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Preface

There is a substantial unmet need for better therapeutic options in patients with
cancer. Increasing knowledge about the pharmacology, safety and efficacy of oral
drugs as a single treatment modality, or in combination with two or more drugs
is an essential process in drug development in oncology. This thesis analyses the
safety, dosing, pharmacokinetics, pharmacodynamics, drug-drug or food-drug in-
teractions and preliminary antitumor activity of some new (oral) treatment op-
tions, or new oral drug combinations. Oral anticancer treatment is more practical
and convenient for patients, and may therefore increase the quality of life. One of
the features is that treatment can be taken at home, which may also lower costs
of drug therapy. However, not all drugs have characteristics required for oral ad-
ministration, due to poor solubility, affinity for ABC-drug transporters, or drug me-
tabolizing enzymes like CYP3A4 highly expressed in the gut wall and liver. Better
understanding of oral anti-cancer therapy is one of the aims of this thesis.

Another aim is to try to improve the safety of trastuzumab therapy. Trastuzumab
targets HER2 and is one of the breakthroughs in breast cancer therapy. However,
cardiotoxicity especially when co-administered with anthracyclines is limiting drug
safety. With the aim to prevent this drug adverse event we performed a random-
ized study with the ATIl antagonist candesartan in combination with trastuzumab,
and monitored cardiac events outlined in this thesis.

Although drug development for early and advanced cancer of various tumor types
is showing a remarkable progress for some tumor types and results in increased
survival, unfortunately the number of patients that eventually develop brain me-
tastases is increasing. Brain metastases and primary brain tumors are difficult to
treat because of the presence of the blood-brain barrier. The function of this barrier
is to protect the brain from possible intoxications from compounds in the systemic
circulation. In case of cancer treatment however, this barrier prevents entrance of
efficient systemic chemotherapy. The complex structure of the barrier in the highly
vascularized brain tissue is discussed in the following chapters together with new
strategies for systemic drug delivery in patients with brain tumors and central ner-
VOUS system metastases.

During the early development of new brain anti-cancer treatments pharmacody-
namic assays to monitor drug effects could guide drug development. Therefore
we developed and validated a novel assay quantitating circulating tumor cells in
cerebrospinal fluid. In addition, we monitored drug concentrations in cerebrospi-
nal fluid in patients with leptomeningeal carcinomatosis.
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ABSTRACT

Purpose: This phase | study evaluated the safety, tolerability, maximum-tolerated
dose and pharmacokinetics of two dosing schedules of oral topotecan in combi-
nation with pazopanib in patients with advanced solid tumors.

Design: Stage | of this study was to determine if there was an impact of pazopanib
on topotecan exposure. In stage Il, the MTD and safety profile of oral topotecan
given weekly on days 1, 8 and 15 in a 28-day cycle; or daily times-five on days 1-5
in a 21-day cycle, both in combination with daily pazopanib, were explored.
Results: Nine patients were enrolled in stage | and 58 patients in stage Il. Pazopan-
ib co-administration caused a substantial increase in exposure of total topotecan
(1.7-fold) compared to topotecan alone, which is considered clinically relevant. To-
potecan had no effect on pazopanib concentrations. Safety findings were consis-
tent with the known profile of both agents. There were three drug-related deaths,
liver failure, tumor hemorrhage, and myelosuppression. Two patients experienced
DLTs (hand-foot syndrome, myelosuppression and diarrhea) on the weekly topote-
can schedule and four patients experienced DLTs (myelosuppression) on the daily-
times-five topotecan schedule. When combined with pazopanib, 800 mg daily,
the recommended doses for oral topotecan are: 8 mg weekly; and 2.5 mg daily
times-five.

Seven of eight patients with partial response had ovarian cancer. Additionally, 54%
of patients had stable disease as the best response with 22% stable for 6 months.
Conclusion: Total topotecan exposure is 1.7-fold higher when co-administered
with pazopanib. Both schedules of administration were tolerated and merit further
evaluation.

Key words: pazopanib, topotecan, ovarian cancer

INTRODUCTION:

Pazopanib (GW786034; Votrient; GlaxoSmithKline) is an oral multi-target tyrosine
kinase inhibitor (TKI) targeting receptors of vascular endothelial growth factor
(VEGF-1, -2 and -3), platelet-derived growth factor (PDGF- a and ), and stem cell
factor (c-kit).! Pazopanib is FDA an EMA approved for the treatment of advanced
renal cell carcinoma (RCC) and advanced soft tissue sarcoma (STS)."? It has demon-
strated activity in the preoperative setting for NSCLC and advanced epithelial ovar-
ian cancer, fallopian tube or primary peritoneal cancer*The recommended dose
(RD) of oral pazopanib is 800 mg once daily (QD). The most common side effects
(>30%) included: diarrhea, hair and skin hypopigmentation, hypertension, nausea,
fatigue, anorexia, vomiting, and elevated alanine aminotransferase (ALT) and ele-
vated aspartate aminotransferase (AST).! Peak concentrations are achieved within
2-4 hours (h) with a mean elimination half-life (t, ,) of approximately 30h in human
plasma. Pazopanib absorption is increased by food and therefore was administered
on an empty stomach. Pazopanib is not extensively metabolized and major route



of elimination of pazopanib is excretion of parent compound in feces." Metabo-
lism of pazopanib is primarily by cytochrome P-4503A4 (CYP3A). Pazopanib is a
substrate with a moderate affinity for the drug efflux transporters P-glycoprotein-1
(P-gp/ABCB1) and with a high affinity for Breast Cancer Resistance Protein (BCRP/
ABCG2).">7

Topotecan (Hycamtin®, GlaxoSmithKline), a semisynthetic analogue of camptoth-
ecin, inhibits DNA topoisomerase | in dividing cells. By binding to the cleavable
complex, topotecan blocks further replication, which leads to cell death & Intrave-
nous (i.v.) topotecan is approved for the treatment of small-cell lung cancer (SCLO),
cervical cancer and metastatic ovarian carcinoma, while oral topotecan is approved
for SCLC only. #'° The oral formulation enables more convenient dosing than i.v.
administration, especially in combination regimens with other oral anti-cancer
agents ' and has similar activity to i.v. topotecan, with less grade 4 neutropenia
and greater convenience of administration. 2 In patients with platinum-resistant
recurrent ovarian cancer the five-day schedule had better progression-free survival
than the weekly schedule, but the weekly schedule had comparable overall surviv-
al and a favorable toxicity profile. '* However, the 5-day schedule is limited by the
occurrence of hematological toxicity. '

The time to reach peak plasma concentration (T__ - for oral topotecan is 2 h. Fol-
lowing oral administration approximately 20% was recovered as parent (total to-
potecan) drug in urine and 33% of the oral dose was found to be unchanged (total
topotecan) in feces. '® The contribution of metabolism to topotecan total body
clearance is limited (<10%). Topotecan undergoes reversible pH-dependent hy-
drolysis, yielding topotecan carboxylate. Elimination t, , for oral topotecan is be-
tween 4 and 6 h."®The absorption of oral topotecan is limited largely due to BCRP-
and Pgp-mediated efflux of oral topotecan in the intestinal epithelium that varies
among subjects. 717

Various preclinical and clinical studies of anti-angiogenic agents in combination
with chemotherapy showed mild toxicity and improved anti-tumor activity. * The
observed additive effect could be attributed to the anti-angiogenic drugs that act
by normalizing tumor vasculature, which can then lead to improved delivery of
cytotoxic drugs to the tumor. 2! Other theories are based on timing of anti-an-
giogenic drugs during chemotherapy-free periods. 2% Preclinical models of pazo-
panib and topotecan co-administration showed significantly improved anti-tumor
activity compared with the respective single agents. *#° Prolonged combination
therapy with low dose topotecan and pazopanib in mouse models demonstrated
sustained anti-angiogenic activity.** A study in patients with gynecologic tumors
showed the lack of a statistically significant drug-drug interaction between pazo-
panib and low dose topotecan.

The aim of this study was to evaluate the safety, tolerability, maximum-tolerated
dose and pharmacokinetics of two topotecan dosing schedules in patients with
advanced solid tumors.




PATIENTS AND METHODS:

Patient selection.

Eligible patients were those with histologically or cytologically confirmed diagno-
sis of a progressive advanced solid tumor that was refractory to standard therapy
or for whom there was no established therapy. Other inclusion criteria were: writ-
ten informed consent; > 18 years; Eastern Cooperative Oncology Group (ECOG)
performance status of < 1; able to swallow and retain oral medications; adequate
hematological (neutrophils > 1.5 x 10%/1; hemoglobin > 6.2 mmol/[; platelets > 100
x 10%1), hepatic- (bilirubin < 1.5 x upper limit of normal (ULN); AST and ALT < 3 x
ULN or <5 x ULN in case of liver metastases) and renal function (Cockroft-Gault
creatinine clearance > 50 ml/min and urine protein creatinine ratio and partial
thromboplastin time < 1.2 x ULN). Exclusion criteria were: less than four weeks since
last chemo-, radio- or biologic therapy or surgery or less than 6 weeks since last
prior nitrosurea or mitomycin C chemotherapy; administration of investigational
drugs within 30 days or 5 elimination half-lives; prior treatment with pazopanib or
investigational anti-angiogenic compounds; uncontrolled infection; pregnancy or
lactating (all patients with child bearing potential had to use adequate contracep-
tive protection); poorly controlled hypertension (systolic > 140 or diastolic blood
pressure > 90 mm Hg); prolonged QTc interval; class Il or IV heart failure; vascular
events within 6 months; therapeutic heparin or warfarin use; leptomeningeal- or
brain metastases; any other condition that would interfere with the patient’s ability
to comply with the dosing schedule and protocol-specified evaluations. The study
was conducted in accordance with the guidelines for Good Clinical Practice (GCP)
and was approved by local Medical Ethics committees.

Study design and treatment administration

This was a two-stage, two arm, open-label, dose escalation phase | study
(NCT00732420, www.clinicaltrials.gov). From September 2008 to September 2013
three centers participated in the study. These included the Abramson Cancer Cen-
ter of the University of Pennsylvania in the United States of America, University
Medical Center Utrecht and the Netherlands Cancer Institute Antonivan Leeuwen-
hoek Hospital, Amsterdam, both in the Netherlands. In the drug-drug interaction
study portion (P1), the impact of pazopanib on the exposure of oral topotecan
was investigated. In P2, the combination regimens were explored in a dose-esca-
lation phase and a dose expansion phase. There were two different combination
regimens for oral topotecan: P2A: topotecan once weekly (Day 1,8 and 15) in a 28-
day cycle; P2B: topotecan on days 1-5 in a 21-day cycle, while oral pazopanib was
taken daily (QD) throughout the cycle. Patients were enrolled in sequential cohorts
of three to six patients and the maximal-tolerated dose (MTD) was defined as the
highest dose-level at which no more than one out of six patients experienced a
dose-limiting toxicity (DLT) after completing one treatment cycle.



Study procedures, safety and efficacy assessments

Written informed consent was obtained prior to study specific assessments. De-
mographic data, concomitant medications and medical history were recorded.
Complete physical examinations, including ECG, and clinical laboratory tests were
performed at screening and at regular intervals during cycle 1, during any follow-
ing cycles and at study termination. Toxicities were graded according to the Na-
tional Cancer Institute Common Terminology Criteria of Adverse Events (CTCAE)
version 3.0. Radiologic tumor assessments were performed at baseline and every
two cycles. Tumor measurements were done according to RECIST 1.0. Patients re-
mained on treatment until disease progression, unmanageable toxicity had devel-
oped or withdrawal of consent. Patients were considered to be evaluable for safety
when they completed cycle 1.

Dosing

Pazopanib monohydrochloride was provided as 200 mg and 400 mg tablets. Oral
topotecan was provided as capsules containing topotecan HCL, equivalent to
0.25 mg or 1.00 mg. Different dose-levels of pazopanib and topotecan are sum-
marized in Table 1. Pazopanib and topotecan were administered with water on
an empty stomach either 1-hour before a meal or 2 hours after a meal. Dose
reductions following each cycle were allowed twice. Specific guidelines were
prescribed for management of hypertension and diarrhea. Oral topotecan was
administered as a flat dose, in this study, to facilitate the interpretation of the
pharmacokinetic data and decrease medication errors.

In P1, the interaction portion of the study, pazopanib was dosed continuously
from day 2 at 800 mg. Topotecan 4 mg was administered only on day 1 and 15 of
cycle 1.This order was chosen with the aim to enable pharmacokinetic sampling
of both drugs as monotherapy and in combination therapy. On completion of
the P1 (Days 1-15), subjects continued pazopanib monotherapy (continuation
phase) in 28-day cycles.

In the P2A of the dose escalation component, patients started with continuous
pazopanib monotherapy at day -14, which was prior to administration of topo-
tecan once weekly on days 1, 8 and 15 in 28-day cycles. The presence of steady-
state levels of pazopanib ensured accurate determination of Cycle 1 DLTs during
the oral topotecan dosing.

In the P2A dose expansion, continuous pazopanib dosing started on day 2 and
topotecan was dosed on days 1,8 and 15 of a 28-day cycle.

In the P2B dose escalation, patients started with continuous pazopanib mono-
therapy at day -14, which was prior to administration of topotecan on a dai-
ly-times five-consecutive days (on Days 1, 2, 3,4, and 5) of a 21-day cycle.

In the P2B dose expansion oral topotecan was given continuous on Days 1- 5
every cycle of 21 days (daily-times-five). Dosing with pazopanib began on Day
6 of Cycle 1.




Dose limiting toxicities (DLT)

A DLT was defined as: any grade 3 or 4 clinically significant non-hematological
toxicity (excluding grade > 3 nausea and vomiting without maximal anti-emetic
prophylaxis); grade 4 neutropenia with fever or infection or grade 4 neutropenia >
5 days or grade > 3 neutropenia requiring delay in the next cycle; grade 4 throm-
bocytopenia (less then <25,000/mm?/ <25.0 x 10° /L; inadequately controlled
grade 3 hypertension in spite of maximal two antihypertensive drugs; grade 4
hypertension; grade 3 proteinuria during uncontrolled hypertension and/or renal
impairment or lack of improvement to grade < 2 upon interruption of pazopanib;
grade 4 proteinuria; delay of next cycle of > 2 weeks due to unresolved toxicity;
grade 2 non-hematological toxicity beyond cycle 1 and any grade > 2 toxicity that
was considered a DLT.

Pharmacokinetic sampling and analysis

Blood samples for the determination of pazopanib in P1 and P2A, were obtained
on days 14 and 15 at baseline and at 1, 2, 3, 4, 6, 8, 10-12 and 24 hours following
administration of pazopanib. Pharmacokinetic sampling was also performed for
total topotecan at day 1 and day 15 at baseline and at 0.5, 1, 1.5, 2, 3,4, 6, 8, 10-12
and 24 hours following administration of topotecan.

In P2B dose expansion, the pharmacokinetic sampling was performed according
the same schedules but on Day 5 of Cycle 1 for topotecan alone, Day 21 of Cycle
1 for pazopanib alone, and Day 5 of Cycle 2 (Day 26) for both topotecan and pa-
zopanib.

At each collection point, for pazopanib, 2 ml of whole blood was withdrawn into
a tube containing potassium ethylenediaminetetra-acetic acid (EDTA). For total to-
potecan, 3 ml of whole blood was withdrawn into lithium heparinised collection
tube. After separation, plasma was stored frozen at -30°C. Plasma concentrations
of pazopanib and total topotecan (both carboxylate and lactone form) were quan-
tified using a validated high performance liquid chromatography (HPLC) method.
(Rosing H 1995, Hurwitz 2009). Total topotecan and pazopanib concentrations and
actual sample collections times were used to carry out non-comparmental analysis
using WinNonlLin (v 6.2). The following pharmacokinetic parameters were deter-
mined: area under the concentration-time curve extrapolated to infinity (AUC, ),
terminal half-life (t, ,) for total topotecan and only AUC , for pazopanib. The max-

1/2 0-24
imum observed plasma concentration (C__), time to maximum observed plasma

ax’

concentration (t__), and concentration at 24 hours (C,,) was directly obtained from

ax

the plasma-concentration data.

Pharmacogenetics (Pg)

Pg and biomarker analyses in blood and on archive tumor samples were col-
lected. Separate written informed consent was required for Pg sampling. Several
genes involved in safety and efficacy of the study drugs were planned to be in-



vestigated for single nucleotide polymorphisms (SNP). These included genes cod-
ing for drug targets such as UDP-glucoronyltransferase (UGTTAT1) and drug trans-
porters such as P-gp. Additional analysis was included for polymorphisms in the
hemochromatosis (HFE) gene, which was recently shown to be associated with
ALT elevation in renal-cell cancer patients treated with pazopanib. ¢

Statistical Methods

Safety and preliminary anti-tumor activity data, as well as calculated pharmacoki-
netic parameters were summarized and tabulated using descriptive statistics. The
effect of pazopanib on total topotecan and of total topotecan on pazopanib was
assessed. Pharmacokinetic parameters including AUC,_, C_~and t, , for total to-
potecan, and AUC,,. C . and C,, for pazopanib, were analyzed using a mixed
effects model on log-transformed data with treatment as a fixed effect and subject
as a random effect. The geometric last squares (LS) mean ratio and associated 90%
confidence interval (Cl) were calculated after transforming the log-transformed re-
sults back to the original scale. For paired data, t__ was compared between groups
using the Wilcoxon matched pairs method.?” With point estimates and 90% Cls for
median differenced were calculated.

RESULTS

In total, 9 patients with mean age 59 (range 37 - 78) were treated in the interaction
study (P1). In dose-escalation study (P2) 58 patients with mean age of 52.3 (range
18-72) years were treated. The patient characteristics are listed in Table 2.

Dose Escalation

Planned dose escalation is summarized in Table 1. The weekly dose of 10 mg topo-
tecan and continuous 800 mg pazopanib (P2A) was determined to be above the
maximal tolerated dose as two out of six patients experienced a DLT (one grade 3
diarrhea and one grade 3 neutropenia). The next lower dose-level (8 mg topotecan
and 800 mg pazopanib) was taken forward into the expansion cohort. The expan-
sion cohort consisted of additional 11 patients who did not experience any DLT, as
well as the initial three patients during the dose-escalation part.

A second dosing schedule (P2B) was explored based on daily-times-five oral topo-
tecan dose every 3 weeks. Dosing started at 1.75 mg topotecan daily-times-five in
combination with 400 mg pazopanib continuously. The combination of 3 mg to-
potecan daily-times-five with 800 mg pazopanib continuously resulted in a cohort
of three patients that all experienced at least one DLT: grade 4 neutropenia lasting
> 5 days; grade 3 thrombocytopenia, anemia, leucocytopenia and bleeding; and
grade 4 thrombocytopenia in combination with grade 3 neutropenia. The next
lower dose level, 2.5 mg topotecan daily-times-five with 800 mg pazopanib daily
in 21-day cycle was expanded, where one out of six enrolled patients experienced
DLT (grade 4 neutropenia lasting > 5 days in combination with grade 4 thrombo-




cytopenia). Therefore, this dose was taken forward into the expansion cohort. Eight
additional patients were enrolled in the expansion cohort, in which no further DLT
was observed.

Safety

The Summary of Drug-Related Adverse Events (grade 3,4 and 5) in dose-escalation
study (P2) is listed in Table 3. The most frequently occurring treatment-related he-
matological toxicities grades > 3 were neutropenia (15, 25.8%), thrombocytopenia
(12, 20.6%), leucocytopenia (6, 10%) and anemia (3, 9%). The daily-times-five topo-
tecan regimen had higher rate of hematologic toxicities than the weekly schedule.
In both drug-combination regimens the most frequently occurring treatment-re-
lated non-hematological toxicities grades > 3 were fatigue (5,13%) and hyperten-
sion (4, 11%). Gastro-intestinal side effects such as nausea, vomiting and diarrhea,
all grades, occurred with comparable percentage in both schedules. Deaths relat-
ed to study drug occurred in three patients. One patient with lung adenocarcino-
ma treated in P1 developed a fatal pulmonary hemorrhage while on pazopanib,
3 days following the last topotecan dose. The second death occurred also in P1
in a patient with synovial sarcoma, without history of hepatic disease, who de-
veloped hepatic failure while on pazopanib, 21 days following the last topotecan
dose. At autopsy there was extensive liver necrosis and congestion, ascites and
sub-acute heart congestion. Drug concentration values were consistent with ther-
apeutic exposure. Several other causes, sub-clinical heart failure and paracetamol
toxicity, were evaluated for their contribution to the observed hepatic toxicity, but
none were confirmed; therefore this event was classified as a pazopanib related
liver failure. One patient in the 3 mg topotecan daily-times-five and daily 800 mg
pazopanib experienced grade 3 neutropenia and grade 4 thrombocytopenia on
day 22 and treatment was interrupted. However the patient died on 35" day of
drug-related pancytopenia resulting in pneumonia and septic shock. This side ef-
fect has been reported in literature.?® Non-fatal reversible treatment-related liver
toxicity (elevated ALT, AST) occurred in 13 patients (22%) during the whole study.
The only other grade 4 elevated ALT and AST (1/67, 1.5% each) was also observed
in the P1 while on pazopanib, 15 days post last topotecan dose. This patient had
colorectal carcinoma with liver metastases and experienced partial recovery after
discontinuation of study medication and administration of oral steroids. Therefore
this hepatic toxicity event was considered to be only partially due to pazopanib.

Pharmacokinetics (PK)

The pharmacokinetic population included data from patients who received all
doses in P1 and received all MTD doses in P2 (Table 4). Figure 1 shows the mean
plasma concentration-time curves of pazopanib (A) and total topotecan (B) of pa-
tients treated in the drug-drug interaction study (P1) and individual total topotec-
an concentration-time curves in the MTD part of the study (P2) for weekly (C) and



daily-times-five (D) schedules. No differences in pazopanib plasma concentration
can be seen following pazopanib dose alone versus co-administration with topo-
tecan (Figure 1 A). However, a marked increase in mean total topotecan exposure
was observed on the sampling day when topotecan was co-administered with pa-
zopanib, compared to dosing alone (Figure 1 B, C and D). Pazopanib exposure on
both schedules was similar with or without co-administration of topotecan (figures
not shown). Detailed pharmacokinetic data are summarized in Table 4 and Table
5. Total topotecan exposure was increased when co-administered with pazopanib.
Total topotecan Cmax increased approximately 1.9-fold in P1 and both schedules
in P2, while AUC_ increased between 1.5- and 1.7-fold depending on study part
and schedule. Individual increases in ratios ranged from 0.58 to 3.5 and 0.66 to 2.9
for C . and AUC,  respectively, for the topotecan 4 mg single dose in P1, 1.0 to
30and 1.5t0 2.1 for C  and AUC, | respectively, for 8.0 mg on weekly schedule,
and 1.0to 36and 1.1 to 1.9 for C__ and AUC,_, respectively, for the topotecan
2.5 mg daily-times-five schedule. The minor differences between the three doses
and schedules were likely due to the small sample sizes. Total topotecan mean t,,
values were approximately 4 to 5 hours and were similar whether topotecan was
dosed alone or with pazopanib.

Pazopanib mean C24h plasma concentrations were > 25 ug/mlin P1and > 35 ug/
mlin P2 both schedules.

Pharmacogenetic analysis

Pharmacogenetic analysis was performed in only two patients with severe hepa-
totoxicity in the P1. Both the patient with fatal hepatotoxicity and the patient with
grade 4 ALT and AST elevation were found to be heterozygous for the ABCB1 gene
(*6 and *7, rs1045642 and rs2032582), which has been associated with decreased
P-gp activity. 2 The latter patient also had one copy of the UGT1A6*3A allele (S7A,
rs6759892), which has been associated with lower UGTTA6 expression and possi-
bly higher likelihood of paracetamol induced hepatotoxicity. *°

Preliminary anti-tumor activity

Eight out of 50 patients evaluable in combination therapy (P2) showed partial tu-
mor response (PR) (8/50, 16%). Seven patients with PR had ovarian cancer (47%, 7
of 15 evaluable ovarian cancer) and one cervical cancer. Five patients with PR were
observed in P2A and 3 in P2B. Duration of response (PR) was median 24 weeks
(range 16-63). Twenty-seven patients showed stable disease SD as best response
(54%). Seventeen were enrolled in P2A and 10 in P2B. SD > 6 months were ob-
served in 11 (22%) patients, in patients with ovarian (3) and colon-rectum cancer
(2) and other tumor types (6). The most frequent tumors that showed SD were soft
tissue sarcoma and ovarian. Early progression of disease was seen in 30% of the
patients.
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Pharmacokinetics and tolerance of the combination of oral topotecan and pazo-
panib treatment were studied in this phase I study. MTD of weekly oral topotecan
was 8 mgonday 1,8and 15 in combination with 800 mg pazopanib daily in a 28-
day cycle. For the daily-times-five regimen, MTD is 2.5 mg oral topotecan on days 1
through 5 with 800 mg pazopanib daily in the 21-day cycle. Both schedules could
be administered for longer periods and showed initial signs of anti-tumor activity.
Pazopanib substantially increased exposure of total topotecan by 1.8-fold for C__
and 1.7-fold for AUC;_ which is considered clinically relevant but did not increase
t, values, when compared with topotecan alone. This suggests that the effects
of pazopanib on topotecan pharmacokinetics were pre-systemic (increase in oral
bioavailability) and not related to changes in elimination. These findings can be
compared with an effect of concomitant administration of oral topotecan and
elacridar, the known potent inhibitor of BCRP and Pgp that resulted in a 2.8- and
24-fold increase in total topotecan Cmax and AUC, respectively, and confirmed
the effects of transporter modulation on the pharmacokinetics of topotecan. In
contrast, there was only a 10% decrease in topotecan clearance after intravenous
administration and co-administration with elacridar. *' These results indicate that
the effects of elacridar on orally administered topotecan pharmacokinetics were
also primarily pre-systemic and likely due to inhibition of transporters in the gut.
These efflux transporters are located in the intestine where they act to limit drug
absorption from the lumen.'”'® BCRP and P-gp are also expressed in the liver and
the kidney where they promote drug excretion into bile and urine, respectively.'~"
However, topotecan is primarily renally excreted and undergoes little metabolism.
'8 While both topotecan and pazopanib are found to be high affinity substrates for
BCRP, topotecan is a weak substrate for P-gp and pazopanib moderate, *#'7 which
means that pazopanib binds has a higher affinity for P-gp.

Previously published total topotecan exposure when a 14 mg weekly was dosed
without pazopanib (published data, von Gruenigen 2012) was similar to total to-
potecan plasma exposure following a weekly 8 mg oral topotecan dose in com-
bination with daily pazopanib 800 mg. * This is not unexpected as pazopanib in-
creased AUC | approximately 1.7 fold and the difference between 8 mg and 14
mg dose is approximately 1.7.

The previous study with low dose oral topotecan and pazopanib indicated there
was no statistically significant drug-drug interaction, which might be because the
model did not adequately describe the data, the study was not powered to see
an effect, or the low-dose topotecan shows different results than standard doses.
Their finding was based on a population pharmacokinetic analysis that included
oral clearance (CL/F), central volume (Vc/F), absorption rate constant (ka) and lag
time. The CL/F estimate with 95% confidence intervals was 11.51/h (5.9-17.1). But
this value is greater than 2-fold lower the median post-hoc estimation quoted in
their study (26.7 1/h) and the absolute clearance (CL) for total topotecan 24.8 (L/h).*



Pazopanib plasma concentrations were similar when pazopanib was dosed alone
or in combination with topotecan in both topotecan regimens and were near or
above the values resulted in a longer PFS (> 20.6 pg/ml).* The severe hematolog-
ical toxicities (grade > 3) were not more frequently reported in the present study
with topotecan and pazopanib co-administration, than in the study with single
weekly topotecan administration.?? This is likely due similar total topotecan con-
centrations in both studies.

In present study, the daily-times-five regimen resulted in more severe hematolog-
ic toxicity in comparison with the weekly topotecan regimen, whereas the dose
density of the recommended topotecan dose in the daily-times-five regimen was
lower (4.16 mg/wk vs 6 mg/wk).

The frequency of the gastrointestinal side effects (nausea/vomiting and diarrhea)
showed an additive effect in the combination treatment, when compared with
safety information of single agent treatment with both pazopanib and topotecan
from the literature.** No congestive heart failure (CHF) was reported in our study,
despite the fact that the recently published review with VEGFR-TKIs showed all-
grade pazopanib-related CHF in 6.1% of patients.®

Elevated transaminases were seen in 22% of the patients which corresponds to
previously reported frequencies for single-agent pazopanib (0-35%).2***% Grade 3
and 4 liver enzyme increase were seen in < 1% of patients treated with pazopanib.’
Rare but potentially severe and fatal hepatotoxicity has been observed with pazo-
panib treatment. There was one occurrence of fatal liver necrosis and another pa-
tient with liver metastases who developed grade 4 toxic hepatitis after pazopanib
exposure. The liver necrosis could have been affected by the ABCB gene polymor-
phism, concomitant administration of topotecan and pazopanib and concomitant
paracetamol treatment. Hepatotoxicity is not likely to be related to topotecan ther-
apy based on experience from previous phase Il trials.®

In the present study stomatitis of all grades was observed two times more fre-
quently (22% vs 11%) than in the pazopanib literature. ' The reason for this could
be underreporting of oral adverse events secondary to TKIs, as they more closely
resemble aphthous stomatitis than oral mucositis or stomatitis caused by conven-
tional agents. ¥

In total, 8 patients out of evaluable 50 (16%) had partial response (PR) and 27 pa-
tients (54%) had stabile disease (SD). Seven out of 15 (47%) heavily pretreated
patients with ovarian cancer evaluable for anti-tumor activity showed PR as their
best response. In the literature, topotecan alone in patients with recurrent ovari-
an cancer, in the daily-times-five oral regimen yielded objective response ranging
from 13-16.3% when administered as second line and/or later lines of therapy,
and 30% (6/20) as a salvage i.v. topotecan single therapy.® Seven of the total num-
ber of patients had soft tissue sarcoma and all of them had stable disease, as their
best response with duration of 15.5 weeks (STDev=4.9).
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CONCLUSION:

Pazopanib substantially increased exposure of total topotecan by 1.8-fold for Cmax
and 1.7-fold for AUC ., which is considered clinically relevant, but did not in-
crease t, , values, while topotecan had no effect on the exposure of pazopanib The
combination of both oral topotecan chemotherapy and angiogenesis inhibitor
pazopanib was found to be active and moderate to well tolerated by patients with
solid tumors in two administration regimens: oral topotecan with 8 mg weekly in a
28-day cycle and 2.5 mg five-times weekly in a 21-day cycle, both in combination
with pazopanib 800mg daily.

Preliminary anti-tumor activity was observed in patients with advanced ovarian
cancer, who had all been pretreated with carboplatin.
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ABSTRACT

Introduction: E7820 is an orally administered sulfonamide that inhibits alfa-2-inte-
grin mRNA expression. Preclinically E7820 showed tumor anti-angiogenic effect in
various tumor cell lines and mice models. Human daily dosing of 100 mg showed
to be safe and tolerable.

Methods: the study consisted of two parts, Part A (food effect) and Part B (deter-
mination of MTD for BID Dosing). E7820 dose-levels started from 50 mg/BID with
planned escalation to 60, 80 and 100 mg/BID with duration of 28 per cycle.
Results: Fifteen patients were enrolled in Part A and 26 in Part B. The most frequent
adverse events all grades were constipation, diarrhea, nausea, and fatigue while
anemia, neutropenia, and fatigue were most frequent grade > 3.

At dose-level 60 mg BID two patients experienced dose-limiting toxicities (grade
3 neutropenic sepsis and grade 4 neutropenia). Therefore the recommended dose
(RD) was 50 mg BID.

Food does not have an effect on E7820 exposure. E7820 exposure following twice
daily administration was dose-related. Expression of platelet integrin-a, generally
decreased in average 8.9% from baseline following treatment with E7820, where
reduction was most pronounced immediately after treatment. At the RD 66.7%
patients showed stable disease as their best response.

Conclusions: Food had no effect on E7820 exposure. A dose of 50 mg BID was
considered the MTD. Treatment with E7820 is safe and tolerable with 2/3 of pa-
tients having stable disease as their best response.

INTRODUCTION

Integrins are transmembrane receptors important for tumor angiogenesis as they
mediate migration, proliferation and differentiation of human endothelial precur-
sor cells. By blocking the apoptosis they interfere the survival of endothelial cells."?
Inhibition of integrins results in tumor remission.* E7820 is an orally administered,
small aromatic sulfonamide that inhibits alfa-2(a.)-integrin mRNA expression. In
vitro, E7820 inhibits tube formation and endothelial cell growth, as demonstrated
on human umbilical vein endothelial cells (HUVEC) by vascular endothelial growth
factor (VEGF).* In vivo, twice-daily oral treatment with E7820 clearly inhibited tu-
mor growth and tumor induced angiogenesis in mice of subcutaneously implant-
ed tumor lines derived from human colon, breast, pancreas, kidney and complete-
ly suppressed the growth of human pancreatic and colon cell lines. **

The antitumor effect of E7820 was associated with inhibition of integrin- a, ex-
pression on epithelial cells and on platelets.” E7820 reduced integrin-a, expression
level on platelets at a dosage close to that affording antitumor activity and showed
that platelet integrin-a, expression level is a favorable biomarker for E7820 anti-tu-
mor activity. °In the first-in-man, dose-escalation study with E7820 (study 102), 37
patients with advanced or refractory malignancies were enrolled. The treatment
included daily (QD) dosing for 28 days in cycle 1, followed by a 7-day no-treatment



rest period and thereafter continuous daily dosing. © Two out of six enrolled pa-
tients at the highest dose-level of 200 mg/day experienced dose limiting toxicities
(DLT) and the maximal tolerated dose (MTD) and the recommended dose (RD)
for further testing of £7820 was 100 mg QD based on a fasting schedule. Most
grade 3 and 4 adverse events were hematological at 100 and 200 mg/day, such as
thrombocytopenia grade 4 with neutropenia and renal and liver dysfunction, pan-
cytopenia with fatal bleeding secondary to advanced cervical cancer and throm-
bocytopenia grade 4. The appearance of decreased platelets count was not seen
in the preclinical studies during a dose-dependent reduction in platelet integrin-a,
expression. E7820 administration with food resulted in delayed absorption (medi-
an time to reach maximum concentrationt__ -6 hours fed vs. 2.5 hours fasted) and
increased exposure by 58% at the 100 mg dose-level. Study 102 showed in 1/3 of
patients stable disease as their best response.

A pharmacokinetic/pharmacodynamic (PK/PD) modeling and simulation analysis
integrating data from preclinical experiments and Study 102 showed that daily 200
mg dosing would result in a reduction in integrin-a, expression accompanied by
90% tumor stasis in more than 95% of subjects, while bi-daily 50 mg dosing was
predicted to result in even greater and more sustained inhibition than was predict-
ed for 200 mg QD dosing.’

Therefore this phase | dose-escalation study was planned to further investigate the
(hematological) safety and confirm predicted food effect, pharmacokinetics and
preliminary anti-tumor activity of bi-daily (BID) E7820 in patients with unresected
solid tumors.

PATIENTS AND METHODS
Study design

This open-label, multi-center study was conducted at 6 sites in Europe (4 sites in
the UK and 2 sites in The Netherlands) and consisted of 2 parts: Part A (food effect
study) and Part B (determination of MTD for BID Dosing). E7820 treatment cycles
were 28 days long.

Part A was 2-way cross-over study with the aim to determine the effect of a high
fat meal on oral bioavailability E7820 in comparison with fasting conditions. In the
treatment phase each subject received a single 50 mg dose of £7820 on Day 1, ei-
ther after fasting for 10 hours, or immediately after consuming a high fat breakfast.
Following a 7-day washout period, the subjects crossed-over and a second 50 mg
dose of E7820 was administered on Day 8. At this time, patient’s transition into the
extension phase could be done. All patients, if still on treatment, would start re-
ceiving E7820 100 mg once daily (QD) in the fasted state until disease progression.
Part B was a multiple dose study designed to establish the MTD of E7820 given by
BID dosing, starting with 50 mg BID and escalating the dose to 60 mg BID, 80 mg
BID, and 100 mg BID. The results from Part A were evaluated to determine if E7820
was to be administered with or without food in Part B.
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Subjects were enrolled into Part B using a conventional algorithm (3+3 subjects
per dose level) to identify the MTD. The dose of E7820 was to be escalated if 0 of 3
or <1 of 6 subjects experienced dose-limiting toxicity (DLT). The MTD was defined
as the highest dose-level at which no more than 1 of 6 subjects experienced a
DLT. At the time that the last enrolled subject completed 6 cycles of treatment or
discontinued early, all subjects could transition into the Extension Phase of Part
B, where subjects were to continue to receive the same treatment until disease
progression.

The explorative objective of this study was to explore the effect of E7820 on chang-
es in tumor volume, platelet integrin-a, expression and changes in circulating en-
dothelial precursor cells.

Dose-limiting toxicities (DLTs)

DLTs were defines as neutropenia < 0.5 x 10°/L for > 5 days or neutropenia < 1
x 10° /L with fever, thrombocytopenia < 25 x 10%/L accompanied by bleeding or
thrombocytopenia < 10 x 10%/L, any grade 3 or 4 non-hematological toxicity for
which the study drug could not be excluded as a cause (other than nausea, vom-
iting or diarrhea in the absence of appropriate prophylaxis); treatment delay of
greater than 14 days required to recover from E7820-related toxicities.

Inclusion/Exclusion Criteria

Patients > 18 years with histological or cytological evidence of an unresectable or
refractory solid tumor, ECOG performance status < 2 and stabile or asymptomatic
brain metastases were eligible. Patients needed to have adequate liver, bone mar-
row and renal function as well as provided written informed consent. Females (also
partners) that were lactating or pregnant were non-eligible. Exclusion criteria were
also leptomeningeal metastases and unstable brain metastases, active hemoptysis
within 3 weeks prior to the first dose of study drug, hypersensitivity to sulfonamide
derivatives, subjects who had radiation to >30% of their bone marrow, subjects
who required therapeutic anti-coagulant therapy with warfarin or related vitamin
K antagonists. Prophylactic doses of heparin or low molecular weight heparin or
thrombin inhibitors could be used in place of warfarin.

Other important exclusion criteria were left ventricular ejection fraction (LVEF) <
50% on echocardiography or multiple-gated acquisition (MUGA) scanning, anti-
cancer therapies that had not been completed at least 28 days (42 days in the case
of mitomycin C or nitrosoureas) prior to treatment with E7820 (other than surgery
or treatment with a protein kinase inhibitor which had to have been completed no
less than 1 week prior to treatment with E7820), incomplete recovery from previ-
ous radiotherapy, chemotherapy, or surgery other than residual cutaneous effects
or stable < grade 2 gastrointestinal toxicity, history of an ischemic cardiac event,
myocardial infarction or unstable cardiac disease within 3 months before study
entry, a clinically significant electrocardiogram (ECG) abnormality, including a



marked baseline prolongation of QTc interval > 480 ms, concurrent treatment with
cytochrome P450 (CYP3A4) inhibitors such as verapamil, cyclosporin, quinidine,
erythromycin, mibefradil, clarithramycin and azoles and concurrent treatment with
drugs known to be extensively metabolized by CYP2C9 and/or CYP2C19. Chronic
treatment with known inducers of CYP3A4 within 4 weeks of receiving treatment
with E7820 other than corticosteroids.

