea 1
1A 16 1 Fever 1
ISR 1
IRR 1
1B 1 1 ISR 1
ASAT increase 1
ALAT increase 1
Platelet count decrease 1
Diarrhea 1
Fatigue 1
Mucositis oral 1
Pain in extremity 1
IRR 1
Flu like symptoms 1
GGT increase 1
1B 4 1 ISR 1
Fatigue

Ear pain

Chills

Flu like symptoms
Headache
Myalgia

Nausea

Dry skin

Malaise

Colitis

N PN [ CY N N

alalal—

iy IEN pIEY IS pIEY JIEY I JIEY) N Y
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Table S1 continued. Treatment related AEs observed in BP29392 per dose level.

Diarrhea

ISR

Rash maculo papular

Anorexia

Dry mouth

Fatigue

Nausea

1B 12 1 ISR

IRR

Diarrhea

1B 21 2 Fatigue

ISR

ASAT increase

ALAT increase

Fever

N SN Y [ N

Vomiting

1B 36 1 ISR

Flu like symptoms

AST increase

ALT increase

GGT increase

IB 48 1 Pneumonitis

ASAT increase

ALAT increase

Il 16 5 ISR

Alopecia

Fever

Pruritis

Fatigue

N =

Palmar-plantar erythrodysesthesia syndrome

GGT increase

ASAT increase

ALAT increase

Headache
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Table S2. Treatment-related AEs observed in BP29889 per dose level.

Dose selicrelumab Number of Toxicity

(mg) patients
2 1 ISR 1

Flu like symptoms 1
Nightly sweating 1
Pain - Light myalgia legs 1
Fatigue 1
Vomiting 1
1
1
1

Nausea
Headache
Flank pain
Hyperhidrosis 1
Rash maculo-papular 1
Pain both shoulders 1
ALAT increase 1
ASAT increase 1
Hypertension 1
8 1 ISR 1
Anorexia 1
Pain left abdomen 1
Fever 1
Peripheral sensory
neuropathy 1
Headache 1
Bruised sensation toe left 1
Diarrhea 1
Fever 1
Nausea 1
Dyspnea 1
12 1 ISR 1
1
1
1
1
1

Flu like symptoms
Headache

14 1 ISR

Papulopustular rash
Fever

Hypertension 1
18 1 ISR 1
Arthralgia 1
Hypertension 1
Arthralgia 1
Dry skin 1
Skin hyperpigmentation 1
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Table S2 continued. Treatment-related AEs observed in BP29889 per dose level.

Injection site reaction

Localized edema fingers 1

Proteinuria

Serum amylase increased

Lipase increased

Hypertension

Fever

Alopecia 1

Hypomagnesia

Platelet count decreased 1

Fatigue 1

Pain left knee

Anorexia

Dysgeusia

Pain knee cavity

32 1 ISR

Nausea

Fever

Chills

Myalgia

Postnasal drip

Chills

Headache

1
1
1
1
1
1
48 1 ISR 1
1
1
1
1
1
1

Malaise

Hypertension

64 1 Flu like symptoms 1

ISR

Pain right arm 1

Fatigue

Vomiting

40 2 ISR

Headache 1

Alk. phosphatase increased

ALAT increased

GGT increased

ASAT increased 1

Flushing 1

Chills 1
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Chapter 3.1

Efficacy and Safety of Pembrolizumab in Previously Treated Advanced
Cervical Cancer: Results From the Phase 2 KEYNOTE-158 Study.

Willeke Ros

Chung HC, Ros W, Delord J-P, Perets R, Italiano A, Shapira-Frommer R, Manzuk
L, Piha-Paul SA, Xu L, Zeigenfuss S, Pruitt SK, Leary A. Efficacy and Safety of
Pembrolizumab in Previously Treat ed Advanced Cervical Cancer: Results From
the Phase Il KEYNOTE-158 Study.

Journal of Clinical Oncology 2019; 37:1470 - 1478
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ABSTRACT

Purpose: KEYNOTE-158 (ClinicalTrials.gov identifier: NCT02628067) is a phase 2 basket
study investigating the antitumor activity and safety of pembrolizumab in 11 cancer types.
We present interim results from patients with previously treated advanced cervical cancer.

Patients and Methods: Patients received pembrolizumab 200 mg every 3 weeks for 2
years or until progression, intolerable toxicity, or physician or patient decision. Tumor
imaging was performed every 9 weeks for the first 12 months, and every 12 weeks
thereafter. The primary endpoint was objective response rate (ORR) assessed per RECIST
v1.1 by independent central radiologic review. Safety was a secondary endpoint.

Results: Ninety-eight patients were treated. Median age was 46.0 years (range, 24-75) and
65.3% had ECOG performance status 1. Eighty-two (83.7%) patients had PD-L1—positive
tumors (combined positive score =1), 77 having previously received =1 line of
chemotherapy for recurrent/metastatic disease. Median follow-up was 10.2 months (range,
0.6-22.7). ORR was 12.2% (95% CI, 6.5-20.4), with 3 complete and 9 partial responses. All
12 responses were in patients with PD-L1—positive tumors, for an ORR of 14.6% (95% ClI,
7.8-24.2); 14.3% (95% Cl, 7.4-24.1) in those who had received 21 line of chemotherapy for
recurrent/metastatic disease. Median duration of response was not reached (range, 3.7+-
18.6+ months). Treatment-related adverse events (AEs) occurred in 65.3% of patients, and
the most common were hypothyroidism (10.2%), decreased appetite (9.2%), and fatigue
(9.2%). Treatment-related grade 3-4 AEs occurred in 12.2% of patients.

Conclusion: Pembrolizumab monotherapy demonstrated durable antitumor activity and
manageable safety in patients with advanced cervical cancer. Based on these results, the
FDA granted accelerated approval of pembrolizumab for patients with advanced, PD-L1—
positive cervical cancer that progressed on or after chemotherapy.
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INTRODUCTION

Cervical cancer is the fourth leading cause of cancer-related mortality in women worldwide.”
In recent years, there has been a reduced incidence of cervical cancer in developed
countries related to systematic screening and we may expect the incidence and mortality
rates to decline further if widespread vaccination against human papillomavirus (HPV) is
adopted. Unfortunately, similar improvements have not been achieved in the developing
world, where 87% of all cervical cancer-related deaths occur.” In contrast to patients with
early-stage cervical cancer, the prognosis for patients with recurrent or metastatic disease is
poor.2 Following disease progression, second line and later treatment options are limited.

Cervical cancer is considered a relatively chemotherapy-resistant disease. Cisplatin, with
concurrent radiation, is the primary cytotoxic agent used to treat patients with advanced
cervical cancer. The objective response rate (ORR) with single-agent cisplatin ranges from
13% to 23%, and responses are often not durable.>® Several cisplatin-based combination
regimens have been tested, and the combination with paclitaxel has shown improved ORR
and progression free survival (PFS) relative to cisplatin alone, but with no significant benefit
in overall survival (OS).B‘7 The combination of cisplatin with topotecan was the first regimen
to show a significant improvement in OS over cisplatin alone (9.4 versus 6.5 months,
respectively; p=0.017).%2 However, subsequent results from the Gynecologic Oncology
Group (GOG) 204 study, comparing four platinum-based doublets (paclitaxel + cisplatin
[reference arm]; vinorelbine + cisplatin; gemcitabine + cisplatin; and topotecan + cisplatin)
showed no improvement in disease response in any of the experimental arms compared
with paclitaxel + cisplatin.g In addition, toxicity associated with cisplatin-based regimens and
eventual resistance to platinum-based chemotherapy® limit its utility.

Bevacizumab is an antiangiogenic agent with efficacy in cervical cancer, representing a shift
in the treatment paradigm. The GOG 227C trial tested bevacizumab monotherapy in
persistent/recurrent cervical cancer (N=46)."" Compared with single-agent compounds
tested in prior GOG phase 2 trials in this setting,12'17 bevacizumab showed improved PFS
and OS of 3.4 months (95% ClI, 2.5-4.5) and 7.3 months (95% CI, 6.1-10.4), respectively.
Adverse events (AEs) included grade 3 hematologic toxicity (17.4%), hypertension (15.2%),
deep venous thrombosis (10.9%), grade 4 urinary fistula (2.2%), and vaginal bleeding
(2.2%). In the phase 3 GOG 240 ftrial of first line systemic treatment in women with
metastatic or persistent/recurrent cervical cancer (N=452), the addition of bevacizumab to
standard chemotherapeutic combinations (cisplatin + paclitaxel; topotecan + paclitaxel)
significantly improved median OS to 16.8 months compared with 13.3 months with
chemotherapy alone (p=0.007).18 However, increased toxicity was observed with
bevacizumab in this study, with a higher incidence of grade 3 or greater thromboembolism
and gastrointestinal and genitourinary fistula.”® The experience with bevacizumab
demonstrates the utility of adding a non-chemotherapeutic agent to the treatment
armamentarium for advanced cervical cancer, but highlights the ongoing need for novel
therapies that improve clinical outcomes and are well tolerated.

In recent years, immune-checkpoint inhibitors have shown antitumor activity in multiple
tumor types. Programmed death 1 (PD-1) is a T-cell coinhibitory receptor that functions in
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an immunoregulatory capacity under normal conditions.™ PD-1 plays a significant role in
cancer by contributing to the ability of a tumor to evade immunosurveillance.?®?' Given the
presence of a virus leading to antigen production in the oncogenesis of cervical cancer,
evaluating immune checkpoint inhibition as a treatment strategy in this setting is of great
interest. Notably, PD-L1 expression has been identified in virus-induced cancers, and an
upregulation of PD-1 and PD-L1 has been reported in high-risk HPV-associated cervical
intraepithelial neoplasia.22’23

Pembrolizumab is a highly selective, fully humanized monoclonal antibody that prevents the
interaction between PD-1 and its ligands, programmed death ligand 1 (PD-L1) and
programmed death ligand 2 (PD-L2).24 In the multicohort phase 1b KEYNOTE-028 study,
pembrolizumab monotherapy showed promising antitumor activity and manageable safety
in patients with previously treated, PD-L1—positive advanced cervical cancer.”® Here, we
present interim results from the cohort of patients with previously treated advanced cervical
cancer enrolled in the phase 2 KEYNOTE-158 basket study of pembrolizumab in 11 cancer
types.

METHODS

Study Design and Patients

KEYNOTE-158 (ClinicalTrials.gov identifier: NCT02628067) is an international, open-label,
multicohort, phase 2 study of pembrolizumab monotherapy in 11 advanced solid tumor
types that have progressed on standard-of-care systemic therapy. Key eligibility criteria for
the cervical cancer cohort included age 218 years, histologically or cytologically confirmed
advanced cervical cancer, measurable disese as assessed by Response Evaluation Criteria
in Advanced Solid Tumors version 1.1 (RECIST v1.1) per independent central radiologic
review, progression on or intolerance to 21 line of standard therapy, Eastern Cooperative
Oncology Group (ECOG) performance status O or 1, and adequate organ function. All
patients were required to provide tumor tissue from a newly obtained core or excisional
biopsy sample (preferred) or archival tumor sample of a nonirradiated lesion for PD-L1
assessment. Patients were enrolled regardless of tumor biomarker expression.

Patients were excluded from enroliment if they had active central nervous system
metastases, had active autoimmune disease that required systemic treatment in the
previous 2 years, had a history of noninfectious pneumonitis that required steroids or
current pneumonitis, received prior therapy with an agent directed against PD-1, PD-L1,
PD-L2 or another co-inhibitory T-cell receptor, received an antineoplastic monoclonal
antibody in the previous 4 weeks, received chemotherapy, targeted small molecule therapy,
or radiation therapy in the previous 2 weeks, or had adverse events (AEs) from previous
therapy that had not resolved to grade <1 or baseline.

All patients provided written, informed consent. The study protocol was approved by the
independent ethics committee or review board at each participating institution. The study
was conducted in accordance with the Declaration of Helsinki and the International
Conference on Harmonization Guidelines for Good Clinical Practice.
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Study Treatment

Pembrolizumab 200 mg was administered intravenously over 30 minutes every 3 weeks for
up to 2 years. Treatment was discontinued upon disease progression, intolerable toxicity,
physician decision, or patient withdrawal of consent. Clinically stable patients with radiologic
evidence of disease progression could remain on treatment until progression was confirmed
at the next imaging assessment performed =4 weeks later, or longer if approved via
Sponsor consulation. Patients who discontinued treatment with stable disease (SD), partial
response (PR), or complete response (CR) who exhibited subsequent disease progression
were eligible for an additional 1 year of pembrolizumab.

Assessments

Tumor PD-L1 expression was analyzed using the PD-L1 IHC 22C3 pharmDx assay (Agilent
Technologies, Carpinteria, CA, USA) at the Neogenomics Laboratories, Inc. testing
laboratory. The measure of expression was the combined positive score (CPS), defined as
the ratio of PD-L1—positive cells (tumor cells, lymphocytes, and macrophages) out of the
total number of tumor cells X 100. PD-L1 positivity was defined as CPS =1. Tumor imaging
was performed by computed tomography (preferred) or magnetic resonance imaging at
baseline, at week 9, and every 9 weeks thereafter through 12 months, then every 12 weeks.
Physical examination and laboratory tests were performed and vital signs were assessed at
baseline and regularly throughout study treatment. AEs were monitored throughout
treatment and for 30 days thereafter (90 days for serious AEs) and graded according to the
National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0.

Statistical Analysis

The primary endpoint was ORR, defined as the proportion of patients with CR or PR,
assessed by RECIST v1.1 per independent central radiologic review. Secondary endpoints
included duration of response, defined as the time from first CR or PR to disease
progression as assessed by RECIST v1.1 per independent central review or death,
whichever occurred first; PFS, defined as the time from first dose of pembrolizumab to
disease progression as assessed by RECIST v1.1 per independent central review or death,
whichever occurred first; and OS, defined as the time from first dose of pembrolizumab to
death. Primary and secondary endpoints were evaluated in the total and the PD-L1—positive
populations. An additional efficacy analysis was conducted in the subset of patients with
PD-L1—positive tumors who had previously received at least one line of chemotherapy in the
recurrent/metastatic setting.
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Figure 1. Patient disposition.

Enrolled
(n=98)

Discontinued treatment (n = 88, 89.8%)
Radiologic disease progression (n = 64, 65.3%)
Clinical disease progression (n = 14, 14.3%)
Adverse event (n =7, 7.1%)

Consent withdrawal (n = 2, 2.0%)
Physician decision (n = 1, 1.0%)

Treatment ongoing
(n =10, 10.2%)

Efficacy was assessed in all patients who received =1 dose of pembrolizumab. ORR point
estimates were accompanied by 95% confidence intervals (Cls) using the Clopper-Pearson
exact method® based on binomial distribution; patients without response data were
considered nonresponders. Duration of response, PFS, and OS were estimated using the
Kaplan-Meier method.”” Safety was assessed in all patients who received 21 dose of
pembrolizumab. Summary statistics were provided for baseline demographics and disease
characteristics and AEs. Results are based on an interim analysis of data, with a cutoff date
of January 15, 2018; the patients continue to be followed for long-term outcomes.

RESULTS

Patients

From January 27, 2016 to August 18, 2016, 98 patients were enrolled at 42 sites in 17
countries (Table S1). Eighty-two (83.7%) patients had PD-L1—positive tumors (CPS =1), 77
of whom had received 21 line of chemotherapy for recurrent/metastatic disease. The 5
adenocarcinomas and the single adenosquamous cell carcinoma were all PD-L1—positive.
All patients received =1 dose of pembrolizumab. As of the January 15, 2018 data cutoff, the
median follow-up duration was 10.2 months (range, 0.6-22.7). Eighty-eight (89.8%) patients
discontinued pembrolizumab, most commonly for disease progression (n=64 [65.3%])
(Figure 1). Median duration of pembrolizumab treatment was 2.9 months (range, 1 day-
22.1), and the median number of pembrolizumab doses was 5 (range, 1-33). Baseline
characteristics are shown in Table 1. The median age was 46.0 years (range, 24-75), 65.3%
had ECOG PS 1, and 93.9% had FIGO stage IVB disease. Overall, 21.4% had previously
received adjuvant and/or neoadjuvant therapy, including 4.1% whose only prior therapy was
adjuvant and/or neoadjuvant therapy, and 30.6% received 23 previous lines of therapy.
Most patients (86.7%) received previous radiation therapy.
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Antitumor Activity

In the total population (n=98), 3 patients had a CR and 9 patients had a PR as assessed by
RECIST v1.1 per independent central review, resulting in an ORR of 12.2% (95% CI, 6.5-
20.4) (Table 2). A summary of previous therapies and localization of target lesions in
patients whose best overall response was CR or PR is shown in Table S2. Eleven of the
patients who responded were FIGO stage IVB and 1 was FIGO stage IlIB at study entry. All
12 responses were in patients with PD-L1—positive tumors, which included 1 patient with
adenocarcinoma. As such, in the population of patients with PD-L1—positive tumors, the
ORR was 14.6% (95% ClI, 7.8-24.2); 14.3% (95% CI, 7.4-24.1) in those who had previously
received 21 line of chemotherapy for recurrent/metastatic disease (Table 2). Nine of 12
responses were ongoing after 29 months follow-up (Figure 2A). Median time to response
was 2.1 months (range, 1.6-4.1) and median duration of response had not been reached
(range, 3.7+ to 18.6+ months) (Table 2). Eighteen patients, 15 of whom had PD-L1—positive
tumors, had SD, leading to a DCR of 30.6% (95% CI, 21.7-40.7) in the total population and
32.9% (95% ClI, 22.9-44.2) in the PD-L1-positive tumor population (Table 2). Best
percentage change from baseline in target lesion size for the 86 patients who had =1
evaluable postbaseline imaging assessment is shown in Figure 2B.

Table 1. Baseline Demographics and Disease Characteristics

Characteristic N=98
Age, years, median (range) 46.0 (24 to 75)
ECOG performance status

0 34 (34.7)

1 64 (65.3)
FIGO stage

Il 1(1.0)

B 4 (4.1)

IVA 1(1.0)

IVB 92 (93.9)
PD-L1 expression status

Positive 82 (83.7)

Negative 15 (15.3)

Unknown 1(1.0)
Target lesion size,' mm, median (range) 58.4 (10.2-305.1)
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Table 1 continued. Baseline Demographics and Disease Characteristics

Characteristic N=98 ‘
Histology of current diagnosis
Adenocarcinoma 5(5.1)
Adenosquamous 1(1.0)
Squamous Cell Carcinoma 92 (93.9)
Previous radiation therapy 85 (86.7)
Previous antineoplastic agents 98 (100)
Paclitaxel 85 (86.7)
Cisplatin 79 (80.6)
Carboplatin 66 (67.3)
Bevacizumab 41 (41.8)
Topotecan 17 (17.3)

Previous adjuvant and/or neoadjuvant therapy 21 (21.4)

Number of previous lines of therapy

Adjuvant and/or neoadjuvant* 4(4.1)
13 30 (30.6)
2 34 (34.7)
3 16 (16.3)
4 10 (10.2)
25 4 (4.1)

Data are presented as n (%) unless otherwise noted. Abbreviations: ECOG, Easter Cooperative
Oncology Group; ULN, upper limit of normal ‘FIGO (International Federation of Gynecology and
Obstetrics) stages were derived from the American Joint Committee on Cancer TNM staging system.
"Defined as the sum of the longest diameters of target lesions measurable by central radiology review.

*Protocol allowed enrollment if recurrence occurred <12 months after completion of therapy. Sincludes 2
patients who only received systemic therapy categorized as definitive therapy (i.e., given as primary
treatment for localized disease) and failed (i.e., developed recurrent/metastatic disease) in <12 months.

At the time of data cutoff, 84 (85.7%) patients in the total population experienced disease
progression or death. Median PFS was 2.1 months (95% CI, 2.0-2.2), and the estimated
PFS rate at 6 months was 25.0% (Figure 3A). In the PD-L1—positive tumor population,with
68 (82.9%) events, median PFS was 2.1 months (95% ClI, 2.1-2.3) (Figure S1A). A total of
68 (69.4%) patients in the total population and 53 (64.6%) in the PD-L1—positive tumor
population had died. Median OS was 9.4 months (95% CI, 7.7-13.1) in the total population
(Figure 3B) and 11 months (95% CI, 9.1-14.1) in the PD-L1—positive tumor population
(Figure S1B). In the total and PD-L1—positive tumor populations, 6-month estimates of OS
were 75.2% and 80.2%, and 12-month estimates were 41.4% and 47.3%, respectively. One
of the 12 responders had died as of the data cutoff date.
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Safety

Sixty-four (65.3%) patients experienced 21 treatment-related AE, including 12 (12.2%) who
experienced =1 grade 3 or 4 event (Table 3). There were no treatment-related AEs that led
to death. Four (4.1%) patients discontinued pembrolizumab because of treatment-related
AEs. The most common treatment-related AEs were hypothyroidism (10.2%), decreased
appetite (9.2%), fatigue (9.2%), and diarrhea (8.2%). The only treatment-related AEs of
grade 3 or 4 severity that occurred in 22 patients were increased alanine aminotransferase
(n=3 [3.1%]) and increased aspartate aminotransferase (n=2 [2.0%]).

Figure 2. Antitumor Activity of Pembrolizumab in the Total Population. A. Time to and duration of
response assessed by RECIST v1.1 per independent central review in patients whose best overall
response was complete or partial response (n=12). The length of the bars represents the time to the
last imaging assessment. B. Best change from baseline in target lesion size assessed by RECIST v1.1
per independent central review in patients with 21 evaluable postbaseline imaging assessment (n=86).
RECIST, Response Evaluation Criteria in Solid Tumors.

A

CR
A PR
PD
Death
— Ongoing response

0 2 4 6 8 10 12 14 16 18 20 22 24
Time, months

100

Bl PD-L1 positive
Hl PD-L1 negative
= PD-L1 unknown

Change from Baseline, %

125



Chapter 3.1

Figure 3. Kaplan-Meier estimates of survival in the efficacy population (N=98). A. Progression-free
survival assessed by RECIST v1.1 per independent central review. B. Overall survival. RECIST,
Response Evaluation Criteria in Solid Tumors. PD, progressive disease.
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Immune-mediated AEs, which were based on a list of terms specified by the sponsor and
considered regardless of attribution to study treatment or immune relatedness by the
investigator, occurred in 25 (25.5%) patients, including 5 (5.1%) who experienced =1 grade
3 or 4 event. There were no immune-mediated AEs that led to death. The most common
immune-mediated AEs were hypothyroidism (11.2%) and hyperthyroidism (9.2%) (Table 3).
The only immune-mediated AEs of grade 3 or 4 severity were 2 cases (2.0%) of hepatitis, 2
cases (2.0%) of severe skin reactions, and 1 case (1.0%) of adrenal insufficiency.

Discussion

The present results from an interim analysis of data from the phase 2 KEYNOTE-158
clinical trial show that pembrolizumab has promising antitumor activity in patients with
previously treated advanced cervical cancer. The ORR in the total population was 12.2%,
with 3 patients achieving a CR and 9 patients achieving a PR. These response rates are
similar or superior to those observed with other treatment options in this setting.5
Responses typically occurred within 2.1 months and were durable, with a median duration
of response that had not been reached after a median follow-up of 10.2 months, and an
estimated 90.9% of responses ongoing at 6 months. Response duration is a key
consideration when assessing the clinical value of cancer therapies, and durability of
response with pembrolizumab exceeded that observed with other agents available for the
second-line or greater treatment of cervical cancer.’ In addition, reductions in tumor size
were observed in more than half of the patients who had at least one evaluable post-
baseline imaging assessment (n=86).

The favorable response rate and duration of response in this second-line or greater study
are further supported by promising OS data (median, 9.4 months for the entire study
population and 11.0 months for the PD-L1—positive population). By comparison, the
reported post-progression OS following first-line chemotherapy or chemotherapy plus
bevacizumab was 7.1 months and 8.4 months, respectively.28 For pembrolizumab treatment
in this study, the estimated 12-month OS of 41.4% for the entire study population and
47.3% for the PD-L1—positive population compare favorably to the 12-month OS rate of
37.5% reported for treatment with axalimogene filolisbac in the second-line or greater
setting (NCT01266460).
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Table 2. Antitumor Activity Assessed by RECIST v1.1 per Independent Central Review

Antitumor Activity

Total
Population
n=98

PD-L1-Positive
Population

Total
n=82

Previously
Treated
n=77

PD-L1-
Negative
Population
n=15

ORR, n (%) [95% CI] 12 (12.2) 12 (14.6) 11 (14.3) 0 (0.0) [0.0-
[6.5-20.4] [7.8-24.2] [7.4-24.1] 21.8]
DCR, n (%) [95% CI] 30 (30.6) 27 (32.9) 24 (31.2) 3(20.0) [4.3-
[21.7-40.7] [22.9- [21.2-42.7] 48.1]
44.2]

Best overall response, n (%
Complete response 3(3.1) 3(3.7) 2 (2.6) 0(0.0)
Partial response 9(9.2) 9 (11.0) 9 (11.7) 0(0.0)
Stable disease 18 (18.4) 15 (18.3) 13 (16.9) 3(20.0)
Progressive disease 55 (56.1) 44 (53.7) 42 (54.5) 10 (66.7)
Not able to be 5(5.1) 4 (4.9) 4 (5.2) 1(6.7)
evaluated
Not able to be 8(8.2) 7 (8.5) 7(9.1) 1(6.7)
assessed’

Time to response,* 2.1(1.6-4.1) 2.1 (1.6- 2.2 (1.6-4.1) —

months, median (range) 4.1)

Duration of response,® NR (3.7+to | NR (3.7+ NR (4.1 to —

months, median (range) 18.6+) to 18.6+) 18.6+)

Estimated rate of 10 (90.9) 10 (90.9) 10 (90.9) —

response duration =6

months,¢§ %

Estimated rate of 9(90.9) 9(90.9) 9(90.9) —

response duration 29

months,I§ %

Estimated rate of 7 (79.5) 7 (79.5) 7 (79.5) —

response duration =12
months,* %

Total population includes the 1 patient who had disease that was not evaluable for PD-L1 expression.
NR, not reached; RECIST, Response Evaluation Criteria in Solid Tumors. "Patients who had received
21 line of chemotherapy for recurrent or metastatic disease. ~Patients who had 21 postbaseline tumor
assessment, none of which were evaluable. TPatients who had no postbaseline tumor assessment
because of death, withdrawal of consent, loss to follow-up, or start of new anticancer therapy.
fEvaluated in patients who had a complete or partial response (n=12 for the total population, n=12 for
the PD-L1-positive population). SEstimated using the Kaplan-Meier method.
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The safety profile for pembrolizumab was consistent with that seen in other tumor types;24
only four patients (4.1%) discontinued treatment because of treatment-related AEs, and no
treatment-related mortality occurred.

In our study, patients were enrolled regardless of tumor PD-L1 expression; however, the
majority of patients (83.7%) had tumors that expressed PD-L1. The ORR was higher in
patients with PD-L1—positive tumors (CPS =1) relative to the overall population (14.6%
versus 12.2%, respectively). No responses were observed in patients with PD-L1-negative
tumors; however, because of the small number of patients with PD-L1—negative tumors who
were enrolled, this study lacks the power to reliably distinguish response rates between
patients with PD-L1—positive and PD-L1-negative tumors.

The present results are consistent with those from the earlier phase 1b KEYNOTE-028 ftrial
of pembrolizumab in previously treated patients with PD-L1—positive advanced cervical
cancer (n=24).25 In that study, pembrolizumab was associated with a 17% ORR, as
assessed by investigator, with four patients achieving PR and three patients achieving SD,
and the median duration of response was 5.4 months.?®> Several other studies have also
evaluated immunotherapies in the setting of advanced cervical cancer. A phase 1/2 trial of
ipilimumab in patients with recurrent and metastatic cervical cancer (n=42) showed that of
the 34 patients evaluated for best response, one patient had a PR and 10 had SD.? The
median PFS and OS were 2.5 months (95% ClI, 2.1-3.2) and 8.5 months (95% CI, 3.6-not
reached), respectively.29 The phase 1/2 CheckMate 358 trial of nivolumab reported an ORR
of 26% in a cohort of 19 patients with recurrent or metastatic cervical cancer.* Compared to
the current study of pembrolizumab in which 65% of patients received two or more prior
lines of treatment, the patient population in CheckMate 358 was less heavily pretreated,
with 30% of patients receiving nivolumab as first-line treatment for advanced disease, and
only 29% of patients having received two or more prior lines of treatment.*® Studies of
additional single-agent immunotherapies, combinations of different immunotherapies, and
combinations of immunotherapies with other classes of agents, including chemoradiation
and anti-angiogenics, for the treatment of advanced cervical cancer are currently
underway.“'33
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Table 3. Adverse Events in the Total Treated Population (N=98). Data are presented as n (%), where n
is the number of patients who experienced =1 episode of a given event. Relatedness to treatment was
determined by the investigator. Immune-mediated events were based on a list of terms specified by the
sponsor and considered regardless of attribution to treatment or immune relatedness by the
investigator; related terms were included. ALT, alanine aminotransferase; AST, aspartate
aminotransferase.