Pharmacokinetics

Blood samples for PK analyses were collected at the following time points: for
Part 1: day 1 and 8 at predose, 0.5, 1, 1.5, 2, 3,4, 5, 6, 8, 10, 24, 30 and 48 h
postdose; for Part B: cycle 1 Day 1 and 8 at predose, 0.5, 1, 1.5, 2, 3,4, 5, 8 and
12h postdose, cycle 1 day 15 at predose, cycle 1 day 22 at predose, 1 and 4h
postdose.

E7820 concentration in plasma samples was measured using a validated liquid
chromatography/mass spectrometry/mass spectrometry (LC-MS/MS) method.
Part A was a comparative bioavailability study to estimate the effect of food
on the primary £7820 PK parameters (AUC . ., AUC ., C ). The effect of food
was estimated using a mixed linear model of logarithmically transformed val-
ues of the primary PK parameters with fixed effects for treatment, period and
sequence and a random effect of subject. Ratios of geometric means and as-
sociated two-sided 90% confidence intervals were presented. If the 90% con-
fidence interval (Cl) of the model-based geometric mean ratio of fed to fasted
were to fall within 70% to 143% for clinical significance, then the fasted state
could be declared to have similar bioavailability to the fed state.

Pharmacodynamics

Platelet integrin alpha2 expression was collected predose on day 1 of cycle 1,
then weekly during cycle 1 and on day 1 of every subsequent cycle in Part B.
measurements were performed using fluorescence activated cell-sorting (FACS)
analysis.

Pharmacogenomics/Pharmacogenetics

An archived tumor sample was collected. The tumors were genotyped for
Kirsten-ras oncogene (KRAS) mutation.

Safety and anti-tumor activity

Safety assessments consisted of clinical laboratory parameters, vital signs, 12-
lead ECG results, physical examinations, and MUGA scans or echocardiogrames.
Safety variables were shown as treatment-emergent adverse events (TEAEs), AEs
absent before the pre-treatment state, graded by Common Terminology Criteria
for Adverse Events (CTCAE) version 4.03.
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Tumor assessments were performed and assessed by each site investigator using
RECIST 1.1 (with the modification that chest disease could not be followed using
chest x-ray alone) at Baseline and every 8 weeks of treatment using CT scans and
brain MRI.

RESULTS

In Part A, 15 patients were randomized into the study, completed the treatment
phase and after day 8 entered the extension phase. In Part B, 26 patients were
treated, 18 completed the treatment phase from whom three patients treated with
50 mg BID E7820 continued and after 6 cycles and entered the extension phase
(Table 1 and 2). At the time of data cutoff (30 Apr 2014), one subject was ongoing
in Part B of the study. The majority of patients were male 53.3% (Part A) and 69.2 %
(Part B). Median age was 58.0 (range: 41 to 77) years in Part A and 59.0 (range: 38
to 77) in Part B. Almost all subjects had a baseline ECOG performance status < 1.

Safety

The most frequent treatment-emergent (TE) adverse events (>50% in any treat-
ment group) were constipation, diarrhea, nausea, and fatigue (Table 2). Grade > 3
TE adverse events were experienced by 7/15 (46.7%) of patients in Part A and 19/26
(73.1%) in Part B. The most frequent grade > 3 TE adverse event (>15% in any treat-
ment group) were anemia, neutropenia, and fatigue. There was one grade 5 (fatal)
bronchitis, not related to treatment (100 mg QD). Adverse events of special inter-
est were present in the following percentages: anemia (6.7% in the extension phase
of Part A and 30.8% in Part B), leukopenia (6.7% and 3.8%), neutropenia (6.7% and
7.7%), thrombocytopenia (6.7% and 11.6%), ALT increased (26.7% and 19.2%), AST
increased (13.3% and 11.6%), blood creatinine increased (6.7% and 0), dry skin (20.0%
and 11.6%), pruritus (20.0% and 13.8%), rash (0 and 15.4%), and rash pustular (0 and
3.8%). The most frequent events, across all treatment groups, were ALT increase and
anemia. Most events were treatment-related. Thirty-three percent of patients in the
extension phase of Part A (100 mg QD) withdrawn the study because of adverse
events, 36.8% in the 50 mg BID group in Part B, and 42.9% in the 60 mg BID group.
Neutropenia resulted in the withdrawal of 3 subjects (1 in Part A Extension and 2 in
Part B 60 mg BID); 2 of these 3 subjects were also withdrawn due to leukopenia and
thrombocytopenia. All other events resulted in withdrawal of only 1 subject each.
Dose was interrupted in 13.3% subjects in the Extension Phase of Part A (100 mg QD),
36.8% in the 50 mg BID group in Part B, and 28.6% in the 60 mg BID group.

Determination of MTD (Part B)

Sequential cohorts of subjects were enrolled to determine the MTD during the
treatment phase of Part B (dose escalation portion of the study). In cohort 1 (50
mg BID), 3 subjects were treated without experiencing DLTs. In cohort 2 (60 mg
BID), 2 out of 3 treated patients experienced DLT. One patient experienced grade



3 neutropenic sepsis considered related to treatment with E7820, starting on cycle
1,day 23 and lasting 5 days. The second patient experienced grade 4 neutropenia
considered related to treatment with E7820, starting on cycle 1, day 19 and lasting
> 5 days (27 days). The 60-mg dose level (cohort 2) was then expanded to a total
of 7 subjects (including 1 replacement) without further DLT. Following de-escala-
tion to 50 mg BID, 4 additional subjects (including 1 replacement) were enrolled
at the 50 mg BID dose-level to a total of 7 patients without reporting DLT. The
study investigators and Eisai team agreed that 50 mg BID should be considered the
MTD for this treatment. Twelve additional subjects were treated at the 50 mg BID
dose-level to confirm the MTD and further establish the safety of this dose.

Pharmacokinetics: Food Effect Study (Part A) and Part B

Administration of E7820 immediately after the high fat breakfast resulted in a slight
delay in absorption (time to reach maximum concentration [t _]: fed 4 hours vs.
fasted 3 hours) and a similar maximum concentration (mean C__: fed 1030 ng/
mL vs. fasted 901 ng/mL) and exposure (mean AUC .- fed 12500 ng-h/mL vs.
fasted 11500 ngsh/mL). Mean elimination half-life (t,,) was comparable in both
treatment arms (t, : fed 10.2 hours vs. fasted 11.7 hours) (Table 3).

In Part 2, E7820 exposure following twice daily administration was dose-related.
E7820 accumulation (~2.5-fold) following twice-daily administration is consistent
with (t, ). (Table 3)

The ratio of geometric means (fed/fasted) for AUC(OW), AUC(O{), and C__ were 1.06,
1.11,and 1.13, respectively, and the corresponding 90% confidence intervals (Cl) all
fell within 70% to 143%, the specified criteria for concluding no clinically significant
effect of food on E7820 exposure. Thus, subjects receiving £7820 can be dosed

with or without food (Figure 1).

Pharmacodynamics: Platelet Integrin Alpha2 Expression (Part B)

The reduction of expression of platelet integrin-a, was most pronounced immedi-
ately after treatment. Measured only in Part B as a response biomarker, it decreased
in average 8.9% (range 72% reduction till 17.2% increase) from baseline till cycle 1
day 8 following treatment with £7820. (Figure 2).

Pharmacogenomic/Pharmacogenetic Results

Mutations in the KRAS gene were identified in 3/12 subjects (1 subject each with
G12S, G12V, and G13D) in Part A and 4/19 subjects (3 subjects with G12D and 1
subject with G12V) in Part B.

Anti-tumor activity

The best overall response in any treatment group was stable disease: 23.1% overall
in Part A; 66.7% in the 50 mg BID group in Part B, and 40.0% in the 60 mg BID group
in Part B (Table 4).
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The median duration of treatment was 54 to 60 days. Treatment duration lasted
longer than 6 cycles in two patients (13.3%) in Part A and in two patients (10.5%)
in Part B 50 mg BID. One of the latter patient had adenoid cystic carcinoma and is
still on study currently completing his 26 cycle with E7820 (as per October 2014).

DISCUSSION

This phase | study in patients with unresectable solid tumors treated with bi-daily
E7829 showed that the treatment with E7820 is safe and well tolerated while food
does not have a significant effect on the oral pharmacokinetics of £7820. The max-
imal tolerated dose (MTD) was established at 50 mg BID. In total 66.7% of patients
treated at MTD showed stable disease as their best response.

The most frequent adverse events all grades were constipation, diarrhea, nausea,
and fatigue, while anemia, neutropenia, and fatigue were adverse events with
grade > 3. No treatment related adverse events leading to death occurred. Throm-
bocytopenia grade 4, reported in the previous phase | study with E7820 (Study
102) were not observed. ® Two DLTs were observed at 60 mg BID E7820, such as
grade 3 neutropenic sepsis lasting 5 days considered related to treatment with
E7820 and grade 4 neutropenia considered related to treatment with E7820 lasting
27 days. Therefore this dose level was found to be too toxic and one dose-level
below, 50 mg BID, was found to be MTD and therefore the recommended dose
for phase I, which is comparable with the recommended dose from Study 102
(100 mg E7820 QD). ¢ The effect of food on E7820 exposure that was seen as a
trend in the Study 102 could not be confirmed in this study. The effect of food in
15 patients dosed both in fed and fasted state with one week in between showed
no statistically significant differences in exposure of E7820. The elimination half-life
(t,,) is found to be around the time for the second E7820 dose (between 10.2 and
11.7 h) and accumulation of approximately 2.5-fold was found to be consistent
with the bi-daily dosing and t, .

No partial responses were observed but 2/3 (66.7%) of patients treated with 50
mg BID showed to have stable disease as their best response. In total 10% of the
patients showed to be stable for more than 6 months and one patient at the time
of this manuscript is completing his 27" cycle at 50 mg E7820 BID.

This study confirmed the findings from the clinical study 102 and PK/PD model-
ing and simulation analysis that £7820 down-regulates integrin a-2 expression in
surrogate tissues platelets. They predicted greater than 50% decrease beyond day
28 of platelet integrin-a, expression in 3 of 4 patients at 200 mg, whereas mod-
erate (<30%) decreases at 70 - and 100-mg dose levels. In our study with 50 mg
BID E7820 reduction of platelet integrin-a, expression was mostly pronounced
immediately after treatment average reduction of 8.9%.Unfortunately, due to he-
matological toxicity 200 mg/day, the dose predicted to target and inhibit enough
mMRNA integrin expression, could not be achieved in our study.



Integrin inhibitors with diverse molecular structures are safe and potentially active.
Interestingly, just few studies showed objective responses. Mainly integrin inhibi-
tors provided prolonged stable disease, such as E7820 in our study.

As a single agent a humanized monoclonal immunoglobulin G2 antibody against
the av subunit of human integrins in patients with progressive castration-resistant
prostate cancer with bone metastases was investigated. Septicemia and an in-
crease inY-glutamyl-transferase (GGT) grade > 3 were drug-related toxicities while
two out of 26 enrolled patients showed clinically significant PSA reductions and
pain relief with one confirmed partial response (PR).? Another single agent, 3 integ-
rin inhibitor, the antiangiogenic peptide, ATN-161 (Ac-PHSCN-NH(2)), administered
in patients with solid tumors, showed few side effects < grade 2 and manifested
prolonged SD in 1/3 of enrolled patients." In combination with dacarbazine in
stage IV melanoma, intetumumab (CNTO 95), a fully human anti-av integrin mono-
clonal antibody showed trend towards improved overall survival although still not
significant?® The same drug, intetumumab, combined with docetaxel in patients
with castrate-resistant metastatic prostate cancer with main drug-related toxicity
neutropenia and febrile neutropenia, showed in four of ten enrolled patients a
serum PSA response and one PR response for 11 weeks. A promising preliminary
anti-tumor activity showed volociximab, an anti-a531 integrin antibody, in com-
bination with carboplatin and paclitaxel in advanced non-small-cell lung cancer
(NSCLC). It showed neutropenia in 24% of patients. Eight (24%) out of 33 patients
enrolled patients achieved PR and 17 (52%) had SD. The median progression-free
survival was 6.3 and levels of potential biomarkers of angiogenesis or metastasis
were reduced following six cycles of treatment. '° However, the furthest investi-
gated integrin inhibitor, cilengitide, did not show better overall survival than te-
mozolomide alone in a phase Il study in patients with glioblastoma. '2'* and in
recurrent/metastatic squamous cell carcinoma of the head and neck in combina-
tion with cisplatin, 5-fluorouracil, and cetuximab and its further development was
stopped.™

Therefore, a careful choice of the chemotherapeutic drug combination(s) and trial
design are of importance in the development of anti-integrin cancer treatment
development. Based on the preclinical knowledge and trends shown with the clin-
ical trials this treatment combination could prevent drug resistance and tumor
relapse.

CONCLUSIONS

A dose of 50 mg BID was considered the MTD. Tolerance of E7820 was acceptable
and no significant safety concerns were identified. The best overall response in
any treatment group was stable disease, with two third of patients showing stable
disease (66.7%) at MTD. Food had no effect on E7820 exposure.
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ABSTRACT

Introduction: Pimasertib (MSC19363698) is a highly selective, uncompetitive oral
MEK1/2 inhibitor demonstrating robust anti-tumor activity in vitro and xenograft
models.

Methods: In this phase, first-in-man, open-label study with four dosing regimens,
the recommended dose (RD) for phase Il was investigated along with the safety,
pharmacokinetics, pharmacodynamics (PD) profile, food-effect and preliminary
anti-tumor activity.

Results: A total of 180 patients were included in four regimens. The dose of 120
mag/day (60 mg BID) was defined as Maximal Tolerated Dose and RD on the basis of
the number of patients with DLTs (3/17 patients) in cycle 1 (regimen 3) with derma-
titis acneiform grade 3 and popular rash grade 3. Pimasertib was rapidly absorbed
reaching maximal drug concentrations in plasma within T__=1h. No food effect
could be seen. Terminal half-life was T, =5.1h with negligible renal elimination of
unchanged pimasertib. At doses > 28 mg/day PD marker, pERK inhibition in a pe-
ripheral blood mononuclear cell (PBMC) was fully inhibited at 2h and returned to
baseline at 24h. Patients with melanoma and mutated NRAS (NRASmut) showed 1
complete response (CR), 2 partial responses PR (12%), 7 stable diseases SD (44%),
which in total showed 62% of disease control (CR+PR+ SD). Patients with BRAFmut
status showed 4 PR (21%) and 6 SD (31%) 53% disease control.

Conclusions: Oral pimasertib as a single agent is relatively safe with mostly der-
matological, ocular and gastrointestinal toxicities. The RD for phase Il is 120 mg/
day (60 mg BID) pimasertib. Pimasertib exhibits a favorable PK profile in patients

with solid tumors.

INTRODUCTION

Signals for cell proliferation and survival are transmitted from the cell surface to
the nucleus mainly by the mitogen-activated protein kinase (MAPK) pathway. [1]
Dysregulation of these functions are hallmarks of cancer. [2] Extracellular signals
(including growth factors that activate cell surface receptors (e.g. Her2, EGFR) can
activate the Rat sarcoma protein (RAS) family of proteins that further relay signals
to the downstream intracellular RAF/MEK/ERK or MAP-kinase pathway. In cancer
cells in case of ras mutations this pathway is continuously activated due to extra-
cellular signals or hyperactive downstream components. Mutated KRAS is identi-
fied in approximately 30% of colon, 25% of non-small cell lung cancer (NSCLC) and
90% of pancreas adenocarcinoma, while BRAF gene mutations are found in about
60% of malignant melanomas. [3-5]

MEKs, members of the MAPK signaling cascade, play a crucial role in transmitting
signal inputs from a variety of protein kinases. [6]

In addition, MEKs are restricted in their substrate specificity, with ERK being the sole
known substrate. Activation of this MEK/ERK pathway alone is sufficient for tumor
progression together with a malignant phenotype. [7,8] As previously reported, se-



lective pharmacological inhibition of MEK by other MEK inhibitors inhibits the pro-
liferation of melanoma cells with NRAS mutations.[9] Based on all these data, MEKs
are the targets of great interest for the development of cancer therapeutics. [10]

MSC19363698B (Pimasertib), a biaryl amine derivative with a molecular weight of
467.8 Da is a highly selective, uncompetitive oral MEK1/2 inhibitor demonstrating
robust anti-tumor activity in cell proliferation in vitro. [11] (Figure 1) Pimasertib af-
fects mainly cancer cells with activated MAPK signaling, exerting its action via G1
arrest resulting in apoptosis. Tumor cell lines with BRAF and KRAS mutations were
more sensitive to pimasertib. In the resistant human lung adenocarcinoma cell line
continuously treated with tyrosin kinase inhibitors (TKls — erlotinib, gefitinib, van-
detanib and sorafenib), pimasertib caused inhibition of cell proliferation, invasion
and tumor growth. [11]

When treating tumor-bearing mice with pimasertib using different dosing sched-
ules, highest tumor regression was achieved with 14 days continuous BID treat-
ment, compared to a once daily dosing. Including a 2-day dosing holiday per
week resulted in similar tumor growth inhibition as was seen with every other day
dosing BID and with once daily continuous dosing. Based on efficacy, PK/PD and
scheduling studies, the greatest tumor growth inhibition in mouse xenograft mod-
els was achieved when MEK was continuously and maximally inhibited. (Merck
Serono data on file)

This is the first-in-man study with pimasertib with the aim to determine the maxi-
mal tolerated dose (MTD) for several regimens administered orally, to provide pre-
liminary safety information on the safety profile, to assess the pharmacokinetics
(PK) and pharmacodynamic (PD) markers in blood and in tumor biopsies, to ex-
plore the effect of food on PK and to assess the preliminary anti-tumor activity of
pimasertib.

PATIENTS AND METHODS

Design

In this phase | first in man, open-label, dose-escalation trial, cohorts of 3 subjects
with solid tumor patients were sequentially assigned to regimen 1 or regimen 2
and received pimasertib (MSC19363698) at escalating dose levels. At each dose
level subjects received pimasertib orally once daily on: days 1to 5,8to 12and 15 to
19 of a 21-day cycle (regimen 1, once daily dosing including a 2-day dosing holiday
per week), or days 1to 15 of a 21-day cycle (regimen 2). (Table 1)

After determination of the maximum tolerated dose (MTD) for dosing regimen 2,
12 additional patients with melanoma were enrolled in the food-effect (FE) cohort,
part of regimen 2. The FE evaluation followed a cross-over design with alternat-
ing assignment to two sequences. Half of the subjects in the expanded cohort
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received a pre-defined and standardized breakfast prior to drug administration on
day 1 of cycle 1, and had the drug administration after an overnight fasting on day
1 of cycle 2. The second half of the subjects in this cohort fasted on cycle 1 day 1,
and received breakfast on day 1 of cycle 2.

A third dosing regimen (regimen 3) was investigated separately after completion
of dose escalation of regimens 1 and 2. Only patients with melanoma were en-
rolled in cohorts of 3 and received pimasertib at escalating dose levels.

Main eligibility criteria

Eligible patients were > 18 years old with pathologically-confirmed solid tumor
which is locally advanced or metastatic, and either refractory after standard
therapy for the disease or for which no effective standard therapy is available.
In regimen 3 (QD and BID cohorts) and regimen 2 food-effect, the tumor type
was restricted to melanoma. Patients with stable brain metastases or previously
treated with no evidence of cerebral edema, and no requirements for cortico-
steroids or anticonvulsants could enter the study. Patients with impaired bone
marrow, renal and liver function were excluded. Other major exclusion criteria
were INR > 1.5 x ULN, serum calcium > 1 x ULN, Eastern Cooperative Oncology
Group Performance status (ECOG PS) > 1, known chronic infection, previous che-
motherapy, immunotherapy, hormonal therapy, biologic therapy, or any other
anticancer therapy or surgical intervention within 28 days or 5 half-lives for non
- cytotoxic treatment. Extensive prior radiotherapy on more than 30% of bone
marrow reserves was an exclusion criteria, as well as prior bone marrow/stem
cell transplantation, significant cardiac conduction defects and/or pacemaker,
uncontrolled hypertension by medication, pregnant or nursing female, retinal
degenerative disease (hereditary retinal degeneration, or age-related macular
degeneration), history of uveitis or history of retinal vein occlusion.

Pimasertib and dose escalation rules (DLT, MTD)

Pimasertib (MSC19363698B, formerly known as AS703026) was supplied as 0.5,
4,15, and 30 mg hard gelatine capsules, size 0. Pimasertib capsules were tak-
en orally. The starting dose was taken at 1/10™ of the human equivalent dose
HED (0.014 mg/kg) found in experiments in dogs. Therefore, the first cohort
of subjects in regimens 1 and 2 were treated at a dose-level of 1.0 mg/day
of pimasertib orally. Dose escalation proceeded separately for both regimens
according to an accelerated dose - escalation schedule (100% dose increment)
until observation of grade 2 drug-related toxicities. After that a modified Fi-
bonacci scheme was be used (approximately 66%, 50%, 40% then 33% dose
increments). The trial will follow a sequential dose-escalation cohort design
("343"design), with 3 or up to 6 subjects in each cohort and up to a maximum
of 12 at the MTD.



The MTD is defined as the dose level below the one at which dose limiting toxicity
(DLT) occursin > 1 out of 3 or > 1 out of 6 subjects. If > 1/3 or > 2/6 subjects expe-
rience DLT, additional subjects will be treated at the previous dose, which will be
considered as MTD, to have a total number of 12 at that level.

Each cycle consisted of 21 days. The treatment could be continued until the dis-
ease progression. Patients presenting > grade 3 ophthalmologic changes had to
discontinue the treatments.

Safety and preliminary antitumor activity assessments

At screening, during the study and at the end of the study the following will
be performed: obtain informed consent, physical examination (ECOG PS, vi-
tal signs, medical history, concomitant medication history), laboratory sam-
ples analyses (for hematology, serum chemistry, parathyroid hormone, serum
pregnancy test, urinalysis), cardiac monitoring by echocardiogram (ECG) and
ECHO or MUGA scan, chest x-ray, ophthalmologic assessment, tumor assess-
ment with CT or MRI. During the whole study duration adverse events will be
followed, during the first cycle, DLT assessment will be done.

Pharmacokinetics (PK)

Plasma and urine were collected for the assessment of pharmacokinetics. Con-
centrations of pimasertib in plasma and in urine were determined by a LC-MS/
MS method. Intensive blood sampling for pharmacokinetics was performed
for all regimens during cycle 1 at day 1, day 4, day 12 (regimen 1) and day 15
(regimen 2 and 3), at cycle 2 day 1 and cycle 3 day 1 at pre-dose and at 0.5,
1,15,2,25,4,6,8, 12 and 24 hours after drug administration; at day 3 and 8
of cycle 1 blood sampling was performed pre-dose and at 1 and 4 hours after
drug administration. In the subsequent cycles and at the end of treatment one
(pre-dose) blood sample was collected. Urine was collected in the collection
periods 0-4, 4-8, and 8-24 hours, except for the BID cohort.

Pharmacodynamics (PD)

Blood samples for PD marker p-ERK activity in a peripheral blood mononuclear
cells (PBMC) were collected during cycle T and 3 at day 1 pre-dose and 2 hours,
8 and 24 hours after drug administration and blood circulating markers (IL-8
and other potential cytokines) collected during cycle 1T and 3 pre-dose and at
4,6, 8 and 24 hours after drug administration. At the subsequent cycles and
at end of treatment PD markers were collected at pre-dose. At cycle 1 day 12
(regimen 1) or day 15 (regimen 2 and regimen 3) p-ERK activity in PBMC was
collected pre-dose, 2 hours, 8 hours and 24 hours after drug administration.
Cells from the blood sample were fixed with BD Phosflow fixation buffer for 10
min, after which the cells were permeabilized with BD Phosflow permeabiliza-
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tion buffer for 30 min and thereafter stained by BD Phosflow antibodies in BD
Pharmingen Stain Buffer. The prepared samples were analyzed by BD FACS™
flow cytometry.

Tumor tissue biomarkers

Pre- and on-treatment mandatory tumor biopsies were collected at screening
and at day 3: Tumor biopsy was performed for analysis of p-ERK and p-MEK
activity, marker of proliferation, apoptosis, gene expression profile and known
mutations in candidate genes (mutation analysis can be performed on ar-
chived tumor tissue as needed). In sequential tumor biopsies the following PD
markers were followed pERK, pS6, Cyclin D1 and Ki-67.

Pharmacogenetics (optional)

Desoxyribonucleic acid (DNA) from PBMCs was analyzed for polymorphisms
(i.e. variations) in genes that could be involved in pharmacokinetics and might
influence adverse events in response to treatment with pimasertib. One blood
sample was collected for ADME/PK pharmacogenetics at day 1 of cycle 1.

Food-effect, regimen 2 cohort

Patients participating in this part of the study were requested to fast for at least
10 hours prior to drug administration. The PK profiles obtained in fasted and
fed conditions were compared. PK sampling including a time point at 12 hours
after dosing on day 1 of cycles 1 and 2 were obtained in order to characterize
the PK of pimasertib in fasted and fed state. Fluid and food intake was con-
trolled in the following 24 hours as subjects were hospitalized on day 1 of cycle
1 and day 1 of cycle 2 for full PK profiling. Except on pre-specified days, the
administration of pimasertib was in the same fasted condition as defined for
the other cohorts. The breakfast for this food-effect investigation was pre-de-
fined and standardized across all trial centers. The caloric content of the break-
fast was in line with the recommendation for a light meal in the draft EMEA
Guideline on the Investigation of Drug Interactions — CPMP/EWP/560/95/Rev.
1 — April 2010. Subjects discontinuing the trial before the end of cycle 2 were
replaced in this cohort.

Statistical analyses

Descriptive statistics and graphical representations were the main analysis
tools. For all analyses, results and graphical representation of individual sub-
jects data were presented separately for each regimen.



RESULTS

Patient characteristics

Patients median age 60, 60, 57 and 60 respectively were enrolled in regimen
1,2,3 QD or 3 BID. Except in regimen 3, they were mainly female patients with
ECOG PS status < 1. Main tumor type in regimen 1 was colorectal carcinoma and
in other regimens melanoma. The median (range) number of prior systemic an-
ti-cancer therapies was respectively 4 (1-14), 3 (0-16), 2 (0-6) and 2 (0-6).

DLT/MTD

In total 15 DLTs were reported during the study. In regimen 1, one DLT — grade
3 hepatotoxicity at dose-level 28 mg/day pimasertib at day 11 and at day 52
one Retinal Vein Occlusion (RVO) grade 2 occurred at 120 mg/day. (Table 3)
The maximum administered dose (MAD) for regimen 1 was 120 mg/day; this
dose was considered the MTD. One DLT of retinal vein thrombosis in cycle 3
was experienced at 120 mg/day dose-level out of 11 evaluable subjects. Fur-
ther dose-escalation was stopped, as this regimen appeared inferior in terms
of safety compared to regimen 2. In regimen 2 six DLTs occurred. The MAD
for regimen 2 was 255 mg/day. At this dose level 2 out of 4 patients experi-
enced DLT: dermatitis acneiform grade 3 and macular degeneration grade 3
with macular edema at day 2 after start with pimasertib. Expansion of the next
lower dose-level (195 mg/day) brought 2 DLTs in 12 enrolled patients: rash
grade 3 at day 8 and stomatitis grade 3 at day 7. One of the patients at that
dose-level experienced RVO grade 2 in cycle 7, thus the next lower dose-level
(150 mg/day) was explored and expanded with in total 13 patients who expe-
rienced 1 DLT acne grade 3 at day 14 and 1 DLT dermatitis acneiform grade 3 at
day 15. The MTD for regimen 2 was considered to be 195 mg/day. The starting
dose for regimen 3 was based on the data from regimen 1 and the fact that
the median half-life observed for pimasertib in humans is 5 hours without ob-
served accumulation of the compound after administration of multiple doses.
Therefore, the proposed starting dose was 60 mg daily, which corresponds to
a 30% lower dose than the weekly dose intensity of the R1 MAD (120 mg/day).
The dose was escalated to MAD 150 mg/day at which level in 3 out of 13 pa-
tients DLTs were recorded during cycle 1. They experienced skin toxicity grade
3, hand-foot syndrome grade 3, macular degeneration grade 3 and creatinine
phosphokinase increase grade 4. One lower dose-level was explored for safety
and expanded with in total 17 patients of whom 3 patients experienced during
cycle 1 dermatitis acneiform grade 3 and papular rash grade 3. The MTD for
regimen 3 BID is considered to be 150 mg/day pimasertib. No DLTs were ob-
served at the dose of 90 mg/day (45 mg BID or 90 mg QD).
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Safety

The most common related treatment emerged adverse events (TEAE) were affect-
ing gastrointestinal tract (diarrhea, nausea, vomiting and stomatitis), skin (derma-
titis acneiform and rash), eye (macular degeneration and retinal detachment) and
cardiovascular system (peripheral edema). They all showed early occurrence (from
cycle 1) and in most regimens dose dependence, except for diarrhea, ocular events
and peripheral edema in regimen 3.

Diarrhea was observed in 32% of patients treated in regimen 1, 48% in regimen 2,
93% in regimen 3 QD and 79% in regimen 3 BID regimens. In 15% of patient treat-
ed in regimen 3 diarrhea was grade > 3 which led 7 % of patients to discontinue
the treatment.

Dermatitis acneiform were observed in 14%, 23%, 47% and 38% respectively in all
4 regimens. Rash grade >3 was observed in 21% of patients treated in regimen
3. No Serious Cutaneous Adverse Reactions (SCARs) were observed, such as Ste-
vens-Johnson syndrome, Lyell Syndrome, Drug Rash Eosinophilia Systemic symp-
toms (DRESS).

Macular degeneration was observed in 8%, 18%, 60% and 82% of patients respec-
tively in all four regimens. Visual disturbance with grade > 3 was observed in 3%
of patients treated in regimen 3. Ocular events, such as retinal vein occlusion, vi-
sual disturbances, scotoma, blurred vision, visual acuity reduced or serous retinal
detachment showed early occurrence (from cycle 1) and dose dependence in all
regimens. Those adverse events, all grades were the reason for treatment discon-
tinuation in 17% in regimen 1 and overall in 8% of patients. However, no perma-
nent impairment of vision was observed.

Peripheral edema was present in 2%, 16%, 40% and 56% of patients respectively in
four regimens. It showed a moderate increase over time at lower doses in all four
regimens.

Concerning the cardiotoxicity the number of affected patients with left ventricular
ejection fraction (LVEF) was too low to draw any definitive conclusions.

There were 1(at 120 mg/day), 10 (90, 150, 195 and 255 mg/day), 1 (60 mg/day)
and 15 (90, 120 and 150 mg/day) dose reductions respectively per regimen, while
dose omissions were present in 15, 22, 5 and 23 cases respectively, at the similar
dose-levels.

Pharmacokinetics

Regimen 1 and 2 yielded similar results. At the recommended dose for regimen 2
(150 mg daily) the maximal peak pimasertib plasma concentration C__ was 605.1
ng/ml (range 366.2-1085 ng/ml) and time needed to reach maximal concentra-
tions T 1 h (0.3-2.0h). Area under the curve AUC_ was 2287 h*ng/ml and elim-
ination half-time 5.1 h (3.7-9.2) with 95% wash-out in about 1 day. The dose pro-
portionality was observed without considerable deviation at doses ranging from
approx. 30 to 255 mg pimasertib per day. Upon multiple dosing no considerable



accumulation with QD or BID dosing regimen could be observed. Concerning the
fluctuations of plasma concentrations of pimasertib BID dosing showed marked
reduction in Peak-to Trough (PTT) compared with QD dosing.

Concerning the Food effect (FE) study of 11 PK evaluable patients from regimen
2 the median AUC_ . during the fed status was 1434 h*ng/ml while AUC_, during
the fasted status was 1424 h*ng/ml (Ratio 100.7%, 90%Cl of range 77.3-131.2) No
FEin AUC , AUC _ and C__ could be seen at the dose-level of 90 mg pimasertib
single dose, after intake of a light meal. There is insignificant renal elimination of
unchanged drug.

Pharmacodynamics

-Effect of Pimasertib on p-ERK induction by PMA in PBMCs.

ERK phosphorylation was fully inhibited at pimasertib doses > 28mg/day at 2
hours post-dose. QD administration results in short-lived p-ERK inhibition and re-
turned to baseline levels in 24 hours. BID administration reduced p-ERK levels over
24h. Inhibition of ERK phosphorylation gradually disappeared over time and was
reduced at 8 h post-dose.

-Effect of marker in tumor biopsy.

In figure 3 markers pERK, pS6, Cyclin D1 and Ki-67 in biopsies pre- and post-treat-
ment are shown in one of the patients with partial remission (PR), a female patient
41 years old that showed 52% tumor reduction and time to progression of 26.4
weeks (figure 3). A visible loss of all four tissue tumor markers is evident after treat-
ment with pimasertib.

Preliminary antitumor activity

In regimen 1 in all dose-levels, 19 patients had stable disease (SD) as their best
response, of whom 7 were with colorectal cancer and 5 with melanoma. There
were 20 patients with progressive disease (PD) while 10 patients were non-evalu-
able (NE). In regimen 2 at all dose-levels, 3 patients, all with melanoma had partial
response (PR) as their best response, 35 had SD (7 colorectal, 20 melanoma), 33
progressive disease (PD) and 11 NE.

Sixty-three patients with melanoma were enrolled in either the food effect study
from regimen 2 or regimen 3 (QD or BID). Sixteen of them had NRAS mutation
(mut), 19 BRAFmut, 22 were NRAS/BRAF wild-type (wt) and 6 had unknown mu-
tation status. The NRASmut group one patient (6%) showed complete response
(CR), 2 PR (12%) , 6 SD (44%), which in total shows 62% of disease control (CR+PR+
SD). Patients with BRAFmut status showed 4 PR (21%) and 6 SD (31%) and 53%
disease control . Other two groups with melanoma patients showed 59% and 83%
disease control and 1 PR per group. Tumor responses (PR and SD) were mainly
observed in melanoma in the cohort receiving 90 mg /day.
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The patient aged 66 years with melanoma and NRAS mut, enrolled in the regimen
3, 90 mg BID pimasertib, showed CR as her best response and had time to pro-
gression of 71.4 weeks. CR and PR were observed at doses of 90 - 120mg / day. The
mean response durations were 23.1 weeks at 120mg/d and 39.6 weeks at 90mg/
day. The response durations ranged between 12.6 - 68.1 weeks.

DISCUSSION

In this phase |, first-in-man study with pimasertib (MSC1936369B) in regimen 3
three out of 17 patients experienced DLTs in cycle 1 at the dose of 120 mg/day (60
mg BID). Three out of 13 patients experienced DLTs at the dose of 150 mg/day (75
mg BID), while no DLTs were observed at the dose of 90 mg/day (45 mg BID or 90
mg QD).

The dose of 120 mg/day (60 mg BID) was defined as Maximal Tolerated Dose and
Recommended Phase 2 Dose on the basis of the number of patients with DLTs
(3/17) in cycle 1 (regimen 3).

The most common drug-related treatment emerged adverse events (TEAE) were
diarrhea, nausea, vomiting, stomatitis, dermatitis acneiform, rash, macular degen-
eration, retinal detachment and peripheral edema. Except for less digestive tract
toxicitites, trametinib, the registered MEK inhibitor, shows similar safety profile to
pimasertib. Some other MEK inhibitors still in development seem to show less eye
toxicities , such as selumetinib, MEK162, RO4987655, GDC-0973, AZD8330 and
RO5126766.[12]

The number of subjects affected by skin toxicities after pimasertib treatment
stayed unchanged after the first cycle. After cycle one the number of patients af-
fected by ocular toxicities grade > 2 increased from 4% in cycle 1 to 28% from cycle
5 and further at dose-levels 45-120 mg/day.

Pharmacokinetic assessment showed a dose-dependent increase in drug expo-
sure. T isfound to be 1.5 hours, while t, , was approximately 5 hours. BID dosing
reduces peak/trough fluctuations and food did not have an effect on pimasertib
pharmacokinetics. There is a negligible renal elimination of unchanged drug.

CR and PR were observed at doses of 90 — 120 mg/day. The mean response dura-
tions were 23.1 weeks at 120 mg/day and 39.6 weeks at 90 mg/day. The response
durations ranged between 12.6 - 68.1 weeks.

In the cohorts of NRAS-mutant treatment-resistant melanoma 8 patients were treat-
ed with pimasertib doses of 90-120 mg/day. There was 1 CR (12.5%), 2 PR (25%) and 4
SD (50%), with 37.5 % response rate and 87.5% clinical benefit. In the cohort of BRAF
mutant treatment-resistant melanoma 9 patients were treated with pimasertib dos-
es of 90-120 mg/d, of whom 2 showed PR (22.2%), 2 SD (22.2%). From the cohort of
patients with BRAF/NRAS wild-type treatment-resistant melanoma 13 patients were
treated and 1/13 responded (7.7%) to pimasertib. Therefore, genetic screening for



NRAS mutations appears to be crucial. Selective treatment of NRAS mutant melano-
ma patients is currently planned in the phase Il study EMR200066-007/ EMR200066-
007 (pimasertib 60mg BID).

Currently, there are several MEK inhibitors in clinical trials.[12] The first generation of
MEK inhibitors was designed for treatment of tumors with RAS mutations. During
the development melanoma cells with BRAF mutations showed higher sensitivity to
MEK inhibition than NRAS or KRAS mutated tumors. [13] This was explained by the
fact that BRAF mutant cells are more dependent on MEK activity, while RAS muta-
tions are able to activate additional signalling pathways bypassing MEK. [6] Therefore,
most studies on MEK inhibitors focus on BRAF mutant cancers. However, a recent
study combining selumetinib with docetaxel showed promising efficacy in phase |l
study in patients with KRAS-mutant NSCLC compared with docetaxel alone. [5]
Trametinib, MEK1 / 2 inhibitor, improved rates of progression-free (PFS) and overall
survival (OS) in patients with metastatic melanoma with a BRAF V60OE or V600K mu-
tation with rash, diarrhea, and peripheral edema as the most common toxic effects.
The trametinib group showed PFS of 4.8 months and OS at 6 months 81% as com-
pared with chemotherapy with PFS of 1.5 months and OS at 6 months of 67%. [9,14]
Unfortunately, within 6-8 months these patients progress after commencing thera-
py, including those who experienced initial, profound tumor regression.[15] The rea-
son is resistance development due to activation of alternative signaling pathways or
alternative reactivation of the MAP kinase pathway.

To overcome the resistance to single agent MEK inhibition dual blockade of MAPK
with MEK/BRAF inhibitors or MAPK blockage by either BRAF or MEK inhibitor in com-
bination with PI3K pathways inhibitor in tumors with PTEN loss or in combination
with mTOR inhibitors or in combination with immune agents, such as ipilimumab
were suggested. [15] The argumentation for combining PI3K pathway inhibitors with
MAPK pathway inhibitors is based on the possibility of activated PI3K-AKT pathway
signal cascades, while MAPK pathway is suppressed and possible crosstalk with the
RAS-RAF-MEK1/2-ERK1/2 pathway.