Adverse Event Any Grade Grade 3-4
Treatment-related AEs of any grade that occurred in 25 patients or of grade 3-4 that
occurred in 22 patients

Any 64 (65.3) 12 (12.2)
Hypothyroidism 10 (10.2) 0
Decreased appetite 9(9.2) 0
Fatigue 9(9.2) 0
Diarrhea 8 (8.2) 1(1.0)
AST increased 7(7.1) 2 (2.0)
Asthenia 7(7.1) 1(1.0)
Pyrexia 7(71) 1(1.0)
Hyperthyroidism 7(7.1) 0
Arthralgia 6 (6.1) 1(1.0)
Nausea 6 (6.1) 0
Pruritus 6 (6.1) 0
Rash 6 (6.1) 0
Vomiting 6 (6.1) 0
Abdominal pain 5(5.1) 0
ALT increased 3(3.1) 3(3.1)
Immune mediated AEs and infusion reactions that occurred in 21 patient

Hypothyroidism 11 (11.2) 0
Hyperthyroidism 9(9.2) 0
Infusion-related reaction 3 (3.1) 0
Colitis 2(2.0) 0
Hepatitis 2(2.0) 2 (2.0)
Severe skin reactions 2(2.0) 2 (2.0)
Adrenal insufficiency 1(1.0) 1(1.0)
Myositis 1(1.0) 0
Pneumonitis 1(1.0) 0
Uveitis 1(1.0) 0
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In summary, interim results from all 98 patients with previously treated, advanced cervical
cancer enrolled in the KEYNOTE-158 study and treated with pembrolizumab showed an
ORR of 12.2%, including 3 patients with a CR. For the 82 patients with PD-L1—positive
tumors, the ORR was 14.6%, with an ORR of 14.3% in patients who had previously
received =1 line of chemotherapy for recurrent or metastatic disease. No responses were
observed in patients with PD-L1-negative tumors. Responses were durable, with a median
duration of response that had not been reached, and 50.0% of responses ongoing at the
time of data cutoff. The safety profile was consistent with that previously observed for
pembrolizumab in patients with advanced cancer, and no new safety signals were noted.?
These results show that treatment with pembrolizumab offers a clinically meaningful
therapeutic option for a subset of patients with previously treated advanced cervical cancer.
Given these results, the FDA has granted accelerated approval of pembrolizumab for the
treatment of patients with advanced, PD-L1-positive cervical cancer with disease
progression on or after chemotherapy, making pembrolizumab the first immunotherapy
approved for the treatment of an advanced gynecologic malignancy. Pembrolizumab is
currently being tested in combination with concurrent chemoradiotherapy (NCT03144466)
and with concurrent versus sequential chemoradiotherapy (NCT02635360 ) for patients with
locally advanced cervical cancer, and with chemotherapy and bevacizumab
(NCT03367871) for patients with recurrent, persistent, or metastatic cervical cancer.
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Supplementary Materials

Figure S1. Kaplan-Meier estimates of survival. A. Progression-free survival by baseline PD-L1 status
assessed by RECIST v1.1 per independent central review. B. Progression-free survival in the PD-L1-
positive tumor population who had previously received 21 line of chemotherapy for recurrent or
metastatic disease (N=77) assessed by RECIST v1.1 per independent central review. C. Overall
survival by baseline PD-L1 status. D. Overall survival in the PD-L1—positive tumor population who had
previously received 21 line of chemotherapy for recurrent or metastatic disease (N=77). RECIST,
Response Evaluation Criteria in Solid Tumors. PD, progressive disease.
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Table S1. Study Sites and Investigators Who Participated in KEYNOTE-158 Cervical Cohort

Pembrolizumab in Cervical Cancer

Country Site Name Principal Investigator
Australia Royal Brisbane & Women's Hospital Burge, Matthew
Western Sydney Local Health District Gao, Bo
Peter MacCallum Cancer Institute Mileshkin, Linda
Brazil Instituto do Cancer de Sao Paulo - ICESP Bariani, Giovanni Mendonca
Canada Princess Margaret Cancer Centre Hansen, Aaron
Jewish General Hospital Miller, Wilson
Denmark Odense Universitetshospital Pfeiffer, Per
Herlev og Gentofte Hospital. Soerensen, Peter
France Centre Leon Berard Cassier, Philippe
Institut Claudius Regaud IUCT-Oncopole Delord, Jean-Pierre
Institut Bergonie Italiano, Antoine
Institut Gustave Roussy Marabelle, Aurelien
Centre Oscar Lambret Penel, Nicolas
Germany Klinikum Rechts der Isar Kiechle, Marion
Israel Sourasky Medical Center Geva, Ravit
Rambam Health Care Campus Perets, Ruth
Sheba Medical Center Shapira Frommer, Ronnie
Rabin Medical Center Stemmer, Salomon
Italy Istituto Nazionale Tumori Fondazione Pascale Ascierto, Paolo
Policlinico Le Scotte - A.O. Senese Maio, Michele
Istituto Clinico Humanitas Santoro, Armando
Japan National Cancer Center Hospital East Doi, Toshihiko
Kinki University Hospital Nakagawa, Kazuhiko
National Cancer Center Hospital Tamura, Keniji

Netherlands

Erasmus MC

Lolkema, Martijn

Antoni van Leeuwenhoek Ziekenhuis

Schellens, J.H.M.

Norway Oslo Universitetssykehus Radiumhospitalet Guren, Tormod
Helse Bergen HF - Haukeland univeritetssykehus Jebsen, Nina
Russia Medical Rehabilitation Center Arkhipov, Alexander

Evimed LLC

Gladkov, Oleg

Russian Oncological Research Center A

Manzuk, Lyudmila

South Korea

Seoul National University Hospital

Bang, Yung-Jue

Yonsei University Severance Hospital

Chung, Hyun Cheol

Spain Hospital General Universitari Vall d'Hebron Elez, Elena
Hospital Universitario 12 de Octubre Lopez Martin, Jose

Taiwan Koo Foundation Sun Yat-Sen Cancer Center Liu, Mei-Ching

UK Royal Marsden NHS Foundation Trust Lopez, Juanita

USA University of California - San Francisco Bergsland, Emily

Mayo Clinic, Rochester, MN

McWilliams, Robert

MD Anderson Cancer Center

Piha-Paul, Sarina

Ohio State University Comprehensive Cancer Center

Shah, Manisha

Maryland Oncology Hematology, Inc

Wallmark, John
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Table S2. Previous therapies and localization of target lesions in patients whose best overall response
was complete or partial response (n=12)

Responder

Number

Chemotherapy
Type(s)

Number of

Lines

Previous
Bevacizumab

Previous
Radiation

Localization of
Target Lesions

Therapy

1 Cisplatin, Carboplatin, 2 Y Y Periaortic node
Paclitaxel
2 Carboplatin, Paclitaxel 1 Y N Cervix, multiple
intra- and extra-
abdominal nodes,
skin
3 Cisplatin, Vincristine, 2 Y N Lung
Carboplatin, Paclitaxel,
Topotecan
hydrochloride
4 Cisplatin, Topotecan 4 Y N Lung
5 Cisplatin, Carboplatin, 1 Y N Thoracic and
Paclitaxel supraclavicular
nodes
6 Capecitabine, 5+ Y Y Lung, thoracic and
Cisplatin, Carboplatin, intraabdominal
Paclitaxel, Irinotecan nodes
hydrochloride,
Gemcitabine,
Topotecan
7 Cisplatin Neo Y N Cervix
djuvant
8 Cisplatin, Fluorouracil, 1 N N Pulmonary node
Topotecan
9 Carboplatin, Paclitaxel 1 Y N Multiple
intraabdominal
lesions
10 Cislatin, Carboplatin, 2 Y N Lung
Fluorouracil, Paclitaxel
1 Cisplatin, Carboplatin, 2 Y N Intra- and extra-
Paclitaxel abdominal nodes
12 Irinotecan 1 N N Cervix
hydrochloride,
Nedaplatin
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Preliminary efficacy and safety of pembrolizumab in selected advanced solid
tumors.

An interim analysis of study KEYNOTE-158 of patients treated at the Netherlands
Cancer Institute.

Willeke Ros

Preliminary results of KEYNOTE-158 have been presented at the American
Society of Clinical Oncology (ASCO) annual congress 2018:

Chung HC, Schellens JHM, Delord J-P, Perets R, Italiano A, Shapira-Frommer R,
Manzuk L, Piha-Paul SA, Wang J, Zeigenfuss S, Pruitt SK, Marabelle A.
Pembrolizumab treatment of advanced cervical cancer: Updated results from the
phase 2 KEYNOTE-158 study.

Journal of Clinical Oncology 2018;36:5522

Chung HC, Lopez-Martin JA, Kao SC-H, Miller WH, Ros W, Gao B, Marabelle A,
Gottfried M, Zer A, Delord J-P, Penel N, Jalal SI, Xu L, Zeigenfuss S, Pruitt SK,
Piha-Paul SA. Phase 2 study of pembrolizumab in advanced small-cell lung cancer
(SCLC): KEYNOTE-158.

Journal of Clinical Oncology 2018;36:8506.
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ABSTRACT

Objectives: In study KEYNOTE-158, the safety and efficacy of pembrolizumab in advanced
rare cancers was assessed. A total of ten rare cancers were selected, as well as
microsatellite instability high (MSI-H) tumors. Here, we present preliminary results from
patients treated at the Netherlands Cancer institute.

Methods: KEYNOTE-158 was a non-randomized, single arm, multi-center, open-label trial
with various tumor cohorts. Patients were treated with 200 mg pembrolizumab every 3
weeks. Response was assessed every 9 weeks for the first 12 months and every 12 weeks
thereafter, according to RECIST version 1.1. Adverse events (AEs) were assessed using
CTCAE version 4.0.

Results: At the Netherlands Cancer Institute, twenty-eight patients were enrolled in the
cohorts small cell lung cancer, mesothelioma, cervical carcinoma, biliary carcinoma, thyroid
carcinoma, vulvar carcinoma, anal carcinoma, neuro-endocrine tumors and microsatellite
instability-high (MSI-H) tumors. At the data cut-off of 8 March 2018, eight patients were still
on treatment. Objective response rate was 25.0% (95% CI, 10.7%, 44.9%); two patients
achieved a confirmed complete response, five patients achieved a confirmed partial
response and four patients had confirmed stable disease. Adverse events (AEs) possibly
related to treatment were experienced by 24 patients (85.7%). The most common related
AEs were diarrhea (18%), nausea (14%), pruritus (14%), and fatigue (11%). Four patients
(14%) experienced grade 3-4 AEs. One AE, G4 subdural hematoma, led to study
discontinuation.

Conclusion: Pembrolizumab was well-tolerated and demonstrated promising durable anti-
tumor responses in various tumor types.
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INTRODUCTION

Pembrolizumab is a humanized monoclonal antibody that blocks the interaction between
programmed cell death protein 1 (PD-1) and its ligands, programmed death-ligand 1 (PD-
L1) and programmed death-ligand 2. The PD-1 pathway plays an important role in the
downregulation of the immune system and avoids autoimmunity[1]. Tumors exploit this
pathway by upregulating PD-L1 on their surface, thereby preventing the immune system
from eradicating the tumor cells[2]. By blocking the PD-1 pathway, the immunomodulatory
signal is inhibited and this allows the T-cells to continue their cytotoxic activity against the
tumor.

Pembrolizumab has been approved for a wide variety of tumors, including non-small cell
lung cancer, melanoma, classical Hodgkin’s lymphoma, advanced gastric cancer,
microsatellite instability-high (MSI-H) cancer, cervical cancer, head and neck squamous cell
cancer, hepatocellular carcinoma, primary mediastinal B-cell lymphoma, merkel cell
carcinoma, and urothelial carcinoma. Study KEYNOTE-158 (KN158) aims to further explore
pembrolizumab treatment across tumor types. KN158 focusses on rare malignant diseases
with a high unmet medical need. Ten rare malignancies are investigated in this ftrial,
including anal, endometrial, cervical, vulvar, thyroid, biliary and salivary gland carcinoma,
neuroendocrine tumors, small cell lung cancer, mesothelioma, and non-colorectal cancer
(CRC) MSI-H tumors. In these rare malignancies, response rates in the second-line setting
are either low or, due to the inability to conduct large trials, uncertain at this time. In the
KEYNOTE-028 (KN028) study, the efficacy and safety of pembrolizumab was studied in
twenty different cancers, including the cancers included in the current study. The initial
results of KN028 indicate good tolerability of pembrolizumab and promising antitumor
activity[3-8].

KN158 (ClinicalTrials.gov identifier NCT02628067) is a non-randomized, multi-center, open
label phase Il study designed to evaluate the safety and preliminary anti-tumor activity of
pembrolizumab in ten selected tumor types and non-colorectal cancer (CRC) microsatellite
instability-high (MSI-H) tumors. The ftrial further assesses the anti-tumor effects of
pembrolizumab in a selection of the tumor types of KN028. Here, we report the results of
the patients enrolled in KN158 who were treated at the Netherlands Cancer Institute
between 01 March 2016 and 08 March 2018. In total, 28 patients were enrolled in the
cohorts anal carcinoma, biliary adenocarcinoma, neuroendocrine tumors, cervical
carcinoma, vulvar carcinoma, small cell lung carcinoma, mesothelioma, thyroid carcinoma,
and MSI-H Cancers.

METHODS

Patient population
Key eligibility requirements included presence of histologically or cytologically-documented
advanced metastatic and/or unresectable solid cancer incurable and for which prior
standard treatment was failed or did not exist, progression on or intolerance to therapies
known to provide clinical benefit, 218 years of age, adequate bone marrow, renal and
hepatic function, life expectancy of at least three months, measurable disease based on
RECIST V1.1., ECOG PS of 0 or 1, and availability of an evaluable tumor sample for
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biomarker assessments. Key exclusion criteria included prior anticancer monoclonal
antibody therapy within 4 weeks of treatment initiation, prior chemotherapy, targeted small-
molecule therapy, or radiation therapy within 2 weeks of treatment initiation, prior treatment
with an anti-PD-1, anti—-PD-L1, or anti-PD-L2 therapy or other immune checkpoint inhibitor,
known active CNS metastases, diagnosis of immunodeficiency, autoimmune disease,
interstitial lung disease, or active infection requiring systemic therapy, and known severe
hypersensitivity to pembrolizumab and/or any of its excipients.

The study was conducted according to Good Clinical Practice standards and provisions
outlined in the Declaration of Helsinki. The study protocol and all amendments were
approved by the appropriate institutional review boards and ethics committees of the
participating institutions. All patients provided written informed consent to participate.

Treatment and assessments

Patients received a flat dose of 200 mg pembrolizumab intravenously every three weeks
until confirmed disease progression, death, unacceptable toxicity or withdrawal of consent.
Tumor imaging was performed every 9 weeks for the first 12 months and every 12 weeks
thereafter using CT or MRI. Adverse events were monitored throughout the study period
and graded according to the National Cancer Institute’s Common Terminology Criteria for
Adverse Events (CTCAE v4.0)

Table 1. Patient characteristics. Continuous values are reported as median [range].

Demographic characteristic Total (n=28)
Age (Years) 58 [31 —77]

Gender (n, %)

Male 1 (393%)

Female 17 (60.7%)

WHO PS (%)

0 12 (42.9%)

1 16 (57.1%)

Tumor Type (n)

Anal Squamous Cell Carcinoma

Biliary Adenocarcinoma

Neuroendocrine Tumors

Cervical Squamous Cell Carcinoma

Vulvar Squamous Cell Carcinoma

Small Cell Lung Carcinoma

Mesothelioma

Thyroid Carcinoma

W (N[O N o=~

MSI High solid tumor (non-colorectal)

Prior lines of therapy for advanced disease

(median) 110-4]
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Outcomes

The primary efficacy endpoint is objective response rate (ORR), defined as the percentage
of patients with confirmed complete response and partial response according to RECIST
v.1.1 by blinded independent central review. Subjects with unknown or missing response
information were to be considered as non-responders. Secondary efficacy endpoints include
progression-free survival (PFS), overall survival (OS), and duration of response (DOR). PFS
was defined as time from allocation to the first documented disease progression according
to RECIST v1.1 or death due to any cause, whichever occurred first. OS was defined as
time from allocation to death due to any cause. DOR was defined as time from first
evidence of response per RECIST to disease progression in patients who achieved a
confirmed partial response or better.

Safety was monitored by collection of adverse events (AEs) graded according to CTCAE
V4.0, laboratory evaluation and assessment of ECOG performance status, vital signs and
physical examinations.

Statistical analysis

The efficacy population included all patients with at least one radiological assessment after
start of treatment. The safety population included all patients who received 21 dose of
pembrolizumab. Results were summarized using descriptive statistics. The Kaplan—Meier
method was used to estimate PFS, OS, and DOR. The data cutoff date for this report was 8
March 2018.

RESULTS

Baseline Patient Characteristics

Twenty-eight patients were enrolled between 01 March 2016 and 08 March 2018 (Table 1).
Patients were enrolled in the cohorts anal squamous cell carcinoma (n = 4), biliary
adenocarcinoma (n = 4), neuroendocrine tumors (n = 1), cervical squamous cell carcinoma
(n = 6), vulvar squamous cell carcinoma (n = 2), small cell lung carcinoma (n = 5),
mesothelioma (n = 1), thyroid carcinoma (n = 2), and MSI-H solid tumors (n = 3). The
median age was 58 years (range 31-77 years), 17 patients (60.7%) were women, and
42.9% had a ECOG performance of 0. The median number of prior lines for advance
disease was 1. At the time of data cut-off of 08 March 2018, eight patients were still on-
study, being on treatment for at least 8 months.

Antitumor Activity

Seven out of twenty-eight patients (25.0%; 95% CI, 10.7%, 44.9%) showed a confirmed
objective response according to RECIST v1.1 (Figure 1 and Table 2). Complete and partial
responses were seen in anal, cervical, small cell lung cancer (SCLC), and MSI-H tumors.
Median DOR was not reached, as all seven patients who showed a confirmed response
were still on study with ongoing response at time of data cutoff [5.8+ — 20.4+ months]. At the
time of data cutoff, 85% of responses were ongoing for 6+ months, and 71% were ongoing
for 12+ months. The disease control rate was 39.3% (95% ClI, 21.5%, 59.4%).
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Confirmed complete responses were seen in two patients: a patient with poorly
differentiated squamous cell carcinoma of the anal canal, and a patient with MSI-H small
bowel adenocarcinoma. The patient with anal carcinoma had intracerebral metastases and
lung metastases. This patient had received one prior line of treatment consisting of
mitomycin-C and capecitabine. The patient with MSI-H small bowel carcinoma had
peritoneal metastases. This patient had no prior lines of therapy for metastatic disease.
Both patients remained on treatment as of the data cutoff date and were on study for 21+
(anal canal carcinoma) and 8+ (MSI-H small bowel carcinoma) months.

Confirmed partial responses were seen in five patients in total (17.9%; 95% ClI, 6.1%,
36.9%): two cervical cancer patients both showing a reduction of target lesions of 74% ,
one SCLC patient showing a reduction of 79%, one patient with anal canal carcinoma
showing a reduction of 34%, and one patient with MSI-H adenocarcinoma of the cardia
showing a reduction of 48%. In addition, one cervical cancer patient had a non-confirmed
PR.

Four patients had confirmed stable disease as best response (14.3%; 95% CI, 4.0%,
32.7%). The median duration of SD was 8.1 months [4.2 — 11.3]. Thirteen patients had
progressive disease (46.4%; 95% CI, 27.5%, 66.1%). Four patients were not evaluable for
efficacy: three patients discontinued before the first tumor assessment due to clinical
disease progression or death, and another patient had target lesions which were unreliable
to radiological evaluation.

Overall, the median PFS was 3.6 months [0.6 - > 21 months] and the median overall

survival was 8.7 months [0.6 -> 21 months] (Figure 2). Patients received a median of 8 [4-
35] cycles.
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Table 2. Best Objective Response Assessed by RECIST (version 1.1.) (n=28). Only confirmed

responses are reported

Best Objective No. % 95% ClI
Response

Objective response rate 7 25.0% 10.7% - 44.9%
Complete response 2 7.1% 0.9% - 23.5%
Partial response 5 17.9% 6.1% - 36.9%
Stable disease 4 14.3% 4.0% - 32.7%
Progressive Disease 13 46.4% 27.5% - 66.1%
Non evaluable 4 14.3% 4.0% - 32.7%
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Figure 2. Kaplan-Meier estimates. (A) Progression-free survival. (B) Overall survival.
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Safety

Twenty-four patients (85.7%) experienced adverse events at least possibly related to study
drug (Table 3). The most common AEs at least possibly related to treatment include
diarrhea (18%, n=5), nausea (14%, n=4), pruritus (14%, n=4), and fatigue (11%, n=3). Six
grade 3-4 AEs at least possibly related to treatment were observed, including ALAT
increase (n=2), ASAT increase (n=1), fever (n=1), subdural hematoma (n=1) and worsening
of anemia (n=1). Immune-related events include G1 hypothyroidism (n=2), G1 pruritus
(n=4) and G3 ASAT (n=2)/ALAT(n=1) increase . The G3 ASAT and ALAT increase occurred
in a patient with gallbladder carcinoma with liver metastases. Elevation of liver enzymes
was measured three weeks after the first pembrolizumab administration. Abdominal
ultrasound was performed and showed no progression of liver metastases, no portal vein
thrombosis and no cholestasis. The patient developed hepatitis, and showed reactivation of
cytomegalovirus. This reactivation was considered likely related to studymedication, and
valganciclovir was given. ASAT and ALAT restored to baseline values approximately eight
weeks after pembrolizumab administration and treatment was continued. No elevation of
ASAT and ALAT was observed during subsequent cycles.

A patient with thyroid cancer developed subdural hematoma. This patient had no known
history of head trauma or hypertension. The grade 4 subdural hematoma occurred after four
cycles of pembrolizumab. No signs of brain metastases were detect by MRI. The event was
considered possibly related to study treatment and led to study drug discontinuation. There
were no treatment related deaths as of the data cutoff date.

Table 3. Adverse events at least possibly related to pembrolizumab.* Immune-related toxicities of
special interest.**Led to study discontinuation.

Any-grade adverse events occurring in 22 patients , n (%) N

Abdominal pain 2 (7%)
Anemia 2 (7%)
Arthralgia 2 (7%)
Creatinine increase 2 (7%)
Diarrhea 5 (18%)
Fatigue 3 (11%)
Hypothyroidism* 2(7%)
Maculopapular rash 2 (7%)
Myalgia 2 (7%)
Nausea 4 (14%)
Pruritus* 4 (14%)
Weight loss 2 (7%
Grade 3-4 adverse events occurring in 2 1 patient, n (%)

ASAT increase (Grade 3)* 2 (7%)
ALAT increase (Grade 3)* 1 (4%)
Fever (Grade 3) 1 (4%)
Subdural hematoma** (Grade 4) 1 (4%)
Worsening of anemia (Grade 3) 1 (4%)
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DISCUSSION AND CONCLUSION

We investigated the safety and efficacy of pembrolizumab in selected advanced tumor
types, as well as in MSI-H tumors enrolled in the KN158 study at the Netherlands Cancer
Institute. Treatment was well-tolerated, and tumor responses were seen across various
tumor types, in particular in anal carcinoma, cervical carcinoma, SCLC and MSI-H tumors.
Two out of the four patients with anal canal carcinoma showed a tumor response. One
patient obtained a complete response and one patient obtained a durable partial response
(>16 months) with a tumor reduction up to 40.4%. The efficacy of pembrolizumab in anal
canal carcinoma has previously been investigated in the KN028 study[7]. Among 24
patients with PD-L1 positive tumors, four patients had confirmed partial responses, for an
overall response rate of 17%. PD-L1 positivity was used as a selection criteria in this study.
During screening, PD-L1 positivity (defined as = 1% of cells expressing PD-L1) was found
to be high (74%) in anal carcinoma.

Two out of six patients with cervical cancer enrolled in the KN158 study at the Netherlands
Cancer Institute showed a durable partial response. Both patients showed a tumor
reduction of 74% and were still ongoing for >21 months at the data cut off. Interestingly,
preliminary results of the 47 patients with cervical cancer (including the six above
mentioned patients treated at the Netherlands Cancer Institute) enrolled in the KN158 study
showed an ORR of 17% with three confirmed responses and one unconfirmed response[9].
Forty-one (87%) patients had PD-L1 positive tumors (defined as = 1% of cells expressing
PD-L1) and ORR appeared to be independent of PD-L1 status. In KN028, the ORR among
24 PD-L1 positive patients was 17%[5].

One out of five SCLC patients (20%) treated at the Netherlands Cancer Institute showed a
durable (>19 months) partial response. The interim results of SCLC patients enrolled at the
Netherlands Cancer Institute are in line with the preliminary results reported in the overall
SCLC cohort of the KN158 study (i.e., including other study sites) where an ORR of 18.7%
was observed at the interim analysis[10]. Responses were predominantly seen in patients
who were positive for PD-L1 (35.7% compared to 6% for PD-L1 negative). However, PD-L1
negativity did not rule out the possibility of tumor response, as a CR was reported in a PD-
L1 negative patient. In KN028, 31.7% of patients were positive for PD-L1 expression. In
these PD-L1 positive SCLC patients, the ORR was 33%[11].

Responses were seen in two out of three patients with MSI-H tumors. One patient with
small bowel carcinoma obtained a CR, one patient with adenocarcinoma of the
gastroesophageal junction obtained a PR (tumor reduction up to 48%), and one patient with
ovarian carcinoma obtained stable disease of > 11 months (tumor reduction up to 8%). All
these patients were still on treatment at the time of data cut-off. Of note, interim results of
the 21 patients with MSI-H non-CRC tumor types (including the 3 above mentioned patients
treated at the Netherlands Cancer Institute) enrolled in the KN158 study showed an ORR of
42.9%, with eight confirmed and one unconfirmed response[12].

Pembrolizumab is thought to be most effective in tumors that are inflamed, i.e. are infiltrated
by tumor infiltrating lymphocytes, contain active CD8+ T cells, express PD-L1, and show
genomic instability[13]. The tumor types in which anti-tumor responses are observed in this
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interim analysis of the 28 patients enrolled at the Netherlands Cancer Institute present
these characteristics.

Both cervical and anal cancers show high rates of PD-L1 positivity in the tumor, suggesting
that these tumors are immunologically active[13]. The high rate of PD-L1 positivity might be
correlated with the high incidence of human papillomavirus (HPV) infection in these cancer
types. HPV has been detected in >70% of cervical and anal cancers[14, 15]. HPV-induced
cancers are characterized by an active immune response against HPV, and a high
incidence of lymphocyte infiltration in the tumor[16]. Furthermore, HPV infection may lead
to the production of neo-antigens[17]. Neo-antigens have the potential to be recognized by
the immune system and may trigger an anti-tumor immune response[18].

SCLC is one of the most immunogenic tumor types, as it is often caused by carcinogenic
external factors, such as smoking and asbestos. These external factors increase the
mutational burden which, similarly to HPV infection, may lead to production of neo-antigens.
Notably, response rates for SCLC have been shown to be higher in smokers compared to
non-smokers[19].

MSI-H and dMMR tumors show genomic instability and harbor a high number of mutations
which have the potential to stimulate the immune system through production of neo-
peptides which, when presented by MHC-proteins, may be immunogenic[20].
Pembrolizumab has been recently approved by the US FDA for MSI-H and dMMR tumors,
independently of tumor type[21].

Biomarker analysis has not been described in this interim analysis, but it is being
performed. Indeed, a tumor specimen has been collected in all patients before inclusion for
assessment of MSI status, gene expression profiling, and PD-L1 expression.

In conclusion, the interim/preliminary results of pembrolizumab monotherapy in the 28
patients enrolled in the KN158 study at the Netherlands Cancer Institute show promising
antitumor activity and a manageable safety profile. The study is still currently ongoing, with
the large majority of cohorts having completed inclusion. Study completion is expected to be
finished in August 2023.
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ABSTRACT

Immunotherapy with monoclonal antibodies targeting the programmed-death-1 (PD-1)
receptor has become standard of care for an increasing number of tumor types.
Pharmacokinetic studies may help to optimize anti-PD-1 therapy. Therefore, accurate and
sensitive determination of antibody concentrations is essential. Here we report an enzyme
linked immunosorbent assay (ELISA) capable of measuring nivolumab and pembrolizumab
concentrations in serum and cerebrospinal fluid (CSF) with high sensitivity and specificity.
The assay was developed and validated based on the specific capture of nivolumab and
pembrolizumab by immobilized PD-1, with subsequent enzymatic chemiluminescent
detection by anti-lgG4 coupled with horse radish peroxidase (HRP). The lower limit of
quantification for serum and CSF was 2 ng/mL for both anti-PD-1 agents. The ELISA method
was validated and showed long term sample stability of >1 year. This method is reliable,
relatively inexpensive and can be used in serum and CSF from pembrolizumab and
nivolumab treated patients.
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INTRODUCTION

Nivolumab and pembrolizumab are both monoclonal antibodies against Programmed-Death-
1 (PD-1), which received FDA and EMA approval for immunotherapeutical treatment of a
wide range of tumors including non-small cell lung cancer (NSCLC), melanoma, renal cell,
urothelial, and microsatellite instability (MSI) high colorectal cancer. In the phase Ill trials
both compounds showed better response rates with increased overall and progression free
survival compared to standard chemotherapy.1'2 Furthermore, nivolumab and
pembrolizumab were associated with fewer high-grade treatment-related adverse events
than other second-line therapy.3 Little is known, however, about the impact of
immunotherapy in patients with metastatic disease to the central nervous system. Clinical
trials of immunotherapy excluded patients with active brain metastases due to a poor
prognosis and uncertainty about the ability of the drugs to cross the blood brain barrier
(BBB). However, current studies suggest that systemically administered immunotherapeutic
antibodies demonstrate a similar durable response in the brain as in extra-cerebral sites.*
Studies with other monoclonal antibodies indicate that median concentrations of monoclonal
antibodies may be up to 400-fold lower in the central nervous system (CNS) than in serum,
due to the BBB limiting penetration of molecules with molecular weights up to 200 kDa
(nivolumab 144 kDa, pembrolizumab 146 kDa).“"6 To the best of our knowledge no data has
been published of nivolumab and pembrolizumab levels in cerebrospinal fluid (CSF). CSF is
relatively easily accessible, and clinical studies suggest that drug concentrations in CSF are
reasonably accurate in predicting CNS exposure.” Therefore, CSF may be used as a
surrogate for the interstitial fluid (ISF) in the CNS and may be used for assessing CNS
exposure because tumor biopsies are considered unethical to collect for pharmacokinetic
purposes.