In pimasertib-resistant human colon carcinoma (HCT15) and lung adenocarcinoma
(H1975) cells a combination of pimasertib and PI3-kinase inhibitors, or everolim-
us, sorafenib, or regorafenib demonstrated a synergistic effect in cell growth inhi-
bition and induction of apoptosis with sustained blockade in MAPK- and AKT-de-
pendent signaling pathways. [12] In vivo, the combined treatment with pimasertib
and BEZ235 (a dual PI3K/mTOR inhibitor) or with sorafenib caused significant tumor
growth delays and increase in mice survival as compared to single agent treatment.
[12] The PI3K-AKT pathway signal cascades may be activated and crosstalk with the
RAS-RAF-MEK1/2-ERK1/2 pathway may take place. Co-inhibition of these pathways
might be required to optimize treatment efficacy. [17]

Combining pimasertib with cytotoxic chemotherapy, and/or other targeted agents
could also increase the efficacy of the single agent, however biomarker driven stud-
ies need to be executed. Pimasertib is currently further developed in several indica-
tions in in combination with a range of different anticancer agents.

[
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ABSTRACT

Background: Integrin signaling is an attractive target for anti-cancer treatment.
GLPGO0187 is a broad spectrum integrin receptor antagonist (IRA). GLPGO187 inhib-
ited tumor growth and metastasis in mouse models. The mechanism of action of
GLPGO0187 especially suggests activity in patients with high-grade glioma.
Methods: We aimed to determine the Recommended Phase Il Dose (RP2D) and
to assess safety and tolerability in patients with advanced malignant solid tumors.
Anticipated dose levels were 20, 40, 80, 160, 320, and 400 mg/day in a modified
3+3 design. Plasma concentrations of GLPG0187 were assessed to characterize the
pharmacokinetics (PK) after a single 1h i.v. administration and during continuous
i.v. infusion. C-terminal telopeptide of type | collagen (CTX) was used as pharma-
codynamics marker.

Results: Twenty patients received GLPG0187. No dose limiting toxicities (DLTs)
were observed. The highest possible and tested dose (400 mg/day) is the RP2D.
Fatigue was the most frequently reported side effect (25%). Recurrent Port-A-
Cath-related infections and skin toxicity suggest cutaneous integrin inhibition. No
dose-dependent toxicity could be established. PK analysis after a 1h i.v. adminis-
tration of each dose showed a short average distribution (0.16h) and elimination
(3.8h) half-life. Continuous infusion resulted in dose proportional PK profiles. Serum
CTX levels were decreased independent of the dose. Three patients experienced
stable disease including two patients with glioblastoma multiforme.
Conclusions: GLPG0187 was well tolerated with a dose-proportional PK profile
upon continuous infusion. The RP2D is 400mg/day. GLPG0187 is considered a
strong IRA with a favourable toxicity profile suitable for future combination thera-
py regimens.

Keywords

integrin, antagonist, glioma, phase 1, GLPG0187

INTRODUCTION

Integrin receptors play an important role in cancer biology providing a strong ra-
tionale to pursue integrin receptor antagonists (IRA) as therapeutic agents in cancer
patients'. Integrin receptors are heterodimeric cell surface molecules that act as ad-
hesion molecules connecting the cytoskeleton to the extracellular matrix. Moreover
they are involved in activating intracellular signalling pathways involved in actin cy-
toskeleton remodelling and three-dimensional cell growth. Integrin-mediated sig-
nalling is implicated in modulation of well-known cancer-related pathways such as
the TGF-beta pathway in glioblastoma and the Rho-Rac pathway'2

Currently, cilengitide is the most advanced IRA in clinical development. Cilengitide
showed signs of efficacy without significant additive toxicity both as single agent
and combined with radiation and temozolomide in patients with glioblastoma mul-
tiforme (GBM)*®. When compared to cilengitide, GLPGO0187 is an IRA with a stronger



nanomolar affinity for a broader panel of RGD (Arg-Gly-Asp) integrin receptors (av31,
avB3, av3s, avF6, av8 and a5@31; supplementary table S1)”:8. In preclinical models
GLPG0187 significantly inhibited angiogenesis both in vivo and in vitro, osteoclas-
togenesis in vitro, and bone loss in vivo®. In mouse cancer models GLPGO187 inhib-
ited de novo formation and progression of bone and visceral metastases in prostate
cancer and breast cancer”8 %" We hypothesize that GLPG0187, a more potent and
broader spectrum IRA when compared to cilengitide, may improve the anti-tumor
efficacy of IRA therapy. Therefore a phase | dose escalation study was initiated to
investigate the safety and tolerability of GLPG0187 when administered intravenously
in end-stage cancer patients. In healthy volunteers, GLPG0187 was rapidly eliminat-
ed after oral administration with a terminal half-life of about 5-6 hours'. To ensure
continuous target inhibition despite its relatively short half-life GLPG0187 was ad-
ministered as a continuous i.v. infusion in this study. We aimed to determine a safe
dose in cancer patients and to determine the pharmacokinetics (PK), pharmacody-
namics (PD) and evaluate preliminary signs of efficacy.

MATERIALS AND METHODS

Patient selection

Patients, aged over 18 years, with pathologically confirmed advanced or met-
astatic malignant solid tumors refractory to standard therapy or for whom no
standard treatment options were available were eligible for participation. Ad-
ditional inclusion criteria included: written informed consent, measurable dis-
ease according the Response Evaluation Criteria In Solid Tumors (RECIST) version
1.1, Eastern Cooperative Oncology Group (ECOG) performance status of 0-2,
estimated life expectancy of at least 12 weeks and no previously incurred anti-
cancer therapy related toxicities higher than grade 2. Patients were considered
ineligible if there was less than 4 weeks since their last anticancer therapy (less
than 6 weeks for nitrosoureas and mitomycin C) or they were previously treated
with IRAs. Additional exclusion criteria were: chronic treatment with corticoster-
oids equivalent to 10 mg methylprednisolone per day or more, current or recent
(within 30 days) treatment with another investigational drug or participation in
another investigational study, clinically symptomatic or progressive brain or lep-
tomeningeal metastases, major surgical procedure within 28 days before first
dose, congestive heart failure (NYHA class 3 or 4), clinical significant cardiac ar-
rhythmias, signs and symptoms of relevant cardiovascular disease, known hyper-
sensitivity to any of the study drugs and significant medical conditions possibly
interfering with patient compliance or safe study participation.

Female patients with reproductive potential were only eligible with a negative
pregnancy test obtained less than 7 days before first dose and if an adequate
contraceptive method was used while on study.
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The study was centrally approved by the ethics committee of the University Med-
ical Center Utrecht and was conducted according to the Declaration of Helsinki
and Good Clinical Practice guidelines. Patients were accrued in the University Med-
ical Center Utrecht and the Netherlands Cancer Institute. The study was registered
on clinicaltrials.gov (NCT01313598).

Investigational agent

GLPGO0187 supply was controlled by Galapagos SASU (Romainville, France) and
was delivered to participating sites as a 35 mg/ml injectable solution in type 1
clear glass vials. A 40% HP-3-CD (Kleptose®) injectable solution manufactured by
Roquette pharma (Lestrem, France) was used to improve solubility of GLPG0187.
Depending on dose level, various amounts of GLPG0187 were solved in HP-3-CD
injectable solution and saline and administered by continuous infusion to patients
at the recommended infusion rate. The amount of HP-3-CD needed to prepare a
400 mg/day GLPG0187 solution is considered the maximum acceptable dose in
humans. Therefore no dose escalation beyond 400 mg/day was planned within
this study. After preparation, the solution was stored at room temperature protect-
ed from daylight for a maximum of 7 days.

Study design

This study was performed as a multicenter, open-label, dose-escalation, phase |
study.

Decisions regarding dose escalation were made by using a modified 3+3 dose
escalation design. To reduce the number of patients treated at possible subopti-
mal dose concentrations, only 2 evaluable patients were assigned in the first two
cohorts.

Patients in the first cohort received a starting dose of 20 mg/day which was cho-
sen based on results from a preceding healthy volunteer study'?. The anticipat-
ed sequential dose escalations were 20, 40, 80, 160, 320, 400 mg/day. Intrapatient
dose-escalations were not allowed. Dose reductions or interruptions were allowed
after cycle 1 which equals the dose limiting toxicity (DLT) window.

On day 1 of cycle 1, a single daily dose of GLPG0187 was administered at a con-
stant infusion rate for a period of one hour after which the patient was followed for
24-hours to assess the PK profile. On day 8 of cycle 1 continuous infusion was initi-
ated at the assigned dose level for 21 days. Thereafter, treatment was continued in
21-day cycles until disease progression, occurrence of a DLT, unacceptable toxicity,
death, poor study compliance or withdrawal of informed consent.

A DLT was defined as one of the following adverse events (AEs) considered relat-
ed to GLPG0187 occurring within the first cycle of 28 days: grade 4 neutropenia
lasting > 7 consecutive days, febrile neutropenia (defined as absolute neutrophil
count (ANC) < 1000 cells per uL and fever > 38.5°C) or documented infection >
grade 3 with ANC < 1000 cells/uL, grade 4 thrombocytopenia, thrombocytopenia



requiring platelet transfusion, or bleeding requiring medical intervention, alanine
aminotransferase (ALT) or aspartate aminotransferase (AST) > 5 x upper limit of
normal (ULN) (> 7.5 x ULN in case of liver metastases) for greater than 14 days,
ALT or AST > 5 x ULN (> 7.5 x ULN in case of liver metastases) co-occurring with
a total bilirubin of > 2.5 x ULN (not explained by obstruction) regardless of dura-
tion, non-hematological toxicity > grade 3. GLPGO187-related nausea, vomiting,
and diarrhoea were only considered DLTs if they persisted at > grade 3 for > 3 days
despite adequate supportive care measures.

The Maximum Tolerated Dose (MTD) for this study was defined as the dose level
below the dose level at which > 2 patients in a dose cohort experienced a DLT
within the DLT observation period. The resulting recommended phase Il dose
(RP2D) was defined as the MTD or the highest tested dose which is tolerable and
safe.

Safety and efficacy assessments

After signing informed consent, patients were screened for eligibility. Screening
assessments were performed within 14 days of the first dose.

Safety was assessed weekly by means of physical examination, weight, vital signs,
ECOG performance status, laboratory evaluations (hematology, biochemistry and
urinalysis), electrocardiograms, and recording of concurrent illness/therapy and
AEs throughout the study course. An AE was defined as appearance of any (or
worsening of any preexisting) undesirable sign, symptom or medical condition oc-
curring after signing the informed consent, whether related to treatment or not.
Toxicity was graded according to the National Cancer Institute Common Terminol-
ogy Criteria for Adverse Events (NCI-CTCAE) version 4.03. For each AE an absent,
unlikely, possible, probable or certain relationship with GLPG0O187 was assessed by
the local investigator.

Preliminary efficacy was measured bi-cyclic and at end of treatment by CT scan,
MRI, or a bone scan following RECIST 1.1 guidelines'. Recent literature has high-
lighted the need for better criteria for response assessment in high-grade gliomas,
and the Response Assessment in Neuro-oncology (RANO) group has published
new MRI-based response criteria'. For this reason, we evaluated all high-grade gli-
oma patients according to RANO criteria. Concordance between RANO and RECIST
evaluation of all gliomas was 100%.

Pharmacokinetic and pharmacodynamic methods

PK blood samples were collected at baseline and on day 1 of cycle 1 at 0.5, 1, 1.5,
2,4, 6,8 and 24 hours after start of the single first dose. Additional samples were
obtained on day 8, 15, 22 and 29 of cycle 1. PK samples were analyzed for deter-
mination of GLPG0187 plasma levels by a validated liquid chromatography-mass
spectrometry methods at AtlanBio (Saint-Nazaire, France). PK parameters in plasma
such as maximum concentration (C__), Area Under the Curve (AUQ), total plasma
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clearance, steady state volume of distribution (V_) and distribution and elimination
half-lives (t, ., andt, . ) were calculated, as well as dose standardized parame-
ters (C,_/dose and AUC/dose).

In a previously performed phase | healthy volunteer study GLPG0187 was shown
to reduce CTX (C-terminal telopeptide of type | collagen) levels significantly when
compared with placebo'. In addition, GLPG0187 was found to inhibit osteoclastic
bone resorption in mice significantly®. Therefore CTX serum levels were adopted as
a PD marker and measured by ELISA, according to the manufacturer instructions
(CrossLaps, Immuno Diagnostic Systems, ref. AC-02F1).

CTX levels were measured in blood samples collected at baseline and on day 1
of cycle T at 1, 2,4, 6,8 and 24 hours after start of the first single dose. Additional
samples were obtained on day 8, 15,22 and 29 of cycle 1.

Statistical methods

Study results were obtained by analyzing the safety population which contains all
patients who received at least 1 dose of GLPG0187. Results were summarized de-
scriptively and if applicable plotted by dose level over time. CTX levels at different
time points were compared by using a Wilcoxon Signed Rank Test.

RESULTS

Patients

Twenty patients received GLPG0187, between 22" of March 2011 and 10" of April
2013, Patient characteristics are depicted in Table 1. Fifteen patients completed
cycle T and were considered evaluable for DLT assessment. High-grade glioma was
the most commonly included tumor type (40%, mostly GBMs).

Dose escalation and safety

No DLTs were observed in any cohort. The absence of DLTs resulted in an undis-
turbed dose escalation scheme towards the final planned cohort of 400 mg/day.
GLPGO0187 dosed at 400mg/day equals the highest possible dose based on the
maximal dose of HP-3-CD, the solvent. Therefore, the highest tested dose (400 mg/
day) is the RP2D.

GLPGO0187 showed a relatively safe and tolerable toxicity profile in this study. The
incidence of at least possibly related AEs per cohort is summarized in Table 2.
Most frequently observed toxicities were fatigue (5 patients, 25%) and skin relat-
ed adverse events (5 patients, 25%). Twenty-three AEs were considered possibly
related and 6 probably related to GLPG0187. All but two AEs are reported only
once. During the study, 14 (70%) patients experienced a total of 23 serious adverse
events (SAE). Only one SAE was considered possibly related (fatigue). All other SAEs
were assessed as unlikely or not-related.



All toxicity seemed manageable and did not lead to significant dose reductions or
dose interruptions. No clear relationship was observed between GLPG0187 dose
level and the occurrence of AEs or laboratory abnormalities.

Pharmacokinetic data

After intravenous infusion, GLPG0187 was rapidly distributed and eliminated as
illustrated in figure 1A. The PK profile was dose proportional over the 20 to 400mg/
day dose range when infused continuously (Figure 1B). PK parameters per cohort
are displayed in supplementary table S2. GLPG0187 showed a moderate total plas-
ma clearance (average: 40.1 L/h) and short distribution and elimination half-lives of
on average 0.16 and 3.8 hours, respectively. GLPG0187 plasma concentration was
maintained during the PK sampling period of 21 days while receiving continuous
i.v. infusion (Figure 1B). PK in patients was predictable from healthy subjects’ PK
suggesting that concomitant therapies do not impact the PK of GLPG0187.

Effects on bone resorption marker CTX

The effect of GLPG0187 treatment on bone resorption marker CTX was measured
in serum during the first cycle (Figure 2A/B). High interpatient variability in the
CTX concentration measurements was observed. A Wilcoxon Signed Rank Test was
conducted to compare CTX levels at baseline to 2 hours post infusion on cycle 1
day 1. Additionally, the effect of continuous infusion was analyzed by comparing
mean CTX levels at day 15 to day 8. A significant change in CTX level was observed
2 hours after the single dose infusion on day 1. The mean CTX level was higher at
baseline: 0.58 (SD 0.39) versus 0.42 (SD 0.32), p<0.0001. At day 15 CTX levels were
lower compared to day 8 (p=0.007). No clear relationship between GLPG0187 dose
and CTX concentration could be established within cycle 1 (Figure 2A/B and 3).

Efficacy

The best overall tumor response was stable disease was achieved in 3 (15%) out
of 20 patients. These 3 patients were treated at 20 mg/day (patient with non-small
cell lung cancer, stable disease during 14 weeks), 80 mg/day (patient with GBM,
stable disease during 19 weeks) and 160 mg/day (patient with GBM, stable disease
during 8 weeks). No tumor responses were observed.

DISCUSSION

We performed a phase |, open-label, dose escalation study using GLPG0187 in pa-
tients with solid tumors. GLPG0O187 was well-tolerated and displayed a predictable
and dose proportional PK profile. The toxicity profile of GLPG0187 is very mild and
we did not identify a true maximal tolerated dose.

Measurement of CTX levels provided the proof-of-mechanism that GLPG0187 in-
hibits integrin function. Despite the variation in baseline CTX levels we found a
statistically significant decrease in CTX levels after treatment.
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Patients in the first two cohorts received GLPG0187 through a Port-A-Cath (PAC)
system. Three out of six patients had a PAC related infection classified as a SAE
unrelated to GLPG0187. The median reported infection rate of totally implantable
intravenous catheter devices within an immunosuppressed population approxi-
mates 0.2 per 1000 catheter days'. Therefore, we probably should consider these
events retrospectively as at least possibly being related to GLPG0187. For all three
patients the infection was evident at the skin location where the needle enters the
skin.

From cohort 3 onwards we switched to a peripherally inserted central catheter
(PICC), where access to the system does not require repeated skin punctures. No
catheter related infections were observed after the switch from PAC to PICC.

In a GBM patient in the 80 mg/day cohort, epidermolysis induced by removal of a
common skin patch from his forearm followed by a significantly delayed healing
process was observed (Figure 4). Moreover, skin toxicity was among the most com-
mon findings in these 20 patients (Table 2). An explanation could be that contin-
uous IRA exposure leads to altered adhesion and homing of various inflammatory
cells. Although speculative, these findings suggest that skin immunity and possi-
bly skin integrity were affected while treated with GLPG0187.

The kinetics of our PD marker, the infectious problems and the skin problems oc-
curred independent of dose. Together these data suggest that we started with
dose levels that already represented a biologically active dose.

GLPG0187 failed to show clear signs of clinical efficacy in this study. Moreover,
cilengitide statistically failed to live up to its promise in a phase Ill clinical trial when
combined with standard treatment in GBM'®,

However, 9% of patients with recurrent GBM did show a neuroradiological partial
response on cilengitide monotherapy in phase Il and remained progression free
for at least 10 months®. GLPG0187 has, compared to cilengitide, a broader pro-
file of inhibition for multiple integrins that would specifically be present in GBM
(supplementary table S2)% It could be that the failure of cilengitide in phase Ill and
the observed efficacy of GLPG0187 in this study might be caused by poor patient
selection rather than inactivity of the compound itself.

Integrin-PET-based probes could be used to assess target engagement direct-
ly as was done in preclinical models’. In mice harboring melanoma xenografts,
GLPG0187 displaced up to 70% of an avP33 integrin-targeted molecular imaging
agent. Additionally a significant decrease in standardized uptake values for fluoro-
deoxyglucose (FDG) was observed after exposure to GLPG0187. PET may provide a
tool to test a tumor for integrin expression and thereby facilitate patient selection.
Literature showing a role for integrins in cancer is overwhelming. Mechanisms
of integrin-mediated evasion of apoptosis by either drugs or radiotherapy have
been described in several hematological and non-hematological malignancies in-
cluding small cell lung cancer, gliomas, and breast cancer lines' %, These findings
provide a rationale to further explore the potential synergistic effects between cy-
totoxic treatments and IRAs.



We feel that the quest towards a validated biomarker for response on integrin inhi-
bition should be continued and subsequently GLPG0187 deserves further explo-
ration within a selected patient population. Additionally, treatment of a selected
population with a combinatory treatment regimen might lead to an even larger
proportion of patients experiencing clinical benefit.
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ABSTRACT:

PURPOSE: This phase | study was performed to determine the maximum toler-
ated dose (MTD), dose limiting toxicities (DLT), safety profile, recommended dose
for phase Il studies, the pharmacokinetics and antitumor activity of the combi-
nation of lonafarnib (farnesyl transferase inhibitor), trastuzumab and paclitaxel in
Her2-positive advanced breast cancer.

METHODS: Twenty-three patients with Her2 overexpressing breast cancer re-
ceived in the first cycle paclitaxel and trastuzumab and from cycle two onwards
lonafarnib which was added to the combination. Dose-limiting toxicity (DLT) was
determined during the second cycle.

RESULTS: The MTD and recommended dose for phase |l trials is lonafarnib: 250
mg/day (125 mg / bi-daily (BID)) continuously, paclitaxel: 175 mg/m? 3h infusion
every 3 weeks, and trastuzumab: 4 mg/kg loading dose and 2 mg/kg/week thereaf-
ter. The most frequently observed adverse events starting from cycle one onwards
were alopecia, myalgia, sensory neuropathy, fatigue, arthralgia, leucocytopenia
and neutropenia. From cycle two onwards additional adverse events appeared,
such as diarrhea, nausea, dyspepsia, vomiting and allergy. The mean systemic ex-
posures of both lonafarnib and paclitaxel through all dose levels were higherin the
regimen with all three study medications but with no statistically significant differ-
ence. Preliminary antitumor activity (CR+PR) was observed in 58 % of all patients.
CONCLUSION: Lonafarnib can be safely combined and tolerated with full doses
of paclitaxel and trastuzumab in Her2-positive advanced breast cancer patients.
Promising preliminary anti-tumor activity warrants further evaluation of lonafarnib
in combination with paclitaxel and trastuzumab in Her2-positive breast cancer.
Keywords: Her2-positive breast cancer, chemotherapy, activated MAPK pathway,
farnesyl transferase inhibitor, lonafarnib, trastuzumab, paclitaxel

INTRODUCTION

Breast cancer is a significant global health problem. One third of women who
are diagnosed with breast cancer will ultimately die of the disease. Metastatic
breast cancer (MBC) is currently incurable. The human epidermal growth fac-
tor receptor, encoded by the Her2 proto-oncogene is upregulated in 15-25%
of breast cancers and is an indicator of more aggressive clinical behavior and
poor prognosis.[1] Trastuzumab combined with a taxane as first-line therapy is
now the standard of care for patients with Her2-positive metastatic breast cancer
(MBC). However, most of patients ultimately develop resistance to this combina-
tion. Therefore, the development of novel strategies to improve the taxane plus
trastuzumab in Her2-positive MBC is of major therapeutic interest.

For this study lonafarnib (SCH 66336) was selected as a novel agent with a specif-
ic mechanism of action. It is a potent and selective farnesyl transferase inhibitor
(FTI) that inhibits Ras function by farnesylation as has been shown in vitro[2].
It also blocks the transformed growth properties of fibroblasts and human cell
lines expressing activated H-Ras, N-Ras or K-Ras proteins.



Ras proteins are present in all human cells[2]. When activated by extracellular sig-
nals (including growth factors that activate cell surface receptors such as Her2),
Ras proteins play a critical role in intra-cellular transduction of cell growth signal
via multiple cell signaling pathways, such as mitogen-activated protein kinase cas-
cades (MAPK) through RAF, MEK and ERK mitogen-activated kinases. This pathway
also overlaps and cross talks with other signaling cascades that regulate the bal-
ance of cell survival.[3] In mutated ras, Ras protein becomes constantly activated
by several post-translational modifications, including the farnesylation (i.e. addi-
tion of a C15-prenyl moiety to a cystein residue). This results in uncontrolled cell
growth and proliferation. This ras mutation occurs in 20-30% of all malignancies[4].
The cascade of uncontrolled proliferation can theoretically be stopped by inhibit-
ing the farnesylation of the Ras protein by FTI, which should prevent proper mem-
brane anchoring of the Ras protein and thereby stop cell growth.[2, 5]

Although the frequency of ras mutations in breast cancer is low (<2%), hyperacti-
vation of Ras protein and its downstream effectors is common as a result of over-
expression of upstream components, such as the epidermal growth factor and
Her2.[6] Non mutated Ras is also sensitive to FTIs[2], which may be explained by
the presence of transforming events upstream of Ras that require Ras function to
induce cellular transformation. Alternatively, this might also be due to a role of
other farnesylated proteins in cell growth and transformation (e.g. CENP proteins,
RhoB [7], Rheb and components that are essential for separation of spindle poles).
[8] [3, 9] Although the pharmacological effects of FTls at the cellular level remain
unclear, several trials have been testing FTIs potential to enhance the activity of
current therapies in breast cancer. [10, 11]. Lonafarnib is active in vitro against a
broad spectrum of tumor cell lines and primary human tumors.[12] The drug has
shown significant antitumor activity in a variety of human tumor xenograft models
in mice at different schedules of administration.[13]

Lonafarnib alone or in combination has undergone various clinical studies for the
treatment of solid tumors. Lonafarnib as a single agent is well tolerated with revers-
ible and manageable Gl toxicity (diarrhea, vomiting and nausea) possibly due to
the fact that it is highly selective for farnesyl transferase. [14]

Other studies show myelosuppression as a common feature[15]. As a single agent
lonafarnib can be safely administered using a continuous oral bi-daily (BID) dosing
regimen. Bi-daily dosing is chosen because of the pharmacokinetic profile of lon-
afarnib and because the compound is a competitive inhibitor, and the schedule
should result in continuous inhibition of farnesyl transferase. The recommended
dose as single agent is 200 mg BID.

Numerous preclinical studies have demonstrated a synergistic interaction be-
tween lonafarnib and taxanes, anticancer drugs that both target mitotic apparatus.
[7,16, 17] In addition, lonafarnib has been shown to be able to reverse resistance
to taxanes.[18] Inhibition of farnesyl protein transferase might enhance the mitotic
block induced by paclitaxel.[19]
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Promising antitumor activity has been reported with the lonafarnib — paclitaxel
combination and their recommended dose for phase Il trials is lonafarnib 125 mg
orally twice daily in combination with weekly paclitaxel 80 mg/m2.15

In combination therapy, an effect of trastuzumab and paclitaxel on the pharma-
cokinetics of lonafarnib could be anticipated due to the long terminal half-life of
trastuzumab (25 +/- 5 days) and of paclitaxel (ranged from 3 to 52.7 hours).

This phase | study aimed at evaluating the safety of the combination of lonafarnib,
trastuzumab and paclitaxel in Her2-positive advanced breast cancer.

PATIENTS AND METHODS:

Main eligibility criteria:

Patients with histologically/cytologically confirmed diagnosis of Her2 -positive
(IHC 3+ or ICH2+ with positive FISH) metastatic breast cancer were eligible. Other
important eligibility criteria were as follows: patients for whom paclitaxel/trastu-
zumab might be an appropriate treatment and for whom an anthracycline was
not suitable; prior treatment with chemotherapy and/or radiation completed for
at least 4 weeks prior to study enrolment and hormonal therapy discontinued at
least one day prior to treatment start; no previous therapy with trastuzumab and/
or paclitaxel within the last year and no clinical signs of central nervous system
(CNS) involvement; normal cardiac ejection fraction assessed by MUGA scan and
QTc interval < 440 msec; effective contraception.

The study was approved by the local Ethics Committees of the participating insti-
tutions.

Before patient registration, written informed consent was signed according to ICH/
GCP, and national/local regulations.

Study design:

The primary study objectives of this open label, non-randomized, multi-center,
phase | dose escalation trial, were to establish the maximum tolerated dose (MTD),
dose limiting toxicities (DLT), safety profile, recommended dose for phase Il trials, and
pharmacokinetic parameters of the triple combination of lonafarnib, paclitaxel and
trastuzumab in patients with Her2-positive advanced breast cancer administered in
first or second line therapy. The secondary study objective was to document antitu-
mor activity of the combination.

To determine the MTD trastuzumab was administrated at its full dose (4 mg/kg load-
ing dose and 2 mg/kg weekly) as a single agent while doses of lonafarnib and pacli-
taxel were escalated starting with a dose of 75 mg twice daily for lonafarnib and 135
mg/m? every three weeks for paclitaxel. One cycle was defined as a time-period of
three weeks. Dose-levels (DL) were allocated according to a 343 scheme (3 patients/
dose-level, up to 6 in case of a DLT). The dose-escalation proceeded in a stepwise



manner (Table 2). The schedule of administration of lonafarnib was changed and
applied from cohort five onwards into a “‘one-week on, one-week off, one-week on
schedule”instead of the originally applied 3 weeks schedule. The idea was to allow a
one-week recovery period from toxicities.

During the first cycle, patients received only trastuzumab and paclitaxel (both ob-
tained commercially) in order to assess the tolerability of this combination and PK
profile which will be compared with the PK profile from the cycle two, as from cycle
two onwards, the administration of lonafarnib started (supplied by Schering-Plough
Research Institute, Kenilworth, New Jersey, United States). The order of administration
was lonafarnib first followed by trastuzumab (90 min i.v. infusion) and then paclitaxel
(3 hours i.v. infusion). Lonafarnib capsules were taken orally bi-daily approximately 12
hours apart, with the morning and evening meals. Patients were advised not to drink
grapefruit juice while taking lonafarnib.

Toxicity, MTD, DLT, patient replacement and reasons to stop treatment:
Toxicity was evaluated in all patients who started treatment and graded according
to the National Cancer Institute criteria (CTCAE version 2.0). At each cycle, the worst
grade of toxicity was recorded.

The Maximum Tolerated Dose (MTD) was defined as the dose associated with a
probability of DLT during cycle 2 closest to 20% of the patients who will suffer from
severe toxic side effects (DLT).

The MTD was assessed on the basis of DLTs observed during cycle 2, after lonafarnib
was introduced.

The evaluable patient population was used to decide on the dose escalation for lon-
afarnib. It consisted of all patients who started cycle 2 and either completed cycle 2
or stopped treatment during cycle 2 due to toxicity related to any of the three drugs.
Patients withdrawn from the study for any reason, except for toxicity related to any of
the drugs at cycle 2 before they have been appropriately evaluated, were replaced
by new patients.

The Dose Limiting Toxicity (DLT) was defined as: any non hematological grade
3/4 toxicity with the exclusion of alopecia, nausea, vomiting, diarrhea and fever con-
trolled after 48 hours of maximal anti-emetic, anti-diarrheal or anti-pyretic treatment,
respectively; an absolute neutrophil count (ANC) < 0.5x109/L lasting for > 7 days;
febrile neutropenia defined as ANC < 1.0x109/L and fever at least 38.5°C; grade 4
thrombocytopenia; treatment delay for toxicity lasting more than four weeks. These
acute toxicities must be thought to be related to study treatment (i.e. to one or sev-
eral drugs in the combination) by the clinical investigator to be considered dose-lim-
iting.
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Patient replacement: If the following toxicities had occurred during cycle 1, cycle
2 would not be administered and patients would stop the study and be replaced: -
grade 4 anemia or thrombocytopenia, - grade 4 neutropenia lasting at least 7 days,
- febrile neutropenia or grade 3-4 non-hematological toxicity.

Reasons to stop treatment: Treatment was given as indicated per protocol unless
an early withdrawal criterion would occur: i.e. patient refusal, unacceptable toxicity
or investigator decision.

Treatment assessment:

Before initiating therapy, a complete medical history was recorded and a phys-
ical examination was performed. Complete blood counts including hemoglobin,
total white blood cells (WBQ),

neutrophils, platelets, and hematocrit) and serum chemistry was performed (in-
cluding creatinine, electrolytes, total bilirubin, AST, ALT, ALP, albumin, glucose, urea,
LDH, and GGT). Vital signs and evaluation of all clinical symptoms as well as WHO/
ECOG performance status, ECG and MUGA scan were performed. A serum preg-
nancy test was required in women of reproductive potential. Tumor evaluation
(RECIST criteria version 1.0) within 21 days prior to treatment start was assessed by
standard methodology, using X-rays, CT scans and/or MRIs. The same method was
then used for repeated measurements throughout the study.

Clinical, cardiac and biological evaluations included: a clinical examination at
the end of each cycle of therapy, i.e. immediately before the administration of the
next cycle, and three weeks after the last drug administration. ECG was repeated
every cycle.

MUGA was to be repeated if clinically relevant. Serum chemistry, including creat-
inine, electrolytes, total bilirubin, AST, ALT, ALP, albumin, glucose, urea, LDH, GGT
was performed at the end of each cycle and complete blood counts, including
hemoglobin, total WBC, neutrophils, platelets; hematocrit every week.

Sample collection and drug analysis

Pharmacokinetics (PK):

Pharmacokinetics data of lonafarnib and paclitaxel of 12 patients treated in the
Netherlands Cancer Institute were analyzed at the Department of Pharmacy and
Pharmacology of the Slotervaart Hospital/The Netherlands Cancer Institute in Am-
sterdam.

Patients received trastuzumab on day 1 of each cycle. Paclitaxel was given on day
1 of cycle 1, day 2 of cycle 2 and day 1 of every following cycle. Lonafarnib contin-
uous BID administration started at day 3 of cycle 2. Pharmacokinetics of paclitaxel
alone was performed on cycle 2 day 2. For this aim whole blood samples were
drawn on day 2 before paclitaxel administration and at 1 hour after start of infu-
sion, 10 minutes before the end of infusion, 15 minutes, 2 and 4.5 h after the end of



infusion of paclitaxel. Pharmacokinetics of lonafarnib alone was performed at cycle
2 day 3. In cycle 2 lonafarnib administration on day 3 followed the administration
of paclitaxel day 2 and trastuzumab day 1. For this aim whole blood samples were
taken on day 3 before lonafarnib intake and at 1, 2, 3, 3.45, 530 and 8 h after lon-
afarnib intake and just before the next lonafarnib intake and on day 8 before and
15 minutes after trastuzumab administration. During the first three days of cycle 2
patients were hospitalized. The three drug interactions were assessed during cycle
3 day 1. For this aim the whole blood samples were drawn on day 1 before lona-
farnib intake, 15 and 30 minutes, 1 and 1.5 h after start of paclitaxel administration,
10 min before the end of paclitaxel administration, 15 minutes, 2, 4.5 and 8.5 h after
the end of infusion of paclitaxel and a morning sample on day 2 approximately 20
h after the end of infusion.

To determine the PK of paclitaxel, whole blood samples of 10 mL were collected
using heparin tubes. Whole blood samples were centrifuged at 3000 rpm to obtain
plasma within 5 minutes, which was stored at —80°C until shipment on dry ice.

To determine the PK of lonafarnib, whole blood samples of 3 mL were collected
using chilled sodium heparin tubes. The blood samples were gently mixed and
centrifuged at 3000 rpm for 15 minutes at 4°C and frozen immediately at —80°C.
During cycle 3 patients were hospitalized on Day 1.

Lonafarnib and paclitaxel were analyzed employing validated HPLC-MS/MS
(high-performance liquid chromatography coupled with tandem mass spectrom-
etry detection) analytical methodologies. An isocratic HPLC method has been
developed and validated for the quantitative determination of paclitaxel. The PK
parameters (Cmax, Tmax, AUC and CL) were determined by non-compartmental
analysis using validated R script.

RESULTS:

3.1. Patient characteristics

From August 2003 to November 2007 twenty-three patients were enrolled in this
phase | dose escalation study in three centers: the Netherlands Cancer Institute,
Amsterdam, the Netherlands, Institute Curie Hospital, Paris, France and Institut
Jules Bordet, Brussels, Belgium. Patient characteristics are listed in Table 1. Safety
information was collected from all 23 patients, 22 patients were evaluable. Two
patients out of 23 enrolled never received lonafarnib. One ineligible patient start-
ed cycle one of trastuzumab plus paclitaxel, but she stopped protocol treatment
because of development of neutropenia grade 4 with infection. She did not start
cycle 2 and thus did not receive lonafarnib. One patient never received lonafarnib
but was not excluded from the group of evaluable patients because she complet-
ed cycle 1 and discontinued during cycle 2 of trastuzumab plus paclitaxel without
receiving lonafarnib. Treatment was stopped because of treatment-related toxicity
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consisting of ischemia and QT prolongation. Patients received on average 6 cycles
in the range of 1-75 cycles of study combination (Table 2). Paclitaxel was stopped
in 11 patients on the half treatment duration (44% of number of received cycles),
while lonafarnib and trastuzumab were continued.

Toxicity:

The study showed that the combination was generally well tolerated.

The most common related non hematological toxicities - AE during the treatment
of combination trastuzumab and paclitaxel in the first cycle reported were alopecia
(15 patients, with any grade), myalgia (13 patients), sensory neuropathy (10 patients),
fatigue (9 patients) and arthralgia (9 patients).

Adding lonafarnib from cycle 2 onwards to trastuzumab and paclitaxel combination
revealed new drug-related toxicities. Reported drug-related toxicities in cycle 2 were
diarrhea (15 patients, with any grade), nausea (14 patients), dyspepsia (6 patients),
vomiting (4 patients) and allergy (3 patients). In addition, the similar related adverse
event trend appearance as in treatment cycle 1 (without lonafarnib), such as alope-
cia (18 patients), fatigue (16 patients), myalgia (12 patients), sensory neuropathy (11
patients), rash (7 patients) and stomatitis (5 patients) continued.

During the whole treatment period the most common hematological toxicities were
neutropenia and leucocytopenia reported in almost all patients (22 patients) and
anemia (20 patients). (Table 3 presents grade 3 and 4 toxicities). Hepatic toxicities
included increased alkaline phosphates (9 patients), increase in liver enzymes ALT
(12 patients) and AST (7 patients) and GGT (9 patients). Almost all patients in the
study developed hyperglycemia grade 1-3 (21 patients). This is most likely due to
dexamethason premedication.

Lonafarnib was frequently interrupted; in 13 patients for more than two days (59 %
of patients who started lonafarnib). The most frequent reasons for dose interruptions
were neutropenia and leucocytopenia, thrombocytopenia, diarrhea, nausea, anorex-
ia and abdominal pain.

At dose-level one, 3 patients presented hematological toxicities leading to interrup-
tion of lonafarnib as per protocol and in some cases for several cycles. Therefore, the
dose-intensity of lonafarnib ranged from 29 % to 84 % with a mean per cycle of 66 %.
At dose-level two, 2 patients experienced hematological toxicities that led to treat-
ment interruption of lonafarnib. The dose-intensity of lonafarnib ranged from 69 %
to 100 % with a mean per cycle of 80 %.

Given the interruption of lonafarnib at dose-levels one and two, it was decided to
modify the schedule of administration of lonafarnib into a“one-week on, one-week
off, one-week on schedule”instead of the originally applied 3 weeks schedule (see
2.2 for study design). This amendment was applied only during the dose-level 5.



The first dose-reduction was made in dose-level four by the patient herself — she
was forgetting to take the evening dose of lonafarnib. This patient had also an
active inflammation of the breast, pain and mood alteration-depression with no
evidence of brain metastasis. A second patient at this dose-level had interruption
and eventually had to stop lonafarnib due to diarrhea grade 3. At dose-level five
in five out of six enrolled patients the dose of lonafarnib needed to be > 10 %
reduced due to various toxicities: ANC grade 4 in two patients, nausea grade 2,
vomiting grade 2 and diarrhea grade 2, which in one patient led to definitely stop
the study. Prolonged thrombocytopenia grade 2 and sensory neuropathy grade 2
were reasons to stop the study in two patients, and allergy grade 3 in one patient.
Dosing of trastuzumab proceeded without development of major toxicities; one
patient experienced decreased LVEF starting from cycle 8. Dose of paclitaxel was
only once interrupted due to hematological toxicity (ANC grade 2). Reduction of
the dose of paclitaxel was reported in five patients, which was due to cardiac isch-
emia and increased QTc in one patient, extravasation in the infusion arm in the
second patient and neuropathy in three other patients.

Treatment discontinuations were due to disease progression - 8 patients and non
- tolerable toxicity in 12 patients, while the three other patients discontinued ther-
apy due to investigator or patient decision or due to social circumstances.

Cardiac toxicities related to the drug combination were observed in dose-lev-
el two in two patients. The first patient experienced hypertension, hypoxia and
tachycardia 10 minutes after the infusion of paclitaxel. The ECG revealed a pro-
longed QT interval and ischemia. However, during that time-period lonafarnib was
not yet introduced. The patient had a medical history of hypertension since more
than 10 years, for which she received first bisoprolol and later verapamil. She was
a smoker and had a positive family history. Oxygen therapy was initiated as well as
potassium supplementation. Tachycardia recovered within four hours and within
six hours the QTc interval returned to the baseline value. The second patient had
chest pain grade 3 and typical trastuzumab related toxicity of decreased LVEF and
this was seen in cycle 7 (42%) and after the recovery period and the trastuzumab
rechallenge in cycle 20 (45%).

Determination of the maximum tolerated dose, dose limiting toxicities and
the recommended dose for Phase Il trials

No DLTs were observed up to dose level 4. Two patients from dose-level one and
one patient from dose-level two were replaced, as defined in the replacement
rules for evaluable patients. The dose was escalated until dose-level five (Table 2).
Adverse events grade 3 and 4 were mainly hematological (ANC and WBC) (Table
3), which would improve after dose interruption. At dose-level five the schedule
of lonafarnib was changed from continuous to one week on - one week off — one
week on. During this dose schedule and dose level 5 one patient experienced an
allergic reaction grade 3 related AE, which was seen as a DLT. Therefore, dose-level
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was expanded with 3 additional patients (343). One of these additional patient
experienced DLT consisting of a grade 3 increase of GGT. This dose-level was con-
sidered not tolerable also due to the high toxicity profile in this cohort of patients.
This concerned appearance of infections with neutropenia, fatigue, gastrointesti-
nal events: nausea, diarrhea, distension/bloating, taste disturbance, disphagia; der-
matology: alopecia, rash, flushing and hand foot skin reactions, acne; hemorrhage:
epistaxis with normal platelet count; neurology: neuropathic pain, myalgia, muscle
pain, dizziness, mood alterations. As the Maximum Tolerated Dose MTD had been
reached at dose-level five, the recommended dose for phase Il was determined to
be dose-level four: lonafarnib: 250 mg/day (125 mg/BID) continuously, paclitaxel:
175 mg/m?/cycle and trastuzumab: 4 mg/kg loading dose followed by the 2 mg/
kg given weekly thereafter.

Pharmacokinetics

A total of 12 patients recruited at The Netherlands Cancer Institute treated with
lonafarnib plus trastuzumab and paclitaxel provided blood samples for pharma-
cokinetic analyses after lonafarnib dose was given alone (during the cycle 2, day
3). Ten patients continued to cycle 3 and provided blood samples on cycle 3,
day 1 during the administration of the combination of the three study drugs —
lonafarnib plus trastuzumab and paclitaxel. Data from 9 patients were evaluable.

Figure 1 represents the mean plasma concentrations — time curves for lonafarnib
for all five dose-levels. It can be seen that lonafarnib was slowly absorbed and
eliminated in both dosing treatments.

The pharmacokinetic data of lonafarnib are presented in table 4

The maximum concentrations of lonafarnib when given alone were reached at
3.35 h (SD: 1.6) after drug intake and when given in the three drug combination
at 3.1 h (SD: 0.7) after for all dose-levels. The plasma concentration-time profile of
lonafarnib alone or in combination supports the bi-daily dosing, as the plasma
concentrations had significantly decreased 12 hours after lonafarnib intake, as
also previously reported. [20]

Increases in lonafarnib Cmax and AUC values were dose-related following oral
administration of 75, 125 and 150 mg BID for both lonafarnib alone and in com-
bination with two other drugs, exceptin the dose-level 3 with 100 mg BID where
lonafarnib plasma levels were with slightly lower Cmax and AUC values. This can
be explained with an interindividual pharmacokinetic variability which can be
avoided with evaluating more patients per dose-level. In this case only one pa-
tient had evaluable PK data in this dose level. The pharmacokinetics of lona-
farnib when given alone was compared with those in the combination for both
analyzed study medications (paclitaxel and lonafarnib). To be able to compare
the data from different dose-levels, the ratio AUC/D (AUC area under the curve,
D - Dose - dose normalized or corrected AUC) was used as projected in figure



2 where the difference in AUC/D ratio between lonafarnib when given alone or
in combination with paclitaxel and trastuzumab. The difference between two
regimes was not statistically significant (t test, p value 0.79).

Paclitaxel pharmacokinetics was similar to the data extensively described in the
literature[21, 22]. When given in combination with lonafarnib and trastuzumab
paclitaxel pharmacokinetic values resulted also in a higher systemic exposure
compared with paclitaxel given alone. However, the difference between the PK
data for both was not statistically significant.

Preliminary antitumor activity:

In total 17 patients were evaluable for response evaluation. Six patients were not
evaluable.

One patient achieved a complete radiological response lasting for more than
four years. Nine patients had a partial response lasting for more than four cycles,
and six patients had stable disease as their best response.

Therefore as the preliminary antitumor activity the total response rate of com-
plete and partial response (CR+PR) was 10/17 = 58%. Mean progression-free sur-
vival of evaluable patients was 21 months with Cl 8.1-34.5.

DISCUSSION:

This phase | study aimed to determine the maximum tolerated dose (MTD),
dose-limiting toxicities (DLTs), safety profile, recommended dose for phase |l
trials, the pharmacokinetics and antitumor activity of the combination of lona-
farnib, trastuzumab and paclitaxel in Her2-positive advanced breast cancer was
performed. Results indicate that the recommended dose for Phase Il is lonafarnib
250 mg/day (125 mg/BID) continuously in combination with paclitaxel 175 mg/
m?*/cycle 3h infusion every 3 weeks and trastuzumab 4 mg/kg loading dose fol-
lowed by 2 mg/kg given weekly thereafter. The dose escalation was precluded
in cycle 2 at dose-level five with lonafarnib at 300 mg due to two reported DLTs,
which were allergy and increase of GGT in combination with high, albeit formal-
ly non dose-limiting, toxicity among almost all enrolled patients at the highest
dose-level explored.

Toxicity observed during the cycle one with the combination of trastuzumab
and paclitaxel, was consistent with previous publications.[20] The severity of
these toxicities was mainly CTC grade 1 to 2. Related non-hematological adverse
events already observed in treatment cycle one (without lonafarnib), such as
alopecia, myalgia, sensory neuropathy, fatigue, arthralgia, varied from CTC grade
1 to 2 continued also in cycle two onwards. Adding lonafarnib from the second
cycle onwards to the combination resulted in frequent diarrhea, nausea, dyspep-
sia, vomiting, and allergic reactions that are common side effects observed with
lonafarnib when administrated as single agent.
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Myelosuppression (neutropenia and leucocytopenia) and gastrointestinal symp-
toms were expected as observed in many previous studies with single agent
bi-daily continuous dosing of lonafarnib.[23] The studies with a wash-out period
of one week within each 21 day-cycle or two weeks off within every 28 days-cycle
showed less hematological toxicities. In our study high hematological toxicity was
seen during the two first dose-levels of continuous dosing of lonafarnib as well as
non-hematological adverse event such as infections and hemorrhages, dizziness,
fatigue, diarrhea, dyspepsia, neuropathy. The modification of the schedule of ad-
ministrationinto a ‘one-week on, one-week off, one-week on schedule”instead of
the applied 3 weeks schedule could be unfortunately applied only during the dose
level 5, which was too toxic.

Despite that we reported two cases with cadiotoxicity, it seems that lonafarnib did
not contributed to its development. One patient who experienced prolonged QT
interval did not receive lonafarnib and the other patient who experienced LVEF
decrease recovered after trastuzumab interruption. Typical toxicities for paclitaxel
were seen starting from the first cycle, such as hematological (neutropenia, leu-
cocytopenia), hypersensitivity, neuropathy, myalgia and arthralgia, gastrointestinal
symptoms and alopecia. Those toxicities continued also in later cycles but did not
seem to be increased after adding lonafarnib.

Because paclitaxel is eliminated by the enzymes CYP2C8 and CYP3A4, and lona-
farnib is a substrate primarily for CYP3A4 and its minor metabolites for CYP2C8,[24]
the pharmacokinetics for both agents were evaluated in this study and possible
interaction.

As reported also in the literature,[25] this study shows that lonafarnib had no statis-
tically significant effect on the pharmacokinetics of paclitaxel or trastuzumab (for
trastuzumab: no data reported here) or vice versa. Comparing the dose-corrected
AUCs between two drug regimes no significant difference in the pharmacokinet-
ics between the days when lonafarnib was given alone or in combination with
paclitaxel and trastuzumab was found.

In combination with paclitaxel on day 8 in the 21 cycle, BID continuous treatment
with lonafarnib, Khuri et al 2004 showed in a phase one study for patients with sol-
id tumors (mainly NSCLC) 7 partial responses (PR) and 10 stable diseases (SD) out of
21 evaluable patients.[26] With the same treatment regime Kim et al 2005 showed
in a phase Il trial in NSCLC 14 patients with PR+SD out of 29 enrolled.[27] Kauh et
al 2011 (mainly head and neck, lung, colorectal and neuroendocrine malignancies)
showed 7 patients out of 36 clinically benefiting (SD+CR, no PR reported) from
treatment with lonafarnib and docetaxel. Remarkably, 6 of these patients had pre-
viously failed taxane based therapy, thus the lonafarnib/docetaxel combination
seems to be able to overcome this resistance at least temporarily. The phase |ll
study with advanced pancreatic adenocarcinoma with gemcitabine and tipifarnib
showed acceptable toxicity profile but did not show prolong overall survival in ad-
vanced pancreatic cancer compared with single-agent gemcitabine. [28] First, the
ras mutation status does not predict sensitivity of human tumors to FTls. [9] Sec-



ond, K-Ras, the most prevalent mutated form of Ras in human tumors, becomes
geranylgeranylated in the presence of FTls. Blockage of farnesylation of mutated
and therefore continuously activated K-Ras does not result in deactivated (unpre-
nylated) K-Ras. Instead, geranylgeranyl transferase (GGTase-l) takes over the post-
translational modification of K-Ras, thereby preserving its function in cell growth
process.[29, 30] Possibly, both FTase and GGTase-l should have been assigned as
“‘drugable”targets for cancers with mutated ras. Further, PI3K can also be mutated
in pancreatic cancer in 9%[31]. The cross-talk of PI3K and RAS-MAPK pathway and
Ras activation by PI3K has been well characterized.[32] In this case screening of the
patient for possible ras or PI3K mutations would be of great importance. Those in-
dependent activations downstream from the HER2 receptor are in favor of adding
targeted therapies to the standard combination of trastuzumab and paclitaxel for
HER2-positive metastatic breast cancer. We believe that FTls have greater effectin
combinational therapy in tumors with the activated RAS from the upstream sig-
nals, such as HER2-positive overexpressing breast cancer than cancers with mu-
tated ras, such as pancreatic adenocarcinoma (56%-90% K-ras mutations[28, 31]).
Various studies showed effect of only paclitaxel and trastuzumab combination[33].
However it is difficult to compare progression free survival of standard therapy (pa-
clitaxel and trastuzumab) with many phase Il studies with this active combination
(lonafarnib, paclitaxel and trastuzumab).

Authors would like to draw attention of those designing future studies with this
study combination to the fact that paclitaxel has greater efficacy in management
of metastatic breast cancer when administrated weekly rather than 3 weekly and
the weekly administration of paclitaxel is associated with less toxicity, mainly of
neutropenia and neuropathy. [34] No studies were performed till now with the
combination of lonafarnib and trastuzumab, without paclitaxel.

Trastuzumab and paclitaxel combination are a standard of care in the treatment
of Her2-positive breast cancer. However the clinical development of the FTls alone
or in various combinations is taking a lot of time, in view of the reported safety,
tolerability and preliminary activity of the combination of lonafarnib and paclitaxel
and trastuzumab in patients with Her2-positive breast cancer, this combination is
worth exploring further in this disease.
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CHAPTER 2: TRASTUZUMAB-ASSOCIATED
CARDIOTOXICITY PREVENTION WITH
PHARMACEUTICAL INTERVENTION

2.1 Prevention study of trastuzumab-associated
cardiotoxicity in early breast cancer patinets by
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ABSTRACT

Importance: To the best of our knowledge, this is the first randomized placebo-con-
trolled evaluation of a pharmaceutical intervention in the prevention of trastuzumab
related cardiotoxicity.

Objective: To determine whether concurrent ATll-antagonist treatment can prevent
trastuzumab-related cardiotoxicity, defined as a decline in left ventricular ejection
fraction (LVEF) of more than 15% or a decrease to an absolute value <45%; whether
N-terminal pro-B-type natriuretic peptide (NT-proBNP) and troponin T (cTnThs) can be
used as surrogate marker in the monitoring of trastuzumab related cardiotoxicity; and
whether genetic variability in HER2 correlates with trastuzumab related cardiotoxicity.
Design: Randomized, placebo-controlled trial. Patients were enrolled into the study
between October 2007 and October 2010.

Participants: 210 women with primary HER2 positive breast cancer who were consid-
ered for adjuvant systemic treatment with anthracycline containing chemotherapy
and trastuzumab.

Setting: 19 Dutch hospitals

Intervention: 78 weeks of candesartan (dose of 16 mg BID) or placebo treatment
(1:1). Patients started at the same day as the first trastuzumab administration with
the study treatment until 26 weeks after completion of trastuzumab treatment.
Main Outcome Measures: LVEF, NT-proBNP, cTnThs and HER2-genotyping.
Results: 206 patients were evaluable for the primary end point. Overall, 36 cardi-
ac failures were observed in 206 evaluable patients: 20 (19%) in the candesartan
and 16 (16%) in the placebo group (p=0.58). The baseline LVEF value (= 55 versus
< 55%) was a prominent prognostic factor for the occurrence of a cardiac failure
(p=0.0004). The NT-proBNP and cTnThs values were not statistically significantly
associated with the occurrence of cardiac failures. The Ala1170Pro homozygous
genotype was associated with a lower likelihood of the occurrence of a cardiac
failure in comparison to Val/Val + lle/Val (OR=0.15, 95% Cl, 0.03 - 0.63, p=0.01).
Conclusions and relevance: There is no evidence that prophylactic use of can-
desartan treatment may protect the myocardium against trastuzumab in breast
cancer patients. Baseline LVEF value is a prominent predicator for the occurrence
of a cardiac failure. The HER2-germline Ala1170Pro SNP might contribute to the
development of trastuzumab related cardiotoxicity. To date, the effectiveness of
ARBs in the prevention of trastuzumab related cardiotoxicity remains uncertain
and needs further investigation.

Clinical trial gov number: NCT00459771

INTRODUCTION AND BACKGROUND

Trastuzumab, a humanized monoclonal antibody against the extracellular do-
main of HER2, has been shown to benefit patients with HER2 positive metastatic
breast cancer and improve disease-free and overall survival in HER2 positive early
stage breast cancer . Although trastuzumab is generally well tolerated, cardiac



dysfunction is an important side effect, especially in women who are previous-
ly treated with anthracycline-based chemotherapy>’. The most frequent clinical
manifestation of trastuzumab-associated cardiotoxicity is decline in left ventricular
ejection fraction (LVEF). The presence of cardiac dysfunction due to cancer treat-
ment, negatively affects patients’ cardiologic outcome and also seriously limits
their therapeutic opportunities. It limits the feasibility of continuation or re-intro-
duction of trastuzumab treatment. Therefore, effective interventions to protect or
limit the development of cancer treatment related cardiotoxicity are warranted.
Pharmaceutical interventions have been shown to attenuate or reverse left ven-
tricular remodeling in patients with heart failure. Several approaches to protect or
limit the development of anthracycline related cardiotoxicity have been proposed.
Angiotensin-converting enzyme inhibitors (ACEs), [3-blockers and angiotensin
ll-receptor blockers (ARBs), may be effective, in preventing anthracycline related
cardiotoxicity®!'. To date, there are no published prospective clinical data on the
protective properties of ACEs, ARBs or 3-blockers against trastuzumab related car-
diotoxicity.

Preliminary data suggest that cardiac markers such as N-terminal pro-B-type natri-
uretic peptide (NT-proBNP) and troponins are sensitive and specific markers to de-
tect myocardial injury and to predict the development of future LVEF dysfunction
1214 Moreover, several single nucleotide polymorphisms (SNPs) in the extracellular,
transmembrane and intracellular region of HER2, have been studied to examine
the impact of these polymorphisms on trastuzumab related cardiotoxicity "6, Cur-
rently, however, results of clinical trials are contradictory.

Therefore, we have conducted a double-blind multicenter trial of the ARB can-
desartan and placebo treatment in early stage breast cancer patients who were
treated with anthracycline- based chemotherapy and trastuzumab. The objective
of this trial was to determine if an ARB prevents or limits trastuzumab related car-
diotoxicity and if cardiac markers and SNPs detect and predict trastuzumab-relat-
ed cardiotoxicity. We hypothesized that concurrent use of ARBs in patients treated
with trastuzumab can prevent or limit trastuzumab related cardiotoxicity.

PATIENTS AND METHODS

Patients

This multicenter study was performed at 19 Dutch hospitals. Women eligible for
this trial had early-stage HER2-positive breast cancer; were aged >18 years; com-
pleted at least an approved anthracycline-based chemotherapy regimen; had a
performance status < 2; LVEF > 50 percent as measured on echocardiography
or multiple gate acquisition (MUGA); creatinine clearance > 50 ml/min (by Cock-
croft-Gault formula); thyroid stimulating hormone (TSH) between 0.5 - 3.9 MU/I or
thyroid hormone FT4 between 8 — 26 pmol/I; blood pressure systolic > 100 mmHg




and < 180 mmHg and diastolic > 60 mmHg and < 100 mmHg; received the first
trastuzumab infusion at least 3 weeks after day 1 of the last anthracycline infu-
sion. Patients were excluded if they had a history of hypersensitivity to the study
medication; previous malignancy requiring anthracycline-based chemotherapy,
prior biologic or immunotherapy or mediastinal radiotherapy; uncontrolled seri-
ous concurrent illness; New York Heart Association (NYHA) class II/1Il/IV congestive
heart failure; myocardial infarction < 6 months before registration; treatment with
an ACE- inhibitor, ARB or lithium; pregnancy or breast feeding. The study protocol
was approved by the Medical Ethics Committees of all participating centers and all
patients gave written informed consent.

Design and procedures

Eligible patients were randomly assigned (1:1) to candesartan 32 mg or placebo
daily. The pharmacy supplied identical tablets and labeled the study medication
for patients enrolled on this trial. Each bottle of investigational product includ-
ed an investigational-use label, box-code and space for patient name. Treatment
allocations were kept in sealed envelopes to be opened only at an imperative
need to identify the actual treatment given to a certain patient such as in med-
ical emergencies. During the treatment period patients received study medica-
tion three-monthly and were instructed to return unused study medication to the
hospital at each next follow-up visit. The pharmacy maintained a complete drug
accountability record, including the number of tablets dispended to each patient.
The Data Center of the Netherlands Cancer Institute (DC-NKI) conducted the reg-
istration and randomization procedure and assigned box-numbers to individual
patients.

Blood samples for hematological and serum biochemical monitoring were ana-
lyzed by the local laboratories. Analyses of the cardiac markers, troponin T high
sensitivity (cTnThs), N-terminal pro-B-type natriuretic peptide (NT-proBNP) and the
single nucleotide polymorphisms (SNP) genotyping were performed centrally. The
cardiac markers were measured in plasma samples using a sandwich immuno-
assay (Modular E system, Roche Diagnostics, Mannheim, Germany). In this study
we determined HER2-genetic variability in the extracellular domain; FcyRllla-158
valine (V)/pheylaline (F), FcyRlla-13Thistidie (H)/arginine (R) and FcyRllla-232 iso-
leucine (I)threonine (T), in the transmembrane domain; Val654llle, Val655lle and in
the intracellular domain; P1170A. The used assay details are outlined in the supple-
ments (Appendix A and B).

Cardiac monitoring

Cardiac monitoring included recording of symptoms, findings on clinical exam-
ination, side effects (graded according to the National Cancer Institute Common
Terminology Criteria of Adverse Events version 3.0 [CTCAE]), an assessment of
the New York Heart Association classification (NYHA) and LVEF, with hematologic



and chemistry studies at baseline, in week 12, 24, 36, 52, 78 and 92. At each study
assessment, cardiac questionnaires were used to estimate presence of signs or
symptoms of CHF. An electrocardiogram (ECG) was performed at baseline, in week
52 and 78.

Cardiac failures were defined as a decrease in LVEF of more than 15 percentage
points compared to baseline or an absolute value of LVEF < 45%. The decision to
(dis)continue trastuzumab and/or study treatment was based on an algorithm, as
depicted in eFigure 1. All cardiac failures, Suspected Unexpected Serious Adverse
Reactions (SUSAR) and Serious Adverse Events (SAE) were reported from start of
the study treatment until the end of the study period at the DC-NKI. A data and
safety monitoring committee (DSMC), consisting of independent physicians and
statisticians with access to unblended data, monitored the safety of the study.

Study drug and treatments

Approved anthracycline-based (neo)adjuvant chemotherapy was completed be-
fore randomization. Trastuzumab treatment was given (tri-)weekly. Trastuzumab
treatment was commonly used in combination with taxane-based chemotherapy
followed by trastuzumab as single agent. Adjuvant endocrine therapy was given
after chemotherapy to women with hormone receptor positive disease. Patients
started at the same day as the first trastuzumab administration with candesartan
16 mg daily for one week. From week two until 26 weeks after completion of tras-
tuzumab treatment, patients took 32 mg candesartan daily. If CTCAE grade 1 toxic
effects occurred, the dose was reduced to 16 mg and it was discontinued if the
patient developed CTCAE grade 2, 3 or 4 toxicity.

Outcomes

The primary end point of the study was the occurrence of cardiac failure (defined
as decline in LVEF of > 15 percentage points or an absolute value < 45%) during
trastuzumab treatment and 40 weeks after discontinuation of trastuzumab. Sec-
ondary endpoints were safety of the combination of trastuzumab and candesar-
tan treatment; an evaluation of the cardiac markers, NT-proBNP and cTnThs; and
SNPs in the HER2 gene as detective and predictive parameters in trastuzumab re-
lated cardiotoxicity.

Statistical considerations

The sample size was calculated to detect a decrease in the proportion of patients
with cardiac failures from 30% in the placebo group to 13% in the candesartan
group (ref 2 en 24 toevoegen). To obtain 80% power, 100 patients in each treat-
ment group were required at significance level a=0.05.Three prespecified interim
analyses were performed after 10, 20 and 30 cardiac failures, with the final analysis
at 200 evaluable patients. Error spending functions resembling the O'Brien-Flem-
ming and the Pocock boundaries were used for finding the efficacy and safety




stopping boundaries respectively. At the interim analysis the logrank test was
used, patients without complete follow-up were taken into account. All analyses
were conducted according to the intention-to-treat principle, but patients with
no LVEF measurement after randomization were inevaluable for the primary end-
point. Safety analysis was performed on all patients who received treatment.
Prognostic factors for the occurrence of cardiac failures (age, baseline LVEF,
NT-proBNP, cTnThs, performance status and family and medical history) were in-
vestigated by using univariable logistic regression models. Associations between
LVEF and NT-proBNP and cTnThs marker values were assessed with linear mixed-ef-
fects models with LVEF as outcome. Randomized treatment, time since random-
ization and log marker values were included as fixed effect explanatory variables.
All statistical analyses were performed with SAS software version 9.2 and R 3.1.1.

RESULTS

Patients

At baseline, the patient characteristics were balanced across treatment groups (Ta-
ble 1). A total of 210 patients were enrolled into the study between October 2007
and October 2010. Of these, 206 women were evaluable for the primary endpoint,
103 women were treated with candesartan and 103 women with placebo (Figure
2). In total 48 patients went off study treatment prematurely (23.3%). The medi-
an time from randomization to the last LVEF measurement was 21 months in the
candesartan (range 5.4 - 24.9) and 21 months in the placebo (range 5.5 — 26.8)
group. Median duration of trastuzumab treatment was 52 weeks in the candesar-
tan (range 19 -53) and 52 weeks in the placebo (range 6 — 53) group. Median time
of study treatment was 78 weeks in the candesartan (25 — 87) and 78 weeks in the
placebo (7 - 92) group.

Cardiac outcome and adverse events

Overall, 36 cardiac failures were observed in 206 evaluable patients: 20 (19%) in
the candesartan and 16 (16%) in the placebo group (p=0.58). The 2-year cumula-
tive incidence of cardiac failures was 0.72 (95% Cl, 0.6 — 0.87) in the candesartan
and 0.84 (95% Cl, 0.78 — 0.92) in the placebo group (p=0.56) (Figure 2). Changes in
LVEF values from baseline to week 92 in both treatment groups are shown in eFig-
ure 2 and Figure 3. There was a significant association between the baseline LVEF
(= 55 vs. < 55%) value as prognostic factor for the occurrence of a cardiac failure
(p=0.0004) (eTable 1).

The incidence of adverse events was generally similar across treatment groups.
Table 2 shows the overall incidence of any grade 3 or higher adverse event. AEs
leading to withdrawal of study treatment were noted in 6 patients (6%) in the can-
desartan group and 6 patients (6%) in the placebo group including dizziness (n=1,
1% vs. n=1, 1%), hypotension (n=3, 3% vs. n=0, 0%), headache (n=0, 0% vs. n=1,



1%), myalgia (n=0, 0% vs.n=1, 1%), fever (=0, 0% vs.n=1, 1%) thrombosis (n=0, 0%
vs. n=1, 1%), psychological stress (n=0, 0% vs. n=1, 1%) and dyspnea (n=2, 2% vs.
n=0, 0%). After trastuzumab treatment, 13 patients developed NYHA class > Il in
the placebo group in comparison to 8 patients in the candesartan group (p=0.36)
(eTable 2). A greater proportion of patients in the candesartan group had serious
adverse events; 24.8% (26 of 105) versus 15.5% (16 of 103) in the placebo group
(p=0.12). There was no SUSAR reported. The interim safety analyses did not show
any significant difference between groups (not presented).

HER2-genotyping

The Ala1170Pro homozygous genotype was associated with a lower likelihood of
the occurrence of a cardiac failure in comparison to Val/Val + lle/Val (OR=0.15, 95%
Cl, 0.03 - 0.63, p=0.01). The other SNPs were not associated with cardiac failures
(eTable 3).

Cardiac markers

No statistically significant association was observed between LVEF and NT-proBNP
(p=0.51) or cTnThs (p=0.78) values (eFigure 3 and 4). The risk of cardiac failures was
not significantly associated with baseline NT-proBNP (p=0.34) and cTnThs (p=0.54)
values. Also no correlation was found between changes in LVEF from baseline and
changes in NT-proBNP (Spearman’s p=-0.24, p=0.47) and cTnThs (Spearman’s p=-
0.12, p=0.74) values during anthracycline treatment.

DISCUSSION

The results of this trial do not support the hypothesis that the concurrent use of
candesartan in patients treated with trastuzumab prevents or ameliorates trastu-
zumab related cardiotoxicity. We found no benefit of candesartan over placebo in
either LVEF changes or in the defined primary outcome parameter. Alternative ex-
planations for why we found no statistically significant difference in asymptomatic
decline in LVEF need to be considered. Angiontensin Il, an effector peptide of the
renin-angiotensin system, plays a significant role in the pathophysiology of hyper-
tension, in mediating the development of cardiac hypertrophy and left ventricular
remodeling '8, A protective effect of an ARB telmisartan against anthracycline
induced cardiotoxicity was demonstrated in (pre) clinical trials '''?. Anthracyclines
can induce myocardial oxidative stress, which can lead to myocyte cell death and
HER2 upregulation. Trastuzumab binds to the extracellular domain of HER2 ex-
pressed on the myocardium, which appears to play an important role in compen-
satory cardiac hypertrophy, leading to an insufficient compensatory mechanism.
Although, trastuzumab related cardiotoxicity is dissimilar to anthracycline-induced
cardiotoxicity we hypothesized that AT, blockade by candesartan, was able to re-
duce the cardiac pre- and afterload and to reverse left ventricular remodeling in
trastuzumab treated patients. It may be that our study results could have been dif-
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ferent by starting candesartan treatment during anthracyclines and before trastu-
zumab. Hence, restoring both the depressed antioxidant defense capacity and the
myocardial dysfunction could have been occurred before trastuzumab treatment.
Furthermore, patients were excluded with a pre-existing history of CHF or baseline
LVEF below 50%. AT, blockade as preventive strategy of trastuzumab related car-
diotoxicity might be effective in high risk patient populations.

An additional consideration is the choice of the measurement of LVEF by MUGA
or echocardiography which may not have been sensitive enough to capture some
intervention effects. In current clinical practice, MUGA or echocardiography mea-
surements are the most commonly used modalities for assessing the LVEF. Several
studies examining real-time three-dimensional echocardiography and strain rate
imaging appear promising in detecting early sub-clinical changes in cardiac per-
formance 2>22. Moreover, significant functional changes were seen in left and right
ventricular function in anthracycline and trastuzumab treated patient by cardio-
vascular magnetic resonance (CMR) imaging?. However, no instruments validated
for trastuzumab treated patients were available at the time of trial implementation.
The sample size was calculated based on initial published data which suggested
a high incidence of trastuzumab related cardiotoxicity*#, but later reports have
suggested a much lower incidence®. Although, the incidence of cardiac failures
was higher in this study compared with large adjuvant trials,

in fact, the sample size and the number of cardiac failures means that we had
power to detect only large associations. We acknowledge that larger sample siz-
es may be needed to determine the preventive effect of candesartan in trastu-
zumab treated patients. In the present study, NT-proBNP and cTnThs values were
not associated with cardiac failures and did not predict or detect cardiotoxicity.
Clinical data suggest that the increase in NT-proBNP levels is predictive for the
development of chemotherapy related cardiotoxicity. Moreover, pre trastuzum-
ab treatment NT-proBNP levels might predict trastuzumab related cardiotoxicity
132 However, to the best of our knowledge, no association between changes in
NT-proBNP and LVEF values during trastuzumab treatment has been reported to
date %%, Several clinical studies, demonstrated an association between changes in
troponin I levels and the risk of trastuzumab related cardiotoxicity '##%, In contrast,
neither Morris?® nor Fallah-Rad et al*® detected an association between changes in
troponin and LVEF values, consistent with our study results. Currently, cardiac bio-
markers cannot replace conventional LVEF measurements and more clinical data
is needed whether these tests offer a significant advantage in the detection or
prediction of trastuzumab related cardiotoxicity.

In this study, we observed a possible association of the valine allele of the Ala-
1170Pro SNP and lower risk of a cardiac failure. In contrast, a retrospective cohort
study of 73 breast cancer patients by Lemioux et al.,, found no association of the
germline Ala1170Pro SNP and trastuzumab related cardiotoxicity's. A major limita-
tion to the study by Lemioux et al. was the small sample size and the study design.
Furthermore, baseline LVEF values were not available in 35.9% of the total study



population. In the present study, the consistent measurement of study related as-
sessments provides a reliable relation between trastuzumab treatment, predictive
and detective measurements and cardiac failures.

Although a role of germ-line genetic variants could be demonstrated to the Ala-
1170Pro SNP, we found no association between the lle655Val, lle654Val, FCGR2A
166His, FcgR2B 11e232Thr and FcgR3A Phe158Val SNPs and trastuzumab related
cardiotoxicity. Two studies reported an association between Ile655Val polymor-
phism ¢ and two published abstracts reported no association between lle655Val
polymorphism and trastuzumab related cardiotoxicity %2 The results of gene
polymorphisms of HER2 and their impact on trastuzumab-related cardiotoxicity
are contradictory. Therefore, future trials are warranted to explore relationships be-
tween these SNPs and trastuzumab related cardiotoxicity.

In conclusion, in comparison to placebo, there was no difference in the number of
cardiac events in patients who were treated with candesartan during trastuzumab
treatment. Therefore, to date, the effectiveness of ARBs in the prevention of trastu-
zumab related cardiotoxicity remains uncertain and warrants further investigation.

REFERENCES

1. Gianni L, Dafni U, Gelber RD, et al. Treatment with trastuzumab for 1 year after adjuvant
chemotherapy in patients with HER2-positive early breast cancer: a 4-year follow-up of a
randomised controlled trial. The lancet oncology. Mar 2011;12(3):236-244.

2. Slamon DJ, Leyland-Jones B, Shak S, et al. Use of chemotherapy plus a monoclonal
antibody against HER2 for metastatic breast cancer that overexpresses HER2.
The New England journal of medicine. Mar 15 2001;344(11):783-792.

3 Untch M, Fasching PA, Konecny GE, et al. Pathologic complete response after
neoadjuvant chemotherapy plus trastuzumab predicts favorable survival in human
epidermal growth factor receptor 2-overexpressing breast cancer: results from
the TECHNO trial of the AGO and GBG study groups. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Sep 1 2011;29(25):3351-3357.

4. Perez EA, Romond EH, Suman VJ, et al. Four-year follow-up of trastuzumab plus adjuvant
chemotherapy for operable human epidermal growth factor receptor 2-positive breast
cancer: joint analysis of data from NCCTG N9831 and NSABP B-31. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology.

Sep 12011;29(25):3366-3373.

5. Romond EH, Jeong JH, Rastogi P, et al. Seven-year follow-up assessment of cardiac function
in NSABP B-31, a randomized trial comparing doxorubicin and cyclophosphamide
followed by paclitaxel (ACP) with ACP plus trastuzumab as adjuvant therapy for patients
with node-positive, human epidermal growth factor receptor 2-positive breast cancer.
Journal of clinical oncology : official journal of the American Society of Clinical Oncology.
Nov 1 2012;30(31):3792-3799.

6. Procter M, Suter TM, de Azambuja E, et al. Longer-term assessment of trastuzumab-related
cardiac adverse events in the Herceptin Adjuvant (HERA) trial. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Jul 20 2010;28(21):3422-3428.

2.1




Russell SD, Blackwell KL, Lawrence J, et al. Independent adjudication of symptomatic heart
failure with the use of doxorubicin and cyclophosphamide followed by trastuzumab
adjuvant therapy: a combined review of cardiac data from the National Surgical Adjuvant
breast and Bowel Project B-31 and the North Central Cancer Treatment Group N9831
clinical trials. Journal of clinical oncology : official journal of the American Society

of Clinical Oncology. Jul 20 2010;28(21):3416-3421.

Kalay N, Basar E, Ozdogru |, et al. Protective effects of carvedilol against
anthracycline-induced cardiomyopathy.
Journal of the American College of Cardiology. Dec 5 2006;48(11):2258-2262.

Kaya MG, Ozkan M, Gunebakmaz O, et al. Protective effects of nebivolol against
anthracycline-induced cardiomyopathy: a randomized control studly.
International journal of cardiology. Sep 1 2013;167(5):2306-2310.

Nakamae H, Tsumura K, Terada Y, et al. Notable effects of angiotensin Il receptor blocker,
valsartan, on acute cardiotoxic changes after standard chemotherapy with
cyclophosphamide, doxorubicin, vincristine, and prednisolone.

Cancer. Dec 1 2005;104(11):2492-2498.

Cadeddu C, Piras A, Mantovani G, et al. Protective effects of the angiotensin Il receptor
blocker telmisartan on epirubicin-induced inflammation, oxidative stress,
and early ventricular impairment. American heart journal. Sep 2010;160(3):487 e481-487.

Cardinale D, Colombo A, Torrisi R, et al. Trastuzumab-induced cardiotoxicity: clinical and
prognostic implications of troponin | evaluation. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. Sep 1 2010;28(25):3910-3916.

Perik PJ, Lub-De Hooge MN, Gietema JA, et al. Indium-111-labeled trastuzumab
scintigraphy in patients with human epidermal growth factor receptor 2-positive
metastatic breast cancer. Journal of clinical oncology : official journal of

the American Society of Clinical Oncology. May 20 2006;24(15):2276-2282.

Sandri MT, Salvatici M, Cardinale D, et al. N-terminal pro-B-type natriuretic peptide
after high-dose chemotherapy: a marker predictive of cardiac dysfunction?
Clinical chemistry. Aug 2005;51(8):1405-1410.

Beauclair S, Formento P, Fischel JL, et al. Role of the HER2 [Ile655Val] genetic polymorphism
in tumorogenesis and in the risk of trastuzumab-related cardiotoxicity.

Annals of oncology : official journal of the European Society for

Medical Oncology / ESMO. Aug 2007;18(8):1335-1341.

Lemieux J, Diorio C, Cote MA, et al. Alcohol and HER2 polymorphisms as risk factor for
cardiotoxicity in breast cancer treated with trastuzumab.
Anticancer research. Jun 2013;33(6):2569-2576.

Jalowy A, Schulz R, Heusch G. AT1 receptor blockade in experimental myocardial
ischemia/reperfusion. Basic research in cardiology. 1998;93 Suppl 2:85-91.

Thurmann PA, Kenedi P, Schmidt A, Harder S, Rietbrock N. Influence of the angiotensin I
antagonist valsartan on left ventricular hypertrophy in patients with essential
hypertension. Circulation. Nov 10 1998;98(19):2037-2042.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Igbal M, Dubey K, Anwer T, Ashish A, Pillai KK. Protective effects of telmisartan against acute
doxorubicin-induced cardiotoxicity in rats. Pharmacological reports : PR.
May-Jun 2008;60(3):382-390.

Hare JL, Brown JK, Leano R, Jenkins C, Woodward N, Marwick TH. Use of myocardial
deformation imaging to detect preclinical myocardial dysfunction before conventional
measures in patients undergoing breast cancer treatment with trastuzumab.
American heart journal. Aug 2009;158(2):294-301.

Negishi K, Negishi T, Haluska BA, Hare JL, Plana JC, Marwick TH. Use of speckle strain to
assess left ventricular responses to cardiotoxic chemotherapy and cardioprotection.
European heart journal cardiovascular Imaging. Sep 20 2013.

Thavendiranathan P, Grant AD, Negishi T, Plana JC, Popovic ZB, Marwick TH. Reproducibility
of echocardiographic techniques for sequential assessment of left ventricular ejection
fraction and volumes: application to patients undergoing cancer chemotherapy.

Journal of the American College of Cardiology. Jan 8 2013;61(1):77-84.

Grover S, Leong DP, Chakrabarty A, et al. Left and right ventricular effects of anthracycline
and trastuzumab chemotherapy: a prospective study using novel cardiac

imaging and biochemical markers. International journal of cardiology.