Monitoring of nivolumab and pembrolizumab concentrations in serum and CSF may enable
individualized treatment strategies and lead to a better understanding of pharmacokinetic
(PK) —pharmacodynamic (PD) effect relationships of these agents. Puszkiel et al. recently
reported the development and validation of an ELISA for the quantification of nivolumab in
plasma from NSCLC patients.® This assay has a lower limit of quantification (LLQ) of
5 ug/mL. Although this is sensitive enough for the quantification of trough plasma levels, a
more sensitive assay is needed for the quantification in CSF. A five-fold more sensitive
Liquid Chromatography—Mass Spectrometry (LC/MS) method has been developed that
shows a LLQ of 0.977 ug/mL.° Although this method is more sensitive, it may still be not
possible to accurately determine trough concentrations in CSF. In addition, LC/MS is unable
to show if the measured antibodies are functionally active. Furthermore, this assay relies on
costly lab equipment that is not readily available at standard clinical laboratories. When
properly optimized, chemiluminescent ELISA is one of the most sensitive immunoassays
available with typical detection ranges of 0.01—0.04 fmole per mL."® Here, we report the
successful development and validation of an ELISA with a lower limit of quantification of
2 ng/mL, which enables the accurate quantification of both nivolumab and pembrolizumab in
serum and CSF. The applicability of the presented assay is demonstrated with the analysis
of serum and CSF samples from cancer patients treated with these drugs.
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MATERIALS AND METHODS

Reagents and chemicals

BD Vacutainer® SST Il 5mL tubes were obtained from Becton Dickinson (Franklin lakes,
NJ, USA). Ficoll-paque™PLUS was obtained from General Electric Healthcare (Little
Chalfont, UK). Nunc MaxiSorp™ white 96-well plates were purchased from VWR
(Amsterdam, the Netherlands). Phosphate buffered saline (PBS) was purchased from
GIBCO BRL (Gaithersburg, MD, USA). Protifar Plus low fat milk powder (ELK) was from
Danone (Amsterdam, the Netherlands). Eppendorf® LoBind micro-centrifuge 2.0 mL tubes,
bovine serum albumin (BSA), fetal calf serum (FCS), glycerol, thimerosal, and Tween-20
were purchased from Sigma (St. Louis, MO, USA). PBSTF consisted of PBS with 0.1% (v/v)
Tween-20 and 1% (v/v) Ficoll. Ipilimumab, nivolumab and pembrolizumab were a kind gift
from the Antoni van Leeuwenhoek hospital pharmacy. Mouse anti-human IgG4 Fc antibody-
HRP conjugate originated from Thermo Fisher (Landsmeer, the Netherlands) as 200 ug
lyophilized powder per vial, which was stored at —20 °C after reconstitution with 200 pl of
50% (v/v) glycerol, 0.05% (w/v) thimerosal, and 1% (w/v) BSA. Recombinant human PD-1
(His Tag) protein was purchased from Sino Biological Inc. (Beijing, China) as 100 yg of
lyophilized powder, which was stored at —80 °C in small aliquots after reconstitution with
5.0mL PBS. Pierce™ standard Electro Chemical Luminescence (ECL) western blotting
substrate was from Pierce (Waltham, MA, USA). The ECL reagent PeroxyGlow™ was from
Trevigen (Gaithersburg, MD, US). Biorad Clarity ECL was from Biorad (Veenendaal, the
Netherlands). Unless stated otherwise, serum used was pooled from 6 healthy human
volunteers.

Nivolumab and pembrolizumab concentrations in the clinical stocks

The concentrations of nivolumab and pembrolizumab in the clinical stock vials were
determined spectrophotometrically at 280 nm with a DS-11 (DeNovix, Wilmington, DE, USA)
using the following formula:

C ab = 10-Aggonm /(€ab*L)

Azgo = measured absorbance of nivolumab and pembrolizumab solution at 280 nm
C ab = concentration of nivolumab and pembrolizumab (mg/mL)

£ ap =extinction coefficient of human IgG4 (13.6 A*°"™ - 1%~ .cm™)"

L = optical path length DS-11 (1 cm)

Serum preparation

Blood was collected in 5 mL BD Vacutainer® SST Il tubes. Tubes were immediately inverted
5 times. After 30 min of coagulation at room temperature (RT), tubes were centrifuged at
1200 g for 10 min in a swing-out rotor. Next, serum was snap-frozen in liquid nitrogen in
2.0 mL vials before storage at —80 °C.
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ELISA

Nunc MaxiSorp™ white 96-well flat-bottom plates were coated overnight at 4 °C with 50 pl of
2 yg/mL PD-1. The next day, wells were emptied and washed 4 times with 300 pl of PBSTF.

Standard curves were prepared in 2mL Eppendorf® LoBind vials on the day of analysis by
serial dilution of a 11.0 mg/mL nivolumab clinical stock solution to 100, 50, 20, 10, 5, 2, and
0 ng/mL in ice-cold 10% (v/v) serum in PBSTF. Quality controls (QCs) were prepared from
different nivolumab and pembrolizumab stock solutions, independently from the standard
curves, at 5, 20, and 160 pg/mL in serum, and stored at —-80 °C. On the day of analysis,
patient serum and QCs were diluted 10-fold with PBSTF, and CSF was diluted 2-fold with
20% serum (v/v) in PBSTF, in order to have the same 10% serum (v/v) in PBSTF final
matrix. If necessary, CSF and serum were additionally diluted 2- and 100-fold, respectively,
with 10% (v/v) serum in PBSTF. The 10-fold diluted QCs were additionally diluted 100-fold
to 5, 20, and 160 ng/mL with 10% (v/v) serum in PBSTF. Next, QC160 was further diluted 2-
fold to 80 ng/mL with 10% serum (v/v) in PBSTF. Patient serum, CSF, and QCs were
analyzed as 50 pl duplicates per plate. Samples were added as 50 pl triplicates per plate,
which was subsequently sealed and incubated for 2h at RT. Then, the plate was emptied
and washed 4 times with 300 pl of PBSTF. After addition of 50 yl of 1 yg/mL anti-human
IgG4-HRP in PBSTF, plates were sealed and incubated for 1 h at RT. Next, plates were
emptied and washed 4 times with 300 ul of PBSTF. Subsequently, 100 ul of Pierce standard
ECL was added and luminescence was measured within 15 min using a Tecan Infinite 200
Pro plate reader at 1's per well of read time.

Optimization of anti-human IgG4-HRP concentration

Nivolumab standard curves were prepared at concentrations of 100, 50, 20, 10, 5, 2, and
0ng/mL in ice-cold 10% (v/v) serum in PBSTF. In triplicate 50 pyl of each standard was
incubated for 2h at RT on plate. After 3 washes with 300 yl of PBSTF, 50 ul of 1:500,
1:1000, and 1:2000 in PBSTF diluted anti-human IgG4-HRP was added and incubated for
1h at RT. Subsequently, the plate was washed and luminescence was measured after
addition of ECL, as described in the ELISA section.

Serum matrix effect

The effect of different concentrations of serum on the quantification of nivolumab was
determined in triplicate in standard curves prepared in 2 mL Eppendorf® LoBind vials on the
day of analysis by serial dilution of 11.0 mg/mL nivolumab clinical stock solution to 100, 50,
20, 10, 5, and 2ng/ml in ice-cold PBSTF containing 0, 10%, and 20% (v/v) serum. To
assess the dilution integrity, nivolumab was spiked in triplicate at 1000 uyg/mL in serum and
2ug/mL in CSF. Next, serum and CSF were diluted 1000 and 2-fold to 1 pg/mL,
respectively, as described in ELISA. Further 2-fold serial dilutions with 10% serum (v/v) in
PBSTF were then applied to serum and CSF to a final nominal nivolumab concentration of
62.5 ng/mL. The accuracies of the back-calculated nivolumab concentrations relative to the
nominal spike concentrations at each serial dilution level were determined.
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Specificity and limit of detection

Wells coated with and without PD-1 were incubated in ftriplicate with 100 yl of 0 and
100 ng/mL nivolumab in PBSTF. Next, plates were washed and incubated with secondary
antibody as described under ELISA. After 4 washes, 100 pyl of Pierce standard, Biorad
Clarity, and Trevigen Peroxyglow™ ECL were added and luminescence was measured. The
effect of three of the most commonly used blocking agents was tested. Wells coated with
PD-1 were incubated for 3 h at RT with 300 pl of 2% and 5% (w/v) BSA in PBS, 2% and 5%
(w/v) ELK in PBS, 40% and 100% (v/v) FCS in PBS, and PBS as negative control. Next,
wells were emptied and incubated for 2 h with 50 pl of 10% (v/v) serum in PBSTF. Treatment
of nivolumab is sometimes combined with ipilimumab, which is a fully human monoclonal
antibody against cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4). Although its target
is different, a possible analytical interference cannot be ruled out. Therefore, we spiked 0,
20, and 80 ng/mL of nivolumab in 10% (v/v) serum in PBSTF and 50% (v/v) CSF containing
10% (v/v) serum in PBSTF. After addition of 0, 100, 200, and 500 ng/mL of ipilimumab,
these samples were analyzed by ELISA, as described. The limit of detection (LOD) was
defined as the average background level plus 5 times the standard deviation and was
determined in serum from 10 healthy volunteers and in CSF from 10 immunotherapy naive
cancer patients.

Standard curve fitting

Calibration curves are commonly fit using polynomial or logistic models.'? We compared the
goodness of fit of a quadratic and 4-parameter logistic model on 21 standard curves using
Graphpad Prism 6. Net luminescence was calculated as the luminescence of samples minus
the average luminescence of the duplicate blank samples. Net luminescence of standards
2—-100 ng/mL was plotted against the nominal nivolumab concentration. Curve fits were not
forced through 0, and back-calculated concentrations had to be within 15% of the nominal
concentrations for all 7 calibration standards.

Lower limit of quantification

The lower limit of quantification (LLQ) was determined in ftriplicate in ice-cold PBSTF,
containing 10% (v/v) serum from 7 different volunteers, spiked with 1, 2, 3, 4, 5ng/mL of
nivolumab or pembrolizumab. CSF from 6 immunotherapy naive patients was diluted 2-fold
with ice-cold PBSTF containing 20% (v/v) serum, which was spiked with 1, 2, 3, 4, and
5 ng/mL of nivolumab or pembrolizumab. The LLQ was defined as the nominal input level at
which the nivolumab and pembrolizumab concentrations could be determined with a
precision £20% and an accuracy of 80—-120%. Furthermore, the analyte response at the LLQ
should be at least five times the response compared to the blank response.

Between- and within-day precision and accuracy

Samples containing 5, 20 or 80 ng/mL nivolumab in 10% (v/v) serum in PBSTF were
measured in triplicate on six consecutive days. The between-day (BDP) and within-day
precision (WDP) were calculated by one-way analysis of variance (ANOVA) for each spike
level using the run day as classification variable using the software package SPSS v15.0 for
windows (SPSS, Chicago, USA). The day mean square (DayMS), error mean square
(ErrMS) and the grand mean (GM) of the observed concentrations across run days were
used.
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The WDP% and BDP% for each spike level were calculated using the formulas:

WDP% = (ErrMS)®*/GM x 100%
BDP% = [(DayMS — ErrMS)/n]>*/GM x 100%
With n being the number of replicates within each run.

Accuracy was determined as the relative difference between the nominal input concentration
and measured concentration. Imprecisions <15% and accuracy between 85-115% were
considered acceptable.

Pembrolizumab quantification

Standard curves were prepared in 2 mL Eppendorf® LoBind vials on the day of analysis by
serial dilution of 11.0 mg/mL nivolumab and 27.8 mg/mL pembrolizumab clinical stock
solutions to 100, 50, 20, 10, 5, and 2ng/mL in ice-cold 10% (v/v) serum in PBSTF. These
standards were analyzed in triplicate on three consecutive days. The concentrations of the
pembrolizumab standards (Mw =146,286 Da) were back-calculated from the nivolumab
(Mw = 143,597 Da) standard curves. After correction for the 1.87% difference in molecular
weight, the back-calculated pembrolizumab concentrations had to be within 15% of the
nominal pembrolizumab concentrations.

Stability

To assess the long-term storage stability, nivolumab and pembrolizumab were spiked at 0.1,
1, 10, and 100 ug/mL in serum. This largely covers the whole range of concentrations found
in patient serum along the PK curve. Aliquots of 50 ul of spiked serum were snap-frozen in
liquid nitrogen and stored for 0, 7, 120, 360, and 480 days at —80 °C. At these time points
nivolumab and pembrolizumab concentrations were determined in triplicate, after dilution to
50 ng/mL in ice-cold 10% (v/v) serum in PBSTF.

Stability of nivolumab and pembrolizumab at 10 and 50 ng/mL, diluted in ice-cold 10% (v/v)
serum in PBSTF, was tested after 0, 6, and 24 h on ice, using freshly prepared nivolumab
standard curves.

Freeze-thaw stability was tested for nivolumab and pembrolizumab spiked at 10 and
100 pg/mL in serum. Nivolumab and pembrolizumab concentrations were determined after
0, 1, 2, and 3 snap-freeze/thaw cycles, after dilution to 100 ng/mL with 10% (v/v) serum in
PBSTF. Nivolumab and pembrolizumab concentrations were considered stable if the
determined concentrations were within 15% of the nominal concentrations.

Clinical applicability

The clinical application of the ELISA method was demonstrated in serum from seven
patients treated once every 2 weeks with nivolumab (n=4) or once every 3 weeks with
pembrolizumab (n = 3). Patient 1 received concomitantly ipilimumab at 3.3 mg/kg (Table 3).
Blood was drawn from these patients at day 0 (predose + end of infusion), and predose at
cycle 2. To demonstrate clinical applicability of the ELISA for determination of nivolumab in
CSF, CSF was collected from 15 patients with a solid tumor and a clinical suspicion of
leptomeningeal metastases but a normal or equivocal MRI who underwent a diagnostic
lumbar puncture (LP). All patients have been included in a diagnostic CSF study at the NKI
comparing the sensitivity and specificity of immunoflowcytometry assays for circulating
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tumor cells (CTC) detection with CSF cytology. Five patients were treated with nivolumab.
Three out of these five patients had melanoma and concomitantly received ipilimumab at
3mg/kg (Table 4). The other 10 patients had not received any immunotherapy prior to
sampling and served as a negative control group. An aliquot of 1-2 mL of CSF was collected
in 2.0 mL vials and stored at -80 °C.

Both clinical studies have been approved by the Ethics Committee of the Netherlands
Cancer Institute and subjects provided whole blood and CSF samples after written informed
consent.

Statistical analysis

Statistical evaluation was performed using the unpaired two-tailed student t-test in Excel,
unless indicated otherwise. Matrix effects were analyzed using the paired two-tailed t-test in
Excel. The slopes and intercept of nivolumab and pembrolizumab standard curves were
compared using linear regression analysis in Graphpad Prism 6. P-values of <0.05 were
considered to be significant.

Method validation
Validation of the ELISA method was performed based on the guidelines for bioanalytical
assays provided by the FDA."

RESULTS

Optimization of anti-human IgG4-HRP concentration

We tested anti-human IgG4-HRP at dilutions of 1:500, 1:1000, and 1:2000 in PBSTF. The
1:1000 dilution resulted in a significantly higher (P <0.001) signal to noise ratio, as
compared to the other dilutions, over the whole range of spiked nivolumab concentrations
from 2 to 100 ng/ml (Supplementary Table 1).

Serum matrix effect

We found that addition of 10% and 20% (v/v) serum to PBSTF had a significant effect on the
accuracy of nivolumab quantification over the whole standard curve concentration range
with an average of decrease in nivolumab concentration of 14.1% at 10% (v/v) serum to
PBSTF (P <0.001) and 21.4% at 20% serum to PBSTF (P <0.001) (Supplementary Table
2). Therefore, we used 10% (v/v) serum in PBSTF, for both serum and CSF samples, as
well as for the standard curves and quality controls (QCs), to assure accurate quantification
of nivolumab. Next, dilution integrity was assessed in triplicate in quality controls, spiked with
nivolumab at 160 pg/mL, after a standard 1000-fold dilution followed by an additional 2-fold
dilution. The back-calculated nivolumab concentration did not deviate more than 15% from
the nominal spike concentration, which indicates good dilution integrity. Furthermore,
samples spiked with nivolumab at 1000 and 2 ug/mL in serum and CSF, respectively, which
required an additional 16-fold dilution after the standard 1000-fold dilution, also showed
adequate dilution integrity (Table 1).
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Specificity

The signal to noise ratios of nivolumab using Pierce standard ECL, Biorad Clarity, and
Trevigen Peroxyglow were 363, 100, and 2000, respectively. Although, Peroxyglow showed
superior signal to noise ratio, we chose to develop the ELISA with about 10-fold less
expensive Pierce standard ECL. The detection of nivolumab was very specific: wells coated
with PD-1 showed luminescence of 5762 + 182, which was not significantly higher than the
luminescence of 5439 + 454 for wells not coated with PD-1. This ensures the absence of any
meaningful interaction between the secondary antibody and PD-1, and indicates that net
luminescence, defined as measured luminescence minus background signal from ECL,
originates only from the reaction of the secondary antibody with nivolumab. There was a
large difference in background signal after blocking with different agents (PBS only, BSA,
FCS, ELK). The lowest background of 10.2 x 10° + 552 arbitrary luminescent units (ALU)
was obtained without blocking, which are the wells incubated with PBS only. In sequence of
increasing background signal, 2% BSA, 40 and 100% FCS, 5% BSA, and 2 and 5% ELK,
resulted in significant (P <0.001) higher backgrounds of 270 x 10°, 338 x 10°, 363 x 10°,
423 x 10°%, 823 x 10*, and 842 x 10* ALU, respectively (Figure 1). To put this in perspective,
100 ng/mLnivolumab resulted on average in net luminescence of 240 x 10* ALU. Based on
these results, we concluded, that blocking should be omitted in this ELISA.

Table 1. Dilution integrity was assessed, after indicated number of serial 2-fold dilutions with 10% (v/v)
serum in PBSTF, for serum spiked at 160 (Quality Control) and 1000 pg/mL, and CSF spiked at 2 pg/mL
nivolumab. Results are the average of three replicate measurements. PBSTF = phosphate buffered
saline supplemented with 0.1% Tween-20 and 1% Ficoll.

Nivolumab Total Number of Nominal Determined Accuracy *SD

spiked dilution 2-fold serial . conc.*SD (%)
factor dilutions Hg/mL

QC at 2000 1 80 153+9.6 95.6+6.0

160 ug/mL

Serum at 1000 1 1000 129+5.7 13.4+1.7

1000 pg/mL 2000 2 500 251+14.9 25.5+5.3
4000 4 250 483+21.7 48.2+3.2
8000 8 125 880+21.4 87.9+34
16000 16 62.5 921+44.4 94.9+9.0

CSF at 2 1 1000 0.26+0.011 12.9+4.4

2 ug/mL 4 2 500 0.50 £ 0.030 25.1+5.9
8 4 250 0.97 +0.043 48.3+4.5
16 8 125 1.75+0.085 87.2+4.9
32 16 62.5 1.84 +0.089 96.3+3.2
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Addition of ipilimumab had no significant effect on the quantification of nivolumab in both
serum and CSF (Supplementary Table 3). Furthermore, the background level was not
significantly increased by 500 ng/mL of ipilimumab (data not shown).

The mean background level of 10% (v/v) serum from 10 different volunteers in PBSTF was
0.22 +0.039 (range 0.089-0.37) ng/mL. The mean background of 50% (v/v) CSF in PBSTF
containing 10% (v/v) serum from 10 patients was 0.31+0.011 (range 0.21-0.45) ng/mL.
From these backgrounds, limits of detection (LOD) for nivolumab in serum and CSF of
0.65 ng/mL, and 0.75 ng/mL, respectively, were calculated.

Lower limit of quantification (LLQ)

The LLQ of nivolumab and pembrolizumab in serum and CSF was 2ng/mL. In serum,
nivolumab was determined at the LLQ with a mean accuracy of 101% (range 97.4%—-110%,
n=7), and mean precision of 3% (range 0%—9.5%). Pembrolizumab was determined at LLQ
with a mean accuracy of 100% (range 91.4%-105%, n=7), and mean precision of 3.9%
(range 1.6%—-5.8%). In CSF, nivolumab was determined at LLQ with a mean accuracy of
103% (range 101%-106%, n=6) and mean precision of 2.2% (range 0.4%-4.2%).
Pembrolizumab was determined at LLQ with mean accuracy of 102% (range 98.9%—105%,
n =6), and mean precision of 3.4% (range 0.4%—-4.2%).

Between- and within-day precision

Nivolumab was measured at 6 consecutive days in triplicate at 5, 20, 80 ng/mL spiked in
10% (v/v) serum in PBSTF. The mean within- and between day imprecisions, and the
nivolumab quantification accuracy at these nominal input levels were within 15%, and 85—
115%, respectively (Table 2).
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Table 2. Imprecisions and accuracy at indicated nivolumab and pembrolizumab nominal input levels
after dilution of quality control samples prepared in 100% serum to a final matrix composition of 10%
(v/v) serum in PBSTF. Imprecisions were calculated from triplicate measurements on three consecutive
days by one-way analysis of variance (ANOVA) for each spike level using the run day as classification
variable. Accuracy is determined as the ratio between the measured and nominal concentration.
WDP = within-day precision; BDP = between-day precision.

Nominal input ng/mL  Nivolumab Pembrolizumab
WDP % BDP % accuracy % WDP % BDP % accuracy %
5 3.3 4.1 102.5 6.1 5.3 98.1
20 3.4 4.1 99.5 6.5 6.6 101.9
80 4.2 4.6 100.8 5.1 0.6 105.7

Pembrolizumab quantification

Concentrations of nivolumab and pembrolizumab, back-calculated from nivolumab standard
curves, were compared by linear regression analysis. No significant differences in slope and
intercept were found, which indicates that assay response over the investigated standard
curve concentration range is the same for both antibodies (Supplementary Table 4). In
addition, the Pearson correlation coefficient (r) of 1.00 indicates good correlation between
the quantification of both antibodies. Therefore, we conclude that pembrolizumab can be
accurately quantified against standard curves prepared from nivolumab if the 1.87%
molecular weight difference is taken into account.

Stability

Nivolumab and pembrolizumab were stable at 0.1, 1, 10, and 100 yg/mL spiked in PBSTF
containing serum, in storage at -80°C for at least 480 days. Furthermore, samples
containing nivolumab and pembrolizumab, at 10 and 50 ng/mL in 10% (v/v) serum in
PBSTF, could be stored on ice for 6 h without significant decrease in concentration of both
antibodies. However, after 24h of storage on ice nivolumab and pembrolizumab
concentrations decreased significantly by 13% (P=0.026) and 19% (P =0.005),
respectively. Samples containing 10 and 100 uyg/mL of nivolumab and pembrolizumab
spiked in 10% (v/v) serum in PBSTF were subjected to 3 freeze-thaw cycles. The measured
drug concentrations, after 1000-fold dilution of samples in 10% (v/v) serum in PBSTF, did
not differ significantly from the spiked concentrations (Supplementary Table 5).
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Table 3. Patients and treatment characteristics used to demonstrate applicability of the ELISA in serum.
Patients received indicated dose of nivolumab at day 1 of every course. In addition, melanoma patients
received 3 mg/kg ipilimumab; NSCLC = non-small cell lung cancer; g2w and q3w = administration every
2 and 3 weeks, respectively.

Patient# Tumor Therapeutic Dosing Dose Dose
type antibody regime mg/kg mg
1 Melanoma Nivolumab q2w 1.3 100
2 Melanoma Pembrolizumab q3w 21 200
3 NSCLC Nivolumab g2w 2.8 140
4 NSCLC Nivolumab g2w 5.7 240
5 NSCLC Pembrolizumab q3w 3.0 200
6 Melanoma Pembrolizumab q3w 2.5 150
7 NSCLC Nivolumab g2w 2.6 240

Clinical applicability

Nivolumab (n=4 patients) and pembrolizumab (n=3 patients) serum concentrations were
determined in seven patients treated with different doses of nivolumab and pembrolizumab
(Figure 2). Predose nivolumab and pembrolizumab serum concentrations for all seven
patients were below the limit of detection. At end of infusion, we found nivolumab Cmax
concentrations of 43.9-65.1 ug/mL for two patients treated with nivolumab at 2.6 and
2.8 mg/kg, which is within the concentration range reported by EMA of 61.3 £ 26.4 ug/mL for
patients treated with nivolumab at 3 mg/kg (n=13 patients).14 Patients 1 and 4 were treated
with nivolumab doses that were about a factor 2 below and above this 3 mg/kg level, which
resulted in nivolumab serum concentrations of 19.6 and 107 pg/mL, respectively. Trough
nivolumab serum concentrations ranged from 3.1 for patient 1 (1.3 mg/kg) to 56.2 pyg/mL for
patient 4 (5.7 mg/kg). Pembrolizumab serum concentrations at end of infusion were 43.9,
46.5, and 65.1 ug/mL for the three patients treated with a 200 mg dose of pembrolizumab,
which is within the range reported by EMA of 67.5+23 ug/mL (n = 150) for patients treated
at this dose." Trough pembrolizumab concentrations ranged from 8.01 to 22.8 ug/mL. The
concentrations of nivolumab in CSF of five patients treated with 1 or 3 mg/kg nivolumab
ranged from 14.5 to 304 ng/mL and levels of nivolumab in concomitantly drawn serum
ranged from 1.8 to 33.5 ug/mL (Table 4). The serum/CSF ratios of nivolumab ranged from
52-299. Although, the sample size is small and inter-patient variability in nivolumab levels in
CSF is substantial, these data indicate that there is a low penetration of nivolumab in the
brain.

166



Nivolumab and pembrolizumab
serum concentration (pg/ml)

120;
100;
80:
60:
40:

204

0 . 4 [ v v
0.0 05 1.0 200 300 400 500 600

ELISA for nivolumab and pembrolizumab

- patient 1 - 1.3 mg/kg - 100 mg (N)
= patient 2 - 2.1 mg/kg - 200 mg (P)
-+ patient 3 - 2.8 mg/kg - 140 mg (N)
~ patient 4 - 5.7 mg/kg - 240 mg (N)
~+ patient 5 - 3.0 mg/kg - 200 mg (P)

patient 6 - 2.5 mg/kg - 150 mg (P)
patient 7 - 2.6 mg/kg - 240 mg (N)

=S

-
=

Time (h)

Figure 2. Pharmacokinetics of nivolumab (N; n=4) and pembrolizumab (P; n=3) in serum from 7
patients treated with indicated doses (mg/kg). Blood was drawn at baseline (0 min), end of infusion
(30 min), and predose course 2 (336 and 504 h). Results are expressed as the means + SD of 3 different
samples.
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Table 4. Measured nivolumab concentrations in serum and CSF from 5 patients receiving the indicated
dose of nivolumab at day 1 of every course. In addition, melanoma patients received 3 mg/kg
ipilimumab. Results are the average of three replicate measurements + SD. CSF = cerebrospinal fluid;
NSCLC =non-small cell lung cancer; PK=pharmacokinetics; C=course; D=day; g2w and
g3w = administration of nivolumab every 2 and 3 weeks, respectively.

Pt # Tumor Nivo- PK Dose Dose Measured
type lumab sample mg/ mg nivolumab
dosing kg concentration
regi- *SD in ng/mL
men serum CSF
137 Breast q3w C1D16 1 61 4481+28 15%0.9 299
cancer 7
123 Mela- q3w C1D21 1 80 1831+ 35+0.9 52
noma 138
113 Mela- q3w C1D21 1 77 4410+ 39+1.9 113
noma 324
135 Mela- q2w C1D12 3 245 13,759+3 150+2.5 92
noma 11
114 NSCLC q3w C3D14 3 240 33,454+7 304 +11 110
05
DISCUSSION

Pembrolizumab and nivolumab are both anti-PD-1 monoclonal IgG4 antibodies, which have
been approved for various advanced cancers, showing improved overall and progression
free survival compared to standard-of-care in phase I trials.'®° Intracranial activity of these
agents has been observed in progressing brain metastases in patients with melanoma and
NSCLC.?"? Studies show a rapid and durable brain metastasis response rate of 22% in 18
melanoma patients and 33% in 18 NSCLC patients. Despite these encouraging data, many
patients fail to respond to anti-PD-1 treatment in the brain or on extra-cerebral sites.
Additional combination therapies and biomarker development will be important, particularly
in patients with brain metastases who may have a different disease biology than patients
with extra-cerebral disease. It is unclear whether the effect of anti-PD-1 agents in brain
metastases is due to systematically activated T-cells that cross the blood-brain barrier or
whether the anti-PD-1 agent actually has its action mechanism in the brain itself and
therefore has to cross the BBB.?' Our data now show that only minimal nivolumab
concentrations reach the brain/CSF with serum to CSF ratios of 52—299. Recently, Puszkiel
et al. reported the first ELISA for the determination of nivolumab in plasma.8 Puszkiel et al.
have demonstrated that their ELISA is sensitive enough to measure trough nivolumab levels
in patients receiving nivolumab at 3 mg/kg. However, our results indicate that treatment of
patients with nivolumab at 1-1.3 mg/kg can result in trough levels below the 5000 ng/mL
lower quantification limit of their ELISA (Figure 2 and Table 4).
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Here, we report the development and validation of a sensitive, quick and inexpensive ELISA
which can be used to measure both nivolumab and pembrolizumab concentrations in
biological fluids. Most ELISAs describe the use of time consuming blocking steps with BSA,
FCS, and ELK-based protein solutions to prevent nonspecific binding of antibodies.® These
blocking agents, however, prevented the sensitive detection of nivolumab in our ELISA due
to an increase of background signal that originates from nonspecific binding of the
secondary anti-lgG4-HRP antibody. Therefore, we tried the highly branched hydrophilic
polysaccharide Ficoll as an alternative blocking agent, as suggested by Huber et al.®
Furthermore, the original developers of the ELISA described that addition of Tween-20 in the
antibody and washing solutions is sufficient to reduce nonspecific binding.24 Based on these
findings, we omitted a separate blocking step and combined both the Ficoll and Tween-20 in
the antibody and washing solutions. Further enhancement in sensitivity was obtained
through chemiluminescent detection of the anti-lgG4-HRP. An advantage of this assay is a
100-fold reduction in the amount of recombinant PD-1 used for coating the ELISA plates,
which significantly reduces the cost of the assay. The method has a LLQ of 2 ng/mL for both
nivolumab and pembrolizumab, which will most likely be sensitive enough to allow
quantification of both peak and trough levels of nivolumab and pembrolizumab in serum and
CSF from most patients.