Oct 15 2013;168(6):5465-5467.

Seidman A, Hudis C, Pierri MK, et al. Cardiac dysfunction in the trastuzumab clinical
trials experience. Journal of clinical oncology : official journal of
the American Society of Clinical Oncology. Mar 1 2002;20(5):1215-1221.

Goel S, Simes RJ, Beith JM. Exploratory analysis of cardiac biomarkers in women with
normal cardiac function receiving trastuzumab for breast cancer.
Asia-Pacific journal of clinical oncology. Sep 2011;7(3):276-280.

Onitilo AA, Engel JM, Stankowski RV, Liang H, Berg RL, Doi SA. High-sensitivity C-reactive
protein (hs-CRP) as a biomarker for trastuzumab-induced cardiotoxicity in HER2-positive
early-stage breast cancer: a pilot study.

Breast cancer research and treatment. Jul 2012;134(1):291-298.

Sawaya H, Sebag IA, Plana JC, et al. Early detection and prediction of cardiotoxicity in
chemotherapy-treated patients.
The American journal of cardiology. May 1 2011;107(9):1375-1380.

Ky B, Putt M, Sawaya H, et al. Early increases in multiple biomarkers predict subsequent
cardiotoxicity in patients with breast cancer treated with doxorubicin, taxanes, and
trastuzumab. Journal of the American College of Cardiology. Mar 4 2014;63(8):809-816.

Morris PG, Chen C, Steingart R, et al. Troponin | and C-reactive protein are commonly
detected in patients with breast cancer treated with dose-dense chemotherapy
incorporating trastuzumab and lapatinib. Clinical cancer research : an official journal of the
American Association for Cancer Research. May 15 2011;17(10):3490-3499.

Fallah-Rad N, Walker JR, Wassef A, et al. The utility of cardiac biomarkers, tissue
velocity and strain imaging, and cardiac magnetic resonance imaging in predicting
early left ventricular dysfunction in patients with human epidermal growth factor receptor




120

31.

32.

ll-positive breast cancer treated with adjuvant trastuzumab therapy.
Journal of the American College of Cardiology. May 31 2011;57(22):2263-2270.

Mailliez A, Ploquin A, Servent V, Bonneterre J. Trastuzumab Cardiac Toxicity and HER2
Polymorphism: A Case-Control Study. Cancer research. 2010;70 Abst P3-14-11.

Cresti N, Verrill M, Pinkilgton M, Boddy AV. Fcy-receptor lla polymorphism and cardiotoxicity
in patients with breast cancer treated with adjuvant trastuzumab. Journal of clinical
oncology : official journal of the American Society of Clinical Oncology. 2011;29:Abst 565.



uoleziueblo yijeay prom ‘OHM ‘9|gedljidde 1ou ‘YN ‘Uondely Uonda(s Jejnouiusa ¥a| 43AT :obuel ajiiienbisiul ‘Yo [suoienIqqy
SDI1S11210RIRYD QUI[3SR] JUSled *| d|qel

(08 - €1b) (08Y - €2b) (S'SLy — 80Y) ‘ \
Ot bt b (4O 'UeIpaW ‘ZW/BUW) S3UIPADRIYIUR 3SOP SANRINWIND
(1)1 (0)o (1) L VN
(@ s (€€ (¢ SOA
(86) 70C (£6) 101 (86) €01 ON
A103151Y delpied Auy
(1)1 0o (1)1 VN
(€)9 (€ ¢ ()¢ SOA
(£6) €0C (£6)101 (£6) C0l ON
SIEIVESIETe|=llg
(1)1 (0)o (1)1 VN
)6 (9) s W) ¥ SOA
(96) 00T (S6) 66 (96) LOL ON
eluwspidiJadAH
(1)1 (0)o (1) L VN
(cl) sc (! €Vl SOA
(88) 781 (68) €6 (£8) 16 ON
uolsuaIadAH
:KI0ISIH [BDIP3aN
@5 00 (9)s MM
(£20) SS (ce) €€ (co) ce ON
(e£) 051 (89) 1L (82) 6L 35B3SIP JB|NJSRAOIPIRD JO AI03SIY Ajiwie
(€8-09) 19 (€8-09) 19 (#7/-05) 09 abuel ‘ueipaw HIA]
00 00 00 .
W) 6 «(9) S ) ¥ 1
(€6) 961 (S6) L6 (96) 66 LONEOLISSEP YHAN
VN
#) 6 ¥) ¥ Qs
(1) 0€ () ¥l (1) 9l mwnﬁ
(G8) L1 (98) 98 (#8) 98 (96) U :SN1e1s 35UBWLIOWS
(69-57) 05 (£9-09) IS (69-57) 05 (9bue) lue|paw 's1eak) uopeziuopuel Je aby
vOL=N 901=N JnsusRIRYD

ogade|d NV14VYSIANYD




122

=103

PLACEBO
N

N=105

=
=
oc
<
(%]
wl
=)
z
<
v

Grade 4 N(%) Grade5N(%) Grade3 N(%) Grade4 N(%) Grade 5 N(%)

Grade 3
N(%)

Adverse event

Neutropenia

Hypotension
Fatigue
Fever

Dermatology
Hot flashes

Gastrointestinal disorder

Neutropenia
Infection

Metabolic disorder

Musculoskeletal disorder

Dizziness

Neurology

Peripheral neuropathy

Pain

Dyspnea

Secondary malignancy

Any surgery
Vascular

Table 2. Adverse events according to the National Cancer Institute’s Common Terminology Criteria for Adverse Events > grade 3
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eFigure 3. LVEF values at baseline by log NT-proBNP values
Abbreviation: LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide
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INTRODUCTION

The treatment for brain tumors, malignant glioma and central nervous sys-
tem (CNS) metastases is limited. The drug development in this area brought
only modest improvements in the last decades.[1]

The treatment of glioblastoma, the most malignant type of glioma, is since
2005 intensified with surgical debulking, radiotherapy and chemoradiation
with temozolomide. However the mean overall survival is only 12-15 months.
[2] Once the glioblastoma reoccurs, the median overall survival decreases to
less than 6 months despite many different treatment modalities.[3-5]

In addition to glioma, 20-40% of patients with tumors of other origin (mostly
lung, breast, renal cancer and melanoma) tend to develop metastases in the
CNS. [6,7] The current treatment for brain metastases (BM) is surgical resec-
tion in case of a single metastasis, (stereotactic or whole brain) radiotherapy
and/or systemic therapy. Survival of patients with BM from solid tumors rang-
es from 5-19 months depending on more factors such as performance status,
the number of brain metastases, the primary tumor type and progression of
systemic metastases.[8-10] Patients with leptomeningeal metastases have a
survival of only 4-6 weeks if not treated.[11] Several months can be gained
with treatment of symptomatic sites by radio — or systemic therapy.[12-14]
Prognosis depends on the patient’s neurological status, tumor type and pro-
gression of systemic metastases. [14] More effective treatment modalities for
both malignant gliomas and CNS metastases from solid tumors are urgently
needed. Unfortunately, promising concepts from preclinical experiments of-
ten do not translate into similar results in the clinic.[15-17] One of the main
causes for this might be the difficulty in designing the preclinical brain tumor
models, which poorly reflect the complexity of human brain tumors. Further-
more, phase I/Il clinical studies may suffer from biased patient selection, in
which patients with a favorable prognosis achieve a longer progression free
survival (PFS). Another major contributing factor is the poor penetration of
the drugs across the blood-brain barrier (BBB). Some agents can cross the
BBB, but cause considerable neurotoxicity. The vinca-alkaloids, cisplatin and
the taxanes can cause peripheral neurotoxicity, while methotrexate, cytara-
bine and ifosfamide can lead to central neurotoxicity with cognitive deficits,
hemiparesis, aphasia and progressive dementia. [18] The aim of the brain tu-
mor drug development is to achieve the sufficient concentrations of drug in
the brain. Further, the drug needs to be specifically chosen to target tumor
mutation/expression status or multiple targets simultaneously, with a limit-
ing (neuro)toxicity. In this review we focus on current and new strategies to
transport anti-cancer drugs across the BBB or/and blood-CSF barrier (BCSFB)
or bypass these barriers.



METHODS

The heading search terms for this review in the PubMed/Medline and ClinicalTri-
als.gov databases were: blood-brain barrier, brain tumors, glioma, glioblastoma,
brain metastases, leptomeningeal metastases or carcinomatosis, targeted thera-
pies, new strategies, nanocarriers, immunotherapy, viral gene therapy, toxin, siRNA,
intrathecal therapy, blood-brain or blood CSF barrier. Articles published in English
starting from 2000 till 2014 were included.

Blood brain barrier (BBB) and drug characteristics requirements

The presence of BBB is the reason why only few systemically administered drugs
can reach it, despite the fact that the brain is one of the highly perfused organs.
[19] The barrier is formed by the monolayer of tightly sealed brain endothelial
cells that are closely connected by the tight junctions. The tight junctions limit
the paracellular transport of (hydrophilic) molecules. (Figure 1A) This monolayer
of endothelial cells is encircled by a basement membrane, pericytes and astro-
cytic endfeet. [20,21] Paucity of endocytosis and presence of specific efflux pump
proteins in the endothelial cells further contribute to the barrier function of the
cerebral vessels.

Small lipophilic molecules with a molecular weight less than 400 Da can pene-
trate in a trans-cellular way via passive lipid-mediated diffusion, such as alkylat-
ing agents, temozolomide (194 Da), nitrosoureas, eg, BCNU (carmustine, 214 Da),
CCNU (lomustine, 233 Da) and procarbazine (221 Da), drugs already used for ma-
lignant glioma treatment. [22] (Table 1)

Larger and protein bound lipophilic drugs or hydrophilic molecules of any size
cannot passively cross the BBB. Thus, an alternative way should be found to open
the BBB for these types of drugs. (Table 2)

Pharmacological, biological or physical ways to open/cross the BBB.

The BBB can be opened by chemical, biological or physical stimuli. For instance,
mannitol can lead to endothelial cell shrinkage and opening of the tight junctions.
Biological stimuli such as bradykinin agonists can open the BBB selectively trigger-
ing calcium Ca(2+) and clauding-5 at BBB. [23,24] Bacteria and bacterial toxins can
penetrate and disrupt BBB, such as in case of meningitis.[25]

The representatives of the physical stimuli that can open BBB are ultrasound and
electromagnetic fields. [26-28]

Transcellular transport mechanisms over the BBB.

Nutrients and some drugs/toxins are using the mechanisms of transcellular trans-
port over an intact BBB. Mostly nutrients utilize facilitated diffusion using carri-
er-mediated transport (CMT). Glucose can cross the BBB using CMT via glucose
carrier. The transport of larger molecules, such as peptides and proteins, can be
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performed using receptor-mediated transcytosis (RMT). Example of RMT are trans-
port of insulin and transferrin.[29,30] Once the protein is bound to its specific re-
ceptor on the BBB the internalization of the protein into a vesicle starts. The vesicle
crosses the whole brain endothelial cell and fuses with the membrane on the pa-
renchymal side, after which the protein can be released in a process called trans-
cytosis.[31] RMT is generally used for liposomes and other nanotechnology-based
systems to cross the BBB. Using RMT a toxic anti-cancer drug packed inside a li-
posome and coupled to a molecule that is recognized by the receptor facilitates
shuttling of the toxin across the BBB. This process is called the molecular Trojan
horse. [32] Enhanced brain penetration employing CMT requires a close structural
analogy to endogenous carrier substrates. [33,34]

Brain-targeted drugs that are currently in (clinical) use and utilize CMT are levodopa
for Parkinson disease, donepezil and tacrine for Alzheimer disease and gabapentin,
pregabalin, valproate for epilepsy and baclofen for multiple sclerosis. [29] Drugs
currently used in drug development programs, that cross the BBB as mediated
through RMT, employ the following receptors: low density lipoproteins (LDL), glu-
tathione receptor; insulin-receptor, insulin-like growth factor receptor, transferrin
receptor, or diphtheria toxin receptor.[19,32,35-38] RMT is generally used for lipo-
somes and other nanotechnology-based systems to cross the BBB.

Another mechanism used in drug development to target the brain is the Adsorp-
tive-Mediated Transport (AMT) mechanism. In ATM cationic molecules bind to an-
ionic sites on the BBB and induce vesicle formation and endocytosis. The example
of ATM is the uptake by BBB cells of chemically conjugated iRNA or paclitaxel by
a cell penetrating peptides. [39] ATM is not as specific as RMT and CMT. It has a
risk of BBB disruption and toxicity. The cationic molecules have a potentially high
adsorptive property towards anionic sites on many cell surfaces in different tissues
and organs. ATM can be a disadvantage for specific targeting to a desired organ,
particularly when the protein is administered intravenously.[39] Another limitation
of this strategy is compliment activation. Therefore human proteins, recombinant
humanized proteins or conjugates of cationic proteins to polyethylene glycol are
now being used. [29,39]

Blood-CSF barrier (BCSFB)

Another important barrier of the CNS is the Blood-Cerebrospinal fluid Barrier (BCS-
FB).[40,41] Although 500-fold less extensive in surface than the BBB, the BCSFB
protects the CSF from the systemic circulation. Transport between blood and CSF,
necessary for maintaining the equilibrium in the physiological status of the CNS
occurs in the choroid plexus of the ventricles. It is formed by fenestrated capillar-
ies and epithelial cells. The epithelial cells are, as well as in the BBB, tightly sealed
with tight junctions. [46,47] In the leptomeninges that cover the CNS, the barrier
function is exerted by the arachnoid cells and (to a lesser extent) by the pia mater.
Similar transporters exist at the BCSFB as at the BBB, with some exceptions. (Figure
1B) Glutamate and some Na+ dependent transporters are present on the BCS-



FB at the increased number, such as bicarbonate transporters. Those transporters
are required for CSF production and secretion. Heme-, sugar efflux- and several
amino-acid transporters are present with a fewer number than at BBB. [44] (www.
bioparadigms.org)

Between the CSF and the interstitial brain fluid (ISF) a dynamic exchange of nutri-
ents and water is present. [45] It was demonstrated in an in vivo imaging study of
Liff et al (2012) that CSF enters the brain ISF space following paravascular spaces
that surround penetrating arteries. The ISF is than cleared again following the para-
venous drainage pathways. [46] The BCSFB removes brain metabolites and toxins,
as brain lacks lymphatic vessels.[45,47]

Drug efflux transporters on the blood-brain and blood-CSF barrier and
their inhibitors

Except for being able to penetrate BBB, effective drugs in neuro-oncologyneed to
avoid drug efflux transporters that tend to pump them out of the brain.[48]
P-glycoprotein (P-gp or ABCB1) and breast cancer resistance protein (BCRP or
ABCG2), ATP-binding cassette (ABC) drug efflux transporters, are highly expressed
in the brain endothelial cells. >* Concentrated mainly at the luminal side of BBB,
P-gp and BCRP are limiting the penetration of their substrates across the BBB. [51-
53] At the BCSFB, the expression of P-gp and BCRP might be very low or function-
ally not important, as their substrates can more easily penetrate the blood-CSF
membrane. [54-56]

Various preclinical studies suggest that efflux transporter inhibitors can increase
drug accumulation in the brain .[57] An 11- fold higher brain uptake of paclitaxel
was observed in P-gp knockout mice compared to wild-type mice, suggesting that
paclitaxel penetration can be facilitated with efficient blocking of those transport-
ers. However, co-administration of paclitaxel with P-gp inhibitors (cyclosporin A,
valspodar, elacridar or Cremophor EL) in mice resulted in only 3-6.5 fold higher pa-
clitaxel brain concentrations as compared to paclitaxel treatment without adding
inhibitor. [58] This can be explained by the fact that available efflux P-gp inhibitors
van only partially inhibit P-gp function depending strongly on the P-gp inhibitor
of choice and their dose level. [58,59] [60]

Damaged barriers in brain or leptomeningeal tumors as a potential en-
trance for systemic drugs

In the presence of tumor the paracellular transport over the BBB increases because
of disruption between the endothelial cells, changes in the tight junction adhesive
properties or an increased number of vasogenic molecules that can all contribute
to edema formation.[23] The damage to the BBB can be demonstrated by gadolin-
ium (gdDTPA) enhanced MRIT1 scans. The molecular weight of gdDTPA is +/- 550
Da. [61] The extent of the disruption of the BBB in high-grade glioma is not uni-
form. As demonstrated by gdDTPA-MRI, contrast enhancement is mainly observed




in the area where vascular proliferation is evident or so- called leading/growing
edge of the bulk of the tumor. [62,63] However, in the infiltrative areas of the tu-
mor visualized on T2 or FLAIR (Fluid-attenuated Inversion Recovery) MRI, contrast
enhancement is much less prominent, indicating a more intact BBB function or
leakage that could not be assessed by gdDTPA MRI.

In case of BM, it is known that macroscopic BM (> 2-3 mm) develop new tumor
vessels that resemble the vessels of the primary tumor and lack BBB characteristics.
Lockman et al. 2010 analyzed over 2,000 BM and demonstrated that blood-tumor
barrier (BTB) permeability was damaged in over 89%. However, brain uptake of
14C-paclitaxel and 14C-doxorubicin, although generally greater than in normal
brain, only reached cytotoxic concentrations in about 10% of BM.[64]
Characteristics of specific tumors in the brain may determine the extent of BBB
disruption. For example, in preclinical experiments BM of triple negative or bas-
al-type breast cancers showed different BBB leakage patterns when compared to
HER2-positive breast cancer. [65]

A recent preclinical study showed that invading glioma cells could displace the as-
trocytic endfeet of the BBB. This could cause loss of endothelial cell tight junctions
and an increase of the permeability of the BBB. One single invading glioma cell can
cause local BBB damage.[20]

In contrast, other studies suggest that the BBB is continuously being restored.
During restoration the BBB is being protected by paracellular adherens junctional
proteins, a remodeled basement membrane and perivascular leukocytes.[66]

Strategies to cross the BBB and target brain tumors

Several strategies have been developed to increase drug brain concentrations.
These strategies can be grouped in three categories.

1) Brain targeting receptor- or carrier mediated transport strategies (Table
3 and 4)

a. (pro-)Drug conjugates

The drug is being kept inactive in the blood till the release at the site of action. The
inactive drug uses a specific receptor-mediated transcytosis (RMT) or carrier-medi-
ated transport (CMT) to target and to cross the BBB.

b. nanocarriers

Nanocarriers carrying drugs but also other active pharmaceutical ingredients
(APIs), e.g. siRNA, enzymes are important for metabolic diseases. The drug is being
inactive as being inside a carrier (drug conjugates or nanoparticles, such as lipo-
somes or polymer-based nanocarriers). Via specific RMT the liposome targets and
crosses BBB and releases the active drug at the site of action.



2) Immunotherapeutic strategies.

The systemically administered drug recruits and stimulates cells of the immune
system. The activated immune cells (usually T-lymphocytes) can then pass the BBB
and target the brain tumor. Not the drug itself but the immune cells activated by
the drug need to cross the BBB or BCSFB. (Table 5)

3) Gene transfer strategy mediated by neural stem cells.

Gene transfer strategy is systemic administration of genetically modified stem cells
that can cross the BBB. Stem cells are loaded with enzymes that can activate drugs
administered systemically as prodrugs.

These strategies are being discussed in more detail below.

1) Brain targeting receptor- or carrier mediated transport strategies
Prodrug strategies

The prodrug s a bioreversible derivative of an active drug compound. By increasing
the lipid solubility of the drug or by conjugation of a drug into a carrier (brain-tar-
geting drug conjugates), the drug is being transformed in a prodrug. [67,68] The
active drug is kept inactive in the systemic circulation. Via CMT or RMT it crosses the
BBB. Because of the presence of elevated levels of certain proteolytic enzymes in
tumors, the cleavage of conjugate can take place at the site of action in the brain
tumor cells where the active drug becomes released. [31] Examples of prodrug
stategy are drug conjugates and nanoparticles. (Table 3)

Drug conjugates

Paclitaxel-Angiopep-2 conjugate named ANG1005 or GRN1005 is the RMT-based
vector utilizing the low-density lipoprotein receptor-related protein-1 (LRP-1),
highly expressed on the BBB. LRP-1 mediates transcytosis of normal ligands across
the BBB, such as tissue-type plasminogen activator, thyroglobulin, and lactofer-
rin. [69] Preclinically GRN1005 showed a broad brain parenchymal distribution in
comparison with conventional paclitaxel, while avoiding P-gp efflux transporters.
It showed anti-tumor activity in mice with BM of lung cancer and glioblastoma.
[70,71]

In a phase | trial GRN1005 showed one complete response (CR) and two partial
responses (PR) out of 63 enrolled patients with recurrent malignant glioma. There
were 5 intracranial responses in 41 patients with solid tumors and BM.[72,73] In
the substudy of 9 patients with malignant glioma, GRN1005 (>200 mg/m?iv) was
administered 3.5-6 hours before resection. In the resected tissue the cytotoxic lev-
els of paclitaxel (>0.3umol/L) were found in all 9 patients. Further in phase Il study
because of hematological toxicity, the dose needed to be reduced from the one
that was recommended in the phase | study (650 mg/m?).[74] At a lower dose-lev-




el (550 mg/m?) no more intracranial responses could be seen and the study was
terminated after the first 30 enrolled patients with breast cancer and BM were en-
rolled. No further development of this component was performed.[75]

A non-toxic mutant of diphtheria toxin, the cross-reacting material 197 (CRM197),
is another example of receptor-specific carrier protein for small molecules. Diph-
theria toxin receptor (DTR) is expressed on the cells of BBB, neurons, and glial cells.
Preclinical experiments using CRM197 are ongoing. [38,76,77] Unfortunately those
receptors are also expressed on myocardial cells. Therefore, the use of CRM197
carrier may induce cardiotoxicity, which will probably depend on the carried drug
by CRM197.

Nanoparticles

Nanoparticles with their small molecules size of 1-100 nanometer and are used
as a carrier of an active drug to the place of action where it releases the drug.[78]
While circulating in blood the drug is trapped inside the liposome and only upon
the release, a controlled amount of drug is being available. There are 250 nanopar-
ticle products in various stages of clinical trials.[79] There are oral, topical, inhaled
or parenteral nanoparticle formulations. They can be divided into two groups:
nanovectors, (liposomes and nanoparticulate drug carriers) and polymer-based
nanocarriers, (dendrimers and polymeric micelles). [29] In case of nanoparticles
RMT is facilitating drug delivery across the BBB. Liposomes are spherical phos-
pholipid bilayer vesicles with a hydrophilic inner space for the carried drugs. By
encapsulating drugs in stealth liposomes the volume of drug distribution can be
reduced and the drug circulation time can be prolonged. The stability is one of the
main concerns during the liposomal development. Liposomes consist of (semi)
natural, biodegradable lipids. It is protected by nonionic hydrophilic polymers, for
example polyethylene glycol (PEG), with the aim to avoid interaction with immune
cells and normal tissue.[78,80] It is being hypothesized that liposomes extravasate
from the leaky tumor vasculature once they reach the tumor area and accumu-
late in the tumor. This is so-called process of enhanced permeability and retention
(EPR) effect.[81] Unfortunately, only a few liposomal drugs are approved for CNS in-
dications. One of them are intravenous amphotericin B for cryptococcal meningitis
and intrathecal liposomal cytarabine (Depocyte®) for leptomeningeal metastases.

Liposomal amphotericin B showed a decreased fungal burden with a significantly
higher brain tissue concentrations than other lipid amphotericin formulations. [82]
One of the representatives of liposomal drugs that specifically targets drugs to
brain tumors is 2B3-101, a glutathione PEGylated liposomal formulation of doxo-
rubicin. In this formulation glutathione (GSH) is attached to the PEG chains on the
surface of the liposome, which targets the liposome to the active GSH transporters
on the BBB. [35] (Table 3)



In mice, a 5-fold enhanced delivery of doxorubicin to the brain was seen after intra-
venous treatment with 2B3-101 as compared to PEGylated liposomal doxorubicin
(PLD)[83] Furthermore, as compared to PLD survival of mice with glioblastoma im-
proved strongly after intravenous treatment with 2B3-101. [84]

A phase I/lla clinical study 2B3-101 showed a moderate safety profile (i.e. hemato-
logical and mucocutaneous toxicity and infusion reactions) with preliminary an-
ti-tumor activity in patients with recurrent high grade glioma and patients with BM
from solid tumors, warranting further clinical development. (Milojkovic-Kerklaan
et al,, submitted for publication). Other brain-targeting drugs that are currently in
development are shown in Table 3.

Polymer-based nanocarriers

A single structural units, such as synthetic plastics, DNA and/or proteins with mul-
tiple repetitions are called polymer-based nanocarriers. They can be divided into
dendrimers and polymeric micelles.[29,85] A dual targeting of the BBB with trans-
ferrin (Tf) and tamoxifen (TAM) is designed with a PEGylated doxorubicin dendrim-
er carrier (G4-DOX-PEG-Tf-TAM). The transferrin facilitates the penetration of the
doxorubicin conjugate across BBB and inside glioma cells, while tamoxifen inhibits
drug efflux transporters, such as P-gp, BCRP and MDR4 [85]. Doxorubicin showed
accumulation in C6 glioma cells only and not in in vitro murine BMVEC (brain mi-
crovascular endothelial cells) after incubated with G4-DOX-PEG-Tf-TAM. Another
brain targeting polymer-based nanocarrier is the polymeric micelle Pluronic P105
that uses also dual targeting of glucose via CMT and folic acid receptors via RMT.
Internalization of doxorubicin into C6 glioma cells was seen after crossing the in
vitro BBB model.[86] Mice could be safely i.v. treated with Pluronic P105 showing
intracranial C6 glioma cell growth suppression. [86] However, it is unclear how two
different mechanisms CMT (using glucose) and RMT (using folic acid receptors)
can transfer one drug i.e. doxorubicin across the BBB.

Nanocarrier siRNA delivery strategies

RNA interference (RNAI) is a natural process of gene expression inhibition. This
post-transcriptional gene expression silencing can be triggered also by synthetic
short interfering RNA (siRNA). [87] Because of its instability, large size and its nega-
tive charge, siRNA needs to be delivered by liposomes.[88] (Table 4) The well-known
O-6-methylguanine-DNA methyltransferase MGMT gene in gliomas is responsible
for DNA repair of DNA lesions that are naturally occurring or are induced by drug.
In 45% of patients with glioblastoma, MGMT status is methylated (inactive) which
is associated with a better prognosis and better response to temozolomide ther-
apy. [89] The response to temozolomide in patients with non-methylated MGMT
may be improved when MGMT could be silenced or suppressed by sIRNA. [90] A
preclinical study with siRNA silencing MGMT in a locally applied cationic liposomal
formulation was however disappointing, as insufficient distribution of cationic li-




posomes in either the rat or the porcine brain tissue was achieved. [90] Better in
vivo results in mouse brain and in an EGFR-driven mouse model of glioblastoma
were found after treatment with siRNA against the epidermal growth factor recep-
tor (EGFR) using a different nanocarrier, viz the dendrimer-conjugated magneto-
fluorescent nanoparticle (nanoworm). In mice, internalization of the siRNA against
EGFR was shown along with 70-80% reduction of EGFR protein level in intracranial
glioma cells. [91]

Finally a strategy with promising in vivo results is the use of docetaxel and a lipo-
somal formulation of siRNA silencing vascular endothelial growth factor the VEGFR
gene and targeting the LDL-1 receptor on the BBB (Angiopep 2). [92]

Strategy to deliver antibody therapy across the BBB

The monoclonal antibody trastuzumab targeting HER2 in HER2+ breast cancer in-
hibits overexpressed receptors on tumor cells. Antibodies cannot cross an intact
BBB or BCSFB but can have (limited) activity on intracranial tumors when the BBB
and/or BCSFB are partly being disturbed.

Bispecific antibodies that can bind to the transferrin receptor (TfR) and at the same
time target B-secretase (BACE1), were investigated in preclinical models of Alzhei-
mer’s disease. The data showed that anti-TfR/BACE1 antibodies can cross the BBB
and reduce brain amyloid-3 (AB) in mice.[93]

Immunotherapeutic strategies

Tumor-associated genes are found specifically in tumor cells and in their environ-
ment. The tumor-proteins derived from these genes can have the potency to acti-
vate immune cells.

The aim of immunotherapy in neuro-oncology is to enhance the immune process
against tumors in the brain and/or CSF by activating immune cells. These activated
immune cells can cross BBB and BCSFB and target tumor cells. [94] Immunother-
apy can be divided into passive, active and immunomodulatory immunotherapy.

Passive immunotherapy

Adoptive cellular therapy is a passive form of immunotherapy, a transfer of im-
mune cells. In this method patient’s T-lymphocytes are being ex-vivo stimulated
with autologous inactivated tumor cells. [95] Thus, under laboratory conditions the
surgically removed brain tumor is being used to isolate the patient's T lymphocytes.
Once those pretreated and expanded T-lymphocytes are administered to the pa-
tient intravenously, they can migrate to the antigen-expressing tumor cells.[96] An
example of this immunotherapy is tumor-infiltrating lymphocyte (TIL) therapy in
metastatic melanoma.[97] For treatment of patients with malignant glioma T-cell
receptor (TCR) gene therapy was used to redirect the patient’s T-lymphocytes to
the glioma. To be able to specifically target glioma two highly expressed EGFRvIII
and viral derived CMV antigens are used. [98] Administration of CMV-specific cy-



totoxic T lymphocytes (CTL) expressing chimeric antigen receptor (CAR) targeting
HER2 shows 1 PR, 4 SD and 8 PD in 13 patients with glioblastoma in a phase | trial.
(NCTO1109095)

Cancer vaccines - an active type of immunotherapy

In contrast to passive immunization, active immunotherapy uses a natural system
of immune defense in which the immune reaction is stimulated inside the body.
The immunogenic particles (resected tumor tissue) are being purified and inject-
ed intradermally. Consequently, antigens are further delivered to presenting cells
(APC) or dendritic cells in the systemic circulation. Now stimulated immune system
of the patient can recognize the tumor and target the specific brain tumor anti-
gens after crossing BBB. The vaccine targeting Epidermal Growth Factor Receptor
variant 3 (EGFRVIII, specific receptors at the surface of the glioma cells) (Rindo-
pepimut) [99] showed in the Phase I study with newly diagnosed patients with
glioblastoma a PFS of 10-15 months and an overall survival (OS) from 22.8-24.6
months. [99-101] A phase lll study in newly diagnosed glioblastoma patients with
this EGFRvIII vaccine is ongoing (NCT01480479).

Promising results in a phase | and a phase Il study were found when targeting mul-
tiple agents (radiotherapy and chemotherapy) with a tumor lysate-dendritic vac-
cine (ICT-107) in patients with newly diagnosed glioblastoma.[102,103] Wheeler et
al. demonstrated a correlation between immune and clinical responses in patients
with glioblastoma. They found that 53% of GBM patients treated with dendritic cell
vaccine exhibited >1.5 fold cytokine responses. A statistically significant better PFS
and OS occurred in 22% of patients (responders) [104]

Immunomodulation

The administration of agents that regulate lymphocyte turnover, differentiation
and activation is called immunomodulation. (Table 5) Ipilimumab, immuno-
modulator used in metastasized melanoma, is a monoclonal antibody targeting
cytotoxic T-lymphocyte antigene-4 (CTLA-4), which leads to an increased T-cell
response directed against the tumor. Disease control rate of patients with mela-
noma and asymptomatic BM at 12 weeks was seen in 18- 26% (median survival
=7 months) and 5% - 10% in patients with symptomatic BM on a stable steroid
dose (median survival = 4 months). [105] It is presumed that ipilimumab does
not have to penetrate the brain, but that activated T-lymphocytes can reach the
intracranial target.

Other immune checkpoint inhibitors that are currently under investigation in
clinical trials are anti-PD1 agents such as nivolumab and pembrolizumab that
target the programmed death 1 (PD-1) molecule and its ligand PD-L1. PD-1 is
expressed in 88% of newly diagnosed glioblastoma and 72% of recurrent glio-
blastomas. [106] Currently a study combining CTLA-4 and PD-1 antibodies in
recurrent glioblastoma is in the clinical phase lll investigation.(NCT02017717)




Gene transfer therapy mediated by neural stem cells

Genetically-modified neural stem cells have the ability to cross the BBB, and migrate
through the brain parenchyma. [107] In the experiment with nude mice neural
stem cells were injected into systemic circulation and showed that they can cross
the BBB and reach intracranial glioma.[108] These neural stem cells can be used as
a delivery system for gene transfer, which express enzymes, and can activate pro-
drugs into active drugs. [109] There is an ongoing phase | study with capecitabine
prodrug and genetically-modified human neural stem cells expressing cytosine
deaminase in patients with recurrent high-grade glioma (NCT01172964). In this
study, genetically-modified neural stem cells convert 5-fluorocytosine (5-FC) into
the chemotherapy agent 5-FU (5-fluorouracil) in the brain tumors. Despite the fact
that this type of treatment is designed for systemic administration, neural stem
cells will firstly be investigated by a local application in the tumor cavity after tu-
mor resection.

CONCLUSION

To achieve future effective therapies for brain tumors, sustained drug concentra-
tions are needed in the brain to reach cytotoxic dose-levels in the tumor or specif-
ically target tumor-specific proteins or RNA. This review gives a concise overview
of the therapeutic strategies to transfer drugs o to cross the BBB and/or BCSFB or
bypass these drug-barriers by inducing the immune system or using neural stem
cells. Some treatments are currently only in preclinical investigation, while others
are already showing promising clinical results. Further research on drug-strategies
to efficiently cross the BBB is warranted, as novel drugs and treatment strategies
are needed in the treatment of brain tumors.
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ABSTRACT

This phase | dose-escalation study evaluated safety, tolerability, maximal tolerated
dose and pharmacokinetics (PK) of glutathione PEGylated liposomal doxorubicin
(2B3-101) as a single agent in patients with solid tumors and brain metastases (BM)
or recurrent malignant glioma, and in combination with trastuzumab in patients
with HER2+ breast cancer and BM. Twenty-four patients with BM from solid tumors
and 13 patients with recurrent WHO grade Il or IV gliomas were included. One
dose-limiting toxicity in the first cycle, febrile neutropenia, was observed at 50 mg/
m? 2B3-101 in the combination arm, while one patient developed leucocytopenia
grade 4 and pneumonia with fatal outcome during the third cycle of single agent
2B3-101 at 60 mg/m?. No study drug-related cardiac or CNS toxicity was observed.
The most frequently observed 2B3-101-related adverse events were fatigue, hand-
foot syndrome (HFS), neutropenia, infusion reaction and stomatitis, being mild to
moderate and manageable with standard treatments. PK data showed a dose-pro-
portional increase of exposure to 2B3-101 without accumulation in this 3-weekly
schedule. Stable disease was observed in 43% and 67% of patients in the single
and combination arm, respectively. Two intracranial and two extracranial partial
responses (reduction >50%) were observed.

As dose reductions of 2B3-101 were needed at multiple cycles due to hemato-
logical and mucocutaneous toxicity, dose-intensity of 2B3-101 that could be sus-
tained for a long-term duration period was 15 mg/m?/week. This corresponds with
50 mg/m? 3-weekly or 60mg/m?2 4-weekly as recommended doses for a phase |l
study.

Conclusions: 2B3-101 is safe and relatively well-tolerated in patients with BM from
solid tumors or recurrent malignant gliomas. Further clinical evaluation of 2B3-101
as a single agent or in combination is warranted.

Keywords: blood-brain barrier, glutathione PEGylated liposomal doxorubicin,
phase | clinical trial, malignant glioma, brain metastases, trastuzumab

INTRODUCTION

Malignant gliomas. Malignant (WHO grade lll and IV) gliomas are the most com-
mon primary brain tumors with an incidence of 5-7 per 100,000. [1,2] Median over-
all survival for patients with WHO grade Il glioma is 3-5 years and 12-15 months
for patients with WHO IV glioma (glioblastoma). Treatment options for recurrent
malignant gliomas are limited with a median survival for recurrent glioblastoma
patients of 7 months.[3] Lomustine monotherapy or in combination with procar-
bazine and vincristine (PCV) can be administered as second-line chemotherapy
after failure of radiation therapy and temozolomide, but objective response rates
do not exceed 11%. [4]

Brain metastases. The incidence of brain metastases (BM) is about 10-fold high-
er than that of malignant gliomas. [5,6] The most frequent tumor types that me-
tastasize to the central nervous system (CNS) are non-small cell (NSCLC), small



cell lung cancer (SCLC) (40-50%), breast cancer (20-30%) and melanoma (5-10%).
[7-9] With current standard therapeutic options (resection, stereotactic radio-
therapy and/or whole brain radiotherapy (WBRT)), median overall survival ranges
from 6 — 15 months. [10-13] Systemic chemotherapy can affect BM, particularly
the chemosensitive tumor types like breast cancer and SCLC. [14-17] Unfortu-
nately, most of the active chemotherapeutic agents, such as doxorubicin, poorly
penetrate the BBB. [14,18] To improve the prognosis of patients with BM from
solid tumors and recurrent malignant gliomas, new effective strategies to deliver
systemic therapeutic agents in the brain are needed. [19-21]

2B3-101 development

Doxorubicin is an anthracycline that exerts its antineoplastic effect via a cyto-
toxic mechanism of action. [22,23] In vitro, glioblastoma cell lines are sensitive
to doxorubicin. [22,24] Doxorubicin is approved for use in the treatment of
different tumor types, such as SCLC, breast and ovarian carcinoma. [23] A rela-
tively new formulation, PEGylated liposomal doxorubicin (PLD, Doxil®/Caelyx®),
is associated with less cardiotoxicity than doxorubicin as it achieves lower plas-
ma concentrations of free doxorubicin. As polyethylene glycol polymer (PEG)
molecules are being attached to the lipid bilayer of PLD, the mononuclear
phagocyte system (MPS) of the liver, spleen and bone marrow does not recog-
nize the doxorubicin-loaded liposome. Therefore, PLD has a reduced clearance
[25] and prolonged terminal half-life (t, ) of 73.9 h compared to the triphasic
elimination of the conventional doxorubicin with mean half-lives of 12 min, 3.3
hours and about 30 hours. [23,26] At the same time higher concentrations of
liposomal doxorubicin target the tumor, possibly due to the Enhanced Perme-
ability and Retention Effect (EPR) of PLD.[27-29]

In a mouse model of breast cancer BM, PLD achieved a 1500-fold higher expo-
sure in plasma and 20-fold higher exposure in BM compared to non-liposomal
doxorubicin. [30] The recommended dosing of PLD in patients is 50 mg/m?
every 4 weeks. However, due to mucocutaneus toxicity (hand-foot syndrome,
stomatitis), optimal dosing of PLD is still a matter of discussion. [31-34]
2B3-101, a glutathione (GSH) PEGylated liposomal doxorubicin hydrochloride
has been developed by BBB Therapeutics B.V,, Leiden, The Netherlands in order
to cross the BBB and target brain tumors. 2B3-101 is identical to PLD except for
extra attached molecules of GSH, an endogenous anti-oxidant, found at high
levels in the brain with their active (sodium-dependent) receptor/transporter
abundantly expressed at the BBB. [35,36] Glutathione targets the GSH-loaded
liposome towards the active GSH transporters on the BBB to enhance delivery
of doxorubicin to the brain. [37-40] In preclinical studies, 2B3-101 showed a
5-fold enhanced delivery of doxorubicin to the brain compared to PLD (Cae-
lyx®) and improved survival of mice with glioblastoma. [37][41,42]




2B3-101 in combination with trastuzumab

Despite its effectiveness in the treatment of HER2+ breast cancer, combining
conventional anthracyclines with trastuzumab, a recombinant humanized mono-
clonal antibody directed against the human epidermal growth factor receptor 2
(HER2), is not recommended because of the risk for cardiotoxicity. However, PLD
combined with trastuzumab, was shown to be a well-tolerated and active therapy,
with cardiotoxicity limited to asymptomatic declines in LVEF. [43]

To evaluate the safety, tolerability and determine the maximal tolerated dose
(MTD) and pharmacokinetics of 2B3-101 as a single agent or in combination with
trastuzumab, we performed a multicenter phase | trial in patients with solid tumors
and BM or recurrent malignant glioma.

PATIENTS AND METHODS

Patient eligibility. Eligible patients were older than 18 years with a pathologi-
cally confirmed diagnosis of either: a) solid tumors and unequivocal evidence of
BM that were refractory to standard therapy or for whom no standard therapy ex-
ists or solid tumors with unequivocal evidence of untreated BM and controlled
extracranial disease or b) histologically-confirmed HER2+ adenocarcinoma of the
breast and BM who will start or continue trastuzumab treatment or c) recurrent
malignant (grade Ill and IV) glioma refractory to standard therapy or for whom no
standard therapy exists.

Patients should have intracranial measurable disease on a brain MRI. For malignant
gliomas, this was defined as bidimensionally contrast enhancing lesions, with two
perpendicular diameters of at least 10 mm, visible on two or more axial slices that
were preferably, at most, 5 mm apart with 0-mm skip. For BM from solid tumors,
measurable disease was defined as BM with > 10 mm in the longest diameter
determined on gadolinium enhanced T1-weighted MRI. In patients with untreated
BM a longest diameter of > 5 mm on gadolinium enhanced T1-weighted MRl was
allowed. Other inclusion criteria were: ECOG Performance Status score of < 2, an
estimated life expectancy of at least 8 weeks, no evidence of (cortical) cognitive
impairment as defined by a Mini-Mental Status Exam (MMSE) score of > 25/30, use
of stable or decreasing dosages of steroids for more than 7 days prior to baseline
MRI'and/or use of non-enzyme inducing anti-epileptic drugs and no cranial radio-
therapy during the last 8 weeks.

Exclusion criteria were: a cumulative dose of > 360 mg/m? free (non-liposomal)
or liposomal doxorubicin or >600 mg/m? of epirubicine; an inadequate bone
marrow, liver or renal function; leptomeningeal carcinomatosis as the only site of
central nervous system (CNS) metastases; clinically significant (i.e. active) cardio-
vascular disease and left ventricular ejection fraction (LVEF) < 50% for single agent
2B3-101 or < 55% for 2B3-101 in combination with trastuzumab.



The institutional review board of each participating center approved the study
protocol before initial patient enrollment. Written informed consent according to
local institutional guidelines was obtained.

Drug administration and study design

2B3-101 was administered as a single-use intravenous infusion on day 1 of a 21-
day cycle. In first infusion protocol the drug was administered with a constant in-
fusion rate not greater than T mg/min. After 9 enrollments, and in order to min-
imize the risk of infusion reactions (IR), an amendment on the infusion protocol
was approved, i.e. the first 5% of total 2B3-101 dose (in mg) was infused slowly
over 30 min and if tolerated, infusion was completed over the next 60 min for a
total infusion time of 90 min. In case of an IR, the infusion rate was restarted with
10 ml/h rate for the first 30 min and increased every 30 min as follows: 20 ml/h, 50
ml/h, 100 ml/h, and 200 mi/h. (Pre) medication such as hydrocortisone, ranitidine,
cimetidine, anti-emetics, and diphenhydramine was allowed according to local in-
stitutional guidelines.

The starting dose was 5 mg/m?, which is equal to 1/10™" of the human equivalent
dose of the LD10 of 2B3-101 in rats. The following dose-levels for subsequent co-
horts were 10 and increments of 10 mg/m? thereafter. In case one of the three pa-
tients experienced dose-limiting toxicity (DLT) during the first cycle of 2B3-101 (i.e.
three weeks), three additional patients would be enrolled at the same dose-level.
The maximum tolerated dose (MTD) was defined as the dose-level at which two
patients experience DLT. Definitions of the DLT are being described in Table 1.
Patients would be treated with 2B3-101 until disease progression, unacceptable
toxicity or discontinuation for any reason. Inclusion of patients in the combination
arm with trastuzumab started after the first five cohorts of 2B3-101 single agent
were evaluated, as well as upon previous treatment with PEGylated liposomal
doxorubicin in combinations trastuzumab. [43]

Therefore, the starting dose of 2B3-101 was 40 mg/m?every 3 weeks with incre-
ments of 10 mg/m? for the subsequent dose-levels in combination with standard
trastuzumab dose (8 mg/kg loading dose, followed by 6 mg/kg intravenously ev-
ery 3 weeks). Trastuzumab was administered 30 min after 2B3-101 infusion was
completed.

Patient assessments

Screening and safety evaluations included medical history, physical and neuro-
logical examination, MMSE, HIV-dementia score, ECOG performance status, elec-
trocardiograms (ECG), LVEF (MUGA/cardiac ultrasound), laboratory evaluation and
recording of concurrent illnesses/therapies and adverse events (as per Common
Terminology Criteria for Adverse Events (CTCAE) 4.0). Patients receiving trastuzum-
ab entered an intensified cardiac evaluation program including ECG, LVEF, Tropo-
nin-T and NT-proBNP measurements before the start of every treatment cycle.




Preliminary anti-tumor activity of 2B3-101 as a single agent or in combination with
trastuzumab, was determined on the last day of every even cycle (cycle 2, 4, etc)
by brain MRI in all patients and for patients with solid tumors and BM also by CT
thorax/abdomen.

Pharmacokinetics

Pharmacokinetic (PK) evaluation was performed in all patients during cycle 1 of
2B3-101 asasingle agent or in combination with trastuzumab, and for 19 enrolled
patients during cycle 1 and 2. Blood samples were drawn at day 1 predose, 5 min,
1h, 4h, and 8h after the end of infusion, at days 2, 3, 5,8 and 11 of cycle 1, on day
1 before the second 2B3-101 infusion, and at cycle 2 at day 8 and day 15. Liquid
chromatography with tandem mass spectrometry detection (LC-MS/MS) was used
to determine total (free and encapsulated) and encapsulated doxorubicin. The as-
say was validated as per the current guidelines for bioanalytical method validation.
[44,45] Encapsulated doxorubicin was isolated by solid phase extraction (SPE) after
dilution of plasma samples using an anti-oxidant solution (1:2 v/v) containing: 1.25
g EDTA, 0.3 g pyrogallol, 0.3 g ascorbic acid, 0.3 g sodium disulfite, 250 mL Milli-Q
water, 50.0 mL and MeOH. After protein precipitation, doxorubicin was quantified
using LC-MS/MS. The analytical range of both assays was 50.0 — 50,000 ng/mL for
total and encapsulated doxorubicin.

Total doxorubicin pharmacokinetic parameters included dose-normalized area
under the concentration-time curve extrapolated to infinity (AUC_ ), area under
the concentration-time curve from time zero to time of last quantifiable concen-
tration (AUC, ), terminal half-life (t, ), total plasma clearance (CL) and volume of
distribution (V). These were derived from plasma concentrations by non-compart-
mental analysis using the log-linear trapezoidal rule employing a validated script
in R (version 3.1.1.0, http//www.r-project.org). The maximum observed plasma
concentrations (C__ ) and time to maximum observed plasma concentration (T
were directly derived from the plasma concentration-time data.

max)

Statistical analysis

Descriptive statistics were applied for safety analysis and preliminary anti-tumor
activity. Calculated pharmacokinetic parameters were summarized and tabulated
for doxorubicin. Data are presented as median and range. Coefficient of variation
(CV%) was calculated as (SD/mean) x 100%.

RESULTS

Patient characteristics

Twenty-eight patients were enrolled in the single agent arm and nine patients in
the trastuzumab-combination arm of this phase | dose-escalation study from Au-
gust 2011 till June 2013. Patient characteristics are listed in Table 2.



In the single agent arm, 12 patients were male and 16 female with a median age
of 54 years (range 31-73 years). In the combination arm all patients were female
with a median age 42 years (range 33-61 years). Thirteen patients had a malignant
glioma. All of them had been treated with cranial radiotherapy. Twelve patients
had been treated with temozolomide. Seven patients with malignant glioma had
received two previous lines of chemotherapy and two patients had received more
than two lines. Twenty-four

patients had solid tumors with BM; the most common tumor types were breast
cancer patients (n = 13, of whom 9 were HER2+), NSCLC (n = 3) and SCLC (n = 2)
and other (n = 6). In the single agent arm and in combination arm 21% and 78%
of patients respectively had received prior anthracyclines. A total of 83 cycles of
2B3-101 single-agent were administered, 1-8 cycles per patient. In the trastuzum-
ab-combination arm 38 cycles were administered, 1-10 cycles per patient.

Dose-limiting toxicity, maximal tolerated dose and recommended dose

Patients were treated in cohorts of three, starting in the single agent 2B3-101 arm
with dose-level 1 (DL 1 =5 mg/m?) through to dose-level 8 (DL 8 = 70 mg/m?). No
DLTs were recorded in any of the tested dose-levels. In the first cycle at DL7 (60 mg/
m?) 2B3-101, one of the first three enrolled patients developed thrombocytopenia
grade 3 (25 x10%/1), leucocytopenia grade 4 (0.8 x10%1) and neutropenia grade 4
(0.38 x10%1) lasting <7 days. Cycle 2 for this patient was delayed for three weeks
and the dose was reduced to 50 mg/m? The grade 3 thrombocytopenia during
cycle 1 was not a DLT, but the investigator’s board decided to expand the cohort
with four more patients because of severe thrombocytopenia in this patient and as
one patient was erroneously dosed with 50mg/m?. One patient from the expand-
ed group at DL7 developed leucocytopenia grade 4 (0.8 x10%1) and neutropenia
grade 4 (0.3 x10%1) with pneumonia during cycle 3. She received palliative-symp-
tomatic treatment because of her dismal prognosis and she died four days later.
At DL8 (70 mg/m?), three patients experienced a persistent combination of mu-
cocutaneous (stomatitis grade 2-3 and HFS grade 3) and hematological toxicity
(neutropenia and leucocytopenia grade 2-3) starting from cycle 1 and intensifying
in subsequent cycles causing numerous dose delays and two dose reductions.
Although no DLT was observed at dose-levels of 5 mg/m? to 70 mg/m? 2B3-101
in the first cycle, it was concluded by the investigator's board that doses higher
than 70 mg/m? were not sustainable for multiple cycles. Furthermore, repeated
dosing at 60 mg/m? every 3 weeks resulted in 3 dose delays and 3 dose reductions
because of hematological and mucocutaneous toxicity.

In the combination arm with trastuzumab, three patients with HER2+ breast can-
cer and BM were enrolled at the 40 mg/m? cohort. As no DLT was seen in this
cohort, the dose was escalated to 50 mg/m?, with one patient experiencing a DLT,
febrile neutropenia grade 3, that recovered in two days and 2B3-101 dose was re-




duced to 40 mg/m? The cohort was expanded with three more patients who did
not experience DLTs. However, in total 5 dose delays and 3 dose reductions were
reported in this dose cohort.

Based on the safety, tolerability and dose intensity over a long-term duration
period, it was concluded that the average 2B3-101 dose as a single agent or
in combination with trastuzumab that can be sustained for several treatment
cyclesis 15 mg/m?/week. Based on this dose-intensity and (future) possibilities
of combination therapies in solid tumor and BM and malignant gliomas, two
alternative dosing schedules were proposed for the phase Il clinical study:

- 50 mg/m? 2B3-101 as a single agent or in combination with trastuzumab ev-
ery 3 weeks in patients with solid tumors and BM.

-60 mg/m? 2B3-101 every 4 weeks in patients with recurrent malignant glioma.

Safety

The most frequent study related AEs (all grades) in the single agent arm were
fatigue (13/28, 46%), HFS (11/28, 39%), neutropenia (10/28, 36%), infusion re-
action (9/28, 32%), stomatitis (8/28, 29%) and nausea (8/28, 29%). In the com-
bination arm, similar study related AEs were found with higher incidences: HFS
(879, 89%), fatigue (7/9,78%), stomatitis (4/9, 44%) and neutropenia (4/9, 44%).
(Table 3)

Hand-foot syndrome

Eleven of 28 patients (39%) in the single agent arm and eight of nine patients
(89%) in the combination arm experienced HFS (all grades). Hand-foot syn-
drome grade 3 causing dose reductions occurred in six patients in the sin-
gle agent arm (21%) and in two patients in the combination arm (22%). Two
patients treated with 40 and 50 mg/m?2B3-101single agent experienced HFS
grade 3 in cycle 2 and 3 respectively. Four patients treated with 60 and 70 mg/
m? 2B3-101 single agent experienced HFS grade 3 in cycle 3 and 4. Two patients
treated with 50 mg/m2 2B3-101 combined with trastuzumab experienced HFS
grade 3 in cycle 3. Affected areas were treated locally with hydrophilic and
indifferent ointments, disinfectants and corticosteroids with concomitant use
of oral analgesics. Due to HFS, ten dose delays and seven dose reductions in
the single and combination arm were performed at dose-levels from 40 mg/
m? to70 mg/m?.

Infusion reactions

Nine of 28 enrolled patients in the single agent arm and two in the combina-
tion arm experienced infusion reactions (IR) (9/28, 32%), all grade 1-2. All IRs
occurred during the first administration of 2B3-101, except for two patients in
the combination arm that experienced IR two and three times, respectively.
Infusion reactions were characterized by one or more of the following symp-



toms: chest pain, (lower) back pain, tightness in the chest and throat, shortness
of breath, tachycardia, flushing, headache, chills, fever, rash, fatigue and hypo-
tension.

In the first three dose-levels, IRs were reported in four of 9 patients (44%). In
these dose-levels 2B3-101 infusion time was 60 min at a rate of 1 mg/min. At
the start of DL 4 (30 mg/m?) the infusion protocol was modified as previous-
ly described. Five of the 19 enrolled patients (26%) in the single agent arm
and two out of nine patients (22%) in the combination arm, treated accord-
ing to the new infusion scheme developed an IR. Nine patients (4/19 in the
single agent arm and 5/9 in the combination arm; 24%) received prophy-
lactic premedication consisting of corticosteroid (dexamethasone or meth-
ylprednisolone) and antihistamines (promethazine, ranitidine or clemastine).
Four of these nine patients receiving prophylactic premedication developed
an IR (44%). One patient discontinued 2B3-101 treatment due to repeated
infusion-related reactions.

Hematological toxicity

Neutropenia was the most frequently observed hematological toxicity of 2B3-
101. It was dose related and increased in frequency and grading at higher
dose-levels. In the single agent arm, it was observed in one patient per cohort
starting from DL 4 (30 mg/m?) through to DL 6 (50 mg/m?) (33% per cohort). At
DL 7 (60 mg/m?) 71% of patients developed hematological toxicity, all grades.
In patients treated with > 40 mg/m? hematological toxicity grade > 3 occurred,
such as neutropenia (7/16, 44%), leucocytopenia (5/16, 31%) thrombocytope-
nia (1/16, 6%). The nadir of bone marrow depression (based upon neutrophil
count) was usually found in the third week after 2B3-101 infusion (75% of pa-
tients) and recovered to a lower grade within one week (100%). Dose reduc-
tion was needed in two patients, one at DL 7 and the other at DL8 because of
neutropenia grade 4 and leucocytopenia grade 3 in one patient and neutro-
penia grade 2 and mucocutaneous toxicity grade 2 in the other patient. In the
combination arm hematological toxicity was not seen at dose-level 40 mg/m?,
while neutropenia grades 3 or 4 occurred at dose-level 50 mg/m?in four of six
(66%) patients. In one patient the 2B3-101 dose was reduced because of febrile
neutropenia grade 3 (DLT). (Table 3)

Cardiotoxicity

No clinically significant cardiotoxicity of single agent 2B3-101 was observed at
all dose levels. Non-significant decreases in LVEF (< 10%) were seen in four out
of 28 (14%) patients. At DL 4 (30 mg/m?) one patient had a clinically non-sig-
nificant increase of Troponine T and CPK-MB grade 1, but without a change in
LVEF and ECG as compared to baseline. In the combination arm one patient
with a history of trastuzumab-related cardiotoxicity experienced a grade 2 de-
crease in LVEF that recovered after trastuzumab treatment was stopped.




Neurotoxicity

No clinically significant neurotoxicity of 2B3-101 was observed at all dose-levels.
Three out of 28 patients (10%) in the single agent arm had a 7-13 points decline in
MMSE score all due to intracranial tumor progression. In the combination arm one
patient had a decrease of 12 points at cycle 2 due to disease progression.

Pharmacokinetics (PK)

The PK parameters of doxorubicin applied in the liposomal formulation 2B3-101
as a single agent or in combination with trastuzumab are summarized in Table
4. In the single agent arm, doxorubicin showed dose-proportional PK in plasma
with linear exposure without signs of accumulation in the 3-weekly schedule (data
of second cycle not shown). Plasma concentration-time curves of measured total
doxorubicin after single agent administration or in combination with trastuzumab
are shown in Figure 1. In the single agent arm the terminal half-life (T, )) was 71
h for 2B3-101 at a 50 mg/m? with V  of 1421/ m? while T, ,was 61 h at 60 mg/
m?with a volume of distribution (V,,) of 1.53 I/m* The difference in T, , between
these two groups is explained by one patient in DL5, 60 mg/m? with a high clear-
ance of 0.035 I/h/m? of 2B3-101 and low doxorubicin exposure (1663 pg*h/ml).
This correlates with values measured in DL4 (30 mg/m?) and a consequently lower
exposure of the total DL5 patient group. Clearance at this dose-level excluding
the value of this patient ranged from 0.013-0.028 I/h/m?. In the last four enrolled
patients, both the total and encapsulated fraction of doxorubicin were measured.
The encapsulated fraction of the total measured doxorubicin plasma levels was
higher than 85%. The exposure of 2B3-101 at doses of 40 mg/m? and 50 mg/m?
administered in combination with trastuzumab corresponded to 2B3-101 single
agent exposure at the same dose-levels. (Figure 1)

Preliminary anti-tumor activity

Twenty-seven patients in the single agent arm and eight in the combination arm
had at least one post-treatment anti-tumor evaluation after two cycles of 2B3-101.
Two non-evaluable patients went off study early because of clinical deterioration.
InTable 5 the preliminary anti-tumor activity is shown. Fifteen patients (57%) in the
single agent arm and two (22%) in the combination arm had progressive disease
(PD) after 2 cycles of 2B3-101. Twelve patients in the single agent (43%) and six
(75%) in the combination arm had stable disease (SD) as their best response, both
intracranial and extracranial. Eight of 13 patients with recurrent malignant glioma
(62%) had SD as their best response during 2-6 cycles. Seven patients with recur-
rent malignant glioma were stable for at least 4 and three for 6 cycles. At the pre-
sumed therapeutic dose-levels (=40 mg/m? 2B3-101) 11 out of 16 (69%) patients
with solid tumors and BM or malignant glioma treated with single agent 2B3-101
showed SD. Two intracranial and two extracranial PRs (reductions of >50%) were
observed during the treatment with 2B3-101 in patients with solid tumors with BM



and patients with recurrent malignant glioma. Sixty-seven percent of patients with
HER2+ breast cancer treated in the combination arm showed SD or PR. Five out of
nine patients (56%) in the combination arm had a progression free survival (PFS) >
3 months, while PFS was >6 months in 2 out of 9 patients (22%).

DISCUSSION

Treatment with 2B3-101 (glutathione PEGylated liposomal doxorubicin) as a single
agent or in combination with trastuzumab is safe and relatively well-tolerated with
preliminary anti-tumor activity in patients with solid tumors and BM or recurrent
malignant gliomas. The most frequent toxicities were fatigue, hand-foot syndrome,
neutropenia, infusion reaction, stomatitis and nausea with incidences comparable
with these described for patients treated with PLD, except for infusion reactions
(10.8 % in PLD versus 32% in 2B3-101).[26]

Hand-foot syndrome, a painful, macular reddening skin eruption typical PLD-in-
duced toxicity, was observed in all grades after two or more cycles of 2B3-101 in
39% of patients in the single agent arm and in 89% in the combination arm, prob-
ably because the latter patient group received more cycles than the single agent
group. Grade 3 HFS was present in approximately 20% in both arms. No HFS grade
4 was reported. There was one permanent treatment discontinuation due to HFS.
In comparison, HFS of all grades was reported in a phase Ill breast/ovarian clinical
trials using PLD 50 mg/m?in a 4-weeks cycle, in 44-46%; HFS grade 3 was seen in
17-20% and life-threatening HFS (grade 4) in less than 1%. Permanent treatment
discontinuation due to HFS occurred in 4-7% of these patients. [26] Some studies
suggest that HFS appearance correlates with a longer T, | of PLD in plasma and in
the eccrine sweat glands of hand and feet. [16,46-48] This could not be confirmed
in our study, as patients experiencing HFS did not have longer T, ,. Although re-
covery of HFS caused by 2B3-101 was commonly seen within one to two weeks, it
caused considerable discomfort and frequently led to dose reductions and dose
delays with a potential negative anti-tumor effect. Patient education, supportive
measures and reduced dose intensity are current expert recommendations to di-
minish the HFS due to PLD. [34]

Another frequently occurring toxicity using 2B3-101 was IR, reported in 32% of
patients in the single-agent and in 22% in the combination arm. The symptoms
typically recovered within several minutes after temporary interruption of the in-
fusion or lowering of the infusion rate. This type of non IgE-mediated hypersen-
sitivity infusion reaction of PLD is named CARPA (complement-activation related
pseudoallergy). [49-52] All IRs that were observed in this study with 2B3-101 were
mild to moderate, but life-threatening reactions from liposomal drugs have been
documented in literature. [53] The new infusion protocol (5% of total dose 2B3-
101 in the first 30 min and if tolerated, the remaining dose of 2B3-101 in the next
60 min) reduced the IR incidence from 44% to 26% in the single agent arm and to




22% in the combination arm. In comparison, the reported incidence of infusion re-
actions for PLD was 10.8 % . [26] The use of premedication like corticosteroids and
antihistamines was allowed and performed in eleven patients in total, of whom
four (44%) experienced IRs.

Based on the pathophysiology of the allergic reaction (non-IgE mediated reaction),
pre-medication is assumed not to be effective in PLD-induced IRs. Slow infusion
rechallenge was successful in all patients except for one patient who experienced
repeated IRs in all cycles and therefore discontinued study. Infusion reactions have
not been reported with conventional doxorubicin and they presumably represent
a reaction to the liposomes or one of its surface components in PLD.[26]

With respect to hematological toxicity neutropenia was observed in 36%, leucocy-
topenia in 18% and thrombocytopenia in 18% of patients in the single agent arm.
In the combination arm neutropenia occurred in 44%, leucocytopenia in 33% and
thrombocytopenia in 22% of patients. Dose and C__ of 2B3-101 strongly correlat-
ed with myelosuppression (in particular neutropenia and leucocytopenia), as has
been previously reported for PLD. [32] The measured 2B3-101 t, ,, mean intrinsic
clearance and the mean V are within range of the reported pharmacokinetic data
for PLDs.[26]

Based on the dose reductions needed for HFS (37%, 7/19 patients) and hemato-
logical toxicity (32%, 6/19 patients), a dose-intensity of 15 mg/m?/week was found
to be sustainable for consecutive cycles of 2B3-101. The recommended dose (RD)
of 2B3-101 as a single agent or in combination with trastuzumab for the phase |l
study in the solid tumors and BM was chosen to be 50 mg/m? every 3 weeks and
for the recurrent malignant gliomas 60 mg/m? every 4 weeks.

It was decided to implement a different dose scheduling in patients with solid
tumors and BM and malignant gliomas, because of possible future drug combina-
tions (e.g. trastuzumab 3-weekly in HER2+ breast cancer with BM; possibly in future
bevacizumab 2-weekly in recurrent malignant glioma. Furthermore, it creates the
possibility to compare the incidence of HFS in different dosing schedules, as an
extended interval between PLD doses may possible lead to reduced toxicity, in
particular HFS. [54]

Treatment with 2B3-101 showed preliminary anti-tumor activity in both patients
with solid tumors with BM and patients with recurrent malignant glioma as two
intracranial and two extracranial PRs were seen in both arms. Sixty-two percent of
patients with recurrent malignant glioma had SD as their best response during 2-6
cycles. Sixty-seven percent of patients with HER2+ breast cancer showed SD or PR,
five of them (56%) for at least > 3 months and in 2/9 (22%) PFS was >6 months. The
last-mentioned results with 2B3-101 in HER-2+ breast cancer and BM are in line
with the data of the LANDSCAPE phase Il trial, in which patients with untreated



BM received lapatinib and capecitabine with an objective response rate of 66%
(95% Cl: 50-80%).[55] These intracranial tumor responses on systemic chemothera-
py support the future use of effective chemotherapeutic agents in BM from breast
cancer to delay neurotoxicity of whole-brain radiation therapy.

In conclusion, 2B3-101 is safe and relatively well tolerated in both patients with BM
from solid tumors and recurrent malignant gliomas. These findings together with
preliminary intra- and extracranial anti-tumor activity of 2B3-101 warrant a phase
Il clinical study.

Reference list

1

Neuro-Oncology TDS for. Gliomas, Oncoline, 2007-10-02, Version: 2.0. Guidlines. 2007.
http://www.oncoline.nl/index.php?pagina=/richtlijn/item/pagina.php&richtlijn_id=594

Vecht CJ. Effect of age on treatment decisions in low-grade glioma. J Neurol Neurosurg
Psychiatry 1993; 56:1259-1264.

Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher B, Taphoorn MJ, et al. Radiotherapy
plus concomitant and adjuvant temozolomide for glioblastoma.
N Engl J Med 2005; 352:987-996.

Schmidt F, Fischer J, Herrlinger U, Dietz K, Dichgans J, Weller M. PCV chemotherapy for
recurrent glioblastoma. Neurology 2006; 66:587-589.

Houben MP, Aben KK, Teepen JL, Schouten-Van Meeteren AY, Tijssen CC, Van Duijn CM, et
al. Stable incidence of childhood and adult glioma in The Netherlands, 1989-2003. Acta
Oncol 2006; 45:272-279.

Patchell RA. The management of brain metastases. Cancer Treat Rev 2003; 29:533-540.

Delattre JY, Krol G, Thaler HT, Posner JB. Distribution of brain metastases. Arch Neurol 1988;
45:741-744.

Larjavaara S, Mantyla R, Salminen T, Haapasalo H, Raitanen J, Jaaskelainen J, et al. Incidence
of gliomas by anatomic location. Neuro Oncol 2007; 9:319-325.

Wen PY, Loeffler JS. Brain metastases. Curr Treat OptionsOncol 2000; 1:447-458.

Aoyama H, Tago M, Kato N, Toyoda T, Kenjyo M, Hirota S, et al. Neurocognitive function of
patients with brain metastasis who received either whole brain radiotherapy plus
stereotactic radiosurgery or radiosurgery alone. Int J Radiat Oncol Biol Phys 2007; 68:1388-1395.

Kocher M, Soffietti R, Abacioglu U, Villa S, Fauchon F, Baumert BG, et al. Adjuvant whole-
brain radiotherapy versus observation after radiosurgery or surgical resection of one to
three cerebral metastases: results of the EORTC 22952-26001 study.

JClin Oncol 2011; 29:134-141.

Kondziolka D, Patel A, Lunsford LD, Kassam A, Flickinger JC. Stereotactic radiosurgery plus
whole brain radiotherapy versus radiotherapy alone for patients with multiple
brain metastases. Int J Radiat Oncol Biol Phys 1999; 45:427-434.

Park HS, Chiang VL, Knisely JP, Raldow AC, Yu JB. Stereotactic radiosurgery with or without
whole-brain radiotherapy for brain metastases: an update.

3.2




172

22

23

24

25

26

27

28

29

30

31

Expert Rev Anticancer Ther 2011; 11:1731-1738.
Arslan C, Dizdar O, Altundag K. Systemic treatment in breast-cancer patients with
brain metastasis. Expert Opin Pharmacother 2010; 11:1089-1100.

Boogerd W, Groenveld F, Linn S, Baars JW, Brandsma D, van Tinteren H. Chemotherapy
as primary treatment for brain metastases from breast cancer:
analysis of 115 one-year survivors. J Cancer Res Clin Oncol 2012; 138:1395-1403.

Lorusso D, Di Stefano A, Carone V, Fagotti A, Pisconti S, Scambia G. Pegylated liposomal
doxorubicin-related palmar-plantar erythrodysesthesia (‘'hand-foot’ syndrome).
Ann Oncol 2007; 18:1159-1164.

Lukas RV, Vigneswaran J, Salgia R. Etoposide and temozolomide in combination for the
treatment of progressive small-cell lung cancer central nervous system metastases:
two cases. Tumori 2013; 99:e73-e76.

Lin NU, Bellon JR, Winer EP. CNS metastases in breast cancer. J Clin Oncol 2004; 22:3608-3617.
Sperduto PW, Kased N, Roberge D, Chao ST, Shanley R, Luo X, et al. The effect of tumor
subtype on the time from primary diagnosis to development of brain metastases and

survival in patients with breast cancer. J Neurooncol 2013; 112:467-72.

Baselga J, Cortés J, Kim S-B, Im S-A, Hegg R, Im Y-H, et al. Pertuzumab plus trastuzumab plus
docetaxel for metastatic breast cancer. N Engl J Med 2012; 366:109-19.

Verma S, Miles D, Gianni L, Krop IE, Welslau M, Baselga J, et al. Trastuzumab emtansine for
HER2-positive advanced breast cancer. N Engl J Med 2012; 367:1783-91.

Wolff JE, Trilling T, Molenkamp G, Egeler RM, Jurgens H. Chemosensitivity of glioma cells in
vitro: a meta analysis. J Cancer Res Clin Oncol 1999; 125:481-486.

SmPC doxorubicin. http://www.medicines.org.uk/emc/medicine/24588/SPC. 2013.

Stan AC, Casares S, Radu D, Walter GF, Brumeanu TD. Doxorubicin-induced cell death in
highly invasive human gliomas. Anticancer Res 1999; 19:941-950.

Immordino ML, Dosio F, Cattel L. Stealth liposomes: Review of the basic science, rationale,
and clinical applications, existing and potential. Int. J. Nanomedicine. 2006; 1:297-315.

SmPC Caelyx. Internet. 2014.http://www.medicines.org.uk/emc/medicine/7017/SPC/
Caelyx+2mg-+ml+concentrate+for+solution+for+infusion/

Kobayashi H, Watanabe R, Choyke PL. Improving conventional enhanced permeability and
retention (EPR) effects; what is the appropriate target? Theranostics 2013; 4:81-89.

Maeda H. Tumor-selective delivery of macromolecular drugs via the EPR effect: background
and future prospects. Bioconjug Chem 2010; 21:797-802.

Siegal T, Horowitz A, Gabizon A. Doxorubicin encapsulated in sterically stabilized liposomes
for the treatment of a brain tumor model: biodistribution and therapeutic efficacy.
J Neurosurg 1995; 83:1029-1037.

Anders CK, Adamo B, Karginova O, Deal AM, Rawal S, Darr D, et al. Pharmacokinetics and
efficacy of PEGylated liposomal doxorubicin in an intracranial model of breast cancer.
PLoS One 2013; 8:61359.

Hamilton A, Biganzoli L, Coleman R, Mauriac L, Hennebert P, Awada A, et al. EORTC 10968:



32

33

34

35

36

37

38

39

40

41

42

43

44

45

a phase I clinical and pharmacokinetic study of polyethylene glycol liposomal doxorubicin
(Caelyx, Doxil) at a 6-week interval in patients with metastatic breast cancer.
European Organization for Research and Treatment of Cancer. Ann Oncol 2002; 13:910-918.

Lyass O, Uziely B, Ben Yosef R, Tzemach D, Heshing NI, Lotem M, et al. Correlation of toxicity
with pharmacokinetics of pegylated liposomal doxorubicin (Doxil) in metastatic
breast carcinoma. Cancer 2000; 89:1037-1047.

Ranson MR, Carmichael J, O'Byrne K, Stewart S, Smith D, Howell A. Treatment of advanced
breast cancer with sterically stabilized liposomal doxorubicin: results of a multicenter phase
Il trial. J Clin Oncol 1997; 15:3185-3191.

Von Moos R, Thuerlimann BJ, Aapro M, Rayson D, Harrold K, Sehouli J, et al. Pegylated
liposomal doxorubicin-associated hand-foot syndrome: recommendations of an
international panel of experts. Eur J Cancer 2008; 44:781-790.

Kannan R, Kuhlenkamp JF, Jeandidier E, Trinh H, Ookhtens M, Kaplowitz N. Evidence for
carrier-mediated transport of glutathione across the blood-brain barrier in the rat.
J Clin Invest 1990; 85:2009-2013.

Zlokovic BV, Mackic JB, McComb JG, Kaplowitz N, Weiss MH, Kannan R. Blood-to-lens
transport of reduced glutathione in an in situ perfused guinea-pig eye.
Exp Eye Res 1994; 59:487-496.

Birngruber T, Ghosh A, Perez-Yarza V, Kroath T, Ratzer M, Pieber TR, et al. Cerebral open flow
microperfusion: A new in vivo technique for continuous measurement of substance
transport across the intact blood-brain barrier. Clin Exp Pharmacol Physiol 2013; 40:864-871.

Cooper AJ, Kristal BS. Multiple roles of glutathione in the central nervous system.
Biol Chem 1997; 378:793-802.

Dringen R, Gutterer JM, Hirrlinger J. Glutathione metabolism in brain metabolic interaction
between astrocytes and neurons in the defense against reactive oxygen species.
Eur J Biochem 2000; 267:4912-4916.

Dringen R, Hirrlinger J. Glutathione pathways in the brain. Biol Chem 2003; 384:505-516.

Gaillard PJ, Appeldoorn CCM, Dorland R, Van Kregten J, Manca F, Vugts DJ, et al.
Pharmacokinetics, brain delivery, and efficacy in brain tumor-bearing mice of glutathione
pegylated liposomal doxorubicin (2B3-101).

PLoS One 2014; 9. doi:10.1371/journal.pone.0082331

Rip J, Chen L, Hartman R, van den Heuvel A, Reijerkerk A, van Kregten J, et al. Glutathione
PEGylated liposomes: pharmacokinetics and delivery of cargo across
the blood-brain barrier in rats. J Drug Target 2014; :1-8.

Chia S, Clemons M, Martin L-A, Rodgers A, Gelmon K, Pond GR, et al.
Pegylated liposomal doxorubicin and trastuzumab in HER-2 overexpressing metastatic
breast cancer: a multicenter phase Il trial. ; 2006.

Guidance for Industry Bioanalytical Method Validation. Published Online First: 2013.
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/
Guidances/UCM368107.pdf

Viswanathan CT, Bansal S, Booth B, DeStefano AJ, Rose MJ, Sailstad J, et al.
Quantitative bioanalytical methods validation and implementation: best practices for
chromatographic and ligand binding assays. Pharm Res 2007; 24:1962-1973.




174

46

47

48

49

50

51

52

53

54

55

Amantea M, Newman MS, Sullivan TM, Forrest A, Working PK. Relationship of dose intensity
to the induction of palmar-plantar erythrodysesthia by pegylated liposomal doxorubicin
in dogs. Hum Exp Toxicol 1999; 18:17-26.

Martschick A, Sehouli J, Patzelt A, Richter H, Jacobi U, Oskay-Ozcelik G, et al.
The pathogenetic mechanism of anthracycline-induced palmar-plantar
erythrodysesthesia. Anticancer Res 2009; 29:2307-2313.

Von Moos R, Cathomas R.“Skin problems associated with pegylated liposomal
doxorubicin -- more than palmoplantar erythrodysesthesia syndrome.”
Eur J Dermatol 2009; 19:264-265.

Chanan-Khan A, Szebeni J, Savay S, Liebes L, Rafique NM, Alving CR, et al. Complement
activation following first exposure to pegylated liposomal doxorubicin (Doxil): possible role
in hypersensitivity reactions. Ann Oncol 2003; 14:1430-1437.

Gabizon A, Shmeeda H, Grenader T. Pharmacological basis of pegylated liposomal
doxorubicin: impact on cancer therapy. Eur J Pharm Sci 2012; 45:388-398.

Moghimi SM, Andersen AJ, Hashemi SH, Lettiero B, Ahmadvand D, Hunter AC, et al.
Complement activation cascade triggered by PEG-PL engineered nanomedicines and
carbon nanotubes: the challenges ahead. J Control Release 2010; 146:175-181.

Szebeni J, Baranyi L, Savay S, Milosevits J, Bunger R, Laverman P, et al. Role of complement
activation in hypersensitivity reactions to doxil and hynic PEG liposomes: experimental and
clinical studies. J Liposome Res 2002; 12:165-172.

Castells MC. Infusion reactions to systemic chemotherapy. http://www.uptodate.com/
contents/infusion-reactions-to-systemic-chemotherapy?source=search_result
&search=infusion+reactions&selectedTitle=1%7E150. 2014.

Arnold RD, Mager DE, Slack JE, Straubinger RM. Effect of repetitive administration of
Doxorubicin-containing liposomes on plasma pharmacokinetics and drug biodistribution
in a rat brain tumor model. Clin Cancer Res 2005; 11:8856-8865.

Bachelot T, Romieu G, Campone M, Dieras V, Cropet C, Dalenc F, et al. Lapatinib plus
capecitabine in patients with previously untreated brain metastases from HER2-positive
metastatic breast cancer (LANDSCAPE): a single-group phase 2 study.

Lancet Oncol 2013; 14:64-71.