Clinical ftrials are showing promising results from the combination of nivolumab and
pembrolizumab with ipiIimumab.ZE’26 We showed that quantification of nivolumab with our
ELISA was not affected by analytical interference from an 25-fold excess of ipilimumab.
Moreover, the background of the assay was not significantly increased by 500 ng/mL of
ipilimumab. Therefore, our ELISA can be used to accurately quantify nivolumab and
pembrolizumab in plasma and CSF from patients receiving combination therapy.

CONCLUSIONS

We developed and validated a sensitive ELISA for the quantitative determination of
nivolumab and pembrolizumab in serum and CSF. The ELISA has a LLQ of 2 ng/mL, which
enables accurate quantification of the low levels of these anti-PD-1 antibodies found in CSF.
To our knowledge, this is the first evaluation of nivolumab concentration levels in CSF. The
concentrations of nivolumab in CSF ranged from 14.5 to 304 ng/mL, at trough nivolumab
serum levels in 5 patients receiving nivolumab at 1 and 3 mg/kg, respectively. The method is
accurate, precise, and shows good long-term sample storage stability using standard
laboratory equipment and techniques. This quantitative ELISA for nivolumab and
pembrolizumab can be used in future clinical trials.
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SUPPLEMENTARY DATA

Supplementary table 1. Effect of indicated secondary antibody dilutions on the signal to noise ratio of
the mean luminescence at different spiked (nominal) nivolumab concentrations in 10% (v/v) serum in
PBSTF. Results are the average of three replicate measurements + SD, * indicates a significant
difference. ALU = arbitrary luminescence unit; S/N = signal to noise ratio i.e. ALU of nivolumab standard
: ALU of standard 0.

Nominal Secondary antibody dilutions

nivolumab | 1:500 1:1000 1:2000

conc. ALU SIN ALU S/IN ALU S/IN

ng/mL

100 3026518 | 348 +5.05 | 2460188 | 452 +5.23* | 1165947 | 202 +2.28
50 1382593 | 159 +6.46 | 1277491 | 235+ 20.0* | 609230 | 106 +0.58
20 496599 | 57.1+£0.96 | 429751 79.0 £ 0.93* | 305220 | 53.0£0.01
10 249029 | 28.6+0.22 | 213621 39.3+£0.17* | 153399 | 26.6 + 0.26
5 128316 | 14.7£0.09 | 106484 | 19.6 +0.08* | 74215 129+ 0.14
2 55591 6.4 £ 0.05 | 45401 8.3 £0.09* | 35591 6.2 £0.05
0 8701 5442 5764
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Supplementary table 2. Effect of 0, 10, and 20% serum on the measured concentrations of nivolumab
relative to the spiked (nominal) concentrations of nivolumab in PBSTF (* indicates a significant
difference). Results are the average of three replicate measurements + SD. PBSTF = phosphate

buffered saline supplemented with 0.1% Tween-20 and 1% Ficoll.

Nominal Measured nivolumab concentrations * SD in ng/mL in PBSTF +
serum

0% serum 0% serum 10% serum 20% serum

100 98.8 +4.05 87.5+1.89* 78.8+3.57 *

50 52.3 £ 0.59 46.6 +0.70 * 43.6£0.68*

20 18.8 £ 0.02 159+045* 146+025*

10 10.1 £ 0.46 8.6+0.07* 79+0.08*

5 5.1+0.06 41+0.03" 3.8+0.02*

2 2.0+0.03 1.8+0.03* 1.6+£0.01*

1 1.0+£0.03 0.8+0.03* 0.7+0.04~

Supplementary table 3. Influence of indicated nominal concentrations of ipilimumab on the
quantification of nivolumab spiked at 20 and 80 ng/mL in 10% (v/v) serum, and 50% (v/v) cerebrospinal
fluid (CSF) in PBSTF containing 10% (v/v) serum. Results are the average of three replicate
measurements + SD. PBSTF = phosphate buffered saline supplemented with 0.1% Tween-20 and 1%

Ficoll.
Nominal Measured nivolumab concentrations * SD in ng/mL
ipilimumab at 20 and 80 ng/ml nivolumab spike level
conc. ng/mL | 10% serum 50% CSF

20 80 20 80
0 185+ 1.5 87.2+25 204+0.8 791125
100 185126 79.3+4.1 20614 79.1+£3.9
200 194 +1.3 82.8+3.9 20.2+1.6 76.5+5.5
500 189+ 1.1 77.8+3.3 209+27 76.5+2.6
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Supplementary table 4. Comparison of assay response for nivolumab and pembrolizumab. Standard
curves containing 2, 5, 10, 20, 50, and 100 ng/mL nivolumab and pembrolizumab were measured in
triplicate on three consecutive days. Concentrations, expressed in pM * between day standard
deviation, of both antibodies were back-calculated from the nivolumab standard curves. Subsequently,
pembrolizumab concentrations were corrected by 1.87% to adjust for its higher molecular weight in
comparison with nivolumab.

Nominal input concentration | Back-calculated concentrations (n = 3)

Nivolumab | Pembrolizumab | Nivolumab Pembrolizumab

pM pM pM*SD | Accuracy % | pM £ SD Accuracy %
696 684 675+9.0 | -3.1 672+16.6 | -1.7

348 342 361+15 | 3.7 361+20.7 | 5.7

139 137 143+5.0 | 2.5 141 £ 8.7 3.3

69.6 68.4 68.5+3.7 | -1.7 68.4+5.0 0.1

34.8 34.2 343+18|-1.6 345+22 0.9

13.9 13.7 14.1+0.1 | 0.9 14.0+0.3 2.6

Supplementary table 5. Effect of indicated number of freeze-thaw cycles on the measured
concentrations of nivolumab and pembrolizumab spiked at 10 and 100 pg/mL in 10% (v/v) serum in
PBSTF. Samples were measured after 1000-fold dilution in 10% (v/v) serum in PBSTF. Results are the
average of three replicate measurements + SD.

Freeze-thaw cycle

Spike concentration in pg/mL of

Nivolumab Pembrolizumab

10 100 10 100

Measured concentrations * SD in ng/mL
0 9.57+0.52 | 99.5+56 | 9.64+0.33 | 98.0+24
1 10.3+£0.22 | 994+24 | 9.68+0.35 | 97.9+55
2 9.64+0.58 | 985+7.8|9.39+£0.75 | 104 +4.1
3 9.87+047 | 952+7.7 | 951+£053 | 99.5+3.2
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Multiparameter flow cytometry assay for quantification of immune cell
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ABSTRACT

We report the development and validation of a twelve parameter immunofluorescence flow
cytometry method for the sensitive determination of cell concentrations, their expression of
PD-1, and PD-1 receptor occupancy. Cell subsets include CD4" and CD8"-T-cells, B-cells,
natural killer cells, classical-, intermediate- and non-classical monocytes, and myeloid- and
plasmacytoid dendritic cells. Cells were isolated from peripheral blood by density gradient
centrifugation. The validation parameters included specificity, linearity, limit of quantification,
precision, biological within- and between subject variation. The lower limit of quantification
was 5.0% of PD-1" cells. Samples were stable for at least 153 days of storage at - 80°C.
The clinical applicability of the method was demonstrated in 11 advanced cancer patients by
the successful determination of immune cell concentrations, relative number of PD-1"
immune cells, and number of PD-1 molecules per immune cell. Shortly after infusion of
nivolumab, receptor occupancy on CD8"-T-cells was 98%. Similar values were found during
predose cycle 2, suggesting receptor occupancy remained high throughout the entire cycle.
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INTRODUCTION

Checkpoint blockade therapy has demonstrated remarkable efficacy against numerous
cancer types. The monoclonal antibodies nivolumab and pembrolizumab have shown anti-
tumor activity in melanoma, non-small cell lung cancer (NSCLC), urothelial cancer, head
and neck cancer, gastric cancer, renal cell carcinoma (RCC), Hodgkin’s Lymphoma,
cervical cancer and mismatch repair deficient tumors (dAMMR) [1-9]. Overall response rates
have been up to 30 - 40% for melanoma, up to 20% for NSCLC, and up to 25% in RCC
treated with programmed cell death protein 1 (PD-1) inhibitor monotherapy [3, 4, 10].

Both nivolumab and pembrolizumab block PD-1, a protein on the surface of immune cells
acting as a receptor checkpoint molecule. Upon binding of PD-1 to its ligand PD-L1,
expressed on tumor cells, activated T-cells become anergic, which makes them unable to
eradicate cancer cells. The therapeutic anti-PD-1 1gGs antibodies nivolumab and
pembrolizumab can block this interaction, thereby preventing T-cell inhibition and allowing
effective anti-tumor immune responses. Whereas pembrolizumab is a humanized antibody,
nivolumab is a fully human antibody. Pembrolizumab and nivolumab bind at partly
overlapping sites of the extracellular domain of PD-1. Nivolumab binding is dominated by
interactions with the PD-1 N-loop, whereas for pembrolizumab this is with the PD-1 CD loop
[11]. Both antibodies bind PD-1 with high affinity: Nivolumab binds PD-1 with an half
maximal effective concentration (EC50) of 3.06 pM, and pembrolizumab with 29 pM [12,
13].

Much effort has been put into identifying biomarkers which help select those patients who
are likely to respond to treatment. Approved biomarkers include PD-L1 expression and
mismatch repair deficient/microsatellite instability high tumors [14, 15]. Other biomarkers
correlating to response include tumor infiltrating lymphocytes, number of CD8"-T-cells, T-
cell receptor clonality, and IFN-y signature expression [16-20]. Furthermore, absolute
lymphocyte and monocyte counts have shown to predict time to reponse, time to
progression, overall survival, and immune related adverse effects of immunotherapy [21,
22].

Potential other pharmacodynamic biomarkers which may require further investigation are
the receptor occupancy (RO) of PD-1 upon treatment with anti-PD-1 immunotherapeutic
antibodies, and PD-1 expression on immune cell subtypes other than T-cells [23]. PD-1 RO
has been described during the phase | study of nivolumab [24]. RO was determined on
CD3"-peripheral blood mononuclear cells (PBMCs) from patients receiving 0.3, 1, 3 or 10
mg/kg. In this study, the mean RO was 85% (70 - 97%) at the end of infusion (EOI), and
72% (59 - 81%) after 57 days of infusion. RO was dose-independent and the half-life was
150 days. The method which was used to assess RO is in brief: PBMCs were incubated
with either an isotype control or nivolumab, followed by incubation with a murine biotin-
labelled anti-human-IgGs. RO was estimated as the ratio of the percent of CD3"-cells
stained with isotype control to that stained with nivolumab.

Thus far, the main focus of PD-1 expression in relationship to anti-PD-1 treatment has been
on CD4" and CD8"-T-cells [25]. In cancer patients, naive T-cells show low (~1%)
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percentages of PD-1 expression, whereas for central memory and effector memory T-cells
this percentage lies substantially higher (40 - 60%) [26—-28]. However, PD-1 is not solely
expressed on T-cells. PD-1 also appears to play roles on B-cells, natural killer (NK)-cells,
monocytes and dendritic cells [29—-33]. Approximately 25% (5 — 45%) of B-cells, and up to
8% (2 — 13%) of NK-cells express PD-1 [33-35]. PD-1 expression on monocytes and
dendritic cells has been described as well, but results are inconsistent [30, 31].

A high variability is seen across studies regarding PD-1 expression on immune cell subsets.
This variability may have been caused by clinical factors such as disease status and
disease type [26, 31]. Another possible source of variability could have been the use of
methods that were not robust or thoroughly validated.

Here, we report the development and validation of a sensitive pharmacodynamic assay for
the determination of the concentration of CD4" and CD8*-T-cells, B-cells, NK-cells, classical
monocytes (CM), intermediate monocytes (IM), non-classical monocytes (NCM), myeloid
dendritic cells (mDC), and plasmacytoid dendritic cells (pDC) in blood, number of PD-1*
immune cells, and number of PD-1 molecules per immune cell. Our method does not rely on
isotype controls, which can result in an erroneous estimation of the background level [36].
Within- and between subject biological variation in the relative number of PD-1" cells and
PD-1 expression were determined in 10 healthy volunteers. Clinical applicability was
demonstrated in 11 advanced cancer patients who were treated with nivolumab (n = 6) or
pembrolizumab (n = 5).

MATERIAL AND METHODS

Reagents and chemicals

The water used was of Milli-Q grade (Millipore, USA). Ficoll-paque™PLUS was obtained
from General Electric Healthcare (Little Chalfont, UK). Phosphate buffered saline (PBS) was
purchased from GIBCO BRL (Gaithersburg, MD, USA). Eppendorf® LoBind micro-
centrifuge 2.0 mL tubes, bovine serum albumin (BSA), fetal calf serum (FCS), and human
IgG1k were purchased from Sigma (St. Louis, MO, USA). Beads buffer (BB) and BB-
5%BSA consisted of PBS with 2 mM EDTA, and respectively 0.5% and 5% (w/v%) BSA. All
buffers were filtered through 0.22 pm filters. PBS and buffers were chilled on ice before use.
Neutral methanol-free 40% (w/v%) formaldehyde in physiological salt was prepared from
paraformaldehyde purchased from Merck (Darmstadt, Germany). Live/Dead™ Fixable
Violet Dead Cell Stain and Spherotech rainbow beads were purchased from ThermoFisher
(Landsmeer, the Netherlands). Live-dead stain was diluted 500-fold in PBS immediately
before use. lonomycin, phorbol-12-myristate-13-acetate, and Cryosofree™ were from
Sigma (St. Louis, USA). Quantum™ Simply Cellular® mouse IgG (QSC) beads were from
Bio-Rad (Veenendaal, the Netherlands).

Antibody cocktail consisted of 8 uyl of human IgG1k from Sigma and the following anti-
human antibodies: 0.5 yl of CD3-APC-Cy7 (clone Hit3a), 1 pl of CD8-PerCP-Cy5.5 (clone
SK1), 2 ul of CD14-BV510 (clone M5E2) and 0.5 ul of CD16-AF700 (clone 3G8) from ITK
(Uithoorn, the Netherlands), 1 pl of CD4-APC (clone VIT4) from Miltenyi (Leiden, the
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Netherlands), 0.5 pl of CD11¢c-BV650 (B-Ly6), 2 pl of CD19-BV711 (clone SJ25C1), 0.5 pl
of CD56-FITC (clone TULY56), 0.5 ul of CD123-BV605 (clone 7G3), and 0.5 ul of HLA-DR-
BV786 (clone G46-6) from Becton Dickinson (Heidelberg, Germany). PD-L2 was from Sino
Biological (Beijing, China). Anti-human PD-1 (clone PD1.3.1.3) was from Miltenyi. Anti-
human 1gG4-PE (clone HP6025) was from ITK (Uithoorn, the Netherlands). Ipilimumab
(Yervoy®), nivolumab (Opdivo®) and pembrolizumab (Keytruda®) were a kind gift from the
Antoni van Leeuwenhoek hospital pharmacy. To remove protein aggregates all antibodies
were centrifuged at 10,000g for 8 min, after which the supernatant was used.

Subjects and sample collection

Subjects asked for study participation included 10 healthy volunteers not known with
cancer, and 11 patients with advanced cancer. Blood samples from healthy volunteers were
used to assess number and variability of immune cells and their PD-1 expression, and blood
samples from patients were used for demonstrating the clinical applicability of the method.
From each subject 10 mL of blood was collected in a heparin tube. Blood was kept at room
temperature (RT) and within 30 min, 7.0 mL of blood was transferred to a CcPT™.citrate
vacutainer tube (BD). Total volume was adjusted to 8 mL with PBS. All study participants
had given written informed consent in accordance with institutional and national guidelines.
The study protocol was approved by the ethical committee of the Netherlands Cancer
Institute.

Centrifugation

Unless stated otherwise, all centrifugations were performed in 2 mL Lo-bind eppendorf
tubes in a centrifuge equipped with a swing-out rotor at 500g for 4 min at 4°C. After
centrifugation the supernatant was removed by aspiration, leaving 100 pL on the pellet.

PBMC pre-processing

Unless stated otherwise, the assay development and validation were performed with
unstimulated PBMCs, which may provide a good representation of the actual in vivo patient
PD-1 levels on these immune cells at the time of blood sampling. Each CPT tube,
containing 7.0 mL whole blood, was centrifuged in a swing-out rotor at 1,500g for 25 min at
RT. Next, the layer of plasma was aspirated and the layer of PBMCs was poured into a 15
ml tube on ice. The CPT tube was washed with 5 mL of ice-cold BB, which was pooled with
the PBMCs in the 15 mL tube. The sample volume was adjusted to 15 mL with ice-cold BB
and inverted 5 times before centrifugation. The supernatant was aspirated and the pellet
was resuspended in 1 mL of BB, which was completely transferred to a 2 mL tube using a
second wash with 0.5 mL of BB. After centrifugation, the supernatant was aspirated and the
pellet washed twice with 1 mL of PBS. Samples were again centrifuged, after which the total
volume was adjusted to 690 pL. After addition of 10 pyL of 500-fold diluted Live-Dead
marker, samples were incubated on ice for 15 min. Next, aliquots of 25 pL of cell
suspension were transferred in triplicate, unless otherwise specified, to 2 mL tubes on ice,
containing 54 pL of BB-5%BSA and 16 pL of antibody cocktail and samples were incubated
vertically for 1 h on ice at 300 rpm using a Heidolph Vibramax™ 100. After that, samples
were incubated for an additional 1 h with 10 pg/mL nivolumab or pembrolizumab, washed
three times with 1 mL of BB, and centrifuged. Subsequently, samples were fixed for 15 min
at RT by addition of 1 mL 2% (w/v) of formaldehyde. After centrifugation, pellets were
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washed with 1 mL BB and aspirated to leave 50 pL on the pellets. For cryopreservation, 500
pL of Cryosofree™ was added before samples were snap-frozen in liquid nitrogen and
stored at -80°C.

Detection of PD-1

Samples were defrosted in a 37°C water bath until the remaining volume of ice was about
halve the initial sample volume. After almost complete defrosting under constant manual
shaking at RT, samples were put on ice for complete defrosting. Samples were washed
once with 1 mL BB, and once with BB-5%BSA, respectively. After centrifugation, 8 ug/mL of
anti-lgG4-PE in BB-5%BSA was added and vials were incubated standing upright in an ice
box at 300 rpm using a Heidolph Vibramax 100 plate mixer (Essex, UK). Next, samples
were washed twice with 1 mL BB, centrifuged, and kept on ice until analysis by flow
cytometry.

Fluorescent-activated cell sorting and PD-1 determination

Samples were measured using twelve-color flow cytometry on a Becton Dickinson Fortessa
LSR2. Sequential gating (Figure 1) was applied for the enumeration of 9 immune cell
subsets with subsequent quantification of their PD-1 expression using FlowJo v10.0.7
software (Ashland, USA). The threshold for qualifying cells as PD-1" was set at 5.0% of the
cells with the highest median fluorescent intensity (MFI) of PE in background control
samples. The used fluorochrome, voltage, laser, filter, and compensation settings for each
detection antibody are listed in supplementary Table 1.

Optimization of PD-1 signal to noise ratio

Samples containing 400k PBMCs were incubated for 1 h in BB-5%BSA with or without 10
pg/mL nivolumab, washed extensively with BB, and incubated at RT for 1 h with 8 ug/mL of
anti-lgG4-PE in BB containing 0.5, 2.0, and 5% BSA, and at 0°C with BB-5%BSA
(supplementary Figure 1).

Effect of formaldehyde and cryopreservation

Samples containing 400k PBMCs from a healthy volunteer were incubated without (negative
control, NC) or with 10 pg/mL of nivolumab or pembrolizumab for 1 h on ice, after which
they were washed three times with 1 mL BB. Next, samples were left unfixed (NC) on ice, or
fixed with 4% (w/v%) formaldehyde for 15 min at RT, washed with 1 mL BB, centrifuged,
and snap-frozen in liquid nitrogen after addition of 500 uL of Cryosofree™. Same day, snap-
frozen samples were defrosted and washed twice with 1 mL BB, centrifuged, and incubated
for 1 h at 0°C with 8 pg/mL of anti-lgGs-PE. Different samples containing 400k PBMCs were
similarly incubated with nivolumab or pembrolizumab, washed, and left unfixed on ice (0%)
or fixed with 1, 2 and 4% (w/v%) formaldehyde for 15 min at RT. After 1 wash with 1 mL BB,
samples were incubated for 1 h at 0°C with 8 pg/mL of anti-lgG4-PE. Cells were kept on ice
and PD-1 on CD8"T-cells was analyzed the same day by flow cytometry.

Antibody target saturation curves

In order to determine PD-1 target saturation, samples containing 400k PBMCs from a
healthy volunteer were incubated for 1 h with 0, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, and 20
pg/mL nivolumab or pembrolizumab in BB-5%BSA. Subsequently, PD-1 was detected using
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8 pg/mL of anti-lgG4-PE, as described previously. Growth stimulated PBMCs, which were
cultured as described in the specificity section, were used for this nivolumab experiment.
PBMCs from another healthy volunteer were pre-incubated for 1 h with 10 pg/mL nivolumab
to saturate the PD-1 targets, followed by detection with 0, 0.67, 1, 1.3, 2, 2.7, 4, 5.3, 6.7,
13.3, 20 pg/mL of anti-lgGs-PE.

Next, the effect of different amounts of PBMC input per sample on PD-1 staining and cell
recovery was assessed in samples containing 100k, 200k, 300k, 400k, and 500k PBMC.
These samples were incubated for 1 h on ice without (background controls) and with 10
pg/mL nivolumab. After extensive washing, PD-1 was detected with 8 ug/mL of anti-IgGs-PE
as described for our pre-processing and PD-1 detection method.

Quantification of the number of PD-1 molecules per cell

The threshold for qualifying cells as PD-1" was set at 5.0% of the cells with the highest
median fluorescent intensity (MFI) of PE in background control samples. The negative
contribution of these 5.0% background cells to the MFI of nivolumab or pembrolizumab
treated cells (supplementary Figure 2), was corrected for according to the following formula:

%bckg

Corrected net MFI = MFIniv + (MFIniv — MFIbckg) * (%PD1niv — %bckg)

MFI,, = MFI of nivolumab or pembrolizumab treated cells

MFlyeg = MFI of the 5.0% most PE positive background cells

Ybekg = background threshold level = 5.0%

%PD1,;, = percentage of PD-1" cells in nivolumab or pembrolizumab treated samples

A mix of five different QSC beads, each with a manufacturer determined known amount of
anti-mouse 1gG+ binding sites (ABS), was incubated in ftriplicate for 1 h on ice with 8.0
pg/mL of anti-lgG4-PE in BB-BB-5%BB. After two washes with 1 mL BB, samples were
centrifuged and measured by FACS using the same settings as used for PD-1 detection in
cells. Log(ABS) against log(net MFI-PE) linear regression analysis was used, according to
the manufacturer’s instructions, for samples incubated with 8 pg/mL of anti-lgGs-PE, in
order to calculate the number of anti-lgG4-PE per cell from the corrected net MFI of PE in
samples. Next, the number of PE bound per anti-IgGs antibody (PE labeling ratio) was
determined spectrophotometrically using the following formula:

elgG4 Abs566
*
€PE  (Abs280 — CF * Abs566)

PE labeling ratio =

€ige4 = molar extinction coefficient of IgG, = 210.000

epe = molar extinction coefficient of PE = 1.863.000
Abs,s0 = Absorbance of total protein at 280nm

Absses = Absorbance of PE at 566nm

CF = Correction factor of PE contribution to Abs,so= 0.17

The number of PD-1 per cell was calculated by dividing the number of anti-lgG4-PE per cell
by the PE labeling ratio.
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Specificity of PD-1 detection

In order to determine PD-1 target saturation, samples containing 400k PBMCs from a
healthy volunteer were incubated for 1 h with 0, 0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, and 20
pg/mL nivolumab or pembrolizumab in BB-5%BSA. Subsequently, PD-1 was detected using
8 pg/mL of anti-lgG4-PE, as described previously. Growth stimulated PBMCs, which were
cultured as described in the specificity section, were used for this nivolumab experiment.
PBMCs from another healthy volunteer were pre-incubated for 1 h with 10 pg/mL nivolumab
to saturate the PD-1 targets, followed by detection with 0, 0.67, 1, 1.3, 2, 2.7, 4, 5.3, 6.7,
13.3, 20 pg/mL of anti-lgGs-PE.

Next, the effect of different amounts of PBMC input per sample on PD-1 staining and cell
recovery was assessed in samples containing 100k, 200k, 300k, 400k, and 500k PBMC.
These samples were incubated for 1 h on ice without (background controls) and with 10
pg/mL nivolumab. After extensive washing, PD-1 was detected with 8 ug/mL of anti-IgGs-PE
as described for our pre-processing and PD-1 detection method.

Storage stability

Stability of PD-1 and cell numbers was assessed in blood from a healthy volunteer stored
for 0, 0.5, 1, 2, and 4 h at room temperature in heparin tubes. After isolation PBMCs were
spiked at 250k cells per sample and incubated with nivolumab or pembrolizumab, as
described for sample pre-processing.

To assess the stability of cell numbers and PD-1 detection during long term storage at -
80°C, PBMCs from a healthy volunteer were spiked at 200k cells per sample. After
incubation with nivolumab or pembrolizumab, samples were processed, snap-frozen in
liquid nitrogen and stored at -80°C, as described for our pre-processing method. After 0, 53,
and 153 days of storage, samples were, in triplicate, defrosted and incubated with anti-IgGs-
PE for detection of PD-1 by flow cytometry, as described for our PD-1 detection method.

Healthy volunteer study

Peripheral blood from 10 different healthy volunteers (5 male, 5 female, age range 25 - 48)
was collected between 9:00 and 10:00 AM on three different days with weekly intervals.
PBMCs were isolated from 7.0 mL of blood, and incubated, in triplicate, with 10 pg/mL of
nivolumab or pembrolizumab, and further processed as described in PBMC pre-processing
and PD-1 detection. In order to determine the cell recovery of our method, total initial PBMC
cell concentrations were measured using a Roche Innovatis Casy™ Coulter counter.

Clinical applicability

In order to determine the clinical applicability of our method, blood was drawn from
advanced cancer patients (supplementary Table 6) who received nivolumab (n = 6) or
pembrolizumab (n = 5) in 2, 3 or 4 weekly course intervals (q2W, q3W, or g4W). Blood was
drawn at baseline, at the end of the first infusion (EOI), and predose of cycle 2. PBMCs
were isolated from 7.0 ml of blood and incubated with 10 pg/mL of nivolumab or
pembrolizumab, i.e. the same antibody as administered to the respective patient. Samples
were further processed as described in PBMC pre-processing and PD-1 detection.
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Statistical Analysis

Specificity of PD-1 detection was defined as the difference in PD-1 signal between
background control samples and samples incubated with PD-1 blocking agents before
incubation with nivolumab and pembrolizumab. Linearity of PD-1" cell recovery of immune
cell subsets, and between MFI and number of PD-1 per QSC bead were tested using linear
regression analysis in Graphpad Prism 6.01. The lower limit of quantification (LLOQ) of the
percentage of PD-1"-cells was defined as the percentage of PE positive background cells +
5 times standard deviation (SD).

For determination of assay precision and biological variation, data from the volunteer study
was checked for normal distribution using the Shapiro-Wilk test. The assay within- and
between day precision (WDP and BDP) were determined using one-way analysis of
variance (ANOVA) using the run day as classification variable, using Excel, and should not
exceed 15% of the coefficient of variation (CV). Within subject biological variation (WSBV)
was defined as the coefficient of variation between three independent weekly results for
each subject. Between subject biological variation (BSBV) was defined as coefficient of
variation between the mean within subject results. Statistical evaluation using Student’s -
test, and Quartile analysis was performed in Excel. Differences in biomarker levels between
patient sampling points were evaluated using Wilcoxon matched pair signed rank tests in
Graphpad Prism 6.01. P-values smaller than 0.05 were considered to be significant.

RESULTS

Optimization of PD-1 signal to noise ratio

The signal to noise ratio (S/N) of PD-1 detection on PD-1'CD8"-T-cells at RT in BB with
0.5% (w/v%) BSA was 2.9 + 0.1. S/N ratios significantly increased to 3.1 + 0.1 (P = 0.04)
and 3.7 £ 0.1 (P = 0.002) if BB with 2.0% and 5.0% (w/v%) BSA was used, respectively.
Incubation at 0°C with 5% BSA resulted in a significant additional increase of the S/N ratio
to 4.1 £ 0.1 (supplementary Figure 1, P = 0.0001).

Effect of formaldehyde and cryopreservation

In comparison with unfixed cells, fixation with 4% formaldehyde followed by
cryopreservation had a negative effect on the percentage of PD1"-cells of -11.8% + 5.2%
(P =0.025) in samples treated with nivolumab (supplementary Figure 3A). Fixation with 2%
formaldehyde resulted in an increase of the PD-1 signal on CD8" T-cells by 15.0% * 1.8%
(P = 0.023) for nivolumab and 21.2% + 1.3% (P = 0.006) for pembrolizumab treated
samples. In nivolumab treated samples, the percentage of PD-1"-cells was significantly
higher after fixation with 2% formaldehyde (P = 0.048). In pembrolizumab treated samples
no significant change was detected (supplementary Figure 3B).

Linearity of PD-1 detection

Flow cytometer PE MFI signals were linearly correlated to the number of PE molecules per
QSC bead (r = 0.999). Antibody target saturation was assessed from curves of nivolumab,
pembrolizumab, and anti-lgGs4-PE (supplementary Figure 4), using Eadie Hofstee plots
constructed by linear regression. The Km-values were respectively 0.127, 0.117, and 0.317
pg/mL for nivolumab, pembrolizumab, and anti-lgGs-PE as determined from the slopes.
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The concentrations used in our PD-1 detection method are 10 pg/ml nivolumab and
pembrolizumab, and 8 pug/ml anti-lgG4-PE. These concentrations resulted in PD-1 detection
at, respectively 98.9%, 101.3%, and 96.9% of the maximum possible MFI signal strength
calculated from the intercept of the Eadie Hofstee plots. The lowest antibody concentrations
that did not result in significant lower PD-1 MFI, as compared to the concentrations chosen
for our method, were 2 pg/ml nivolumab, 0.5 pg/ml pembrolizumab, and 2 pg/ml anti-lgG4-
PE.

The number of PD-1" cells recovered for the immune cell subsets correlated linearly over
the tested spike range from 100k — 500k PBMCs input per sample (r > 0.997). The slopes of
these curves did not significantly differ from 1 indicating complete cell recovery over the
tested concentration range. Furthermore, the difference in percentage of PD1°- and number
of PD-1 per CD4" and CD8"-T-cell was less than 6.9% between the 100k and 500k PBMC
spike levels (supplementary Table 4A).

Specificity of PD-1 detection

For determination of assay specificity, using PBMCs isolated from a healthy volunteer, it is
necessary to ex vivo growth stimulate these cells to ensure detectable levels of PD-1 on all
immune cell subsets. The average percentages of PD-1" found on the subset was as
follows: 38% for CD4*-T-cells, 41% for CD8"-T-cells, 21% for B-cells, 1% for NK-cells, 67%
for CM, 18% for IM, 10% for NCM, 40% for mDC and 15% for pDC. In samples that were
pre-incubated with anti-PD-1 clone PD1313 in combination with PD-L2, the percentage of
PD-1" cells was significantly decreased by more than 97.0 + 1.8%, and the number of PD-
1*-CD4" and CD8"-T-cells by more than 99.5% + 0.4% (Figure 2 and supplementary Table
2). The MFI of PD-1 in all PD-1 blocked samples was not significantly different from the
background control samples, which indicates highly specific detection of PD-1. Furthermore,
the background signal, number of detected PD-1 per cell and percentage of PD-1"-CD4"
and CD8"-T-cells did not significantly change due to exposure to 10 and 50 pg/mL of
ipilimumab before incubation with 10 ug/mL of nivolumab or pembrolizumab (supplementary
Table 3). This indicates no significant interference from ipilimumab with the detection of PD-
1.
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Specificity of PD-1 detection in immune
cells. Cells were cultured in RPMI
medium  under growth stimulating
conditions. Background samples were
Sy— - T not X trlz_aated X V\Eith nivr?_lutmab and
pembrolizuma green histograms =
PD1 (MFI) background). Cells were incubated with
(blue histograms) or without (red histograms) PD-L2 and PD1313, followed by incubation with
nivolumab (A — I) and pembrolizumab (J - R). PD-1 was detected by anti-lgG4-PE, which is expressed
as median fluorescence intensity (MFI). Shown are CD4"-T-cells (A ; J), CD8"-T-cells (B ; K), B-cells (C
; L), natural killer cells (D ; M), classical monocytes (E ; N), intermediate monocytes (F ; O), non-
classical monocytes (G ; P), myeloid dendritic cells (H ; Q), and plasmacytoid dendritic cells (I ; R).
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Storage stability

PD-1 expression and immune cell numbers were stable for 0.5 h in blood stored in heparin
tubes. After 1, 2, and 4 h of storage both PD-1 expression and cell numbers were
significantly decreased (P < 0.02, Figure 3). The difference in the number of cells between
samples stored for 0 and 153 days was 14.1% or less (supplementary Table 5A). In
addition, the percentage of PD-1" cells and number of PD-1" per cell were not significantly
lower, and showed a decrease of 6.8% after 153 days of storage (supplementary Table
5BC). Therefore, we concluded that the number of immune subset cells, percentage of PD-
1" cells and number of PD-1 per cell are at least stable for 153 days of storage at -80°C.
The between day precision (BDP) was better than 9.0% for the determination of the number
of cells, percentage of PD-1" and number of PD-1 per cell.

CD8*T-cells + nivolumab
6000 1 %CD8“T-cells + nivolumab r 60 % 1200 - ‘ r 80
&  CD8'T-cells + pembrolizumab = 3 * - %
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Figure 3. Stability of PD-1 in blood from a healthy volunteer stored for 0, 0.5, 1, 2 and 4 h at room
temperature in heparin tubes before isolation of PBMC using cell preparation tubes. A. Shown are the

results for nivolumab ('.', o ) and pembrolizumab ('.',_O_) treated CD4"-T-cells for the
number of PD-1 per cell and percentage of PD-1" cells, respectively. Results are shown for the number

of PD-1 and percentage of PD-1"CD8"-T-cells after nivolumab ( , ) and pembrolizumab (
+, _A_) treatment. B. The effect of storage on the total cell numbers (-O—), CD4" and CD8'-
T-cells (CD4/8T, ~O—, =2#Kk=), B-celis (—£¥™), natural killer celis (NK, ~), dlassical monocytes
(CM, ), intermediate monocytes (IM, 'D'), non-classical monocytes (NCM, —)(—), plasmacytoid

dendritic cells (pDC, ™), and myeloid dendritic cells (mDC,'.—). Results are the mean of three
separate samples * standard deviation (SD). * indicates a significant decrease relative tot = 0
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Chapter 4.2

Healthy volunteer study

The cell recovery of single and live PBMCs by our method was 89.7% * 4.3% (range 85.1 —
92.6%, n = 10) of the total number of spiked PBMCs as determined by Coulter cell counting.
Cell concentrations, percentage of PD-1" cells, and number of PD-1 per cell were
determined with a within day precision better than 15% (Table 1A). The standard deviation
in the predefined 5.0% background level was less than 1.0% and only slightly varied
between immune cell subsets, which resulted in LLOQs of 4.19 — 5.79% for the percentage
of PD-1" cells (Table 1A). The cell concentrations of CD8"-T-cells showed the highest
WSBV of 18.1% + 20.7%. The mean BSBV of the measured cell concentrations for each
immune cell subset was about two-fold higher than the mean WSBV (Table 1A). The
measured concentrations for each immune cell subset were divided into 4 equal 25
percentile parts by Quartile analysis (Table 1A), which enabled the use of these values as
reference for measured cell concentrations in patients.

PD-1 was detected on all immune cell subsets with the exception of NK-cells. The number
of volunteers with levels of PD-1" cells above LLOQ was highest for CD4" and CD8"-T-cells.
In addition, the percentage of PD-1" cells and number of PD-1 per cell were significantly (P
< 0.001) higher in CD4" and CD8"-T-cells than for the other immune cell subsets (1B and
C), with the exception of pDC. The mean percentage of PD-1" CD4 and CD8 T-cells in
nivolumab treated samples was 37.4% * 1.1% and 36.4% * 0.9%, respectively (Table 1B).
In pembrolizumab treated samples, the mean percentage of PD-1" CD4" and CD8"-T-cells
were significantly lower and were 29.4% + 1.3% and 30.1% = 1.1%, respectively (Table 1C,
P = 0.001). Furthermore, the mean number of detected PD-1 per CD4 and CD8 T-cell in
nivolumab treated samples was 2074 + 48.1 and 2867 + 112, respectively, which was
significantly lower (P = 0.001) than in pembrolizumab treated samples at 1933 + 60.1 and
2583 * 139, respectively. The same trend was observed on other immune cell subsets,
although significance was not reached due to the limited number of volunteers with
detectable PD-1.
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(A) or within subject standard deviation (B — E).

Figure 4. Clinical bio-marker monitoring. Patients (n

monocytes (IM), myeloid dendritic cells (



Chapter 4.2

Clinical applicability

The measured cell concentrations in patients were significantly (P < 0.001) higher by
64.9%, 46.7%, 144%, and 16.2% in CM, NCM, IM, and mDC immune cell subsets,
respectively, as compared to the reference healthy volunteer population (Figure 4A).
However, measured CD4"- and CD8"-T-cell, and B-cell concentrations were significantly (P
< 0.015) lower in patients by 21.8%, 16.8%, and 30.4%, respectively. Total cell
concentrations in patients at baseline and predose cycle 2 were not significantly lower than
in healthy volunteers (Table 2A).

The percentage of PD-1" cells and number of PD-1 per cell at baseline and EOIl were not
significantly different from healthy volunteers. However, at predose of cycle 2, the
percentage of PD-1" CD4" and CD8"-T-cells were significantly lower by 34.5% (n = 10, P =
0.001) and 16.4% (n = 9, P = 0.002), respectively, relative to baseline (Figure 4BC, Table
2BC). Furthermore, the number of PD-1 per cell was significantly decreased by 22.6% for
CD4"-T-cells (n = 9, P = 0.003) and 26.0% for CD8"-T-cells (n = 9, P = 0.007) at predose of
cycle 2 relative to baseline (Figure 4DE, Table 2BC). The BSBYV in the determination of
percentage of PD-1" cells and number of PD-1 per CD4"-T-cell at baseline were 25.7% and
27.7%, and for CD8"-T-cells BSBV was 37.7% and 26.2%, respectively. PD-1 RO on CcD4*
and CD8"-T-cells of patients who were given nivolumab were 98.9% * 2.5% and 98.2% =
2.5%, respectively. RO on CD4"*-T-cells was 95.0% * 1.1% in patients who were given
pembrolizumab. RO occupation on CD4"-T-cells by pembrolizumab and nivolumab showed
no significant difference. However, RO on CD8"-T-cells was significantly lower at 91.6% *
1.1% (P = 0.014) in patients who were given pembrolizumab, as compared to nivolumab.
PD-1 RO at EOI, in patients who were given nivolumab or pembrolizumab, was not
significantly different from RO at predose cycle 2 (Table 2B and C).
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Flow cytometry assay for nivolumab and pembrolizumab

DISCUSSION

We have described here a PD-1 detection method which is highly specific for PD-1.
Background control samples are used for setting the gates that determine PD-1 positivity.
Brahmer et al. used background controls containing human IgG4 isotype antibody as a
control for non-specific binding of nivolumab and pembrolizumab (24). Others have reported
that using isotype antibodies can give erroneous results, and have shown that adequate
blocking of non-specific antibody interactions and using directly conjugated antibodies can
most often prevent the use of isotypes in flow cytometry (37). By using anti-PD-1 antibody
clone PD1313 and PD-L2, the interaction between nivolumab / pembrolizumab and PD-1
was completely blocked. This demonstrates that our method was 100% specific for PD-1
and that the use of an IgG4 isotype antibody was not necessary. After correction for 90%
cell recovery, the average cell concentrations we found in healthy volunteers for different
immune cell subsets were as follows: 1780 (1278 — 2849) PBMCs; 1156 (508 — 2013)
lymphocytes; 310 (172 — 620) total monocytes; 101 (57 -202) B-cells; 154 (51 -202) NK-
cells; 6.9 (2.2 — 18.4) mDCs; and 6.2 (2.7 — 10) pDCs per pl blood. These values are in
concordance with values reported by other investigators (38—40). Although the normal
range for concentrations of immune cell subsets has been reported by many investigators,
there is debate regarding both the percentage and the absolute numbers of cells
constituting this range. Methods that depend on density gradient centrifugation rather than
whole blood cell counting prior to enumeration of immune cells may lead to an
underestimation of the absolute cell concentrations of (some) immune cell subsets.

Reproducibility over time and between instruments is crucial in longitudinal and multicenter
studies. In flow cytometry, QSC beads allow comparison of experiments over time and
between different instruments (41). We show that the use of QSC beads enabled the
reproducible quantification of PD-1 levels in samples that were stored at -80°C in
Cryosofree™.

To our knowledge, this is the first indirect detection method for the quantification of the
number of PD-1 molecules on, and number of PD-1" B-cells, monocytes, and dendritic cells
in peripheral human blood. For pharmacodynamic assays, indirect detection methods rather
than direct methods are preferred, as they enable the determination of RO and changes in
receptor expression separately. However, direct detection may potentially be more
sensitive, as their sensitivity is not affected by non-specific binding of nivolumab and
pembroluzimab [41]. Other investigators reported detectable levels of PD-1" for B-cells, NK-
cells, monocytes, and dendritic cells in peripheral blood from cancer patients and healthy
volunteers using direct detection methods. However, results were often inconsistent, which
may have been caused by the use of not thoroughly validated methods e.g. methods for
which important validation parameters such as specificity and lower limit of quantification
were not established. Other investigators have reported percentages of 40 — 60% of PD-
1'CD4" and PD-1"CD8"-T-cells in peripheral blood from cancer patients, which is similar to
our findings [25-28]. Wang et al. reported approximately 10,000 number of PD-1 receptors
per growth activated human T-cell [42]. This is in good agreement with the range of 2,000 —
3,000 PD-1 receptors per T-cell we found for unstimulated PBMCs from healthy volunteers,
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considering the 5-fold increase in PD-1 expression induced by anti-CD3 growth stimulation
of PBMCs (supplementary Figure 3).

Thus far, receptor occupancy by nivolumab and pembrolizumab has only been described in
one study [24]. PD-1 occupancy was described on CD3"*-T-cells that were cryopreserved in
DMSO, and was found to be dose-independent with maximal occupancy of 85% at the end
of infusion. Nivolumab concentrations in plasma were 50 ug/mL at EOI for patients that
received 3 mg/kg. The investigators hypothesized that PD-1 occupancy analyses of
cryopreserved PBMCs may underestimate occupancy on fresh PBMCs. However, for batch
analysis of samples from clinical studies, cryopreservation is necessary. In order to keep
nivolumab and pembrolizumab attached to PD-1 during the cryopreservation and wash
steps, cells were fixed with 2% formaldehyde which resulted in 15% higher PD-1 signals.
Instead of DMSO we used Cryosofree™ as cryopreservative, which is far superior for
retaining cell vitality [43]. Furthermore, DMSO infiltrates the cells and requires laborious
removal during the slow thawing procedure, which compromises reproducibility and cell
recovery. Cryosofree™ does not enter the cells and can simply be washed away after
thawing, resulting in much higher vital cell recoveries with good reproducibility, as confirmed
by our study. We found that the mean RO on CD8*-T-cells from cancer patients that were
given nivolumab or pembrolizumab was 99% and 91%, respectively, after 2 — 4 weekly
courses of treatment. Similar RO values were found at baseline day 1 immediately after
infusion. These results are in line with our in vitro experiments, indicating > 83% PD-1
occupancy on CD8"-T-cells exposed for 1 h to a relatively low 0.05 ug/mL concentration of
nivolumab.

The detection of PD-1 on CD4" and CD8"-T-cells was on average 7% lower in samples
incubated with pembrolizumab compared to nivolumab. This is likely caused by the
difference in binding sites on PD-1 for both antibodies [44]. This may possibly explain the
fact that RO of PD-1 on CD8"-T-cells was on average 7% lower in patients which were
administered pembrolizumab, as compared to patients treated with nivolumab.

The discovery of factors that influence the clinical response to immunotherapy remains an
area of active research and is important to maximize the benefit/risk ratio of these agents in
clinical practice. For that purpose, we tested the clinical applicability of our method in cancer
patients. We reported a significant drop in the number of PD-1" T-cells and the number of
PD-1 receptors per T-cell after one course of nivolumab or pembrolizumab. This may
potentially be a pharmacodynamic effect, which requires further investigation regarding
predictive value for nivolumab and pembrolizumab immunotherapy outcome. Compared to
other methods, our method offers efficient determination of multiple biomarkers on a large
panel of immune cell subsets in a single experiment.
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Supplementary Figure 1. Effect of different incubation conditions on the median fluorescence staining
intensity (MFI) of PD1" (A) and PD1" (B) CD8'T-cells by anti-IgG,-PE, after pre-incubation with (+) or
without (-) 10 pg/ml nivolumab. Results are the mean of three separate samples + SD, incubated with
beads buffer containing 0.5 (ﬁ), 2.0 (), and 5.0% (/) (w/v%) bovine serum albumin (BSA) at room

temperature and beads buffer with 5% BSA at 0°C (E). * indicates a significant reduction in MFI
relative to 0.5%BSA.
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Supplementary Figure 2. Correction method used for calculation of the specific median fluorescent
intensity (MFI) of PD-1. The MFI of PD-1 in cells treated with nivolumab or pembrolizumab is negatively
affected by the lower MFI of the background cells, which requires correction. A. Histograms overlays of
background (green) and nivolumab (red) treated samples. Cells were qualified as PD-1" using 5.0%
cut-off. B. Graphical presentation of the MFI correction procedure for a sample containing 10% net PD-

1" cells with a PD-1 MFI of 200. The 5.0% background cells have an MFI of 100 (bMFI, E). The
lower MFI of the background cells results in an underestimation of the MFI of the PD-1" cells, which

/7
was corrected according to our method (cMFl, ).
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Supplementary Figure 3. Effect of fixation and cryopreservation on PD-1 (net) median fluorescent
intensity (MFI, 1 marker) and number of PD-1" cells (%PD-1*, 2" marker). A. Effect of snap-freezing

with Cryosofree™ on the PD-1 median fluorescent intensity (MFI = ) and percentage of PD-1"CD8"-
N

T-cells ( . ) was assessed compared to unfixed and not frozen negative controls (NC, MFI = N ;

%PD-1" = . )- PBMC from a healthy volunteer were incubated without ( NC) or with 10 pg/ml

N
nivolumab ( , . ) and pembrolizumab ( , . )- NC were kept on ice, while the other samples
were fixed with 4% (w/v%) formaldehyde, followed by snap-freezing in Cryosofree™. B. Effect of
fixation, with different concentrations of formaldehyde on the MFI of PD-1 (. "' ) and percentage
of PD-1" cells (*, . ) in samples pre-incubated with 10 pg/ml nivolumab ( ., *) and

pembrolizumab ('.', % ). * indicates a significant difference in %PD-1" due to Cryosofree™ (A) or
in MFI and %PD-1" relative to unfixed samples (B).
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Supplementary Figure 4. Antibody target saturation curves. Ex vivo growth stimulated or
unstimulated peripheral blood mononuclear cells (PBMC) were incubated with indicated concentrations
of nivolumab ( '.-) and pembrolizumab ( <Hl®), respectively. Samples were incubated with 8 pg/mL
of anti-IlgG4-PE. PBMC pre-incubated with nivolumab were incubated with indicated concentrations of
anti-lgG4-PE (=f*). PBMCs used for each curve were from different healthy volunteers. Results are
the mean + standard deviation (SD) of three independent samples.
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Supplementary Table 1. FACS settings for detection of indicated biomarkers by 12 parameter flow
cytometry. A. Overview of used fluorochromes, lasers, filters and voltages. B. compensation settings. —

indicates that the indicated percentage should be subtracted from the signal of the horizontally aligned
biomarkers. L-D = Live-dead™ protein fixable marker.

A
Biomarker Fluorochrome Laser (nm) Filter Voltage
Live-dead V450 405 450/50 400
CD14 BV525 405 530/30 444
CD123 BV605 405 610/20 600
CD11c BV650 405 660/20 555
CD19 BV710 405 710/50 551
HLA-DR BV786 405 780/60 629
CD56 FITC 480 530/30 400
CD8 PerCP-C5.5 480 710/50 568
PD-1 PE 561 585/15 458
CD4 APC 640 670/14 650
CD16 APC-AF700 640 730/45 650
CD3 APC-Cy7 640 780/60 650
B
Bio- L-D Ch14 CD CD CD19 HLA CD56 CD8 PD-1 CD4 CD16 CD3
marker - 123 11c - - - - - - - -
L-D 100 0 0 0 0 0 0 0 0 0 0 0
cD14 7 100 0 0 0 0 0 0 0 0 0 0
CcD123 0 0 100 33 0.8 0 0 0 0 0 0 0
CD11c 0 0 25 100 17 10 0 0 0 0 0 0
CcD19 0 0 0 0 100 0 0 0 0 38 80 0
HLA 0 0 0 1 2 100 0 0 0 0 0 10
CD56 0 0 0 0 0 0 100 0 0 0 0 0
cD8 0 0 0 0 60 0 0 100 0 0 90 0
PD-1 0 0 0 0 0 0 0 17 100 0 0 0
CD4 0 0 0 0 0 0 0 0 0 100 80 15
cD16 0 0 0 0 0 0 0 0 0 0.5 100 13
cD3 0 0 0 0 0 0 0 0 0 3 7 100
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Chapter 4.2

Supplementary Table 4. Linearity of PD-1 detection in samples containing 100k and 500k PBMC from
a healthy volunteer. Samples were incubation with nivolumab. A. Relative difference (A) in measured
cells between samples spiked with 100k and 500k PBMC. Shown are the results for total live cells,
CD4" and CD8"-T-cells (CD4T and CDS8T), B-cells (B), natural killer cells (NK), classical monocytes
(CM), intermediate monocytes (IM), non-classical monocytes (NCM), plasmacytoid dendritic cells
(pDC), and myeloid dendritic cells (mDC). B. Relative difference (A) between the percentage of PD-1"
and number of PD-1 per CD4" and CD8"-T-cells in samples containing 100k and 500k PBMC. Data are
represented as the mean of three separate samples + standard deviation (SD).

A
Cell Number of measured cells at input level
type
100,000 500,000 A (%)
Total 104865 529000 0.9
CD4AT 40,179 196,494 2.2
CD8T 9,296 45,315 2.5
B 3,581 19,637 9.7
NK 17,399 83,002 4.6
CM 18,582 94,723 -2.0
IM 2,887 14,366 0.5
NCM 1,548 8,709 -12.5
pDC 376 2,015 -7.2
mDC 604 3,389 -12.2
B
Cell Net number of PD1” cells Number of PD-1/ cell
type
100,000 500,000 A (%) 100,000 500,000 A (%)
CD4T 276+1.8 295+22 6.9 1814 £ 73 1776 £ 75 -2.1
CD8T 404+17 41.7+1.6 3.3 4708 + 204 4652 + 222 -1.2
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Flow cytometry assay for nivolumab and pembrolizumab

Supplementary Table 5. Long term storage stability of PD-1 in PBMC isolated from a healthy
volunteer. Samples spiked with 200k PBMC were treated with nivolumab or pembrolizumab. Cells were
snap frozen in liquid nitrogen using Cryosofree™. Samples were stored for 0, 53, and 153 days, after
which PD-1 was determined. 5A. Number of measured total live cells, CD4" and CD8"-T-cells (CD4T
and CD8T), B-cells (B), natural killer cells (NK), classical monocytes (CM), intermediate monocytes
(IM), non-classical monocytes (NCM), plasmacytoid dendritic cells (pDC), and myeloid dendritic cells
(mDC). 5B and C. Measured percentage of PD-1" cells and number of PD-1 per CD4" and CD8"-T-cells
in respectively nivolumab and pembrolizumab samples. Aq.153% = relative difference between day 0 and
153 in measured cell numbers, percentage of PD-1" cells, and number of PD-1 per cell. BDP =
between day precision. Data are the mean of three separate samples * standard deviation (SD).

Cell Number of measured cells at day

type

0 53 153 Ao-153 (%) BDP (%)
Total 177310 166011 166778 -5.9% 3.7%
CcD4T 71380 64199 73631 3.2% 7.3%
CD8T 16155 16260 16383 1.4% 0.7%

B 4176 4376 4248 1.7% 2.4%

NK 23309 23750 23629 1.4% 1.0%

CM 23652 27097 25659 8.5% 6.8%

IM 2286 2560 2477 8.4% 5.8%
NCM 1025 1031 1066 4.0% 21%
pDC 686 616 590 -14.1% 7.7%
mDC 429 512 479 11.8% 9.0%

5B.
Cell PD1" cells (%) at day Number of PD-1/ cell at day
type
0 53 153 Ao1s3  BDP 0 53 153 Ao1s3  BDP
%) (%) %) (%)
CDAT 252+ 27.0% 242+ 44 5.6 1592+ 1652+ 1624 + 2.0 1.9
1.4 1.3 2.2 92.5 38.9 81.5
CD8T 382+ 394+ 37.1% 1.5 3.4 5194+ 4992+ 4842 % -6.8 3.5
1.6 0.6 0.4 154 138 143
5C.
Cell PD1" cells (%) at day Number of PD-1/ cell at day
type
0 53 153 Ao1s3  BDP 0 53 153 Ao1s3  BDP
%) (%) %) (%)
CD4T 206+ 220+ 209% 1.5 34 1561+ 1574 £ 1584 + 1.5 0.7
1.1 1.8 3.3 58.7 70.1 85.2
CD8T 348+ 343+ 341+ -19 1.0 4480 + 4469 4761+ 6.3 3.7
1.5 1.6 1.7 347 169 107
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Chapter 4.2

Supplementary Table 6. Overview of patients included in the study. Advanced cancer patients with
indicated tumor type were administered with nivolumab or pembrolizumab, based on their bodyweight
(3 mg/kg), or a flat dose (mg) in two (q2w), three (q3w) or four (q4w) weekly intervals.

Patient # Cancer type Treatment Dose Schedule
1 Melanoma Nivolumab 480 mg q4w
2 Mesothelioma Nivolumab 3 mg/kg q2w
3 NSCLC Nivolumab 3 mg/kg q2w
4 Mesothelioma Nivolumab 3 mg/kg g4w
5 Renal Nivolumab 480 mg g4w
6 Head and neck Nivolumab 240 mg g4w
7 Bladder Pembrolizumab 200 mg q3w
8 Melanoma Pembrolizumab 200 mg q3w
9 Bladder Pembrolizumab 200 mg q3w
10 Melanoma Pembrolizumab 150 mg q3w
11 Melanoma Pembrolizumab 200 mg gq3w
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Chapter 5.1

ABSTRACT

In oncology, an increasing number of targeted anticancer agents and immunotherapies are
of biological origin. These biological drugs may trigger immune responses which lead to the
formation of antidrug antibodies (ADAs). ADAs are directed against immunogenic parts of
the drug and may affect efficacy and safety. In other medical fields, such as rheumatology
and hematology, the relevance of ADA formation is well established. However, the
relevance of ADAs in oncology is just starting to be recognized and literature on this topic is
scarce.

In an attempt to fill this gap in the literature, we provide an up-to-date status of ADA
formation in oncology. In this focused review, data on ADAs was extracted from 81 clinical
trials with biological anticancer agents. We found that most biological anticancer drugs in
these trials are immunogenic and induce ADAs (63%). However, it is difficult to establish the
clinical relevance of these ADAs. In order to determine this relevance, the possible effects
of ADAs on pharmacokinetics, efficacy and safety parameters need to be investigated.Our
data show that this was only done in fewer than 50% of the trials. In addition, we describe
the incidence and consequences of ADAs for registered agents. We highlight the challenges
in ADA detection and argue for the importance of validating, standardizing and describing
well the used assays.

Finally, we discuss prevention strategies such as immunosuppression and regimen
adaptations. We encourage the launch of clinical trials that explore these strategies in
oncology.

IMPLICATIONS FOR PRACTICE

Because of the increasing use of biologicals in oncology, many patients are at risk of
developing antidrug antibodies (ADA) during therapy. Although clinical consequences are
uncertain, ADAs may affect pharmacokinetics, patient safety and treatment efficacy. ADA
detection and reporting is currently highly inconsistent, which makes it difficult to evaluate
the clinical consequences. Standardized reporting of ADA investigations in context of
aforementioned parameters is critical to understanding the relevance of ADA formation for
each drug. Furthermore, the development of trials that specifically aim to investigate clinical
prevention strategies in oncology is needed.
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INTRODUCTION

Drug-induced immunogenicity has been recognized as a major challenge in the
development of biological drugs. These biological drugs, such as proteins, peptides and
antibodies, consist of large and complex structures and some of these structures may not
belong to the patients’ self-repertoire. Drug administration to patients may induce humoral
immune responses causing the formation of antidrug antibodies (ADAs). ADAs may
inactivate the drug, cause loss of targeting and/or an increased clearance of ADA-drug
complexes which may lead to suboptimal exposure and loss of efficacy1‘2. Patients who
develop ADAs are also at risk for increased toxicity caused by the immune response that
accompanies ADA formation, loss of drug targeting or formation of highly immunogenic
complexes®™.

Extensive research is being conducted to study the immunogenicity of biological drugs,
such as anti-tumor necrosis factor a (anti-TNF-a) and factor VIIl. This research is an
important contribution to the current knowledge of risk factors for immunogenicity, formation
and detection of ADAs, and possible strategies to prevent ADA formation. It has become
clear that immunogenicity is not solely dependent on the biological drug. Emerging data
indicate that the development of an immune response may be influenced by a variety of
factors such as dose, administration regimen, administration route, product quality and
handling, co-medication, patients’ immune-status and genetic factors such as major
histocompatibility genotypez’s. As a result, formation of ADAs is subject to a high inter-
individual variability.

Although different medical fields have shown that ADA formation may have important
consequences for therapy®, little attention is paid to ADA formation during anticancer
therapy. Importantly, the risks and consequences of ADAs in oncology may not be identical
to those in other fields e.g. rheumatology and haematology. There are several factors that
need to be specifically considered in oncology, such as the use of immunostimulatory
compounds, the substantial number of immunocompromised patients, concomitant
treatment and immunosuppressing therapies.

This paper reviews the current knowledge on ADA formation in oncology, with the purpose
of raising awareness and allowing a better understanding of the potential effects of ADAs.
Topics that will be discussed include the incidence and clinical consequences of ADAs, the
analytical methods that are used for detection, and the challenges in interpreting these data.
Finally, in the last section of this review, we discuss challenges and potential strategies to
deal with ADA formation in clinical practice, such as changes in the treatment regimen, and
concomitant treatment with immunosuppressive drugs.
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INCIDENCE OF ADAS IN ONCOLOGY

The U.S. Food and Drug Administration (FDA) and European Medicines Agency (EMA)
published guidelines to recommend evaluation of immunogenicity of therapeutic proteins at
the earliest stage of drug development and every subsequent stage‘”. Clinical evaluation is
of high importance, since currently no tools are available to adequately predict clinical
immunogenicity based on (pre-)clinical data. To study the reported immunogenicity of
biological anticancer agents in clinical development, a focused PubMed literature review
was performed including the keywords ‘oncology’ OR ‘cancer’ AND ‘immunogenicity OR
anti-drug-antibodies’ AND ‘clinical trial’ NOT vaccine (full description of methods in
Supplementary Material). Among the 81 reviewed studies with biological anticancer agents,
ADAs were detected in 63%. This number indicates that the majority of compounds in
oncology is immunogenic and induces ADA formation. Over the last years, the intrinsic
immunogenicity of monoclonal antibodies (mAbs) has been reduced by the transition from
murine to chimeric, humanized and fully human mAbs®. Our data support this as well for the
mAbs used in oncology. The incidence of ADA formation was significantly less for human
agents compared to humanized (p=0.03), chimeric (p=0.007) and murine agents (p=0.004)
(Figure 1). However, even for human mAbs, ADAs are detected for 26.3%.