(600 '[B 18 911S9BIN ‘| £61 ‘|B 12 99N £BUSIID [BDIUID WeyDUWRIH 9] , 'SWOIPUAS 100}-pUBY = S{H '9SRI9JSURIIOUIUIR dUlUPR
= V7V 9selajsuenioujue a1epedse = Sy ‘1UNOD 3)1ydoJinau 21n|0sae = DNV |ewou Jo 3wl soddn =N (17Q) eda1Id buniwi 950 °L d1qeL

‘ueds YONIN U0 %G Uy} SS8| anjea anjosge ue pue juaied onewojdwAse ue ul 437 Ul dulj@seq Wolj auljoap %0} ueyl ssa (¢

‘anjeA ajnjosqe ay} jo ssajpiebal juaned onewoldwAse ue ul 437 Ul duldSeq WO dUIdap %Gl (€

{[EWJOU JO JIWI| JBMO| BY} MOJaq aN|eA B pue auljaseq Wol}

43A7 Ul BUIIDBP %0 B Ylm uonelidosse ul (sapyjoeld Aiojedidsul ‘elpsedAyoe) ‘dojeb ¢S ‘eaudoyio ‘eaudsAp) 4HD Jo swoydwAs pue subis [eaiun) (g
LBLa11I0 [eojulo weybuiwelH ay) Jad 4HD yum pajeioosse swoldwAs pue subig (|

:A)121x0) oelpIR)

Z< opeub S4H

uoissaibold Jowny ujeiq 0} pajejaiun ‘z< OHM 03 Buipes| Jo19p o160ojoInau

(sAep 2 s Bunse| anbie} pue eayulelp
‘Buniwon ‘easneu Buipnjoxa)

¢ apeib apeub ¢ z |eoibojojeway-uoN
NN XG< sosejsejaw JaAI| Y)Im
NINX € < SOSE]JSB}oW JOAI| OU JI shAep y) < Buise| |ySY 40 1YV wnies
NN X¢€ < sosejselaw JaAI| YIm
NINXG'L < Sose)sejoW JaAI| OU JI uignuiiq (jejo}) wnias
¢ opeJb = uoljoBUI PaIUBINIOP JO
O , §'8¢ Z aInjesadwa) pue 7/s|8d ¢0L X 0L > DNV Uim ejuadounau a|ge 4
/601 XG0 > shep ; z Bunse| { apelb eluadosnaN
/601 X GZ > uonuUBAIR)UI [BDIPAW JO ‘uoisnjuel; Jajeield Buuinbau uo ‘i apelb eluadojfooquioly

|eaibojojewaq

anjep apeis Ayoixo ]

sapIoIxo} paje|as Buiwil-asop jo uoniuyaq

175



gewnznisell = 74| 493ued bun| ||22
[[eWS-UOU = JTDSN 122Ued Bun| [|92 [[ews = )OS SI1IsMaldeIeyd jJudned ‘g djqel |

(%82) L (%92) 8 fiebins [elueioenxa
(%001) 6 (%12) 9 Adessyjounuwiwi
(%bP) v (%L1) € Adesayy [euowuoy
(%82) L (%12) 9 auloAoeIyIUE
(%001) 6 (%96) /2 Adessyjowsyo
(%001) 6 (%67) 8 Adeseyjoipel |eiueioel}xe
(%001) 6 (%001) 82 Adessyjoipel [elueio
(%L1 L (%¥S) Gl fisbins |eiueso
(%001) 6 (%001) 82 Adesauyy Aue
((%) u) saidelayy 1eoueo-pue Joud
ol N apelb ewoi|b
e Il epesb ewolb
1 euwouelpw
4 snbeydoss
I wnujawopus
L wnueao
L J9oued Bun| suloopusoINaU
4 0708
€ OTOSN
6 14 Jaoued jsealq
(u) adA3 Jowny Asewrid

0 € z

6 GZ 1-0
(u) snyeys @ouewlopad 503
(L9-e€) z¥ (€2-19) 5 (ebuel) sieak ui abe ueipsw
6 9l alews)
0 cl olew
6 8C sjuaned jo Jaquinu
Z4l + 05-0F 0.-G (zw/Bw) esop LOL-£92

176



199} pUB SpUeY JO BWSYIAIS PUB YSel S9PN|DUl (S4H) SUIOIPUAS J00J-PUBY ey ‘UlRd [EIDUAIRYOIO PUE SIIIBUIOYS
SOPN|DUI ULISY SIHSOIN W, 'BUISBIYIAIS PUB ‘SIHAIDN[UOD [B1IS1DBG SOPN[DUI UOIDJUI [BIIA/[BISIDR] 4\ 'SISEIPIPURD [BIO PUR SIpad eaul
SOPN[DUI UOIID3JUl [BBUNY ,'[e1e) sem s1sdas Jeuownd (10 L-£97 W/Bul O WOy Builels) SJUSAS 3SI9APE pale|al bnip |je Jo Alewuns *€ ajqer

(%LL) L 0 L 0 Auyedoinau
(%€¢€) € 0 Z 0 1 (%) L o] L ssopey
0 (%P) L leu pue siISapewoyoAuo
(%LL) L 0 L (%) 2 0] L o] L unjs A1p pue sisojelsyiadAy
(%LL) L 0 1 (pajeja1 y| jou)eaudsAp
(%LL) L 0 L 0 eiuoydsAp
0 (%) L 0 L ABreys|
(%bb) v 0 € 0 L (%) L [o] L ured
0 (%) L yeams Jubiu

0 (%) L o] L sisoquiolyy

0 (%P) L uoisuapadAy

0 (%P) L vl 0 sisdas Jeuow|nd

0 (%) L 0 L (pajelal ¥ 10U) Ybnoo
(%LL) L 0 L 0 ewapao
0 (%P) L (pa3ejal ] Jou) dnooiy

0 (%) T o] L 0 L .suonoajul [eBuny
(%LL) L 0 1 (%L) 2 0 L (pajelal Y| jou) uled jeuiwopge Jaddn
0 (%) L eibjeAw
(%22 T 0 L0 Ll (%0L) € ssauizzip
(%e2) T 0 [ o (ev) v 3 z 0 L ~SUOROBUI [BUIA/[BLR}OR]q
(%22 T 0 z (%bL) v ayoepeay
(C47284 L Z 0 L (%ze) 6 L 0o z 00 L0 k4 wxx SHIEWOIS
(%22 T 0 4 (%ze) 6 o] ] [} Zz o0 L (1) uonoeal uoisnjul
(%88) 8 4 € 0 €| (%6€) LL 0 z z z o0 Lol 3 xenerSIH
(%82) L z z 0 €| (%08) v 0 c 1 z 1 [Ae] 1 anbiey
Aypixo} 12yi0

0 (%) L 0 L eisdadsAp
(%LL) L 0 L (%) L uonedisuod
(%bb) v 0 € 0 L (%) L o] L eaylelp
(%22 T 0 L0 | (%0L) € o] 4 Buniwon
(%€€) € 8 1 0 1 (%62) 8 0 Z 0 € 0 l eisanBsAp pue ajjade pasealsp
(%22 T 0 4 (%62) 8 0 Z 0 L 0 z easneu
sisplosip |euljsajulol}seb

0 (%P) L uluodol) pajens|e

0 (%) L GIN-YdO pajensia

0 (%) L 0 L asejeydsoyd auley|e pajens|a

0 (%) L 0 3 19-ewwes pajens|s

0 (%) L o} 3 LVSV pajens|s

0 (%2) T 3 0 1VIV Pajensje
(3191x03} A10jeIOqR] 1 19

0 (%) L L 0 elusdojfooyduwiA|
(%11) L 0 L (%) L o] 3 elwaue
(%22 Z 0 z (%bL) v 0 [ L eiuadolAooquiolyy
(%€E) € 5 z (%12) 9 0 z z 4 elusdojfooons|
(%¥¥) v 4 0 (%9¢€) oL 0 z € z L 00 3 eluadonnau
a_u_XOo _NO_mO_OaNEUI

(%) v~ vE L vE L (%) -1 V€ 2l ¥e 2l v€ 2l ve 2z apelb
6 9 € 8T € L € € sjusned o JsquinN
ZYl + 0S-0% 0S ov 0.-S 0L 09 0Ss ov (zw/bw) asop LoL-£92

177



"7 Aep 1R 950G pue | ABp 1B 3SOP Y1 JO %05 BulAI@I) 1usned U0 Y1im
'SUOIIDRI UOISNJUL 1M S1usned BUIpnpUl , 05001 X (UBSW/JS) Se PR1RNdjed ‘UOIIRLIRA JO 1UIDLYR0D = 957D 'UOANGLISIP JO SWN|OA= (PA) A
‘Bnip |L101 JO 2duRILR)D PWISE| [P101 =TD) ‘DJI|-[_Y [PUIWIRI=C/| | ‘qeWINZNIses = 74| Sid1oweled djaupjodewieyd v ajgqeL

2 €100 L 29’} L1 18 9z 6865 Gl 901G v gLy € wBwos gIa
61 1100 T €5’} 8l 19 3 geee 0¢ 9662 Gl v've L ;w/Bwog  27d
ve 0200 (4 89°) 8l €5 9 6952 ge GreT (4 862 9 ZdL + w/bw 0g
4 vL00 | 8v's vl 6 L. 4 6ESE L 661 ol 9'le € wBwos 910
€z 8100 1€ 05} 2 €L o¢ or9z 6C G6£T of 862 € Zdl + ;w/bw oy
zl G100 b vs'L L 19 L z0se L 9822 e 6'6C € wbBwoy ¢1a
L 9100 9z el 14 29 L Gz6l 8 €5.) Gl ] € wbwog v1a
Iy ¥20°0 9z z9'L ze e 9 168 ze 718 8l L € wPBwoz ¢1a
0 €200 9l 0Ll £z 6v 8z oy 14 el 4! LG € wBwoL zia
vl 9200 6l or'l 8l S L1 60T 9l FAVA ol € € whwg 170
%AD  uelpaw| %AD uelpaw | %AD Uuelpaw [ %AD ueaw %AD  ueaw | %AD  uesw
wun) 19 wyn) A () zm (lwyy,Br) yuro onv | (lwyu.br) onvy | (qw/Br) xewd | sjusped | ssop  |aAal-asop
Jo Jaquinu

178



11040 UOBUIQUIOD Ul 2UO pue 1usbe 3|6uls Ul auo ‘ 9jgen|jead-uou siuaned 7
(D9 +24IH) %S/ JO UORINPI DT - wsxxxtld DT (OF +THIH) %0S JO UOHINP3I [[BISAO PUR Hd D e (POO[G ANSOW) UORINPRI 960/ [RIURIIRALI
wxxx ‘9699 Hd DT s 1957 JO UONIINPRI UOISI| 196181 D] 4, SUOIS| 126JRI-UOU JO UOIINP3I D), 25uodsal [enied — Yd 1aouUed 15eaiq Dg ‘[PIURIDRIIXD
= D3 !|elueideiiul = D] 423Ued BuNn| ULDOPUSIN3U — Bun| 'a'U 'sAep = p ‘(sAep | 7) 21240 = D) AUAIDR Jownl-lue Aleujw|ald °S ajgeL

179

Z 9 6 ZyL + L0}-€82 [e30L
p9z1L=90 08 +Z43H
04 +2d3H
Pey=co werneltld 03)
PSOL=50 8 e
s ¥d Ol)
08 +243H ! Pg9L=80 0g +243H 4 9 |zl +zw/bwog-2Zy1210
PY8=t0 04 +2d3H
0 +243H ) P0LZ=010 0d +243H 4 € | zul +zw/bwop-2ZyL |10
Sl Gl 2l | sz | usBe sjbuls L0}-£82 [EIOL
p9zi=90 Al 46 ewoy|b
Al 16 ewoy|b ! p9zZL=90 Al 16 ewoyb 14 € gw/bw 0/-81a
og PP8=FD | (xxsOl) BUWOUEISW
P¥8=t0 O70SN
PY8=0 [11 46 ewol|B
[Tarrae) Al 46 ewol|6
[BL}SWOPUD 14 P¥8=t0 111 16 ewoi6 S L gw/bw 09- 210
Pre=r0 | (¥d +03) 010S
Al 1B ewol|f | P¥8=t0 Al 46 ewoyb 4 € Zw/bw 05-91a
Bun| suloopusd Py8=y0 Al 16 ewol|6
-oinau | p9z1=92 111 46 ewoy6 4 € gw/bw op -5 1a
fol:]
Al 46 ewol|b
Al 1B ewol|f 3 € gw/bw o¢- ¥ 10
(1) 08
108N 14 € gw/bw 0z-¢1a
snBeydosao
O10SN 14 pg91=8d (+0l) Ueneno ! € cw/Bw 0} -2 10
07108
snbeydosso
0g £ € gw/bwg-11a
od/3 Jowny u | uoneinp gs odA3} Jowny u u (esop 101-£8Z) [9A9]-|osop
ad ¥d/as




'SaUI| 25041 JO UONLZI|eNSIA 121194 JO 95Ned3q patuasaid apis-2|buls Ajuo aie
SUOIBIASP P4EPURIS "UIJR UO[RUIQUIOD-(ZY]) qeUINzZnisel) Ul pue Juabe a|buls e se UjdIgnioxop JO SOAIND SWI1-UOI1eIIUSdUOD Buwise|d " 4nbi4

(du) s
$BE 2EE 88T V%4 zEL Bl 25 B 0

- 0000k

- 0000Z

ZHL + TW/BW 05 ——
Fril + EWibw 0p ——
B g -

Zw/Bw 0g ——

(B U) UoNRIUBIUGD UI2IqRIoX0E]

guBw g5 —p— | ooooe

Wb gt —g— !
Ew/Bw 0F ——
TW/BW 0 ——
Twybw g —p—

gwBwg
+ 0000+

180



3.3 Clinical and pharmacological feasibility phase Il
study with 2B3-101 in patients with breast cancer and

leptomeningeal metastases

B. Milojkovic Kerklaan'?,, D. Pluim?, M. Bol?, |. Hofland?, S. Schagen?®, H. van Tinteren®,
G.S. Sonke’, JH. Beijnen®?, W. Boogerd', J.H.M. Schellens %%, D. Brandsma'®

1

Department of Clinical Pharmacology, Netherlands Cancer Institute —
Antoni van Leeuwenhoek, Amsterdam, The Netherlands,

Molecular Pathology, Netherlands Cancer Institute -

Antoni van Leeuwenhoek, Amsterdam, The Netherlands,

Department of Pathology, Netherlands Cancer Institiute

- Antoni van Leeuwenhoek, Amsterdam, The Netherlands,

Core Facility Molecular Pathology & Biobanking (CFMPB), Department of
Molecular Pathology, Netherlands Cancer Institute -

Antoni van Leeuwenhoek, Amsterdam, The Netherlands,

Department of Psychosocial Research and Epidemiology, Netherlands
Cancer Institute - Antoni van Leeuwenhoek, Amsterdam, The Netherlands,
Department of Biometrics, Netherlands Cancer Institute - Antoni van
Leeuwenhoek, Amsterdam, The Netherlands,

Department of Medical Oncology, Netherlands Cancer Institute - Antoni
van Leeuwenhoek, Amsterdam, The Netherlands.

Department of Pharmacy and Pharmacology, Netherlands Cancer
Institute - Antoni van Leeuwenhoek, Amsterdam, The Netherlands.
Utrecht University, Utrecht Institute of Pharmaceutical Sciences (UIPS),
Utrecht, The Netherlands

Department of Neuro-Oncology , Netherlands Cancer Institute

- Antoni van Leeuwenhoek, Amsterdam, The Netherlands.

Interim analysis



ABSTRACT

Introduction Leptomeningeal metastases (LM) occur in about 5% of patients with
metastastic cancer. The prognosis of these patients is poor. Therapeutic agents
that are effective for systemic metastases, are often ineffective for LM as they do
not cross the blood-cerebrospinal fluid barrier.

Purpose: The aim of this clinical and pharmacological feasibility study is to deter-
mine the response of LM from breast cancer on glutathione PEGylated liposomal
doxorubicin (2B3-101) treatment.

Patients and methods: Six patients are planned to receive 2B3-101 treatment
(50mg/m?, g3weeks). Response of LM is assessed using the LM response score
based on neurological symptoms, MRI of the brains/spinal cord and CSF cytolo-
gy at every uneven cycle. Whole blood and CSF doxorubicin concentrations are
measured by LC-MS/MS to determine the penetration of doxorubicin into the CSF.
Circulating tumor cells (CTCs) measured by flow cytometry in the CSF were ex-
plored as an additive tool for LM response monitoring.

Results: Three patients with a median age of 64 years (range 46-65 years) were
enrolled in the study from September 2013 to October 2014. Two patients stopped
2B3-101 treatment because of neurological progression due to LM (one patient af-
ter 1 cycle and one patient after 2 cycles of 2B3-101). The third patient has ongoing
stable disease (SD) after 9 cycles of 2B3-101. Doxorubicin concentrations in the CSF
of the three patients at day 2 after 2B3-101 treatment ranged from <0.5-18.2 ng/
ml. CTC enumeration in the CSF showed an increase in one patient with progres-
sive disease (PD), was incongruent in another patient, and showed a decrease in
the patient with SD.

Conclusions: At interim analysis, one of three patients with progressive LM from
breast cancer showed SD during more than 6 months treatment with 2B3-101.
In two of three patients doxorubicin reaches CSF concentrations that can inhibit
breast cancer growth based on in vitro IC50 levels. Additional patients should be
included in this feasibility study to conclude on further phase Il studies with 2B3-
101 in LM patients and to evaluate whether CTC enumeration in the CSF can be
used for response-monitoring of LM.

INTRODUCTION

Leptomeningeal metastases (LM) develop when tumor cells reach the cerebrospi-
nal fluid (CSF) and infiltrate the leptomeninges. Clinically symptomatic LM develop
in about five percent of patients with metastatic cancer.! The most commmon tu-
mor types among patients with LM from solid tumors are breast cancer (12-35%)
and lung cancer (10-26%), melanoma (5-25%) and gastrointestinal malignancies
(4-14%).2 The median survival of untreated patients with LM derived from solid
tumors is only 6-8 weeks. Chemotherapy and radiotherapy of symptomatic central
nervous system (CNS) sites can extend median survival up to 2-4 months.? Median
survival of patients with breast cancer and LM is somewhat longer (4-6 months)



with up to 25% 1-year survivors*> Many potentially efficacious intravenous che-
motherapies are currently not effective for LM as they do not adequately cross the
blood-CSF barrier. The effectiveness of intrathecal (IT) chemotherapy is thought
to be limited due to rapid cerebrospinal fluid (CSF) clearance of the drug and/or
insufficient penetration into larger (>1mm) tumor deposits in the subarachnoid
space.® Moreover, only a few cytostatic drugs can be administered intrathecally
because of neurotoxicity.

Doxorubicin, an anthracycline based chemotherapeutic agent, has well-established
antineoplastic activity in breast cancer. It has multiple action mechanisms, viz. bind-
ing to DNA strands by intercalation, blocking the enzyme topoisomerase Il, neces-
sary for DNA replication, formation of free radicals and disintegration of DNA-histone
integrity.” The treatment of breast cancer patients with anthracycline-containing
adjuvant chemotherapy reduces the relative risk (RR) of mortality in breast cancer
patients by + 38%/year in patients < 50 years and by + 20%/year in patients aged
50to 69 years.8To optimally enhance the delivery of doxorubicin to the brain a gluta-
thione (GSH) PEGylated liposomal doxorubicin hydrochloride formulation (2B3-101)
was designed by BBB Therapeutics (Leiden, The Netherlands).

A liposomal formulation that is already in clinical use for metastasized breast can-
cer is PEGylated liposomal doxorubicin (Caelyx®, Doxil®, PLD). Pegylated liposomal
doxorubicin has a prolonged circulation time in plasma and less (cardio)toxicity
compared to conventional doxorubicin. It is presumed that the conjugation of
GSH to the tips of the PEG molecules in 2B3-101 is targeting the liposomes to-
wards the active GSH transporters on the blood-brain barrier (BBB) to enhance the
delivery of doxorubicin to the brain. In preclinical experiments, 2B3-101 showed
5-fold higher brain concentrations of doxorubicin in rats, a stronger inhibition of in
vivo glioma growth and increased median survival of mice with intracranial glioma
treated with 2B3-101 as compared to PLD. #°

In a clinical phase I/lla study, 2B3-101 was administered as a single agent and in
combination with trastuzumab to patients with brain metastases (BM) from solid
tumors or recurrent malignant gliomas. In both groups, 283-101 treatment was
found to be safe and relatively well-tolerated with hematological toxicity, hand-
foot syndrome, stomatitis and infusion reactions as most frequently occurring
adverse events. (Milojkovic Kerklaan et al, submitted for publication). The elimi-
nation half-time (t,,)) of 2B3-101 dosed at 50 mg/m? was found to be 71 h with
a volume of distribution (V,,) of 1.42 I/m? The encapsulated fraction of the total
measured doxorubicin plasma levels was higher than 85%. The exposure of 2B3-
101 at 50 mg/m? administered in combination with trastuzumab in patients with
HER2+ breast cancer corresponded to 2B3-101 single agent exposure at the same
dose-level. Preliminary anti-tumor activity of 2B3-101 was shown in patients with
breast cancer, small cell lung cancer (SCLC) and recurrent malignant glioma.




The purpose of the current study is to determine the preliminary response on 2B3-
101 treatment as a single agent or in combination with trastuzumab on LM in
breast cancer patients using the LM response score. Whole blood and CSF doxo-
rubicin concentrations are measured to determine the penetration of doxorubicin
into the CSF. The use of circulating tumor cells (CTCs) counts in CSF was explored
as an additive tool for LM response monitoring.

PATIENTS AND METHODS

Inclusion- and exclusion criteria

Eligible patients are selected on radiological and/or cytological evidence of clini-
cally symptomatic LM of pathologically confirmed breast cancer with or without
BM. Inclusion criteria were: written informed consent, a life expectancy of at least 8
weeks, age >18 years, ECOG Performance Status < 2, stable or decreasing dosage
of steroids (e.g. dexamethasone) for 7 days prior to baseline MRI with allowed use
of non-enzyme inducing anti-epileptic drugs and adequate bone marrow, liver
and renal function. All toxicities incurred as a result of previous anticancer therapy
had to be resolved to < grade 2 (as defined by CTCAE version 4.0). Local radiation
of CNS symptomatic sites more than four weeks prior to start of the study was al-
lowed. Radiotherapy of symptomatic bone metastases is allowed before or during
2B3-101 treatment both as single agent and in combination with trastuzumab,
but radiated localizations of the nervous system were not used for response evalu-
ation. Previous trastuzumab treatment was allowed to continue without interrup-
tion in patients with HER2+ breast cancer. Patients who have received a maximum
cumulative dose of free (i.e, non-liposomal) or liposomal doxorubicin > 360mg/
m2 or free epirubicin > 600mg/m2 were not eligible. Further exclusion criteria
were: pregnancy and lactation, a major surgical procedure or use of other investi-
gational drugs within 4 weeks prior to the first study treatment, anticipation of the
need for major surgery during the course of the study treatment; active systemic
or CNS infection, uncontrolled hypertension (systolic pressure > 150 mmHg and/
or diastolic pressure >100mmHg), clinically significant (i.e. active) cardiovascular
disease, Left Ventricle Ejection Fraction (LVEF) determined by MUGA or ECHO of
< 50% for patients treated with 2B3-101 as a single agent and < 55% for patients
treated with 2B3-101 and trastuzumab. Contra-indications for lumbar punctures
were uncorrected blood clotting disorders (INR>1.5, platelets <20x10%1,aPTT > 1.5
ULN) and cerebral or spinal space-occupying masses.

Study design

This pilot study will be performed in 6 patients with LM from breast cancer in The
Netherlands Cancer Institute — Antoni van Leeuwenhoek Hospital, Amsterdam,
The Netherlands. In case at least one of these six planned patients will have a par-
tial response or two patients will have stable disease (SD) as best LM response, a



total of 28 patients will be enrolled. 2B3-101 is given in a dose of 50 mg/m? every
three weeks either as a single agent or in combination with trastuzumab in HER2+
breast cancer patients.

Safety assessments

Safety was assessed by means of physical and neurological examination, neuro-
cognitive testing and laboratory evaluations, including cardiac enzymes, electro-
cardiograms (ECG) and LVEF (MUGA/ECHO). Concurrent illnesses/therapies and
adverse events were recorded according to The National Cancer Institute’s Com-
mon Terminology Criteria for Adverse Events (NCI-CTCAE version 4.0). Patients that
received 2B3-101 in combination with trastuzumab were required to enter an in-
tensified cardiac program including ECG and LVEF measurements before the start
of every treatment cycle.

Anti-tumor activity

Preliminary anti-tumor activity of 2B3-101 as a single agent or in combination with
trastuzumab is determined using the LM response score based on neurological
signs and symptoms, MRI-scans of brains and spinal cord, and CSF semi-quanti-
tative cytology scoring every six weeks (2 cycles of 2B3-101). (Table 1) To measure
the anti-tumor response of 2B3-101 on LM, enumeration of CTCs in the CSF and
blood was performed prior to and during 2B3-101 therapy before every uneven
cycle. A CT chest/abdomen was also performed before every uneven cycle to de-
termine the response of lung and abdominal metastases, if present.

Patients remained on treatment until disease progression, unmanageable toxicity
orin case of withdrawal of consent. Patients were given follow-up until death.

Study medication

A single dose of 50 mg/m?*2B3-101 was administered IV on day 1 of a 21-day cycle.
To minimize the risk of infusion reactions, 5% of the total dose of 2B3-101 (in mq)
was given over the first 30 min. If tolerated, the infusion was completed over the
next 60 min for a total infusion time of 90 min. In case of a mild infusion reaction
(with symptoms like flushing, dyspnea, facial edema, chest- or, backpain) infusion
of 2B3-101 was stopped. After recovery of the symptoms, the infusion was restart-
ed with 10 ml/h rate for the first 30 min and increased every 30 min as follows: 20
ml/h, 50 mi/h, 100 ml/h, and 200 ml/h. (Pre) medication such as hydrocortisone,
ranitidine, cimetidine, anti-emetics, and diphenhydramine was allowed according
to local institutional guidelines.

Patients with HER2+ breast cancer were receiving the standard maintenance dose
of 6 mg/kg trastuzumab intravenously every 3 weeks (or 8 mg/kg as a loading
dose, in case of the first trastuzumab treatment). Trastuzumab was administered
30 min after the 2B3-101 infusion was completed.




Pharmacokinetics

Plasma and CSF samples for study (non-safety) purposes were drawn at Cycle 1
predose (within 1 week prior to start 2B3-101), Cycle 1 day 2 and day 8 and there-
after every 6 weeks, within one week prior to the start of uneven cycles on day 1.
CSF samples were drawn via a lumbar puncture for determination of total doxoru-
bicin (2.5 ml), cytology (5 ml), cell counts and biochemical parameters (leukocytes,
erythrocytes, total protein, glucose and LDH) (2 ml) and enumeration of CTCs (5
ml). Furthermore, blood samples were drawn for CSF/plasma ratio for glucose,
LDH and total protein (8 ml), total doxorubicin (4 ml) and for CTC enumeration in
blood (3 x 8 ml).

Liquid chromatography with tandem mass spectrometry detection (LC-MS/MS)
was used to determine total (free and encapsulated) doxorubicin in CSF and plas-
ma. Doxorubicin in CSF was stabilized directly after collection by 2-fold dilution of
CSF sample with antioxidant solution (1.25 g EDTA, 0.3 g pyrogallol, 0.3 g ascorbic
acid, 0.3 g sodium disulfite, 250 mL Milli-Q water, 50.0 mL and MeOH) and stored
at <-70°C until analysis. The assay was validated in accordance with current guide-
lines for bioanalytical method validation."""? The analytical quantification range is
0.5 - 50,000 ng/mL for total doxorubicin.

CSF cytology

CSF cytology was performed as a two-step cytocentrifuge method (1600 rpm,
Tminand 10 min resp.), which deposits cells from a fluid sample directly onto slides
(cytospin). Giemsa staining was performed of two cytospins. The Giemsa stainings
of the two cytospins of the CSF were viewed by the pathologist and scored as neg-
ative (no tumor cells), positive (tumor cells) or inconclusive (atypical cells).

CSF semiquantitative score and immunostaining

Two additional cytospins were used for immunohistochemical (IHC) staining
with an antibody against EpCAM on a BenchMark Ultra autostainer (Ventana
Medical Systems, Inc.). Briefly, cytospins were washed in Reaction Buffer (Ven-
tana Medical Systems) and loaded in the autostainer. Epithelial antigen ex-
pression was determined by incubating the cytospins with the antibody clone
Ber-EP4/EpCAM (M0804; DAKO), The antibody was used at 1:20 dilution and
incubated for 32 min at 37°C. After incubation with the primary antibodies,
amplification (Ventana Medical Systems) was selected. The amplification step
was used to increase the signal intensity of weak staining (mouse and rabbit)
primary antibodies. Specific reactions were detected using UltraView Universal
DAB Detection Kit (Ventana Medical Systems). Cytospins were counterstained
with Hematoxylin.

Tumor cells on these immunohistochemically stained cytospins were semi-
quantitativly scored by the pathologist, using “score 0" for O tumor cells / cy-
tospin area, “score 1" for 1-10 tumor cells/cytospin area, “score 2" for 11-100



tumor cells/cytospin area, “score 3" for 101-500 tumor cells/cytospin area, and
“score 4" for > 500 tumor cells/cytospin area. The results of the semiquantita-
tive method were used for the LM response score.

Archived tumor tissues were collected and will be analyzed for EPCAM expres-
sion of the primary tumor by immunohistochemistry (IHC), using EpCam (Ber-
EP4) antibody at the end of the study.

CTC flow cytometry assay

Blood was drawn in Cell Preparation Tubes CPT™ (BD Biosciences, USA) tubes and
centrifuged for 25 min at 1500g at room temperature (RT) within 1h after collec-
tion. During centrifugation the gel portion of the medium moves to form a barrier
separating the mononuclear cells with the relative low density from the denser
blood components. The upper separated phase from 3 CPT tubes was transferred
into three 50 ml centrifuge tubes. CSF was initially collected in the same type of
tubes. After fixation with 4% formaldehyde, all four samples were washed twice
with up to 50 ml physiologic saline and centrifuged at 1000g for 7 min at 4°C. The
pellets were resuspended in 50% methanol/PBS (phosphate buffered saline) and
stored at -80C for a maximum of 6 months. Technical details on the EpCam-based
CTC assay can be found in Pluim et al (2012)."* CTC measurements were performed
in batches. After defrosting on ice, samples were washed twice with 1 ml of ice-
cold Beads Buffer (BB = PBS with 2 mM of EDTA and 0.5% w/v of bovine serum
albumin). After each wash, samples were centrifuged at 1000g for 4 min at 4°C.
Next, supernatant was removed and the pellets were resuspended in the remain-
ing 100 pl of BB. Subsequently, CTCs were immunomagnetically enriched from
the samples using anti-human EpCam- Micro-Beads (Miltenyi, Bergisch Gladbach,
Germany). Next, CTCs were fluorescently labeled using anti-EpCam-PE. Hoechst
33258 was used for nuclear staining, and anti-CD45-FITC for leucocyte labeling.
After removal of unreacted antibodies, CTCs were quantified by fluorescent acti-
vated cell sorting (FACS). Using this method both CTCs with a normal amount of
DNA and CTCs with less DNA could be quantified." The flow cytometric EpCam
assay has a lower limit of quantification (LLQ) of two CTCs per 8 ml of whole blood.
Therefore, CSF samples with < 2 CTCs/8 ml were considered negative. The results
of the CTC assays in CSF and blood were performed in batches and were not used
in clinical decision-making.

RESULTS

In this interim analysis a total 3 out of 6 planned patients aged 65 years (patient
1), 46 years (patient 2) and 64 years (patient 3) were enrolled from August 2013
till October 2014. Patient 1 and 2 had ER+PR+HER2- breast cancer and patient 3
had a triple negative breast cancer. Patient 1 and 3 both had cerebral and cranial
symptoms, patient 2 had spinal symptoms. Patient 2 had been treated with radio-
therapy of different spinal cord localizations and two lines of systemic chemother-




apy (capecitabine; cyclophosphamide/methotrexate) for symptomatic LM, before
inclusion in the study while the other two patients had not received any prior ther-
apies for LM. (Table 2) Patient 1 received two and patient 3 one cycle of 2B3-101
before they both went off-study because of LM progression. Patient 2 has ongoing
SD for at least nine cycles of 2B3-101 (> 6 months).

Adverse events

The monitored safety data were collected at August 1%, 2014. All three patients ex-
perienced at least one infusion reaction, maximal grade 2 during 2B3-101 infusion.
Patient 1 experienced neutropenia, anemia and leucocytopenia grade 2 after the
first cycle of 2B3-101. Patient 2 received 2B3-101 at a very slow infusion rate (27
mil/h), with approximately 24 h duration of infusion because of repeated infusion
reactions. After cycle 3, she experienced grade 4 neutropenia, leucocytopenia and
anemia and a febrile neutropenia grade 3 due to an urinary tract infection in the
presence of a permanent urine-catheter. She was treated with antibiotics and re-
ceived two packed cells infusion. Febrile neutropenia recovered within 3 days and
a dose reduction to 40mg/m?2B3-101 from cycle 4 on was performed. Patient 3
experienced a leucocytopenia and neutropenia grade 2 after the first cycle of 2B3-
101. Mucositis grade 1 and 2 were present in patient 2 and 3 in the second and first
cycle of 2B3-101 respectively. Hand-foot syndrome (HFS) grade | was present in
patient 1 during cycle 2. No cardiotoxicity or neurotoxicity was observed. (Table 3)

Pharmacokinetics

Table 5 shows the total doxorubicin concentrations in blood and CSF. The medi-
an total doxorubicin concentrations in plasma at Cycle 1, day 2 and day 8 a were
19300 ng/ml and 4850 ng/ml, which were in the range of the total doxorubicin
plasma levels measured in the phase | study on 2B3-101 (Milojkovic Kerklaan et al,,
submitted for publication). In two patients (patient 2 and 3 ) CSF total doxorubicin
concentration levels were 2.3 nM (1.25 ng/ml) and 33 nM (18.2 ng/ml) at Cycle 1
Day 2 and 12.3 nM (6.66 ng/ml) and 13.6 nM (7.37 ng/ml) at Cycle 1 Day 8. Patient
2 received half of the 2B3-101 dose at day 1 and the other half at day two, because
of a repeated infusion reaction. The total doxorubicin plasma level in this patient at
Cycle 1 day 2 was 13900 ng/ml and at Cycle 1 day 8 below the limit of quantifica-
tion. However, the CSF doxorubicin concentration at Cycle 1 day 2 and day 8 were
1.25 ng/ml respectively 6.66 ng/ml.

LM response score and anti-tumor activity of 2B3-101

For determining the response of LM to 2B3-101, the LM response score was used.
(Table 1) Patient 1 had recently diagnosed LM, without any earlier LM treatment,
when entering the study. She was progressive after two 2B3-101 cycles based on
neurological deterioration but stable MRI spinal cord and CSF cytology. She was
alive after 6 months from the start of the study without any further treatment.



Patient 2 had clinically and radiologically progressive LM after earlier treatment
with capecitabine, radiotherapy of several symptomatic spinal LM localizations
and cyclophosphamide/methotrexate treatment. She had LM since 2 years and 4
months when entering the study. She showed stable LM for at least nine cycles of
2B3-101, based on stable neurological symptoms, unchanged radiological features
and unchanged CSF cytology.

Patient 3 was recently diagnosed with LM and had not received any earlier LM
treatment. She had progressive LM based on neurological deterioration and CSF
cytology after only one cycle of 2B3-101.This patient died within three months
from start of study.

CTC enumeration

As an exploratory method we monitored the number of CTCs in CSF and blood
for response-assessment to 2B3-101 therapy. (Table 4) Patient 1 having bone
metastases had a 10-fold decrease of CTCs in plasma before cycle 3 as compared
to baseline. CTCs in the CSF in this patient were high (>900 CTCs/ml) with a
slight increase of CTCs at cycle 3 predose, which is in agreement with progressive
disease (PD) based on the LM score. Patient 2 had no detectable CTCs in blood
and absence of systemic metastases. CSF cytology showed no or atypical cells,
while 18 CTCs/ml were detected in the CSF by CTC assay at baseline. After two
cycles CTCs increased slightly (46 CTCs/ml) and subsequently decreased after
four (12 CTCs/ml) and six cycles (6 CTCs/ml) with again an increase after 8 cycles
(28 CTCs/ml).

Patient 3 discontinued study after 2 cycles of 2B3-101 because of neurological de-
terioration with unchanged CSF cytology findings. CTC numbers at baseline, cycle
1 day 2 and 8 varied between 135-177 CTCs/ml and were somewhat lower (108
CTCs/ml) at cycle day 28 when a lumbar puncture was performed because of neu-
rological progressive symptoms due to LM.

DISCUSSION

This small feasibility and pharmacological phase Il study showed a long-duration
SD in one of three patients with LM from breast cancer, treated with three weekly
2B3-101.In all three enrolled patients toxicities of grade < 2 (e.g. hematological tox-
icity, stomatitis, hand-foot syndrome) were seen. In one patient febrile neutropenia
grade 3 with pancytopenia grade 4 was seen after three cycles and a dose-reduc-
tion of 2B3-101 to 40mg/m2 was performed. All three patients experienced infu-
sion reactions during infusion administration, a well-known PLD toxicity, reported
in 10.8 % of patients.” No cardiotoxicity and neurotoxicity was observed in any of
the three patients.

Two out of three patients achieved levels of total doxorubicin in CSF that are con-
sidered sufficient for 50% inhibition of breast cancer cell line growth in vitro. ' One
of those two patients had a long-duration SD (> 9 cycles 2B3-101).




The half maximum inhibitory concentrations (IC, ) for doxorubicin were deter-
mined in eight HER2+ breast cancer cell lines ranged from 2.7-121.1 nM."* The IC, |
in another study with breast cancer cell lines was reported to be 25-35 nM.

The measured concentrations of doxorubicin in CSF after intravenous administra-
tion of 2B3-101 in our study were in two patients at Cycle 1 Day 1 respectively 2.3
nMand 33.5 nMand at Cycle 1 Day 8 respectively 12.3 nM and 13.6 nM. This means
that by treating patients with 50 mg/m? 2B3-101, doxorubicin CSF concentrations
can be reached that can potentially inhibit tumor growth in the CSF. In one patient
no doxorubicin concentrations could be detected in CSF. However plasma lev-
els after 2B3-101 treatment were as expected based on the pharmacokinetic data
obtained in the phase | study on brain metastases from solid tumors or recurrent
malignant gliomas (Milojkovic Kerklaan et al., submitted for publication). The high
body mass index (BMI) of this patient may have influenced the low drug penetra-
tion in the CSF as liposomal doxorubicin could have been distributed to the fat
tissue, as has been formerly suggested for liposomal amphotericin. @

Baseline (or cycle 1 day 2) CTC numbers in the CSF for the two patients with rap-
id LM progression were 913 CTCs/ml and 161 CTCs/ml. In contrast, the patient
with long-duration SD had a relatively low number of CTCs in the CSF (18/ml), that
could not be detected by standard CSF cytology. Therefore, the number of CTCs
measured in the CSF may be a prognostic factor for LM,

The trend of CTCs increase during LM progression and a CTC decrease during SD
was contradicted by the patient with clinical progressive LM but a decrease in
CTCs in the CSF. Therefore, further evaluation of the use of CTCs as possible tool for
LM response monitoring is needed.

CONCLUSION

Treatment with 2B3-101 in three patients with breast cancer and LM was safe and
tolerable, with one patient showing durable SD (>6 months). Measured doxoru-
bicin concentrations in the CSF were within the range of known in vitro cytotoxic
levels for breast cancer cell lines in two of three patients. The value of enumeration
of CTCs in CSF for LM response monitoring is unknown and needs further eval-
uation. Further inclusion of patients in this phase Il clinical and pharmacological
feasibility study is awaited.
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ABSTRACT

Introduction: Low sensitivity of the standard methods of MRI and cerebrospinal
fluid (CSF) cytology results in at least 25 % of false negative diagnoses of leptome-
ningeal metastases (LM) and postponing the start of therapy.