Eight studies reported the presence of pre-existing ADAs before the start of treatment®"°.
Although the incidence of ADAs after treatment was not significantly different between trials
with and without pre-existing ADAs (75% vs. 62%, p= 0.70) patients with pre-existing ADAs
may develop ADAs faster and in higher quantities12. However, these ADAs can also be
transient and post-dose ADA status can become negative'*®.
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Figure 1. Detection of ADAs for murine, chimeric, humanized, human monoclonal antibodies, protein
drugs, and toxins.
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CLINICAL RELEVANCE

In order to understand the clinical consequences of ADA formation, it is necessary to
determine the impact on pharmacokinetics (PK), efficacy and toxicity. For the majority of
agents, the clinical relevance of ADA formation is not well established. In clinical trial
reports, the titers and percentages of ADA positive patients are often summarized, but the
consequences of ADAs are not investigated. In the following sections, we discuss the
relation between ADAs and these clinical parameters.
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Figure 2. Influence of ADA formation on pharmacokinetics, efficacy, and toxicity.

CONSEQUENCES OF ADA FORMATION ON PHARMACOKINETICS, EFFICACY, AND
TOXICITY

Pharmacokinetics
ADAs can alter the PK profile of biologicals by causing accelerated clearance of ADA-drug
complexes. This can lead to a lower and even subtherapeutic exposure (area under the
curve (AUC)), as well as lower maximum concentrations (Cmax), and a shorter elimination
half-life (T+), which have important consequences for treatment efficacy9’14’17_22. The impact
of ADAs on PK is dependent on the affinity, the type of ADAs and the amount of free drug
that is not bound to ADAs. To understand the relevance, comparing maximum concentration
levels (Cmax) and exposure (AUC) in both presence and absence of ADAs is essential. In
the reviewed trials, data on ADAs are not routinely reported in context with PK. Among the
51 trials in which ADAs were detected, effects on PK were not explored in 67% and nine
trials (18%) reported no influence of ADA formation on PK (Figure 2). Only eight trials (16%)
confirmed that PK was affected by ADAs. One of these, Posey et al., compared PK for cycle
1 and cycle 4 knowing that 50% of the patients had ADA titers'. All but two patients
showed similar Crmax values for both cycles. One of these patients showed a very high ADA
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titer (460 ng/ml) and a 28% decrease in Cmax. The other patient, who received a higher
dose, showed a much lower ADA titer (86 ng/ml), but surprisingly showed an undetectable
Cmax during cycle 4. Possibly, more high-affinity ADAs were present in this patient. This
illustrates that the relationship between ADA and PK is difficult to describe and is dependent
on ADA titers and affinity. Reduced drug-levels or exposures may indeed be direct results of
ADA-drug binding, but may also be a consequence of increased clearance or an increase in
target-mediated drug disposition. In clinical development, the use of a PK-
pharmacodynamic model can provide information on the relative contribution of ADAs?.

Efficacy

Even though ADAs can alter PK, this does not always translate to impaired therapeutic
activity. Patients are specifically at risk of reduced efficacy if high titers of high-affinity
neutralizing ADAs are present during treatment. Neutralizing ADAs bind to the variable
regions of the antibody to prevent targeting, thus hampering the therapeutic activityzo. In
contrast, binding ADAs that bind to non-selective epitopes of the antibody, such as the Fc
region, do not necessarily cause decreased therapeutic activity. However, both types of
ADAs may lead to rapid clearance. In Yu et al., neutralizing ADAs against the chimeric mAb
ch14.19 were formed, which prevented binding of ch14.19 to its target disialoganglioside
(GD2)24. Three out of eight patients in the study showed high ADA titers, yet these patients
still had partial responses. Despite high titers, these ADAs may have had low affinities, or
the neutralizing ADAs were formed after treatment was completed. In our dataset, out of 51
trials that detected ADA formation, 14 articles (27%) associated this with pharmacodynamic
alterations or reduced efficacy, while in the majority of trials (51%) the effects were not
explored (Figure 2). Eleven trials (21%) found that ADAs had no effect on efficacy.

Toxicity

The most common toxic effects of ADAs are infusion-related reactions (IRRS)ZS. Multiple
mechanisms can underly an IRR. Hypersensitivity reactions are IgE mediated®®, but IRRs
can also be mediated by IgG or IgM ADAs. In hypersensitivity reactions, high titers of IgE
ADAs are formed after drug exposure and bind to the FceRIl on mast cells. Upon re-
exposure, drug that binds to cell-bound IgE triggers degranulation of histamine which
causes an allergic reaction. As a consequence, treatment may be aborted to prevent severe
allergic reactions upon retreatment?’. In IgG-mediated reactions, binding of IgG to the drug
may activate antibody-dependent cell-mediated toxicity. The Fc region of IgG ADAs binds
to natural killer cells, causing a release of pro-inflammatory cytokineszs. Furthermore, 1gG
aggregates and IgM are also capable of causing an inflammatory response through
activation of the complement systeng. Clinical manifestations of IRRs occur during or
shortly after infusion of the drug and include a broad range of symptoms including fever,
skin rash, hypotension, gastrointestinal symptoms and more. Since clinical symptoms are
similar for each mechanism it is difficult to distinguish between different types of IRR.
However, IRRs may also be independent of ADA formation and vice versa®’. An example of
a non-ADA dependent IRR is cytokine release syndrome, in which cytokine-producing T-
cells cause a systemic inflammatory response?®.

In the maijority of studies in our dataset, the relationship between ADAs and toxicity was not
investigated. For 20% of the studies, ADAs were related to IRRs such as rigors, coughing,
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dyspnea, back pain, rash, chills, chest tightness, hypotension, urticaria, bone pain and fever
(Figure 2). Besides inducing immune-mediated reactions, ADAs can also indirectly affect
toxicity by causing a loss of targeting. If ADAs neutralize the therapeutic agent and prevent
binding of the drug to its target, drug-induced toxicity may be decreased®’. We hypothesize
that for immunotoxins and bispecific (e.g. T-cell activating) antibodies, the effect of
neutralization by ADAs may be complicated: these antibodies consist of a targeting moiety
and a pharmacologically active moiety. If the ADAs neutralize the targeting moiety, the drug
may cause systemic toxicity due to loss of targeting.

CLINICAL RELEVANCE OF ADA FORMATION FOR MARKETED DRUGS

Among drugs investigated in the 81 reviewed trials, nine are currently marketed. To assess
the relevance of ADAs for the agents used in clinical practice more thoroughly, we reviewed
26 EMA and FDA drug reports31"56. Registered drugs have overcome many obstacles in
order to be approved, including the hurdle of immunogenicity. For most registered biological
anticancer drugs, only a low percentage of patients form ADAs, and these ADAs often do
not have a clinical effect. This is true for commonly used drugs such as cetuximab (3.4%),
trastuzumab (8%), rituximab (1 — 2%) and panitumumab (3.8%). Remarkably, for
bevacizumab, ramucirumab, trastuzumab-emtansine, elotuzumab and blinatumomab, the
clinical consequences of ADAs are unknown, despite relevant percentages of ADA positive
patients (Table 1). The immune checkpoint inhibitors such as nivolumab, pembrolizumab,
and ipilimumab have low immunogenicity (10%, 0.4% and <2% respectively) and ADAs are
thought to have little impact on efficacy. Interestingly, the percentage of patients forming
ADAs against nivolumab was higher when treated in combination with ipilimumab (21.9%
vs. 10% in monotherapy)57.

For ipilimumab (monotherapy), an ADA incidence of <2% was reported. However, the assay
was sensitive to drug interference, leading to a potential underestimation of the number of
ADA positive patientsss. Additional subset analyses indeed confirmed that the percentage of
ADA positive patients may approach 7% instead. This demonstrates the importance of
knowing the strengths and weaknesses of the assay in order to interpret the results
correctly.

Tositumomab, catumaxomab, brentuximuab-vedotin and aldesleukin are registered drugs
which are highly immunogenic. These drugs either consist of a toxin conjugate, are a
recombinant form of human protein, or are murine mAbs, and induce ADAs in 35%
(brentoximab-vedotin) to 94% (catumaxomab) of patients. ADAs during tositumomab and
brentuximab-vedotin therapies increase toxicity, whereas for aldesleukin only PK is affected.
In all these cases, the relation to efficacy was not investigated. For catumaxomab, no
clinical consequences were described in the drug report. Phase | data suggest that ADAs
were formed mostly after the last infusion of catumaxomab, making it unlikely that these
ADAs are clinically relevant®.
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Table 1. Overview of ADA relevance in registered biological anticancer agents based on European
Public Assessment Reports (EPARs) unless otherwise indicated®°. N= neutral to immune system | =
inhibits immune system S = stimulates immune system C = chimeric H = human HZ = humanized P =
protein
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H Panitumumab EGFR N yes 3.8%
H Ipilimumab CTLA4 S yes <2% nd nd no
H Nivolumab PD-1 S yes 10% no no no
H Ofatumumab CD20 | no 0% na na na
H Necitumumab EGFR N yes 4.1% nd no nd
(FDA)
H Daratumumab CD38 | No 0% (FDA) na na na
HZ Obinutuzumab CD20 | yes 6% nd no no
HZ Bevacizumab VEGF N yes 0.63% nd nd nd
(FDA)
HzZ Trastuzumab HER2 N yes 8% no no no
HZ Ramucirumab VEGFR2 N yes 2.2% nd nd nd
HZ Pertuzumab HER2 N yes 3% nd yes nd
HZ Pembrolizumab PD-1 S yes 0.4% no no no
HZ Elotuzumab SLAMF7 S yes 18.5% nd nd nd
(FDA)
C Rituximab CD20 | yes 1% (iv) no no no
2% (sc)
C Siltuximab IL-6 | yes 0.2% nd no no
Cc Dinutuximab GD2 N yes 17% yes no nd
Cc Cetuximab EGFR N yes 3.4% no no no
M Ibritumomab CD20 | yes 1.3% nd no nd
(FDA)
M Catumaxomab EpCAM + S yes 94% nd no nd
CD3
M Tositumomab CD20 | yes 80% nd yes nd
(FDA).
T Brentuximab CD30 | yes 35% no yes no
Vedotin
T Trastuzumab - HER2 N yes 5.3% nd nd nd
emtansine
P IFNa IFNa-R yes 2.9 nd no no
P/H  Aflibercept VEGF yes 3.8 no no no
P Aldesleukin IL2-R S yes 70.8 yes nd nd
(FDA)
H Blinatumomab CD19,CD3 S yes 1.4% nd nd nd
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ASSESSMENT OF IMMUNOGENICITY

The clinical relevance can only be assessed when reliable and valid data on ADA formation
are collected for the drug of interest. Whereas drug detection assays are relatively easy to
develop and to interpret because the detection target is clear, this is more difficult for ADA
assays because the ADA population is heterogeneous. Furthermore, it is unclear which
ADAs are clinically relevant and detection is complicated by interference of the drug and
ADA-drug complexes. In our dataset, the most popular method for ADA detection is Enzyme
Linked Immunosorbent Assay (ELISA), including direct®®, sandwich®', bridgingsz, and
competitive ELISAs'®. Other methods include high-performance liquid chromatography
(HPLC)63, electrochemiluminescence assays (ECL)1O'64"66, radiometric assays1767
radioimmunoassays (RIA)**®®7% and cytotoxicity assays’"’? (Figure 3). The results are
qualitative reports of the patient’'s ADA status (positive/negative), often accompanied by titer
levels.
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Figure 3. Schematic representation of techniques used to detect antidrug antibodies (ADAs). (A):
Bridging enzyme-linked immunosorbent assay (ELISA) with drug as binding agent and enzyme-linked
drug as idiotype-detecting agent. (B): Sandwich ELISA with drug as binding agent and enzyme-linked
secondary antibody as isotype-detecting agent. (C): Radioimmunoassay with radiolabeled drug binding
to ADAs. (D): Antigen-binding test in which IgG from serum is pulled down by protein A bound to a solid
carrier, and radiolabeled drug isadded andbindsto ADAs.(E): Cytotoxicity assaysmeasureADA-induced
alterations in cytotoxic effects of the drug. (F): Bridging electrochemiluminescence assays measure
electrochemical signals from the ruthinium-labeled drug bound to the ADA-biotinstreptavidin complex.

For a proper understanding of assay results, it is essential to know which type of ADA is
detected by the assay. ADAs may consist of multiple immunoglobulin subclasses, and are
either freely circulating or drug-bound. However, most assays, including ELISAs, measure
only free IgG subclasses. Drug-bound ADAs and important immunoglobulin subclasses,
such as IgE, are not detected which may lead to an underestimation of the incidence and
the titer of ADAs".
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To manage drug interference, samples can be acidified in order to separate drug-ADA
complexes”. Samples can also be taken prior to dosing, when drug concentrations are
low’. Another option is using the antigen binding test (ABT). ABTs are less vulnerable to
drug interference and can measure moderate amounts of ADA-drug immunocomplexes®. In
this assay, ADAs of the IgG class, including those that are drug-bound, are pulled down
during the first step of the assay using protein A. Then, radiolabeled drug binds to the ADA,
and the radiation signal is measured (Figure 3). If the samples are acidified prior to the
ABTs, the assay is even more tolerant to drug interference®. However, in spite of their
increased resistance to drug interference, even ABTs may give an underestimation, as not
all immunoglobulin subtypes are measured.

Different assays detect different subclasses and idiotypes of ADAs, and currently no assay
is able to detect all ADAs. This is one of the reasons why ADA formation across different
trials cannot be accurately compared. To increase sensitivity, a tiered approach can be
applied, consisting of a screening assay, a confirmatory assay and finally characterization of
the ADAs’°. In a number of trials, ADAs were detected already prior to treatment, and these
samples were occasionally deemed false-positive’. Using the aforementioned tiered
approach, these samples should be analyzed for ADA with a confirmatory assay in order to
truly validate that these patients are ADA negative. An example of this approach is the
phase | trial of AGS-1C4D4, a human anti-prostate stem cell antigen monoclonal antibody”®.
An ECL test served as the screening test in which three patients were tested ADA positive.
A second assay was performed for confirmation, which yielded negative results. Therefore,
patients were considered negative for the presence of anti-AGS-1C4D4 antibodies.

Although accurately detecting the presence and incidence of ADAs is important, it may be
even more crucial to characterize the effects of the detected ADAs. Assays that determine
the presence of neutralizing antibodies, such as cytotoxicity assays72, can select for those
ADAs that affect efficacy.

To summarize, ADA assays should be rationally designed to detect the most relevant range
of ADAs, and results should be consistently reported to allow an understanding of the
characteristics and consequences of the detected ADAs. Furthermore, standardization of
assays is essential to allow comparison of results on ADA formation between different trials.
For this, the recently developed guidelines for ADA assays for clinical use published by the
ABIRISK consortium could be used’.
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PREVENTION STRATEGIES

Although reducing intrinsic immunogenicity of the drug is a successful approach to reduce
ADA formation, clinical results show that this is not sufficient to prevent ADA formation in all
patients. Several prevention strategies have been applied in clinical practice and their
potential will be explored in this section.

Tolerance induction by adapations to the treatment regimen

Several studies indicate that immunogenicity can be reduced by increasing the exposure
through high-dose and high-frequency therapy5'27’77"80. The effects of high-dose and high-
frequency treatment were first observed in haemophilia patients treated with factor VIII after
the doses were increased from normal treatment regimen to twice daily infusions®’. In
patients treated with infliximab, the incidence of ADA formation was 28% after a single dose
of infliximab compared to 6% after repeated doses® . Itis hypothesized that the tolerance
is mediated by activation of regulatory T-cells®, and apoptosis of effector T-cells®.
However, it is unknown if this is a consequence of increased plasma concentrations (Cax,
Css), prolonged exposure (T12), higher exposure (AUC), or any combination of these.

In oncology, the effects of modifications to the treatment regimen are conflicting. Among the
nine studies that reported ADA formation for different doses, the majority found that ADA
formation was not dose-dependent 21718486 ang only two studies confirm a decrease in
ADA formation with higher doses '"'°.

The main limitations of high-dose or high-frequency treatment are the therapeutic and toxic
effects of the drug. One possible method to avoid these, is by administering only the
immunogenic part of the molecule without the pharmacologically active moiety, as was done
by Somerfield et al.’®. In this study, patients treated with alemtuzumab received the non-
binding SM3 shortly prior to treatment. SM3 differs from alemtuzumab in only a single point
mutation, which prevented binding to CD52. In this way, high doses may be administered
without causing unacceptable toxicity. This strategy reduced the percentage of ADA positive
patients significantly from 74 % to 21%. However, introducing this additional compound into
the clinic may be very costly and time-consuming, and occupation of the target by this
compound may be a problem.

In contrast to the results of high-dose and high-frequency treatment, four studies report that
tolerance was induced by decreasing the exposure through lower doses, continuous
infusion or subcutaneous administration’"*"~®°. For the humanized antibody trastuzumab,
ADA formation was twice as high after intravenous administration (14.6%) as after
subcutaneous administration (7.1%) in equivalent doses®. For the anti-mesothelin
immunotoxin SS1P, a bolus injection administered in 3 days every other day induced ADAs
in 8&3‘2%, whereas an equivalent dose of a 10-day continuous infusion induced ADAs in
75%"“.

In summary, it is clear that adaptations to the dose and treatment regimen can alter
immunogenicity. Most evidence is available for tolerance induction by high-dose and high
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frequency therapy but this appears not effective for all drugs. Modifications to the treatment
regimen are relatively easy adjustments and should be considered based on successful
cases that have been described in literature.

Immunosuppression

In rheumatology, the use of immunosuppressive agents is an effective treatment strategy
that simultaneously reduces the frequency of ADA formation up to 46% 90-94 " Concomitant
treatment with methotrexate (MTX) in low (5-10 mg), intermediate (12.5 — 20 mg), or high
weekly doses ( >22.5 mg) successfully led to reduction of ADA formation in adalimumab
treated rheumatoid arthritis patients in a dose-dependent manner®™. A similar effect was
observed in rheumatoid arthritis patients who received infliximab. After a single dose of
infliximab, ADAs were formed in 53%, 21% and 7% (1, 3, and 10 mg infliximab/kg) of the
patients. When combined with 7.5 mg MTX weekly, the incidence was respectively 15%, 7%
and 0%%. Azathioprine, 6-mercaptopurine, hydrocortisone, and rituximab have also been
applied in rheumatology, but results are inconclusive®".

In oncology, immunosuppression can be effective for the treatment of hematological
malignancies, but for many solid tumors immunosuppression may be undesired. Among the
articles we reviewed, only two investigated the effects of immunosuppression and showed
that cyclophosphamide and cyclosporin could not prevent ADA formation®®%°.

Unique challenges regarding the use of immunosuppression to prevent ADA formation in
oncology may be the large group of immunocompromised patients and the increasing use of
immunostimulatory agents such as immunotoxins, interleukin-2, CD3-, CD19-, CD28
agonists, anti-PD1 and anti-CTLA-4. Both factors may alter the risk of ADA formation
(decrease and increase, respectively) and for these patients special prevention strategies
may be required. Our data showed no significant difference (p=1.0) in ADA formation
between the ftrials with immunostimulatory agents (75% detected ADAs (n=20)),
immunosuppressing agents (69% (n=13)) and non-immunotherapies (56% (n=48)) (Figure
4). No data were available to compare ADA formation between immunocompromised and
immunocompetent patients. Although some trials investigated immunostimulatory agents
combined with immunosuppression, effects on treatment efficacy and ADA formation could
not be determined based on the reported data. However, it is clear that despite
immunosuppression, patients are still at risk of ADA formation®*'%. This is illustrated by the
trial by Welt et al*® with the humanized antibody huA33 in which concomitantly
administered chemotherapy led to bone marrow suppression in 10 of 16 patients. The
majority of ADA negative patients were immunocompromised (4/6), but one patient with
severe neutropenia showed high and increasing ADA titers.

A feasible prevention strategy for oncology may be targeted B-cell inhibition with anti-CD20
agents such as rituximab, veltuzumab or obinutuzumab which inhibit de novo humoral
antibody responses. Several trials have been done with B-cell inhibiting agents but these
did not detect effects on ADA formation®"®%7287191192 "Hassan et al. showed that rituximab
was able to induce full depletion of CD20 positive B-cells, but this did not prevent ADAs
targeted towards the therapeutic drug1°3. Maeada et al."™ described a case of a rituximab
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treated mantle-cell lymphoma patient, who developed high titers of anti-rituximab antibodies
leading to a decreased exposure, and Sausville et al. % detected ADAs in 75% of B-cell
lymphoma patients treated with the B-cell targeting anti-CD22 immunotoxin 1gG-RFB4-
SMPT-dgA. These trials show that ADA formation is still possible despite B-cell depletion,
but it is not clear if the frequencies, titers or onset may be reduced. Taken together,
immunosuppression has successfully reduced ADA formation in rheumatology but evidence
for immunosuppression in oncological patients, and in combination with immunotherapies or
immunocompromisation is lacking. The absence of observed effects of immunosuppression
on ADAs may be explained by the fact that these clinical trials were not designed to
investigate this thoroughly. Clinical trials specifically designed to determine the effect of
immunosuppressive therapy, such as anti-CD20, on anti-drug antibody formationmay
determine whether immunosuppression is useful in oncology.
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Figure 4. Detection of ADAs for immunostimulants, immunosuppressants, and nonimmunotherapies.
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CONCLUSIONS

We confirmed that the majority of biological anticancer agents in clinical development
induce ADA formation. For most agents that were EMA or FDA approved, ADAs have been
detected but have not been an obstacle for approval. However, even among marketed
agents, important gaps in the data on ADA formation exist. In most cases the consequences
of ADAs for efficacy, pharmacokinetics and toxicity are not thoroughly investigated. Routine
investigation of the relationship between ADAs and these parameteres may help to
establish the clinical relevance and explain variability in drug responses and safety.

Furthermore, inconsistent reporting and heterogeneity in detection methods complicate
interpretation of the obtained results regarding ADA formation. Consistent reporting of the
method of assessment, the incidence and characteristics of the detected ADAs will allow
proper interpretation and comparison of the relevance of ADA formation. We would like to
encourage the use of standardized terms for immunogenicity reporting as published by the
ABIRISK consortium’.

If ADAs are considered clinically relevant for a specific agent, strategies for prevention or
management of the consequences may be designed. One potential method that is quick
and easy to investigate is regimen adjustment. Although the mechanisms are not yet fully
understood, clinically relevant effects have been observed, as we described in this review.
More aggressive measures to be considered include immunosuppressive treatment with for
example anti-CD20 or methotrexate, although more research is necessary to evaluate
whether these methods are feasible in oncology.
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Chapter 6.1

ABSTRACT

Background: Cancer immunotherapy has changed the standard of care for a subgroup of
patients with advanced disease. Immune checkpoint blockade (ICB) in particular has shown
improved survival compared with previous standards of care for several tumor types.
Although proven to be successful in more immunogenic tumors, ICB is still largely
ineffective in patients with tumors that are not infiltrated by immune cells, the so-called cold
tumors.

Patients and methods: This review describes the effects of different chemotherapeutic
agents on the immune system and the potential value of these different types of
chemotherapy as combination partners with ICB in patients with solid tumors. Both
preclinical data and currently ongoing clinical trials were evaluated. In addition, we reviewed
findings regarding different dosing schedules, including the effects of an induction phase
and applying metronomic doses of chemotherapy.

Results: Combining ICB with other treatment modalities may lead to improved
immunological conditions in the tumor microenvironment and could thereby enhance the
antitumor immune response, even in tumor types that are so farunresponsive to ICB
monotherapy. Chemotherapy, that was originally thought to be solely immunosuppressive,
can exert immunomodulatory effects which may be beneficial in combination with
immunotherapy. Each chemotherapeutic drug impacts the tumor microenvironment
differently, and in order to determine the most suitable combination partners for ICB it is
crucial to understand these mechanisms.

Conclusion: Preclinical studies demonstrate that the majority of chemotherapeutic drugs
has been shown to exert immunostimulatory effects, either by inhibiting immunosuppressive
cells and/or activating effector cells, or by increasing immunogenicity and increasing T-cell
infiltration. However, for certain chemotherapeutic agents timing, dose and sequence of
administration of chemotherapeutic agents and ICB is important. Further studies should
focus on determining the optimal drug combinations, sequence effects and optimal
concentration—time profiles in representative preclinical models.
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Combining chemotherapy and immunotherapy

INTRODUCTION

Drug development in oncology is shifting from targeting intrinsic properties of cancer cells to
the tumor microenvironmental and the immune system of the host. Boosting T-cell memory
may lead to more durable anticancer responses than seen with conventional anticancer
therapy [1]. Endogenous anticancer response can be enhanced by blocking inhibitory
checkpoint molecules.These checkpoint molecules function by dampening immune cells, a
mechanism that prevents auto-immunity. Tumors utilize checkpoint inhibition in order to
prevent T-cell-mediated tumor cell killing, by upregulating the ligands of checkpoint
inhibitors, such as PD-L1. Activating checkpoint inhibition pathways turns T-cells anergic
and leads to T-cell exhaustion.

Approved drugs for immune checkpoint blockade (ICB) include the anti-PD1 antibodies
nivolumab and pembrolizumab, the anti-PD-L1 antibodies atezolizumab, avelumab and
durvalumab, and the anti-CTLA-4 antibodies ipilimumab and tremelimumab. ICB has been
approved for use in a wide range of tumors, including melanoma, non-small cell lung cancer
(NSCLC), renal cell cancer, Merkel cell cancer, Hodgkin’s lymphoma, urothelial cancer and
mismatch repair deficient (dMMR)/ microsatellite instability high (MSI-H) tumors [1-5].

Extensive research has been carried out identifying factors contributing to response to ICB
(Table 1). Currently approved biomarkers for ICB are PD-L1 expression and dMMR/MSI-H
tumor status [42, 43]. In practice, lactate dehydrogenase (LDH) and tumor mutational
burden are also commonly used to select patients that are thought to benefit from ICB
treatment [6, 8]. Other biomarkers that have been identified include but are not limited to,
tumor-infiltrating lymphocytes (TILs), CD8" T-cells, T-cell receptor clonality and IFN-y-
related gene signatures [6, 9, 10, 21, 24, 33, 37]. It is thought that ICB has the highest
likelihood of success in tumors that have an inflamed phenotype [44, 45]. These inflamed
phenotypes typically have a tumor microenvironment with functional CD8" TILs, functional
antigen presentation machinery proteins, and T-helper type 1 cytokines and chemokines
such as IFN-y and IL-2 [27, 29, 46]. While there is an active immune response, inhibitory
factors may also be present. Potential inhibitory factors are large densities of Tregs,
MDSCs, and anti-inflammatory T-helper type 2 cytokines, such as TGF-B and IL-10 [47].
Other immunological phenotypes that can be found in the tumor microenvironment include a
phenotype which is completely deprived of immune cells (immune desert), or a phenotype in
which the immune cells are unable to infiltrate the tumor properly (immune-excluded
tumors) [46, 48, 49]. These tumors lack infiltration of competent T-cells, rarely express
checkpoint inhibitor molecules, have a lowmutational load, and have low expression of
antigen presentation machinery markers [48]. These two phenotypes rarely respond to ICB
monotherapy [19]. In order to convert these immune deserts or immune-excluded tumors
into inflamed tumors, combination therapy with either other immunotherapies or different
treatment modalities [50], including chemotherapy, may be an option [48].
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Combining chemotherapy and immunotherapy

Chemotherapy was previously thought to be solely immunosuppressive, but recent data
show that it may also possess immunostimulatory properties [51, 52]. It has the potential to
induce favorable immunogenic conditions within the tumor microenvironment, which may be
difficult to achieve by just targeting immune cells [51, 52]. In this review, we describe these
immunomodulatory effects for different classes of chemotherapy. Each compound exerts
unique immunological effects, which may be either beneficial or detrimental to treatment
with ICB. Furthermore, this review discusses the compounds and treatment schedules in
ongoing combination studies.

IMMUNOMODULATORY EFFECTS OF CHEMOTHERAPY

Chemotherapy comprises a large group of molecules which target proliferating cells.
Although chemotherapy predominantly affects cancer cells, proliferating benign cells such
as immune cells may also be affected. For this reason, it was long assumed that
chemotherapy is merely immunosuppressive. Indeed, chemotherapy may lead to
myelosuppression and leukocytopenia. However, recent findings demonstrate that many
forms of chemotherapy also exhibit immunostimulatory effects. Here, we discuss the
immunomodulatory effects of the four main groups of chemotherapy: topoisomerase
inhibitors, antimicrotubule agents, alkylating agents and antimetabolites (Figure 1). We
searched PubMed for preclinical and clinical trials published before 13 December 2018.
Interim analysis and early-release publications of American Society of Clinical Oncology
(ASCO) and European Society for Medical Oncology (ESMO) were also reviewed. Only
articles in English were included. The search terms were ‘immune checkpoint inhibitors’,
‘anti-PD-(L)1’, ‘anti-CTLA-4’, and the names of the ICB available to date,
‘immunomodulation’ and the specific actors of the immune responses, ‘topoisomerase
inhibitors’, ‘antimicrotubule agents’, ‘alkylating agents and antimetabolites’ and the specific
agents per group. We only discuss chemotherapeutic compounds which are used for the
treatment of solid tumors. Abstracts were reviewed and relevant articles were assessed in
full.

Topoisomerase inhibitors

Topoisomerase inhibitors block the action of topoisomerases, enzymes controlling
topological changes in DNA structures. Type | topoisomerases cut one strand of a DNA
double helix, whereas type Il topoisomerase cut both strands. Important topoisomerase
inhibitors in the treatment of solid cancers of which immunomodulatory effects are described
include topoisomerase | inhibiting camptothecin derivatives and topoisomerase Il inhibiting
anthracyclines.

Camptothecin derivatives

Irinotecan and topotecan are camptothecin derivatives commonly used in the treatment of a
wide variety of solid tumors. Preclinical findings suggest that they may enhance T-cell
recognition of tumor cells. In melanoma, they are capable of upregulating tumor-specific
antigens. In vitro models demonstrated that treatment with topoisomerase | inhibitors led to
increased expression of the antigens melan-a/MART-1 and TP53INP1. Overexpression of
these antigens led to improved recognition of tumor cells by T-cells, and subsequently
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Chapter 6.1

increased Tcell-mediated killing of these tumor cells [53, 54]. Another in vitro experiment
revealed upregulation of the danger-associated molecular patterns (DAMPs) high mobility
group box 1 protein (HMGB1) and heat shock protein 70 (HSP70) after irinotecan treatment
[55]. DAMPs have the potential to induce dendritic cell maturation leading to an
inflammatory antitumor response. Tumor cells surviving topotecan treatment have
upregulated major histocompatibility complex | (MHCI) and Fas expression, making them
more sensitive to effector T-cell killing [56, 57].

Clinical studies determining the impact of camptothecin derivatives and individual drug
doses and schedules on the immune system are limited in number. Small studies have
been carried out monitoring changes in immune cell subsets in patients undergoing
treatment. Camptothecin derivatives appear to impact the composition of immune cells in
peripheral blood little, compared with other chemotherapeutic drugs. Topotecan treatment
did not significantly impact absolute lymphocyte count nor T-cell and B-cell numbers in
ovarian cancer patients with advanced disease [58]. However, the naive T-cell
subpopulation was decreased upon treatment in chemotherapy naive patients, whereas the
proportion of memory T-cells remained the same [58].

Anthracyclines

Anthracyclines are topoisomerase Il inhibitors capable of inducing immunogenic cell death
(ICD), a form of apoptosis which can induce an effective antitumor immune response
through activation of DCs and the subsequent activation of specific T-cell responses. It is
characterized by the expression of DAMPs, such as calreticulin, ATP, HMGB1 and HSP70
[59, 60]. In vitro studies demonstrated that DAMPs could be detected after 12 h of treatment
and remained elevated through 24 h [61]. The dosage needed for induction of ICD,
however, was generally higher than the dose needed for cytotoxicity [62]. ICD may also lead
to the production of immunostimulatory cytokines, such as IFN-y [62]. Inhibition of caspase,
or depletion of DCs or CD8" T-cells may abolish anthracycline-mediated antitumor immune
response [63]. Doxorubicin, epirubicin and idarubicin are all known to induce ICD [52].

Apart from ICD, other immunomodulatory effects of anthracyclines have been investigated
as well. For instance, anthracyclines are able to elicit an immune response in a similar
manner as induced by viral pathogens [64]. An in vivo experiment using fibrosarcomas in
mice demonstrated that intratumoral doxorubicin increased levels of transcripts associated
with viral infections, including IFN-stimulated genes, genes involved in the recruitment and
activation of leukocytes, and Cd274 (encoding PD-L1). Anthracyclines have also been
shown to selectively deplete immunosuppressive cells. Administration of 5 mg/kg
doxorubicin intraperitoneally Q3W may lead to decreased MDSCs numbers in vivo, which in
turn lead to increased numbers of CD4" and CD8" T-cells, as well as increased expression
of IFN-y, granzyme B and perforin [65]. Epirubicin impairs the function of Tregs by blocking
the interaction between FoxP3 and the NF-kB subunit p65 in vitro [66]. This has resulted in
blocking Treg-mediated suppression of CD8" T-cells.

The potential negative effects of anthracyclines on the immune system have been
investigated in small studies. A single dose of epirubicin appeared to not significantly
decrease blood lymphocyte numbers [67]. Daunorubicin has been shown to induce cell
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death in both resting and active peripheral blood lymphocytes after 20 h of incubation. This
may be a potential negative effect for ICB combination [68]. Assessment of dose and
schedule dependency of the aforementioned effects in cancer patients is warranted.

Anti-microtubule agents
Antimicrotubule agents exert neoplastic effects by disrupting microtubules. The most widely
used antimicrotubule agents are the taxanes and vinca-alkaloids.

Taxanes

Docetaxel and paclitaxel are the most commonly used taxanes in the treatment of cancer.
Taxanes are known for inducing leukocytopenia, depleting both Iymphocytes and
neutrophils, which has been described previously in a model [69]. Given as a 3-weekly
standard of care, taxane-induced leukocytopenia typically starts 10 days after infusion and
restores to baseline levels ~3 weeks after infusion. Neutrophils are depleted more than
lymphocytes [69], thereby improving the neutrophil-to-lymphocyte ratio to a more favorable
one for ICB treatment [30]. However, various types of lymphocyte subsets are depleted,
including CD3", CD4", CD8", CD56" and CD45RO" cells [70]. As some of these cells are
positively correlated with ICB response [28], further research is necessary to understand
whether and how leukocytopenia affects ICB outcome.

Taxane treatment reduces the number of lymphocytes, but it is debatable whether they
impact the functionality of cytotoxic Tcells. One study found that T-cell-mediated cytotoxicity
was found to be impaired upon paclitaxel treatment [71]. In contrast, another study found no
effect, [72], while others even found that taxane treatment led to increased NK and
lymphokine activated killer cell activity [73]. Additionally, pro-inflammatory cytokines, such
as IFN-y, IL-2, IL-6 and GM-CSF were found to be upregulated after six cycles of standard
taxane treatment [73].

Taxanes appear to selectively reduce immunosuppressive cells. Both docetaxel and
paclitaxel have been shown to selectively decrease Treg and MDSC numbers, while
unaffecting CD4+ and CD8+ viability [74—77]. Not only the number, but also the inhibitory
function of Tregs is diminished. Expression of FoxP3, one of the key regulators of the
immune system, was lowered in PBMCs which were incubated with paclitaxel for 24 h [77].
Another study found the anti-inflammatory cytokine IL-10 to be significantly decreased in
patients with advanced disease after 4 weeks of paclitaxel treatment [72].

Taxane treatment may lead to induction of TILs [78]. A small prospective study showed that
in breast cancer patients, tumors were non-inflamed before treatment. However, after four
treatment cycles of 200 mg/m2 Q2W neoadjuvant paclitaxel treatment, surgery was carried
out and one-third of the patients demonstrated immune infiltrates in their tumor biopsies.
Interestingly, only the patients with a partial or complete response demonstrated TILs after
treatment.
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Combining chemotherapy and immunotherapy

Vinca-alkaloids

Few studies have been carried out to assess the impact of vinca-alkoloids on the immune
system. Vincristine suppresses the activity of immunosuppressive tumor-associated
macrophages, whilst upregulating pro-inflammatory cytokines, and downregulating PD-L1 in
PBMCs of healthy donors [79]. Vinorelbine generates reactive oxygen species and nitrogen
species in vivo, which kills a significant number of immune cells [80], an effect which might
negatively impact outcome of ICB. Vinblastine was identified as a compound capable of
inducing maturation of DCs in an in vitro drug screen. Subsequent in vivo experiments
revealed that administration of vinblastine enhanced CD8+ clonal expansion and cytotoxic
function [81]. Here, vinblastine was administered subcutaneously twice, with 1 week
between injections.

Alkylating and platinum-based anticancer agents

Alkylating agents inhibit a.o. the transcription of DNA into RNA, thereby stopping protein
synthesis. We discuss the most widely used compounds of this class of drugs:
cyclophosphamide, dacarbazine and platinum-based chemotherapeutic drugs.

Cyclophosphamide

Cyclophosphamide is extensively investigated for its immunomodulating effects. Similar to
anthracyclines, cyclophosphamide is capable of inducing ICD [52]. Furthermore,
cyclophosphamide may trigger DC homeostasis [82]. Mice which were injected with a single
dose of intraperitoneal 100 mg/kg cyclophosphamide exhibited tumor cell death with
immunogenic features, tumor infiltration and engulfment of apoptotic tumor cells by DCs,
and subsequent cross priming of CD8+T-cells by DCs.

The dosage may be crucial when combining cyclophosphamide with immunotherapy. While
higher dosages of cyclophosphamide induce myelosuppression [83], metronomic low
dosing may boost the immune system [84—86]. Patients receiving a daily dose of 100 mg
oral cyclophosphamide showed decreased numbers and percentages of Treg cells,
whereas there was no significant decrease in other lymphocyte counts [85]. Interestingly,
doubling the dose of cyclophosphamide depleted all lymphocyte subpopulations. Next to
decrease of Treg cells, effector functions are increased in patients receiving a metronomic
dose. Both NK and T-cell activity were increased [85]. Furthermore, in vivo experiments
show that a single low dose of cyclophosphamide leads to a shift from T-helper type 2 to
type 1 cytokines, with enhanced IL-2 and IFN-y production, and decreased IL-10 and TGF-
B production after treatment compared with pretreatment [86]. A clinical trial investigating a
modified vaccine Ankara-5T4 (MVA-5T4) further demonstrated the potential abilities of
cyclophosphamide to deplete Treg cells. Patients were randomized to receive 50 mg twice
daily cyclophosphamide or not, and MVA-5T4 or not [87]. In both cyclophosphamide group
and the cyclophosphamide plus MVA-5T4 group, FoxP3 Treg cells were depleted. These
depletions were noted at week three of treatment, which was associated with a longer
progression-free survival (PFS). In the cyclophosphamide only group, Treg numbers
returned to baseline at day 29. Although various studies illustrated positive effects of
metronomic low dosing of cyclophosphamide, other studies showed no difference or even
increase in Treg levels upon treatment [88, 89].
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Next to the dosage and schedule, the tumor type may play a role as well in triggering a drug
induced-immune response. Treg depletion was observed in breast cancer and CRC [87,
90], but not in melanoma patients [91]. Cyclophosphamide eliminated MDSCs in CRC [92],
but in prostate cancer patients, metronomic cyclophosphamide treatment led to an increase
of MDSC [91].

Dacarbazine

Dacarbazine is currently only used in melanoma patients for which the newer therapies are
contra-indicated or who progressed on other therapies. Dacarbazine upregulates NKG2D
receptors in human melanoma cells, which leads to activation of NK cells and release of
IFN-y: Increased levels of IFN-y results in upregulation MHCI-expression on tumor cells,
which is necessary for the recognition by T-cells [93].

Platinum derivatives

Well-known platinum derivatives are cisplatin, oxaliplatin and carboplatin. Cisplatin is the
best studied platinum derivative regarding immunomodulatory effects. Cisplatin was shown
to upregulate tumor cell expression of PDL1, e.g. in head and neck squamous cell
carcinoma patients receiving standard cisplatin treatment [94]. This suggests a
postexposure anticancer T-cell response, hampered by coinciding PD-L1 expression. High
doses of cisplatin significantly reduced IFN-y production by T-cells in vitro [95], and reduced
the cytotoxicity of NK cells in ovarian cancer patients [96]. Lower doses impaired T-cell
function less significantly [95]. Conversely, aside from the immunosuppressive effects
through PD-L1 upregulation, cisplatin has been shown to have immunostimulatory
properties as well, demonstrated by upregulation of MHC class | expression on antigen
presenting cells [97, 98], recruitment of effector cells to the tumor site, triggering their
proliferation [99], and downregulation of the immunosuppressive microenvironment by
depleting MDSCs and Tregs [100].

Less data are available regarding the effect on the immune system of oxaliplatin and
carboplatin. Oxaliplatin induces upregulation of PD-L1 on DCs [101], and carboplatin PD-1
mRNA expression [102]. Oxaliplatin may induce novel T-cell infiltration of the tumor. A
single dose of oxaliplatin increased immune-cell infiltration in a CRC mouse model [103].
Furthermore, oxaliplatin is a known ICD inducer [104] and upregulates DAMPs [105].

Clearly, also of this class of oncolytics optimal dose and schedule for boosting ICD needs to
be further established.

Antimetabolites
Antimetabolites interfere with essential biochemical pathways for DNA synthesis, often
acting as a substitute or competitor of the natural substrates in physiological metabolism.

We focused on the compounds that are often used in solid tumors: gemcitabine,
methotrexate and 5-fluorouracil (5FU).
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Gemcitabine

The immunomodulating properties of gemcitabine are mainly investigated when applied at
the standard dose. Administration of this dose decreases the number of MDSCs, while
enhancing cross-presentation of malignant antigens [106]. In pancreatic cancer patients,
standard dose gemcitabine led to the depletion of Tregs, which lasted until 2 weeks after the
last dose of chemotherapy [107]. Interestingly, no other lymphocyte subtypes significantly
decreased after treatment. In ovarian cancer, a single dose of gemcitabine increased the
CD8+ T-cell tumor infiltration and PD-L1 expression both in vitro and in vivo [107, 108]. This
effect was observed during the first 5 days after treatment, but not after 2 weeks of
treatment [102]. Due to this time-dependent effect, ICB could best be given 1 week after
gemcitabine administration. The impact of dose on immunomodulatory effects require
further investigation.

Methotrexate

Methotrexate targets rapidly dividing cells by inhibiting the formation of nucleotides, thereby
impairing proliferation. Although high-dose methotrexate causes bone marrow suppression
[109], low-dose methotrexate has shown immunostimulating properties. In an in vitro
experiment, low-dose noncytotoxic concentrations of methotrexate boosted the maturation
of DCs by upregulating CD40, CD80 and CD83 [110]. In return, the DCs stimulated
proliferation of T-cells [110], which could lead to a greater antitumor response. This
suggests that low-dose methotrexate could be used as an immunostimulating agent.
However, more research evaluating the impact of methothrexate on the immune system is
needed to confirm whether it is indeed a suitable combination partner for ICB, as the
currently available data are too limited.

5-Fluorouracil

5FU functions as antimetabolite of pyrimidine by inhibiting the synthesis of DNA and RNA.
5FU is the most extensively investigated oncolytic compound for its immunomodulating
effects. A standard dose of 5FU may exert immune stimulatory effects, e.g. by facilitating
antigen uptake by DCs. In an in vitro experiment, DCs were incubated with a gastric cancer
cell line which was pretreated with 5FU. The isolated DCs showed higher IL-12 production
when incubated with the gastric cancer cell line pretreated with 5FU compared with the
control. Subsequently, the cytotoxic T-lymphocytes generated by these DCs showed higher
cytotoxicity compared with the control [111]. Furthermore, 5FU also selectively kills MDSCs
in vivo, while sparing the other lymphocyte subtypes [108]. Effects were seen in the spleen
and tumor of mice, 5 days after the intraperitoneal injection. Selective depletion of MDSCs
was associated with greater CD8" T-cell tumor infiltration and T-cell-dependent antitumor
responses.

COMBINATION THERAPY
Various studies investigating combination therapy with chemotherapy and checkpoint

inhibitors have been carried out. Both in vivo and clinical studies are showing promising
results [103, 112, 113].
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In vivo experiments allow for swift testing of different regimens by varying both the doses
and the order of administration of the drugs. One study tested three different regimens using
the combination of gemcitabine and ipilimumab in non-immunogenic mouse models [114].
Gemcitabine was given either 15 days before anti-CTLA-4, concomitantly, or 3 days after
anti-CTLA-4. Synergistic effects were only observed in the concomitant regimen, while
omitting the first dose of gemcitabine drastically decreased antitumor effects. In another in
vivo study combining cyclophosphamide and anti-CTLA-4 similar results were obtained
[115]. Immunological antitumor responses were seen when cyclophosphamide was given 1
day before anti-CTLA-4 treatment. However, when reversing the order, CD8+ T-cells
underwent massive apoptosis and antitumor effects of anti-CTLA-4 were attenuated. These
findings suggest that indeed there is a need for a chemotherapy induction phase before
administering ICB.

An overview of clinical trials of which data are available is presented in Table 2.
Combination therapy in the clinic is mostly well tolerated, and durable responses have been
observed in various trials. Currently, three combinations have been approved for first-line
treatment, all for advanced NSCLC [120, 147, 148].

In the majority of clinical trials, chemotherapy and ICB are administered concurrently and at
full doses. Few trials have explored the optimal dose, or sequence of administration, while
preclinical data have shown that these parameters might affect outcome. For example, an
induction phase of chemotherapy can modify the tumor microenvironment thereby
optimizing it for ICB [152]. A study in metastatic triple negative breast cancer (TNBC)
patients investigated induction therapy with various types of chemotherapy [153, 154]. For
the induction phase, low doses of chemotherapy were given for 2 weeks: 50 mg daily
cyclophosphamide, twice 40 mg/m2 cisplatin or twice 15 mg doxorubicin. Response rates
with chemotherapy appear higher in the cohorts where low-dose chemotherapy was used
as induction, compared with nivolumab alone. Thus far, response rates appear most
promising in the doxorubicin and cisplatin induction arms. Biomarker analysis carried out in
this trial showed that indeed upon treatment with these two compounds, upregulation is
found in key immunological pathways associated with response to anti-PD-1, and this effect
is further increased after nivolumab administration. Furthermore, the number of intratumoral
T-cells as well as the T-cell clonality is found to be higher after treatment with these drugs,
compared with no induction phase [155]. Another study that investigates the impact of order
of administration is a large phase Il study of ipilimumab with paclitaxel and carboplatin in
NSCLC patients [129]. Three different regimens were tested: a phased regimen in which
chemotherapy is given before ipilimumab, a concurrent regimen, and a control group of
placebo and chemotherapy. The primary end point of improved PFS was only met in the
phased regimen, suggesting again that there is indeed a need for a chemotherapy induction
phase.

Conversely, a potential immunotherapy induction phase may also be useful. This type of
induction could prevent the adverse effects of chemotherapy on the immune system and
could improve the overall response rate of combination therapy [121]. A study in TNBC
showed that an induction phase with durvalumab followed by combination therapy of weekly
nab-paclitaxel for 12 weeks followed by four cycles of combination therapy with epirubicin
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and cyclophosphamide resulted into a higher pathological CR rate when compared with
chemotherapy alone (53.4% versus 44.2%, respectively) [123]. As there was no
chemotherapy induction arm in this ftrial, it remains to be elucidated whether an
immunotherapy or chemotherapy induction phase is most effective.

CONCLUSIONS AND FUTURE PERSPECTIVES

Checkpoint blockade therapy is effective in a variety of tumor types. However, to further
increase the number of suitable tumor types, ICB may be combined with compounds which
are able to convert non-inflamed tumors into inflamed ones. This in return may render these
tumors more sensitive to ICB therapy. Preclinical studies demonstrate that the majority of
chemotherapeutic drugs has been shown to exert immunostimulatory effects, either by
inhibiting immunosuppressive cells and/or activating effector cells, or by increasing
immunogenicity and increasing T-cell infiltration. Although preclinical data have proved to be
useful for identifying immunomodulating effects, extrapolation to the clinic should be done
cautiously. For example, drug concentrations used in these experiments and drug exposure
over time often do not correspond to observed exposure in the clinic. Preferably, preclinical
experiments should mimic as much as is possible the clinical situation. An additional
potential confounder is that the majority of studies investigate the immunomodulating effects
of chemotherapy in peripheral blood and not in the tumor microenvironment. Although some
peripheral factors contribute to a response to ICB, intratumoral immunological factors such
as CD8+ T-cell infiltration, PD-L1 expression and IFN-y secretion may be even more crucial
and representative of observed effects. Therefore, it is warranted to further investigate the
impact of chemotherapy in the tumor micro-environment. For this, it will be essential to draw
pre- and on-treatment tumor biopsies during clinical trials, as they may reflect changes in
the immunological status of the tumor better than peripheral markers.

In addition to choosing the ideal drugs for combination, it is crucial to investigate the optimal
regimen for combination treatment. Current practice is that full-dose chemotherapy is
administered with ICB on the same day. However, preclinical research suggests that for
certain chemotherapeutic agents timing and sequence of administration of both modalities is
important. Furthermore, during combination treatment, chemotherapy is now often
administered at the maximum tolerated dose. For the majority of chemotherapeutic
compounds, treatment at these doses results in bone marrow toxicity and may lead to
altered immune cell function, while metronomic doses have been shown to augment
immunotherapeutic activity [85, 156, 157]. Early signs of improved outcome of combined
modality of chemotherapy and ICB in patients encourage more advanced approaches in
identifying representative preclinical models, optimal drug combinations, sequence effects
and ideal concentration—time profiles. This outcome should be the template for translation to
clinical proof of concept studies, which should incorporate extensive pre- and on-treatment
biomarker assessment, which may leverage pivotal studies, ultimately leading to novel
standards of care.

251



asuodsal sunwwi 8y} buiwud, Jaoued sn|d auigeyowsab-uieidogJed Bujuiquod auiqeyowab
"g0l yum aseyd uononpui [Lz11810Z le 1@ EpIA | 1190 [elayioin 0} Joud qewnjaAe uoionpul Jo s8joho g ‘unejdoque) qewn|aAy
‘Ajl@Ai30adsal ‘qewnzioeAaq Jo qewnzioeasq
'071DSN Showenbs-uou + (BWNZ||0Za}je ‘qewnz|joza)e aoueuajulew
oljejselal Jo Juswiealy aul| 1Sy uay} ‘uonalosip Jojebnsanul jad s8joko g Jo
Jo} panoiddy “Adelayjowsyo 1o} mgb Al (D wiy) [oxeyjoed + uieidogied
+ (BWNZIOBAS(] SNSJOA + qewnzioeAaq sA (g wly) [@xeyped
Adelayjowayd + qewnzioeaaq + unejdogie) + 6y/6w G| gewnzioeaaq +
+ (ewWnNzZ||0Zale YlIM Jijeuaq qewnzijozeje Jo (V wiy) ,w/Bw 00z [exenjoed gewnzioeaaq
Sdd Injbuiuesw Ajjeoung [0Z112102 "[e 12 309y OTOSN | +9 0NV ujedoqie) + bw poz| qewnzijoza)y | ‘|exeyded ‘uyeidogien gewnzijozajy
|exeyljoed ‘auigeyowab
‘au|q|aJouIA
‘qewnJionwel
‘|loxe}so0p gewnzijoiqwad
‘gewnz|oeaaq 10 qewn|oAlu
wle |0J3U09 JO ¥oBT "juswiess) ‘paxaljowad ‘qewnjeAinp
Jaye sesuodsal a|qeing [61L11210Z 1€ 18 BBLD J10SN Adesayjowayo Aue aioyeq go| Auy ‘unejdogie) ‘qewnzijozayy
(20'0=d '96°0
01290 ‘1D %56 -LL°0 ‘Uresp
Jo uojssalboid aseasip Joj ofjel
piezey) AjoAioadsal ‘syjuow
€'y pue syjuow g'G sem S4d
uelpaw 8yl (200°0=d ‘160
0} #G°0 ‘1D %S6 ‘040 ‘Uresp
10} onel piezey) dnoib ogaoeld
8y} ul syjuow ¢'Q| pue dnoib MED
gewnz|jozaje ay} Ul syjuow ogeoeld Jo BwQQEZ| qewnzijozele + MED apisodoje
€71 SEM SO uelpaw a8y [8111810Z "€ 10 uJOH O10SN w/BwpQ| opisodole + GONY uneldogsen pue unejdogqie) qewnzi|ozajy
AloAnoadsal ‘syiuow 021
pue syjuow g°'gl ‘syjuow g°z| 9oueUSUIBW (BWNZ||0Za)e
sem SO uelpa “Ajleanoadsal U}IM Pamoj|o} S8|9AD 9— 40} (T wiy) MO
‘SyjuoW /°G pue syjuow LW/BwOO| [oxeyjoed-geu + MED uijejdogqued
¥'8 ‘syjuow |/ sem S4d + gewnzijozaje 10 ((Q Wiy) MED ,Ww/Bwog
uelps|\ (SO 4noy) J wiy %9 paxaspwad + unejdogies + qewnz|jozaje
pue ([49] asuodsal a)0|dwod (0 WIY)MED ,w/Bwooz [exepoed
aU0) 0 WHY %89 ‘D wiy + 92NV unejdoaques + (asop ey Bwoozl |oxeyijoed-geu
%9€E 8IdM SHYO pPaWIu0D [21118102 "le 30 NN O10SN juswpusuwe Jaje| e ulby/bwg| qewnzijozely | ‘|exejoed ‘upeidogied gewnzijozayy
SH)98M 1t JO
syuow/ L $91040 Ul (G1'8°LP) MLD ,w/Bw Gz | |oxeyoed
SO ‘syjuow G'G S4d ueipsN | [9111810z ‘e }o swepy OdNL -geu pue (GL‘Lp) MZO Bw 008 qewnzijozaly [oxeyjoed-geN gqewnzijozayy

sanssy/sbuipuyy Jofepy

90UdI3)aY

adA] Jown)

uawibay

Kdesayjounww
Adesayjowayn sbnug

"S|el} uoeuIquIod [ea1ulld ‘g 3lqel




BU} 10} %P'G SA %EVL

Repgxg o} dn Rep/,w/BuipGz euizeqiedep

sem ajes asuodsal aARda[qO [8Z11110Z ‘|e 1@ ysioH ewouee\ ypm Jo auoje pHO By/Bwg gewnuwiid] auizeqieoeq qewnuwijid)
[2z1]syuaned pajeay
-au4d U1 UsAS ‘yuow '} Jo SO
ue ojul pajnsal Adelsayjouow
Jayjoue uj “(syuow |°g "SA Adessyjouow auizeqieoep
syjuow g’} 1) SO 48ybiy e ojul Aq pamo|jo} MED 0gadeld + duizegquedep 10
pajnsal Adesayy uoijeuiquod | [9z1]110Z ‘|e 18 Haqoy ewoueply | ,w/Bwpsg suizeqleoep + 6y/6wol qewnuwiid| auizeqseseq qewnuwijid]
AjeAnoadsal (1000 = d)
%L L SNSIBA %19 JO HHO Ypm
‘(g1 = u) auoe Adelayjowayo
10 (6 = U) gQ| 4oy paniedal
oym asoy} 1o} (2000 =d 'z
-6°0 ‘1D %G6) Sieak g'| snsian
(YN-Z 11D %S6) sieak G Jo SO [exeyoed
uelpaw e pey Adelayjounwwiy [gz1lgl0Z -geu ‘aplwo|ozows}
-OWaYD PaAIadal Oym sjualied ‘e 1@ et9|inbBy ewoue| J)sodpjoelisqe ul payioads JoN ‘loxeyoed ‘unejdoqien a9l
MED
g Aep pue | Aep uo NE\mEv.F 0} Uolje|eosa
as0p ypm ,w/Buiy’| s asop Buipe)s sy
"919A2 yoes jo | Aep uo
1A synsasoN | [yz11g10z ‘e 3o ApueT O8aNL uaAlb si (Bz)°|) qewn|eanp o 8sop paxy Y ulngu3 qewnjeaing
S9[0AD
¥ 10} MO aplweydsoydojohoyuidigniida
+ 0gaoe|d/gqewnjeAinp Ag pamoj|o}
[elolyauag paWaas qewn|eAnp ‘SHM Z| 4o} MO W/Bw Gz |oxeyoed-qeu +
yum Adesayy uononpui ogoaoe|d/qewnjeAlnp pue ‘(aseyd mopuim) sym uigniide
*OgNL Ul djes Yo ybiy e Z 1541 /Yy 4oy uanib sem (6 G2-0) Adessyjouow ‘apiweydsoydojoho
ul paynsas Adelay} uoneuiquio) [ez11810zZ ‘| 10 |q107 OgNL ogaoe|d ‘MO 0gade(d Jo 6 G|, qewnjeang ‘[loxeyoed-qeN qewnjeAing
"Syoam J/suonoel) Ge/A9 02 Adelayy
uoneipey -aseyd Adeiay) uoneipeiowayd ay}
Jo € pue ‘zg ‘| skeq :Al ;w/Bw ool une|dsiO.
‘aseyd soueusjulew sy} Buunp syjuow z|
10} Mgb pue ‘eseyd Adelay) uoneipeiowayd
Jaoueod yoau 8y} JO S pue ‘Gz ‘g sAeq ‘eseud
184 synsaJ oN [zz11g8L0Z ‘lB1@ NA | pue peaH ul-pes ayy jo | Aeq uo By/6wg| qewnjeay unedsio qewn|aAy

NIRRT
aJow aq o} Adesayjounwiwii
moj|je Aew Adesayjowayd

UM uaping Jownj JO uoionpal
‘s]|90 sunwuwi uo Adelayjowayod
10 J08)4 [ejuBWILIEP BY) Jusrald
pinoo Adelayjowayd aiopeq

$9[0A2 g 10} qewn|oAe




Jadued jsealq

MPO Gl ‘L Aep uo bBy/bw(Q| qewnzioeasq

annebau pue ‘G| ‘g ‘|Aep uo ,w/Bwog |exeyjoed
1A synsasoN | [2€118102 ‘[e 30 ezO 2y3H ‘Gl ‘L Aep uo Apoq/Buipig qewnjoaN [oxeyjoed gewn|oAIN
(AjoAnoadsal ‘gl pue | sAep
uo Bx/6wg pue G| pue g‘| shep uo ,w/Bwg
‘MPO) gewnuionwel pue [axeyjoed Jo sasop
loellgLoz paxi) yym (|- [9A9) Joj Bxy/Bui| pue | [aAs] Jo}
oA synsal oN ‘e 1o eUIYSIN | Jooued ouises G| pue | skep uo By/Bwg ‘AMpD) qewn|joAlN |loxeyjoed gewn|oAIN
[sellgLoz MED (bw 09¢)
194 synsal oN ‘[e }o oplieD 0aN.L GEWN|OAIU JNOYYIM JO Ym (9ONY) ueldogie) ugejdogien qewn|oAIN
dnoub uiejdogled upjejdoqueo-joxeyoed gewnjoalu By/6w G
-|oxe}ljoed -qewn|oAlU uj unjejdogueo-jaxeyoed gewnjoaiu 6y/6w QL unyejdogueo-jaxeyoed
synsai Buisiwoid }soj\ "pauyap ‘uije|dsio-paxaljpwad gewn|oAlu 6y/6w QL ‘une|dsio-paxaljpwad
jJou sasop Adelayjowayd [yeLlotoz e 1o | O10SN ‘uyeidsio-auiqeyowab qewn|oalu 6y/6w oL ‘uje|dsio-aulqelowan) gewn|oAIN
w/bwg/ [9XE}900p + qewn|oAlU :q Wiy
mv_\wEmv gewnzioeasq + 9ONY une|dogled
siaquinu + NE\mEoow |exeyjl|oed + qewn|oAlu T Wiy
juaned Mo| pue jJualayip NE\mEmn uneldsio
‘Juswieal Jo saul| JusIBlIp + ,W/BwQog paxasewad + qewn|oAlu TG WY |oxeja00p ‘upyeidogied
:sajel asuodsal asedwod ,W/Bwog une|dsio + w/Bwogz) | ‘lexepoed ‘paxaljewad
0} Ynoyig "uanIib sem asop |In4 | [g€11910Z ‘(e J epuey 010SN aulqepowsb + B/6w(| qewn|oAlu Y WY | ‘uie|dsid ‘Suigeyowan qewn|oAIN
(MED ;w/bw G'| “¢"| “0°}) ulpajoaqesy
[ceilgloz Jo sesop Buneleass pue ‘(MzD Bx/Bwg) qewnjoAlu
194 synsal oN ‘[e 18 uopIo SIS gewn|oAlu ‘(AMZLO By/6w ) gewnuwid] uipioaqel | ‘qewnuwijid]
unejdoqued + |oxeyjoed
auole Adesayjowayd [LeLlzLoz + qewnuwid! 6%/6wQ| Xy Aq pamojjoy
0} pasedwod gO pabuojoid oN ‘|e 1@ UBpUINOS) 2719OSN unejdogues + [axeyoed gqewnuwijidi paseud unjejdoques ‘joxeyoed qewnuwijid]
poyoo Adessyjouow qewnuwijidi
oN ‘Adesay) uoneuiquod
Jsye s||89 ,ya0 o uoisuedx3y
‘auigeyowab Jaye s||80 une|dsio + auiqeyowsab +
sunwuwi [esayduad jo Aouanbauy euwouioled 63/6wQ] gewnuwidl xiy Aq pamoj|o} NE\mEom
pue uonisodwod uj sebueyo oN | [0€L]210Z ‘e 1@ AYsies | 190  [eldyioin upe|dsio + ,w/Bwpoo| dulgejowsb xg une(dsio ‘auigejowas qewnuwijid]
unejdogued + [axe}loed + ogadeld :joJju0)
‘ueldoques
+ |1oxeyoed + qewnuwiidi Xy Aq pamojjoy
unejdoqued + |axeyjoed + ogaoe|d xg paseyd
uijejdogues
10J3u0d + [oxeyjoed + ogaoe(d xg Aq pamoj|o)
0} pasedwod S4d panoidwi 90NV unejdogued + NE\mEmt |Joxeyjoed
0} spea| uawibai paseyd AjluQ [6211210Z "Ie 18 youA OTOSN + By/6wQ) qewnuwidi Xy JUS1INOUOY une|dog.ed ‘[oxeyoed qewnuwijid]

AleAnoadsal 9| pue 6°0g
sem SO "Adesay) uoeuiquiod

s9[0A0




-jue Buisiwold "uanib asop ||n4 [ozlz10z'1e 12 Bueg | ieoued ouises une(dsio + MO Bwooz qewnzijoiquad une(dsio ‘N4g qewnzijoiquiad
"OTOSN
snowenbs-uou onejselow
10 JuswWieaJ) aul| 1sl1} 40} sieak z 10} MO Bwooz qewnzijoiquiad
panoiddy ‘euoje Adesayjowayo [ev1]9L0Z 1€ 10 49bue [+ NE\mEoom paxaJspwad |euondo
Jano0 Aoeoyys panoidw| “Aep ferilzioz e Aq pamoiio} sojofd 1 10} MED ,W/BWO0S ‘paxaljowad
awes uo palajsiuiwpe sbnip |y nojnodoxeniwipeded 9719OSN paxaJsipwad + Jw/BwgoNy ::m_ao...tmo ‘uneldoqe) qewnzijoiquiad
MED ,W/BWQg uIoIqnioxop
lewosodi| + gewnzjjoiquad g Wiy
MED
,W/Bwoog uessjouul + gewnzijoiquad G WY
MED
8Q pue g ,w/Bwgg suigjaiouin +~E\mEooor
w:_nE_oEmm + qewnzijoiqwad T Wiy
9 MED 8d
— € WJe Ul paAIasqo sasuodsal pue L.q E\mEmNF |oxeyoed-qeu + E\mEooor
|ened ‘osop pajela|o} wc_nE_oEmm + nmE:N__oEEmQ e Wiy
wnwixew se paulwiaap MED 8d udIgnJoxop
asop g aseyd papuswiwoday LW/Bwg/ jaxejao0p + 8q pue Lq ,w/Bwo0s |lewosod|| ‘uessjoul
‘pasn aJe Adelayjowayd auigeyowsab + qewnz| oBEwQ 2wy ‘aulqjaloulA ‘|jaxeyoed
JO sas0p ||N4 ‘papnjoul sadA} MED 8d pue La E\mEoooF auiqejowasb -geu ‘|9xe}p00p

sadAj Jown} pljos paoueApe ||y [z¥11210Z | 1@ ssiop\ | Jowny plos ||V +MED mv_\mEN qewnzijoiquad T} Wiy ‘aulge)lowan qewnzijoiquad
,W/bwQ0g epiweydsoydojord
E\mEoo uioignioxop + Bwoogz
amE:N__oEEmaW MED Ag pamo||o} MED 9ONY
unejdoqied + MO ,W/BWSZL-001 |oxeyjoed
ejuadoJinau Ajuirew -qeu +\\eO Bwopz gqewnzijoiqwad g Hoyo)
‘SBI}I0IX0) 7 40 ¢ dpelb aiow ul ", w/Bwog
pajnsa. uejdoqued jJo uonippy uIoIgnNIoOXop + E\mEoom apiweydsoydojoho
‘AJ01x0} a|qeabeuew yym + mEoom qewnzijoiqwad ApED uijeidoquen

Ajanoe Jowny-nue Buisiwoud
pamoys suswibai yjog

[L¥112102 "8 1o meyg

08NL

Aq pamoio} MD ,w/BwgzL-001 [exepoed
-qeu + Med Bwoz nmE:N__oBEma ¥ Hoyo)

‘apiweydsoydojoho

‘uoignioxop  ‘|jaxejjoed

gewnzijoiquad

lovLlgLoz

‘meb (bw 09¢) qewn|oAlu pue A w/bw

1A syinsa1 oN ‘le 1@ ojowilny ewoldYylossy 005) paxanewad ‘(,w/Bw G7) c:m_nm_o paxasowad ‘unedsio qewn|oAIN
Ajnioe
onsiBiauAks aney Aew yoeosdde
Adeisyj-ounwwiy/-owsyd
pauIqwio SIy} Jey} pue ‘ajes
S| qewn|OAIU pue ulpajoaqges [6ctlgLoz MED (Bx1/Bwg)
JO uojeysiuiwpe palied ‘e 38 eymey S1S GEWN|OAIU pue ‘MED (,w/Bwg’|) uipajoagel | ulpioaqgel | gqewn|oAIN
EXMED Bw9g qewn|oAlu
snid EXMED 8P ‘LP E\mEomNF auigeyowab auigejowab
10 mx>>m0 LW/Bw 00g pexanewad ‘unedsio Jo
194 syinsai oN [ge1L18L0Z ‘|e 1@ sueaq O1OSN Jayye snid mx>>m0 E\mEmm uneldsio pexaJjowad ‘uneldsiy qewn|oAIN




sasuodsal [ened

S9|0AD { JO WNWIXeW e 1o} 8|oAd
Aep-18 yoeas jo | Aep uo (By/6w G| Jo ‘0L

om] By/Bwg| qewnwidwal) [Ls1lyL0Z Jaoueo ‘9) qewnuwijawsaly + (s8]9A0 Aep-8Z yoes Jo G|
10 ALIA ‘euigeyowsab asop [|n4 ‘[e 1o epal|By oljeasoued pue ‘g ‘| sAep uo ,w/Bw 0Q0}) BuIge)OWSD) auIge)owaD qewnuwijawal]
"Aloaioadsal ‘g
wJe pue ‘y wle ‘hoyoo [[eJano
8y} J0} syuow /¢ pue ‘L'g
'8y SeM Sd UBIpPaN “%06 JO
{0 PUE %EE JO ¥HO Ue pey meb (g wue) g pue | Aep uo
g wie seasaym ‘%, /9 Jo ¥Oa Jaoueo NE\mE 0001 duigeyowsab Jo (v wue) NE\mE G/ auiqejowab

PUE %06 JO HHO ue pey v wiy

[05118102 "B 10 Yjued

190 [efjayjoin

|oXe}e00p Jay)e pue Bwpz qewnzijoiquad

1o |oxe}e00(Q

gqewnzjjoiquad

"071DSN snowenbs

oljejsejaW Jo Juswiesal;

aul| )sdi Joy panoiddy -suoje
Adesayjowayo o} pasedwod
Adesayjounwwi-owayd

yum dnoub ayj ui (syuow g'y
SA SUjUOW °9 JI S4d) asuodsal
10 uoneInp pue ‘sejel asuodsal
‘(syiuow gL | SA syjuow

[6v1'svLl'8LOZ

ogaoe|d

sn|d AdeJayjowayd awes ay} SA s8|0Ad

¥ 40} MD LW /Bwoo) Je [oxeyoed-(qeu) punoq
-uiwnge spidedoueu Jo MED W /BWooz

Je |axejijoed pue MED 90NV une|dogued

|exeyjoed

6'Gl) [BAIAINS |[eJaA0 paAoidw) |e 18 saly-zed 9TOSN sn|d yeam/BwQgz 1e qewnzijoiquad -qeu ‘unejdoqied qewnzijoiquad
'sdnoib
Z 9y} usamjaq a|gesedwod
sem s3yJ ¢ apelb Jo aduaploul
ay] "Ajeanoadsal syjuow
6% SA '8 SEM [BAIMNS SHd
'snjejs | 1-ad o sso|pJebal
‘dnoJb uoneuiquoos-ogaoeld paxaseowad + ogade|d Jo gewnzijoiquad
ay) Ul %61 snsiaa dnoub 10 9940 G¢ AQ pamoj|o} s8j0Ad
uoljeulquod-gewnzijoiquad ay} [zv118102 ¥ 1o} MO 0gade|d Jo qewnzijoiquad BwQoz+ unjejdoques
ul %Z'69 Sem syjuow g\ e SO ‘[e 18 Iypue OTOSN Bnip paseg-wnune|d e pue paxanawad | ‘une|dsio  ‘paxaliswiad qewnzijoiquiad
‘aseasip
olje}selaw pey omj woym (4o L/uo | Apjeam ‘qlg Bwoooz) suigenoaded
Jo ‘esuodsau |elped e pamoys |eJo Jo (b NE\mEowv |oxeyjoed auj| |Jexeyjoed
sjuaiied aulu Jo N0 a1y | [ov1]1810Z '|e 1o abed JdNL o 40 oL pue MED Bwogz qewnzijoiquiad Jo auigeyoade) qewnzijoiquad
sypuow 2/ [S¥1Llz102 MED gqewnzjjoiquad
SO ‘syuow 'y Sdd Uelpajy |e Jo Asuejo | OdNL ‘g pue | Aep uo ,w/bwyp’| unquz ulinguy qewnzijoiqwad
uoneinwns 8 pue
aunwiw| SAIJOBYd pamoys | sAep uo ANE\mEoomv auiqeyowsab + (ZONV) auigejowab
sjusijed 824y} JO N0 om | [¥7112102 Ie 38 pIego OdNL upejdogsed pue ‘gD Bwz gewnzijoiquad ‘ujejdogied qewnzijoiquad

‘uoissaldxa |7-ad
10 aAnoadsaul A)Aoe Jowny

MED Q9 ,Ww/bwoo0L dulge)aded
10 MED ,W/BWO08 NS + MED ,w/Buiog




Combining chemotherapy and immunotherapy
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Chapter 7

CONCLUSIONS AND FUTURE PERSPECTIVES

With the approval of checkpoint inhibition therapy, anti-cancer immunotherapy has taken a
leap forward. This thesis described how treatment with immunotherapy could be further
improved by investigating novel therapies (chapter 1 and 2), broadening the range of tumors
for existing therapies (chapter 3), developing assays for identifying novel biomarkers
(chapter 4), identifying potential pitfalls (chapter 5) and designing rational strategies for
combination treatment (chapter 6).

Novel therapies

Although no one doubts the impact checkpoint inhibitors have had in the field of anti-cancer
immunotherapy, still only subsets of patients show responses to treatment. Indeed, a need
for novel therapies in order to treat an even broader range of cancers is necessary. Chapter
1 described novel antibodies which target immune cells to the tumor site, with the aim of
triggering novel and local immune responses. Chapter 1.1 showed that a CEA targeting
bispecific monoclonal antibody was able to generate an anti-tumor immune response in
microsatellite stable colorectal cancers, a phenomenon not achieved by checkpoint
inhibition therapy alone. Chapter 1.2 described two tumor targeting immunocytokines which
contain a variant of IL-2. For CEA-IL2v, imaging studies have confirmed the selective and
targeted tumor accumulation in another study. Anti-tumor responses were seen in
melanoma patients and head and neck squamous cell cancer types. Further investigation is
required to assess the added value of the targeting component of these immunocytokines in
regards to efficacy. Chapter 2 described monoclonal antibodies targeting co-stimulatory
receptor molecules. Targeting OX40 is currently explored in the clinic by multiple
pharmaceutical companies. Chapter 2.1 and 2.2 described the OX40 monoclonal antibody
from GSK and Pfizer respectively. Both compounds were deemed safe and tolerable. Anti-
tumor responses were seen in both monotherapy and combination therapy, and currently
the focus for these compounds is to identify the most suitable combination partner. Chapter
2.3 described the anti-CD40 antibody selicrelumab in combination with either atezolizumab
or vanucizumab. The main toxicity seen was injection site reactions due to the
subcutaneous administration of the compound. Efficacy is currently assessed in expansion
cohorts of selected tumor types.

Broadening the range of tumors for existing therapies.

In the past years, approval of pembrolizumab has expanded rapidly across tumor types.
Approval started with melanoma and non-small cell lung cancer, and has expanded to head
and neck squamous cell carcinoma, Merkel cell carcinoma, urothelial cell carcinoma, gastric
cancer, classical Hodgkin Iymphoma, B-cell lymphoma, MSI-H/dMMR cancers,
hepatocellular carcinoma and cervical cancer. KEYNOTE-158 is a large study which is still
ongoing and which determines the efficacy of pembrolizumab in advanced rare tumor types.
Approval of pembrolizumab in PD-L1 positive cervical cancer is based on efficacy data of
KEYNOTE-158 and is described in Chapter 3.1. Modest efficacy results were observed,
with an objective response rate of 12.2% (95% CI, 6.5% - 20.4). A safety and efficacy
analysis of patients with rare tumors treated at the Netherlands Cancer Institute was
described in Chapter 3.2. Efficacy was seen in a broad range of tumor types including MSI-
H tumors, anal cancer, small cell lung cancer, and cervical cancer.
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Developing assays for identifying novel biomarkers

Much research is done to identify relevant biomarkers in order to select those patient
populations who respond to treatment. However, the assays that are used in these studies
are often poorly described, which may explain differences in findings. Therefore, there is a
need for well-validated assays of which both the merits and limitations are known. Chapter
4.1 described an enzyme linked immunosorbent assay which is capable of measuring
nivolumab and pembrolizumab in human serum and cerebrospinal fluid. This is the first
assay describing nivolumab concentrations in cerebrospinal fluid. This assay can be used
for further studies investigating the relation between nivolumab concentrations and
responses seen in brain metastases. Chapter 4.2 described a multiparameter flow
cytometry assay for quantification of immune cell subsets, PD-1 expression levels and PD-1
receptor occupancy by nivolumab and pembrolizumab. Together, these two assays can be
used to set up a large study in patients treated with nivolumab or pembrolizumab to assess
the relationship between (1) serum or cerebrospinal fluid concentrations and response or
toxicity, (2) receptor occupancy and response, (3) PD-1 expression levels on various
immune cell subsets and efficacy.

Designing rational strategies for combination treatment

Combination treatment is a potential strategy to broaden the indication range of anticancer
immunotherapy. However, rather than combining all novel immunotherapies with checkpoint
inhibitors, the focus should be on designing rational strategies. An example for this is the
tumor-targeting immunocytokine FAP-IL2v, which was described in Chapter 1.2. This
molecule will continue development with combination partners that show antigen-dependent
cell mediated toxicity. Biomarker data revealed that FAP-IL2v showed high proliferation and
activation of peripheral natural killer cells upon treatment. Natural killer cells can bind to
tumor cell-bound antibodies, resulting into degranulation and eventually death of the tumor
cells by apoptosis. Cetuximab and trastuzumab are antibodies which can bind to tumor cells
and promote antigen-dependent cell mediated killing by natural killer cells. These
combination trials are currently ongoing, so far showing promising results.

As described in this thesis, the efficacy of the monoclonal antibodies targeting co-
stimulatory molecules show modest efficacy in monotherapy. A potential reason for this is
that co-stimulatory receptors typically only stimulate already ongoing immune responses.
Therefore, the ideal combination partner might be those that trigger novel anti-tumor
immune responses. As described in Chapter 6, preclinical and retrospective clinical studies
of chemotherapeutic compounds have shown that this class of drug might trigger novel
immune responses. Quite recently, pembrolizumab has been approved both by FDA and
EMA for combination treatment with pemetrexed and platinum in non-squamous NSCLC as
first line treatment (August 2018), and with carboplatin and paclitaxel in squamous NSCLC,
also as first line treatment (October 2018).
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Identifying potential pitfalls
As drug development is remarkably expensive, it is of utmost importance to identify and
overcome potential pitfalls of drug development as soon as possible.

One potential pitfall is anti-drug antibody (ADA) formation against biological agents, and a
review describing this phenomenon is described in Chapter 5. ADAs appear to not
significantly impact registered biologicals, however they may impact efficacy and safety of
drugs currently in development. A high incidence was seen in the monoclonal antibodies
investigated in this thesis that contain a CEA-binding region. The high incidence of ADAs
not only showed loss of exposure in several patients, but also impacted safety. The problem
was identified early, and patients were given the anti-CD20 antibody obinituzumab in order
to prevent ADA formation.

Another potential pitfall observed in phase | immunotherapy studies described in this thesis
is the high incidence of severe toxicities, such as infusion related reactions, capillary leak
syndrome and cytokine release syndrome. Although these toxicities were not necessarily
dose-limiting, the high incidence and severity requires specialized trained staff (both nurses
and physicians) to identify and treat these symptoms. These toxicities may make it unable
to treat patients in non-academic hospitals, and therefore less suitable to treat a broad
range of patients. In addition, patients often experience significantly more fatigue or require
prolonged hospital stays. It is crucial to find not just the maximal tolerated dose, but also a
dose which gives patients an acceptable quality of life.

Anti-cancer immunotherapy is an exciting field which develops rapidly. Already in the four
years during this PhD, checkpoint blockade therapy has been expanded in numerous
tumors. However, as this thesis shows, exciting new challenges remain for improving
immunotherapy.
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Summary

The research in this thesis focuses on the early stage of clinical development of
immunotherapeutic compounds.

Chapter 1 focuses on novel tumor targeting anti-tumor immunotherapies. By not only
activating the immune system, but also targeting the immune cells to the tumor, a more
favorable safety and efficacy profile might be reached. Chapter 1.1 describes CEA-TCB, a
novel bi-specific antibody which binds both CEA on the tumor, and CD3 on the T-cell. This
chapter describes the dose-escalation portion of the trial, and shows that CEA-TCB
effectively increases immune responses within the tumor. Anti-tumor responses were seen
even in microsatellite stable colorectal patients, an achievement not seen with checkpoint
inhibition therapy. Chapter 1.2 describes clinical trials investigating immunocytokines which
contain a variant of IL-2. This variant has an abolished a subunit of the IL-2 receptor, which
prevents the immunocytokine to preferentially activate regulatory T-cells. Two different
immunocytokines are described: FAP-IL2v targets fibroblast activating protein in the tumor
stroma, and CEA-IL2v targets carcinoembryonic antigen on tumor cells. Tolerability was
moderate, with many patients experiencing infusion related reactions and having prolonged
hospital stays. However, treatment was more tolerable in subsequent cycles, and durable
anti-tumor responses were seen in multiple patients.

Chapter 2 focuses on monoclonal antibodies which target co-stimulatory receptor
molecules. Chapter 2.1 and 2.2 describe phase | studies investigating anti-OX40 treatment.
Chapter 2.1 investigates GSK3174998 as monotherapy and in combination with
pembrolizumab. The drug was well tolerable and an anti-tumor response was seen in a
heavily pre-treated soft tissue sarcoma patient. Chapter 2.2 investigates the phase | study
of PF-04518600 in selected tumor types. No dose-limiting toxicities occurred in this trial, and
three patients achieved an objective response. Biomarker analysis revealed proliferation
and activation of CD4+ cells, clonal expansion of CD4+ and CD8+ cells, and upregulation of
genes of the inflammatory response pathway. Chapter 2.3 investigates selicrelumab in
combination with either atezolizumab or vanucizumab. In these trials, selicrelumab was
administered subcutaneously. This led to a more favorable pharmacokinetic and safety
profile as compared to intravenous administration. However, nearly all patients experienced
injection site reactions. These reactions were manageable with topical corticosteroid
treatment. Modest efficacy was seen in the trials, with responses seen in microsatellite
instable colorectal cancer, squamous cell carcinoma of unknown origin, and ovarian cancer.

Chapter 3 describes results of the KEYNOTE-158 study, a study which investigates
pembrolizumab in advanced rare cancers. Chapter 3.1 describes pembrolizumab in cervical
cancer. Based on this data, pembrolizumab has been approved for the treatment of patients
with PD-L1 positive cervical cancer which have progressed on or after chemotherapy. The
observed responses were exclusively seen in PD-L1 positive patients. Chapter 3.2
describes results of the KEYNOTE-158 study of patients treated at the Netherlands Cancer
Institute. Durable (> 6 months) responses were seen in a wide variety of tumor types,
including anal carcinoma, cervical cancer, small cell lung cancer, and microsatellite instable
tumors.
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Chapter 4 describes the development of two assays which can be used in the clinic to
measure anti-PD-1 monoclonal antibody serum concentrations and receptor occupancy
levels. These assays can be used for further immunomonitoring studies to investigate the
effect of pharmacokinetics, receptor occupancy levels, and proportion of immune cell
subsets on clinical outcome.

Chapter 5 discusses an important phenomenon seen in drug development of biologicals:
the formation of anti-drug antibodies. As the name implies, these antibodies bind to the
therapeutic agent and may impact exposure, pharmacodynamics, or safety of the drug. The
majority of biological trigger anti-drug antibody formation. However, the clinical relevance of
these ADAs are often not described. This chapter aimed at raising awareness to
consistently report the incidence and impact of ADA formation, as well as using well-
validated assays which only measure parameters that are relevant to drug development.

Chapter 6 discusses a controversial partner for immunotherapy, namely chemotherapy.
Chemotherapy is notoriously known for being immunosuppressive. However, current
(mainly preclinical) research suggests that they exert immunological effects which may be
beneficial for immunotherapy. For example, some forms of chemotherapy selectively
deplete immunosuppressive cells, whereas others induce an immunological form of
apoptosis — immunogenic cell death. Chapter 6 discusses each class of drug in the light of
being a combination partner for immunotherapy. In addition, currently ongoing clinical trials
are examined in regards to design and results.

Finally, Chapter 7 ends this thesis with conclusions and future perspectives of
immunotherapy.
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Het onderzoek in dit proefschrift richt zich op de vroeg-klinische ontwikkeling van
immunotherapeutische geneesmiddelen.

Hoofdstuk 1 richt zich op nieuwe tumorgerichte anti-tumor immunotherapieén. Door niet
alleen het immuunsysteem te activeren, maar ook de immuuncellen naar de tumor te
richten, kan een beter veiligheids- en effectiviteitsprofiel worden bereikt. Hoofdstuk 1.1
beschrijft CEA-TCB, een nieuw bi-specifiek antilichaam welke bindt aan zowel CEA op de
tumor, en CD3 op de T-cel. Dit hoofdstuk beschrijft het dosisescalatie gedeelte van de frial,
en laat zien dat CEA-TCB effectief immuun responsen opwekt in de tumor. Anti-tumor
responsen werden vastgesteld in microsatelliet stabiele colorectaal patiénten, iets wat nog
niet gezien is bij checkpoint blokkade therapie. Hoofdstuk 1.2 beschrijft klinische ftrials
welke nieuwe immuuncytokinen onderzoeken. Deze immuuncytokinen bevatten een variant
van IL-2, welke niet meer in staat is te binden aan de a subeenheid van de IL-2 receptor.
Hierdoor bindt de immuuncytokine niet langer preferentieel aan regulatoire T-cellen. Twee
verschillende immuuncytokinen worden beschreven: FAP-IL2v bindt aan Fibroblast
Acitvating Protein, een eiwit in de stroma van de tumor. CEA-IL2v bindt aan
carcinoembryonic antigen op de tumor cellen. De tolerabiliteit van beide middelen was
matig. Menig patienten ondergingen een infuusreactie en verbleven langere tijd in het
ziekenhuis. Toediening werd tolereerbaarder in vervolgcycli, en anti-tumor activiteit werd
gezien in meerdere patiénten

Hoofdstuk 2 focust zich op monoclonale antilichamen welke binden aan co-stimulatoire
receptor moleculen. Hoofdstuk 2.1 en 2.2 beschrijven fase | studies welke anti-OX40
behandeling onderzoeken. Hoofdstuk 2.1 onderzoekt GSK3174998 als monotherapie en in
combinatie met pembrolizumab. Het medicijn werd goed verdragen, en anti-tumor
responsen werden gezien in een zwaar voorbehandelde patiént met sarcoom van de weke
delen. Hoofdstuk 2.2 onderzoekt de fase | studie van PF-04518600 als monotherapie en
in combinatie met utomilumab in voorgeselecteerde tumor typen. In deze trial werden geen
dosis-limiterende  toxiciteiten gezien, en responsen werden vastgesteld in
melanoompatiénten en een patiént met hepatocellulair carcinoom. Biomarker analyse liet
zien dat er proliferatie en activatie optreedt in CD4+ cellen, klonale expansie van CD4+ en
CD8+ T cellen, en opregulatie van genen betrokken bij ontstekingsreacties. Hoofdstuk 2.3
onderzoekt selicrelumab in combinatie met atezolizumab of vanucizumab. Selicrelumab
werd subcutaan toegediend bij patiénten, wat leidt tot een beter farmacokinetisch- en
veiligheidsprofiel. Echter, bijna alle patiénten vertoonden een huidreactie op de plaats van
injectie. Deze reactie was goed behandelbaar met corticosteroidezalf. Responsen traden op
bij microsatelliet instabiele colorectaal kanker, epitheelcelkanker van onbekende origine en
ovariumkanker.

Hoofdstuk 3 beschrijft de resultaten van KEYNOTE 158, een studie welke pembrolizumab
onderzoekt in zeldzame tumoren. Hoofdstuk 3.1 beschrijft pembrolizumab in
baarmoederhalskanker. Gebaseerd op deze data is pembrolizumab goedgekeurd voor de
behandeling van patiénten met PD-L1 positieve baarmoederhalskanker die progressie
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vertoonden op chemotherapie. Responsen werden exclusief gezien in PD-L1 positieve
tumoren. Hoofdstuk 3.2 beschrijft de resultaten van de KEYNOTE-158 studie van patiénten
die behandeld zijn in het Nederlands Kanker Instituut. Duurzame (> 6 maanden) anti-tumor
responsen werden gezien in anuscarcinoom, baarmoederhalskanker, kleincellig long
kanker, en microsatelliet instabiele tumoren.

Hoofdstuk 4 beschrijft de ontwikkeling van twee analytische methodes welke in de kliniek
gebruikt kunnen worden om anti-PD-1 monoclonale antilichaam serum concentraties en
receptorbezetting te meten. Deze technieken kunnen gebruikt worden voor
immunomonitoring studies welke de effecten van farmacokinetiek, receptor bezetting en
verhouding van de verscheidene typen immuuncellen onderzoeken in relatie tot klinische
uitkomst.

Hoofdstuk 5 beschrijft een belangrijk fenomeen dat wordt gezien in de klinische
ontwikkeling van biologische middelen: anti-geneesmiddel antilichamen (ADAs). Zoals de
naam zegt, binden deze ADAs zich aan het therapeutische geneesmiddel, wat een effect
kan hebben op de blootstelling, farmacodynamiek of veiligheid van het middel. Echter, de
klinische relevantie van deze ADAs worden vaak niet beschreven. Dit hoofdstuk heeft als
doel bewustwording van het fenomeen, en de noodzaak om consistent de incidentie en
impact van ADAs te rapporteren.

Hoofdstuk 6 beschrijft een controversiéle partner voor immunotherapie: chemotherapie.
Chemotherapie is bekend om zijn immunosuppressieve eigenschappen. Echter, nieuwe
(voornamelijk preklinische) studies laten =zien dat chemotherapie ook gunstige
eigenschappen kunnen hebben op het immuunsysteem. Zo zouden bepaalde
chemotherapieén selectief de immunosuppressieve cellen vernietigen. Weer andere
chemotherapieén zorgen voor een immunologische vorm van apoptose: immunogenische
celdood. Hoofdstuk 6 beschrijft elke klasse van chemotherapie en bekijkt welke soorten
geschikt zijn als combinatiepartner voor checkpoint blokkade therapie. Verder worden
huidige klinische studies onder de loep genomen wat betreft studieopzet en resultaten.

Tenslotte sluit hoofdstuk 7 dit proefschrift af met conclusies en toekomstperspectieven.
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