The aim of this prospective clinical study is to determine the diagnostic value of
cytology versus flow cytometry of circulatory tumor cells (CTC) of cerebrospinal
fluid (CSF) in patients with solid tumors suspected of having LM.

Methods: During a diagnostic lumbar puncture at least 5 ml of CSF was obtained
for cytology, the same volume for the CTC assay and 2 ml for biochemistry. Fur-
thermore, almost simultaneously whole blood samples were drawn for the CTC
assay and biochemistry. CTCs were detected by multi parameter flow cytometry
using antibodies against epithelial cell adhesion molecule (EpCam) and melano-
ma chondroitin sulfate proteoglycan (MCSP).

Results: In total 47 CSF samples from 34 patients with LM, or clinical suspicion of
LM, were obtained of whom 18 patients were ultimately diagnosed with LM. The
EpCam CTC assay showed 100% sensitivity and 100% specificity for diagnosing LM,
while sensitivity of CSF cytology was only 71%. The MCSP CTC assay also showed
a high sensitivity and specificity, but the confidence interval was wide due to the
small sample size. In 11 patients with LM CTCs were found in whole blood. All pa-
tients with LM had elevated total protein CSF levels, 83% decreased glucose CSF
levels, and 44% elevated leucocyte counts in the CSF

Conclusion: The EpCam-based CTC assay is superior to CSF cytology in patients
with epithelial tumors and LM for the diagnosis LM. Therefore, we recommend
after confirmation of study results, the use of the CTC assay in CSF next to CSF
cytology in patients with a clinical suspicion of LM.

INTRODUCTION

Leptomeningeal metastases (LM), also known as meningeal carcinomatosis
or neoplastic meningitis, is a diffuse dissemination of tumor cells into the ce-
rebrospinal fluid (CSF) and leptomeninges. ' Up to 8% of all patients with can-
cer ultimately develop LM. 2 The highest incidence of LM is seen in patients
with breast carcinoma (10%), small cell and non-small cell lung carcinoma
(10%), and melanoma (5%). * Due to the spread of tumor cells in the CSF, LM
is characterized by multifocal symptomatology (cerebral, cranial nerve and/
or spinal nerve dysfunction). Gadolinium enhanced MRI of the symptomatic
sites of the nervous system is the radiological method of choice when LM
is clinically suspected. In patients with a metastasized tumor, the diagnosis
LM can be made when clinical signs are compatible with LM and contrast
enhancement of the leptomeninges, pia mater/cortex or cranial or spinal
nerves on MRI is evident. The sensitivity of MRI with gadolinium for LM is
approximately 75% and the specificity approximately 77%. * When MRI does
not show equivocal abnormalities, CSF cytology needs to be performed. Ma-



lignant cells are found in the first CSF sample in about 55% of patients with
LM from solid tumors, as determined in the pre-MRI era. > The sensitivity ris-
es to 80-90% after the second CSF sampling. ® The volume of the CSF sample
determines partly the sensitivity of CSF cytology. If possible, it is advised to
draw 10 ml of CSF and process the CSF as quickly as possible. ” Cell count and
clinical chemical analysis of the CSF (leukocytes, lactate dehydrogenase, total
protein, and glucose) is aberrant in 90% of patients with LM. 8 However, ab-
normal biochemical parameters in the CSF do not prove LM as these can also
be found in other neurological diseases, including (infectious) meningitis.®
Therefore, new tests are needed to provide conclusive LM diagnostics after
the first lumbar puncture to expedite treatment.

Isolation and quantification of circulating tumor cells (CTC) in whole blood us-
ing flow cytometry is a proven valuable prognostic marker in metastatic breast,
prostate and colorectal cancer.  Concurrent flow cytometry and polymerase
chain reaction (PCR) to standard CSF cytology is already being used in con-
firming the initial diagnosis and monitoring of leptomeningeal disease from
hematologic malignancies. '°'* Recently few studies suggested that a CTC as-
say could be used for detection of tumor cells in CSF in patients with breast
cancer or other solid tumors. '*'® Patel et al. found up to 10 circulating CTCs in
7.5 ml CSF and showed an association trend between the number of CTCs and
response to intrathecal and systemic chemotherapy.'

Flow cytometry allows detection of multiple fluorescent markers simultane-
ously. A fluorescent antibody was used against epithelial cell adhesion mole-
cule (EpCam), which is expressed in various epithelial cancers, such as breast
cancer (ductal type more frequently than lobular type), upper digestive and re-
spiratory tract, gastrointestinal cancer, cancers of the genital and urinary tract,
skin cancer and neuroendocrine tumors and some types soft tissue sarcoma.
7 Malignant melanoma, glioblastoma and hematolymphoid malignancies do
not express EpCam. Therefore, the antibody against melanoma chondroitin
sulfate proteoglycan (MCSP), also known as high molecular weight melanoma
associated antigen (HMW-MAA), melanoma proteoglycan (MPG) or neuron-glia
2 (NG2), was used for samples from patients with melanoma or glioblastoma.
MCSP is expressed in 85% of melanomas and 83% of glioblastomas, with an
overexpression correlating with an unfavorable prognosis. '#1°

The aim of this study was to prospectively evaluate, using equal sample vol-
umes of at least 5 ml of CSF, concomitantly conventional CSF cytology, and
the CTC assay using EpCam or MCSP fluorescence antibodies, in patients with
clinically suspected LM from solid tumors but a non-confirmatory LM diagno-
sis on MRI.
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PATIENTS AND METHODS

Patients

The study was approved by the Ethics Committee of The Netherlands Cancer In-
stitute - Antoni van Leeuwenhoek Hospital (PTC NKI-AVL). Patients > 18 years with
solid tumors clinically suspected for leptomeningeal metastases, e.g with central,
cranial or spinal neurological symptoms and signs and a non-confirmatory LM
diagnosis on MRI, who had to undergo a diagnostic lumbar puncture (LP), were
asked to participate. Exclusion criteria were: 1) intracranial or intraspinal tumors
with mass effect forming a risk for brain stem herniation during LP and 2) coagula-
tion disorders, either spontaneously or due to oral anti-coagulants.

Furthermore, three patients with breast cancer and a definitive diagnosis of LM
(two based on CSF cytology and one on MRI), treated with glutathione—coupled
liposomal doxorubicin (2B3-101) in a phase Il study were included in the analyses.
At least four LPs were performed in this group of patients per study protocol (pre-
dose cycle 1, cycle 1 day 2 and day 8, and predose cycle 3).

CSF and blood analysis

During the diagnostic lumbar punctures, standard CSF evaluation consisted of
CSF pressure measurements, cell counts and biochemical parameters (leucocyte
count, total protein, glucose and LDH analyses, 2 ml), CSF cytology (at least 5 ml),
and CTC measurement (at least 5ml, in 50 ml conical-bottom centrifuge tube)(Fig-
ure 1). In addition 8 ml of blood was drawn for blood cell count and biochemistry
to determine the CSF/plasma ratio for glucose, LDH and total protein. For the CTC
assay, blood was drawn in three 8 ml cell preparation tubes (CPT™, BD Biosciences,
USA). In patients with a high clinical suspicion on LM and a negative CSF cytology
at first CSF examination, a second LP was performed to collect CSF and blood for
cytology, biochemistry, and the CTC assay.

CSF cytology

CSF cytology was performed as a two-step cytocentrifuge method (1600 rpm,
Tmin and 10 min resp.), which deposits cells from a fluid sample directly onto
slides (cytospin). Giemsa staining was performed of two cytospins. The Giemsa
staining of the CSFs were viewed by the pathologist and scored as negative (no
tumor cells), positive (tumor cells) or inconclusive (atypical cells). The results of CSF
cytology were used in clinical decision-making.

Immunohistochemistry and CSF semiquantitative score

Two additional cytospins were used for immunohistochemical (IHC) staining with
antibodies against EpCAM and MCSP. Immunohistochemistry was performed on a
BenchMark Ultra autostainer (Ventana Medical Systems, Inc.) Briefly, cytospins were
washed in Reaction Buffer (Ventana Medical Systems) and loaded in autostainer.



Epithelial antigen was detected by incubating slides with the antibody clone Ber-
EP4/EpCam(M0804; DAKO). Melan-A/MCSP and MART1 expression were detect-
ed using antibody clone A103 (M7196; DAKO) and antibody clone 5A4 (ab78284;
AbCam) resp. All three antibodies were used at 1: 20 dilution and incubated for
32 min at 37°C (Melan-A at 36°C). For Melan-A heat-induced antigen retrieval was
carried out using Cell Conditioning 1 (CCT1, Ventana Medical Systems) for 36 min at
95°C. After incubation with the primary antibodies, amplification (Ventana Medical
Systems) was selected. The amplification step was used to increase the signal in-
tensity of weak staining (mouse and rabbit) primary antibodies.

Specific reactions were detected using UltraView Universal DAB Detection Kit
(Ventana Medical Systems), and slides were counterstained with Hematoxylin.
These specific reactions represent the bound primary antibodies to the ‘specific
epitopes in tissues that will be visualized using the DAB Detection Kit.Tumor cells
in these EPCAM or MCSP stained cytospins were semiquantitatively scored by the
pathologist: “score 0"for O tumor cells / cytospin area, score 1 for 1-10 tumor cells/
cytospin area, score 2 for 11-100 tumor cells/cytospin area, score 3 for 101-500 tu-
mor cells/cytospin area, and score 4 for > 500 tumor cells/cytospin area. The results
of the semiquantitative method were used for research purposes only.

!

CTC flow cytometry assay

Whole blood was drawn in CPT tubes and centrifuged for 25 min at 1500 g at room
temperature (RT) within 1 h after collection.

The upper phase of the separated plasma from 3 CPT tubes were transferred in
three 50 ml centrifuge tubes. CSF was initially collected in the same type of the
tube. After fixation with 4% formaldehyde, all four samples were washed twice
with up to 50 ml physiologic saline and centrifuged at 1000g for 7 min at 4°C. The
pellets were resuspended in 50% methanol/PBS (phosphate buffered saline) and
stored at -80C for a maximum of 6 months. The details of the EpCam assay are
described in the paper of Pluim et al. 2012 2° and for the melanoma MCSP assay in
Pluim et al. (submitted for publication).

CTC measurements were performed in batches. After defrosting on ice, samples
were washed twice with 1 ml of ice-cold Beads Buffer (BB: PBS with 2 mM of EDTA
and 0.5% w/v of bovine serum albumin). After each wash, samples were centri-
fuged at 1000g for 4 min at 4°C. Next, supernatant was removed and the pellets
were resupended in the remaining 100 pl of BB. Subsequently, CTCs were immuno-
magnetically enriched from the samples using anti-human EpCam- or MCSP-Mi-
cro-Beads(Miltenyi, Bergisch Gladbach, Germany). Next, CTCs were fluorescently
labeled using anti-EpCam-PE for samples from patients with epithelial tumor or
anti-MCSP-PE, and anti-CD146-APC for samples from patients with melanoma or
glioblastoma. Hoechst 33258 was used for nuclear staining, and anti-CD45-FITC for
leucocyte labeling. After removal of unreacted antibodies, CTCs were quantified
by fluorescent activated cell sorting (FACS). With this method both CTCs with a
normal amount of DNA and CTCs with less DNA can be quantified. ' The flow
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cytometric EpCam assay has a lower limit of quantification (LLQ) of two CTCs per 8
ml of whole blood. Therefore, samples with< 2 CTCs/8 ml were considered nega-
tive. For one patient with glioblastoma the MCSP assay was adapted, as anti-CD146
could not be used for glioblastoma cells as they would not be detected, therefore
the LLQ might be slightly higher for this patient group. The results of the CTC assay
were not used in clinical decision-making.

Results obtained with both methods (flow cytometric CTC assay and cytology)
were obtained independently without knowledge of the outcome obtained by
the different method.

Clinical follow-up

Clinical signs and symptoms were recorded and neurological examination was
done in the week before the lumbar puncture (LP). Three days after the LP, patients
were asked by telephone for symptoms of post-lumbar puncture headache (head-
ache, nausea increasing in an upright position). When post-lumbar puncture head-
ache was diagnosed, follow-up was performed until 28 days after the LP. Clinical re-
cords were studied for the course of neurological symptoms and subsequent MRIs
were evaluated to conclude on the final diagnosis (definitive LM versus no LM).

Diagnosis of LM

The diagnosis of LM was considered definitive in case one of the following condi-
tions was fulfilled:

1. positive CSF cytology in the first or repeated lumbar puncture

and/or

2. a follow-up MRI of the brain or neuraxis with gadolinium performed after the
diagnostic LP showing unequivocal evidence of LM

and/or

3. progressive neurological symptoms compatible with LM and exclusion of other
causes (complication of treatment, infection).

Statistics

Initially, the prevalence of LM was estimated to be 0.70. Further, 0.67 was the
highest reported sensitivity in the literature. Total sample size of patients need-
ed was calculated by targeting sensitivity of the new test (flow cytometric CTC
assay) to be 0.95, while allowing the lower limit of the 95% confidence interval
of 0.67 as the highest reported sensitivity in literature. '® At the interim analysis
the prevalence was adjusted to 0.48 and it was decided to exclude a lower limit
of 0.71, which was determined to be the sensitivity of CSF cytology in our study.
Using this parameter, at least 30 patients were required in total. Descriptive de-
mographics were used and sensitivity and specificity of used methods were cal-
culated.



RESULTS

Patient characteristics

Thirty-four patients with melanoma, glioblastoma, or solid tumors from epithelial
origin with a clinical suspicion on LM or already proven LM were included in the
study. A total of 47 CSF samples were collected. Distribution of different tumor
types is presented in Table 1.

Twenty-five patients with epithelial primary solid tumors contributed with 34 CSF
samples to the study. Of these, sixteen patients had breast cancer (14 ductal, 2 lob-
ular), five had lung cancer (1 SCLC, 4 NSCLC), two had gastrointestinal cancer, one
nasopharyngeal cancer and one ovarian cancer. Patients with melanoma (n=8)
and glioblastoma (n=1), contributed with 11 and 2 CSF samples respectively.
Three out of sixteen patients with breast cancer had proven LM. They were includ-
ed in a phase Il study with the experimental drug 2B3-101 (glutathione PEGylated
liposomal doxorubicin) and were added to the analysis. They contributed with 12
CSF samples; as per study protocol four LPs were performed per patient, one be-
fore and three during 2B3-101 treatment. As their diagnosis was already definitive
based on MRI or CSF cytology, these patients were not included in the disease
prevalence calculation.

In total 18 out of 34 patients were ultimately diagnosed with definitive LM (count-
ing also 3 patients treated with 2B3-101). Fifteen of the 31 enrolled patients clinical-
ly suspected for LM but without equivocal evidence for LM on MRI were ultimately
diagnosed with LM. The patients with no LM had varying diagnoses like skull base
metastases, choroidal metastases, radiation-induced opticopathy, hepatic enceph-
alopathy, clinically isolated (auto-immune) syndrome or chronic daily headache.
Fifteen of the 18 patients (83%) ultimately diagnosed with LM were female and
3 (17%) male. Primary tumors were breast cancer (n=11, 61%), melanoma (n=3,
17%), NSCLC (n=3, 17%) and colon cancer (n= 1, 6%) (Table 2). Fourteen patients
(77%) had systemic metastases. Seven patients had concomitant brain metastases
(39%). Neurological symptoms and signs were classified as: cerebral symptoms in-
cluding headache, vomiting, nausea, encephalopathy, dysphasia, dysarthria, ataxia
(n=16, 89%); cranial symptoms including decreased or double vision, facial paresis,
tinnitus (=10, 55%); and spinal symptoms including sensibility disorders and/or
paresis of arms and legs, impaired miction and/or defecation (n=6, 33%).

CSF pressure and biochemical parameters

Cerebrospinal fluid pressure was increased (> 20 cmH 0) in 8 patients with de-
finitive LM (8/18, 44%). Median CSF pressure in patients with LM was 20 cmH .0
(range 7-50 cmH.0), while in patients with non-LM this was 16 cmH_0 (range 13-30
cmH,0).

An increased total protein level (>0.45 g/I) was present in all 18 patients with de-
finitive LM (median 1.1 g/l, range 0.47-6 g/I). Leucocyte counts were increased in
13 out of 18 patients with LM (72%, range 3.3-62/mm?) and lactate dehydrogenase

34
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(LDH) levels were increased in 10 out of 18 patients with LM (56%, median 69 U/|,
range 41-1287 U/1). Glucose CSF/serum ratio was decreased in 15 out of 18 patients
with LM (83%). None of the 34 patients had post-punctional headache after LP.

CSF cytology versus CTCs: solid tumors from epithelial origin

Thirty-four CSF samples were obtained from 25 patients with epithelial primary
tumors. Fifteen of these patients had LM and their 24 CSF samples.

In ten patients with LM (with 17 CSF samples) both CSF cytology and the CTC
assay were positive.

Five patients with seven CSF samples showed a discrepancy between CSF cy-
tology and the CTC assay (Table 3). While CSF cytology was negative in these
samples, the CTC assay showed median 209 CTCs per sample (39.8 CTCs/ml CSF),
range 15-358 CTCs (3-46.6 CTCs/ml). Therefore, CSF cytology had 71% sensitivity
(95% C148.7 — 86.5), while the sensitivity of the CTC assay was 100% (95% Cl: 82.8
—100). Furthermore, both tests were 100% specific (both 95% Cl 65.5-100), show-
ing no false positive results. The semiquantitative cytology method had 83% sen-
sitivity (95% Cl: 61.8 — 94.5) and 100% specificity (95% Cl: 65.5 — 100), performing
better than standard CSF cytology, but less than the CTC assay (Table 4).

CSF cytology versus CTCs: melanoma and glioblastoma

Eleven CSF samples were collected from eight patients with melanoma and two
samples from one patient with glioblastoma and clinical suspicion on LM. Three
patients with melanoma were found to have LM. In two of those patients, CSF
cytology and the CTC assay were positive at first lumbar puncture. In one patient
there was a discrepancy between CSF cytology and the CTC assay at the first
LP. This patient was a 20 years-old female patient with metastasized melanoma
with headache and photo- and phonophobia. The first CSF examination showed
a negative CSF cytology but 210 CTCs per sample (42 CTCs/ml); a second CSF
sample showed a positive CSF cytology and 243 CTCs per sample (48 CTCs/ml).
A third LP was performed because of signs of high intracranial pressure. CSF ex-
amination showed again positive cytology and 196 CTCs (39.2 CTCs/ml).

One patient with metastasized melanoma, who was treated with a BRAF-in-
hibitor showed leptomeningeal contrast enhancement on MRI but no defini-
tive diagnosis of LM. CSF cytology was inconclusive, as the pathologist could
not make a distinction between large monocytes and melanocytes at first CSF
cytology. The CTC assay did not show any CTCs. A second LP was performed,
with again negative results for CTCs and CSF cytology. Sudden death occurred
in the patient, possibly due to an intracranial hemorrhage. Autopsy was not
performed. This patient had a clinical suspicion on LM, although the diagnosis
remained unproven.



In the only enrolled patient with glioblastoma, 2 CTC cells per CSF sample were
detected using the MCSP CTC assay during both the first and second LP. The final
diagnosis was a non-resorptive hydrocephalus due to tumor compression of the
cerebral sinuses but no LM.

Currently, the sample size of patients with MCSP positive tumors is too small to
prove any significant difference between CSF cytology and the CTC assay, but a
similar trend for increased sensitivity of the CTC assay for the diagnosis of LM is
seen, like in the EpCam positive tumors.

CTC flow cytometry assay in blood

Eleven of the 18 patients with LM had > 2 CTCs/8 ml of blood (median 6, range
2-2554). All patients had active systemic metastases. Six patients had no CTCs in
the blood, 4 of them had no systemic metastases. In one patient no blood sample
for the CTC assay was obtained. Four out of six patients with no LM showed >2
CTCs/8ml blood (median 33.5, range 16-102 CTCs). Two CTCs/8 ml were detected
in the blood of the patient with a glioblastoma.

DISCUSSION:

This study shows sensitivity (100%) and specificity (100%) of the CTC flow cy-
tometry assay as compared to CSF cytology (sensitivity: 71% specificity: 100%)
for the diagnosis of LM in patients with epithelial primary tumors and clinical
suspicion on LM without equivocal evidence on MRI for LM or proven LM. A
similar trend of increased sensitivity was seen for the MCSP CTC assay as com-
pared to CSF cytology in patients with melanoma and a clinical suspicion on
LM without equivocal evidence on MRI for LM.

Using this dual diagnostic method, i.e. standard CSF cytolog

y with a morphological cell assessment by the pathologist and the flow cyto-
metric CTC assay, patients with a clinical suspicion on LM and a non-confir-
matory MRI scan can be diagnosed for LM in a timely manner, with a very low
chance on false negative results. This will diminish the diagnostic uncertainty
of LM both for the patient and its treating (neuro-)oncologist, while preventing
multiple lumbar punctures. Furthermore, treatment for LM such as radiother-
apy, chemotherapy or targeted agents can be initiated without further delay
to prevent progressive neurological symptoms. Adding EpCam CTC CSF im-
munostaining to the standard cytology in case of LM detection brings higher
sensitivity, especially when the CTC count is under 200 cells per sample (<50
cells/ml), as in our study the standard CSF cytology was able to detect LM
when CTC count was >1000 cells, but was less sensitive for the cases below
100 cells per sample or up to 200-300 CTCs. Up to now, it is unknown whether
CTC measurements can play a role in LM treatment response monitoring, as
this is currently being investigated.
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Two earlier studies on CTC measurements in the CSF of patients with LM have
been performed by Subira et al.?> and Nayak et al."® They included 78 and 51 pa-
tients, respectively, with EpCam positive primary tumors and unequivocal evi-
dence for LM on MRI. EpCam positive CTCs in the CSF were found in 75.5% and
100% of these patients, respectively.

In comparison, we enrolled 34 patients, 25 with (metastasized) EpCam positive
solid tumors and 9 with MCSP positive solid primary tumors with a clinically
suspicion on LM, but a non-confirmatory MRI or already proven LM. This first
cohort represents an important patient group with solid tumors in clinical prac-
tice with a diagnostic uncertainty, which was not included in the earlier studies.
Furthermore, we achieved a higher sensitivity of the CTC flow cytometry assay
for EpCam sensitive tumors as compared to the study Subira et al. and anequiv-
ocal sensitivity to the study of Nayak et al. The discrepancy in sensitivity of CTC
flow cytometry CSF assay for EpCam sensitive tumors between our study and
the study of Subira et al. is probably due to an extra cell fixation step that was
performed during sample preparation in our CTC assay. Furthermore, in compar-
ison with the commercial test used by Nayak et al.,, our non-commercial method
using only 5 ml CSF can be easily performed with relatively simple and cheap
laboratory techniques.”'>'® This is the first report of a CTC assay using MCSP an-
tibodies for patients with melanoma or glioblastoma in a substantial group of
9 patients, although a Cell Search based technique for detection of melanoma
cells in CSF has been published in 2013. This assay was used in only two patients
with LM from melanoma using CD146+, HMW-MAA+, CD34-, and CD45- cell
positivity in the CSF#

The CTC assay in the only patient with s glioblastoma showed 2 CTCs both in
the CSF and the whole blood sample. However, definitive diagnosis of LM could
not be made, as neurological symptoms were probably due to a non-resorptive
hydrocephalus accompanying the bifrontal glioblastoma.

In contrast to melanoma, CTC detection in glioblastoma was based only on
MCSP positivity because no CD146 expression has been reported for glioblas-
toma. Therefore, the CTC assay will probably be less specific for glioblastoma as
compared to melanoma. This might be the reason that the LLQ in glioblastoma
patients has to be higher than the current LLQ of 2 CTCs and that the 2 CTC in
the CSF found in this in glioblastoma patient is eventually a negative result.

In conclusion, in the studied cohort the CTC flow cytometry assay has 100% sen-
sitivity and 100% specificity as compared to CSF cytology (sensitivity: 71% and
specificity: 100%) for the diagnosis of LM in patients with primary epithelial tumors
and clinical suspicion but a non-confirmatory diagnosis of LM on MRI or already
proven LM. If confirmed in another independent and representative cohort, we
recommend the use of both cytology and CTC flow cytometry assay in CSF of
patients clinically suspected for LM. Ongoing research is being performed onthe
diagnostic value of a MCSP- antibody based CTC assay in CSF for the diagnosis of



LM in patients with melanoma or glioblastoma. The use of the CTC assay for mon-
itoring treatment effects is currently studied in a phase Il clinical study in patients
with LM treated with 2B3-101.

Acknowledgements:

We would like to acknowledge the NKI- AVL Core Facility Molecular Pathology
& Biobanking (CFMPB) for supplying NKI-AVL Biobank material and /or laboratory
support.

References

1. Boogerd, W., du Bois, W. F, Teepen, J. L. & Rosenbrand, C. J. [Guideline “Leptomeningeal
metastases of solid tumours”]. Ned Tijdschr Geneeskd 151, 123-128 (2007).

2. Drappatz, J. & Batchelor, T. T. Leptomeningeal neoplasms. Curr Treat Options.Neurol 9,
283-293 (2007).

3. WP, M. & PY), (Ed.Schiff D and Wen. Leptomeningeal metastases. In Cancer neurology in
clinical practice. Humana Press Inc., Totowa, New Jersey 2003. (2013).

4. Straathof, C. S., de Bruin, H. G, Dippel, D. W. & Vecht, C. J. The diagnostic accuracy of
magnetic resonance imaging and cerebrospinal fluid cytology in leptomeningeal
metastasis. J Neurol 246, 810-814 (1999).

5. Van Oostenbrugge, R. J. & Twijnstra, A. Presenting features and value of diagnostic
procedures in leptomeningeal metastases. Neurology 53, 382-385 (1999).

6. Wasserstrom, W. R, Glass, J. P. & Posner, J. B. Diagnosis and treatment of leptomeningeal
metastases from solid tumors: experience with 90 patients. Cancer 49, 759-772 (1982).

7. Glantz, M. J. et al. Cerebrospinal fluid cytology in patients with cancer: minimizing
false-negative results. Cancer 82, 733-739 (1998).

8. Brandsma, D. et al. CSF protein profiling using Multiplex Immuno-assay: A potential new
diagnostic tool for leptomeningeal metastases. J. Neurol. 253, 1177-1184 (2006).

9. Mata, M. & Raponi, M. Circulating tumor cells: utility for predicting response to anti-EGFR
therapies? Expert Rev. Mol. Diagn. 9, 115-9 (2009).

10. Perea, G. et al. Clinical utility of bone marrow flow cytometry in B-cell non-Hodgkin
lymphomas (B-NHL). Histopathology 45, 268-74 (2004).

11. Merli, M. et al. Assessment of bone marrow involvement in non-Hodgkin's lymphomas:
Comparison between histology and flow cytometry. Eur. J. Haematol. 85, 405-415 (2010).

12. Subird, D. et al. Flow cytometry and the study of central nervous disease in patients with
acute leukaemia. Br. J. Haematol. 112, 381-4 (2001).

13. Quijano, S. et al. Identification of leptomeningeal disease in aggressive B-cell non-Hod
-gkin's lymphoma: improved sensitivity of flow cytometry. J. Clin. Oncol. 27, 1462-9 (2009).

207



14. Patel, A. S. et al. Identification and enumeration of circulating tumor cells in the
cerebrospinal fluid of breast cancer patients with central nervous system metastases.
Oncotarget. 2, 752-760 (2011).

15. Le Rhun, E. et al. Development of a new method for identification and quantification in
cerebrospinal fluid of malignant cells from breast carcinoma leptomeningeal metastasis.
BMC Clin. Pathol. 12, 21 (2012).

16. Nayak, L. et al. Rare cell capture technology for the diagnosis of leptomeningeal metastasis
in solid tumors. Neurology 80, 1598-1605 (2013).

17. Went, P.T. et al. Frequent EpCam protein expression in human carcinomas.
Hum Pathol 35, 122-128 (2004).

18. Vergilis, I. J,, Szarek, M., Ferrone, S. & Reynolds, S. R. Presence and prognostic significance
of melanoma-associated antigens CYT-MAA and HMW-MAA in serum of patients with
melanoma. J Invest Dermatol 125, 526-531 (2005).

19. Wang, J. et al. Targeting the NG2/CSPG4 proteoglycan retards tumour growth and
angiogenesis in preclinical models of GBM and melanoma. PLoS One 6, €23062 (2011).

20. Pluim, D,, Devriese, L. A, Beijnen, J. H. & Schellens, J. H. M. Validation of a multiparameter
flow cytometry method for the determination of phosphorylated extracellular-signal-
regulated kinase and DNA in circulating tumor cells. Cytometry. A 81, 664-71 (2012).

21. Hayes, D. F. & Smerage, J. B. Circulating tumor cells. Prog. Mol. Biol. Transl.
Sci. 95,95-112 (2010).

22. Subirg, D. et al. Role of flow cytometry immunophenotyping in the diagnosis of
leptomeningeal carcinomatosis. Neuro. Oncol. 14, 43-52 (2012).

23. Scrideli, C. A, Queiroz, R. P, Takayanagui, O. M., Bernardes, J. E. & Tone, L. G. Polymerase chain
reaction on cerebrospinal fluid cells in suspected leptomeningeal involvement in
childhood acute lymphoblastic leukemia: comparison to cytomorphological analysis.
Diagn. Mol. Pathol. 12, 124-7 (2003).

24, Le Rhun, E. et al. Detection and quantification of CSF malignant cells by the CellSearch
technology in patients with melanoma leptomeningeal metastasis. Med. Oncol. 30, 538 (2013).

208



2Jn1dund

Jequuin| = 47°s|192 Jowny bupeinoud =1 D) 'pIny [euldsolgaidd = 45D ‘saseiselaul [eabuiuawolida] =7 ubisap Apnis L 4nbi4

21005 >mc_o”..u 467 Ansiway 359
aneyuenb-nwas
He X Adojo1ho 453
pue Aesse 317
i |
|
d1 puodas
¢anedau

Adojoha 452 1514 4

21005 ASojo1ho 45D Aagsnwuay 450
aaneyuenb-was
Aesse 312 Adojo3ho 457

aanpund Jequunj 35114

W1 10} papadsns
Ajjeoiunp suaied

209



-ain1dund Jequuin| — 47 ‘saseiselsu [eabuiuswolds) — 7 4aoued bunj |93 |jews — )1DS
"JadUeD BuN| [|92 ||eWs-uou — JTDSN Ssiusied papn|oul Ul uonnguisip odA1 Jown) | ajqer

s L e10) pE=u

Sd1 ¢ 3uaned | (%¢€) |=u

(%€) L=u

(%€) 1=u

(%€) 1=u

(%9) z=u

(%c 1) y=u

sd1 €ausned | 'sq7z:iusned | (%) 8=u

(1uaned Jad sq7 ) T AIIUYSP YuM Syusied ¢
N7 Uo uoidIdsns [ed1ul> Yum syuaized 9|

(%/7) 91=u

(sd1) s94n3pund sequin| jo Jaquinu (CARLL KT

|P30}

euloise|qol|b

J9oued |eabukieydoseu

Jooued ueleAo

J1DS

(WN1231/U0|0d)
13DUPD 3ULDOPUS0INEU

JIOSN

ewoue|ul

Jooued 1sealq

adA} jown)



192ued Hun| |92

[[EUIS-UOU — JTDSN ‘SN1els adueulIopad OHA — OHA 'S9SeIse1aW [eabuluawolda] - A7 N1 uaAoid yum Jualied Jo sonsiuaideley) g djqer

(9%87) § saselselaw bunj -
I|
(959) 0 sapou ydwiA| -
I|
(9%9) uojo -
I|
L1) € euloOUR|DW -
ST L
%S0
I|
%cCC
I|
(%€8) G Slewa)y -

ueaWw — (SIeak) abe

(%¢S) ¥€/81L W1 uanoad yum syuaned

211



21n3dund Jequin| — 47 °s|j22 Jownl Buile|ndiid — H1 D ‘piny [euIdsoigalad — 45D J19dued bunj |92 [|ewis-Uou — JDSN
W7 uanoid Jo sisoubelp jeuy e yim siuaiied uf sajdwies 450 / pue siownd pljos aAlsod Ay DdI Yim
syuaiied G Ul 21025 AB0J01AD 45D dAIIRIIUBND-IWSS SA A119W0IAD MOy D1 SNSIaA ABOJ0IAD 45D Uusamiag sapuedaldsid *€ ajgel

0 S9v / 6v€ anebau

0 86€ /85¢€ aAebau Sd7 2AIN235U0D
93143 - (je12np) 15e2uq

L 8L/LLL SAIeHaU

L 99y / €€¢ EINMEIGETY] (1e32NP) 35831q

0 €/Sl aAnebau (1e3onp) 15821

[4 8’17 /60¢C sAnebasu OSSN

0 8Y /¢ aAnebau (SULIDOPUR-0IN3U) UO|0D

9|dwes
13d 2103s A60]034> 45) |w | J2d s31) £60]01£> 45D adAjy Jown)

1S SAREIIUEND-IWSS /91dwes 1ad 1aquinu




"aN|eA 3AIIDIPald SAIIBDaU =AdN ‘oNjeA aARDIpaId
9AIISOd =Add ‘S||92 Jowny bupie|ndin =)] D ‘piNy [euldsoiqelad = 450 'siowny aANSod |y DdT Ul Saseiselsw [eabuluawioids)
Buisoubelp 10} 21025 ABOJ01AD 45D aARIIUBND-IWSS pue Aesse D] D) ‘(96) ABOJ0IAD 45D JO AXDYIDadS pue ANAIISUSS *f djqel

001 001 001 001 Aesse 51D
L 001 001 €3 21025 ABOJ0IAD 45D aAlEIIIUBND-|WSS
65 001 001 L/ AB0]0143 45D

(%) AdN (%) Ndd (%) ALIDI4ID3dS (%) ALIAILISN3S

213






3.5. Quantification of circulating melanoma cells in
peripheral blood and cerebrospinal fluid by positive
immunomagnetic enrichment
and multi-parameter flow cytometry

Dick Pluim?, Bojana Milojkovic Kerklaan®®, Dieta Brandsma©, Jos H. Beijnen®®,
Jan H. M. Schellensabde

a- Department of Molecular Pathology,

b- Department of Clinical Pharmacology,

c- Department of Neuro-oncology,

d - Department of Pharmacy & Pharmacology, The Netherlands
Cancer Institute, Plesmanlaan 121, 1066 CX Amsterdam, The Netherlands;

e - Science faculty, Dept. Pharmaceutical Sciences, Div.
Pharmaco-epidemiology and Clinical Pharmacology, University of Utrecht,
Sorbonnelaan 14 — 16, 3584 CA Utrecht, The Netherlands

Submitted for publication



ABSTRACT
Background:

Evidence is mounting for the importance of circulating melanoma cells (CMCs) as
biomarker for overall survival of melanoma patients. Investigations are hampered
by a lack of thoroughly validated protocols that miss sensitivity and specificity, are
uneconomical, and lack objectivity due to reliance on CMC identification by hu-
man observation.

Methods:

CMCs were enriched by melanoma-associated chondroitin sulfate proteoglycan
(MCSP) immunomagnetic cell sorting with subsequent detection by fluores-
cent-activated cell sorting (FACS) using antibodies against MCSP, CD146, CD45,
and Hoechst33258 for DNA staining to distinguish apoptotic cells.

Results:

The method was highly sensitive with only 0.3 + 0.8 background events, and lower
limit of quantification (LLOQ) of 2 melanoma cells per 8 ml of whole blood. We de-
tected CMCs (mean = 9.8, range 2 - 33) in 8 ml of whole blood from 82% (11 stage
3 - 4 metastatic melanoma patients, n = 3 per patient). Two melanoma patients
with confirmed leptomeningeal metastasis (LM) had > 10,000 CMCs per 7.5 ml of
CSF.The CSF from another 5 patients with definitively no LM contained 0 CMCs.
Conclusions: A FACS method has been developed and validated for the enumer-
ation and classification of CMCs based on DNA content for blood and CSF. The
application of standard laboratory equipment and techniques allows wide spread
use in clinical trials.

Keywords:
Circulating melanoma cells; CMC; CD146; MCSP; magnetic cell sorting; FACS

INTRODUCTION

Circulating melanoma cells (CMCs) disseminate from solid tumor sites and are
seen as a prerequisite for the development of distant metastases. Both the quan-
tity and quality of CMCs determine metastatic success and hence the fate of
the individual patient [1,2]. Central nervous system (CNS) metastasis including
leptomeningeal metastasis (LM) is frequent in melanoma [3]. Median overall sur-
vival (OS) of LM is only 4 — 6 weeks [4-6]. The present techniques of choice for LM
diagnosis are magnetic resonance induction with gandolinium enhancement
(MRI-Gd) and cytological identification by Wright-Giemsa staining in CSF [7].
Both methods lack the opportunity for CMC quantification, while their sensitivity
and specificity for prognostic application are low even after repeated lumbar
punctures.



In the past 8 years technologies for the identification of intact circulating tumor
cells (CTCs) have emerged [8]. Most cellular approaches for CTC identification are
based on immunomagnetic enrichment using specific surface markers, and sub-
sequent detection by flow cytometry or immunohistochemistry (IHC). An example
of this approach, using immunomagnetic EpCAM capture beads, is the US Food
and Drug Administration approved CellSearch platform, which is the current gold
standard for the prognosis and follow-up assessments of patients with epithelial
cancer [9-12]. Numerous studies with epithelial cancers have validated CTCs as
adverse prognostic markers for disease free and overall survival [13]. However, for
melanoma relatively few studies have reported the prognostic value of CMCs in
blood due to a lack of thoroughly validated CMC quantification protocols with low
variation in sensitivity and specificity [8].

Recently, the CellSearch technology was adapted for the identification of CMCs
in blood and CSF, using CD146 for immunomagnetic capture with subsequent
detection of CMCs by melanoma-associated chondroitin sulfate proteoglycan
(MCSP), CD34 (for detection of contaminating endothelial cells), and CD45 (for de-
tection of contaminating leukocytes) [3]. MCSP and CD146 are expressed on >
85% of melanomas [14,15]. The adapted CellSearch method was used in 2 clinical
studies that reported shorter overall survival in patients with 2 or more CMCs per
7.5 ml of whole blood [16,17]. Preliminary data show superiority of this method in
terms of quantification, sensitivity and precision when compared to the current
gold standard of cytomorphological analysis [3].

However, despite these promising results the adapted CellSearch method has also
some drawbacks: necessary expensive special equipment prevents wide-spread
adoption; final CMC identification depends on human observation; and the CD146
capture antigen is not specific for CMCs as endothelial cells and a subset of T and
B cells also express CD146 [18].

In this paper we present the development and validation of a multi-parameter
fluorescent-activated cell sorting (FACS) method for the enumeration of CMCs in
peripheral blood and CSF. Our method is based on the immunomagnetic enrich-
ment of cells expressing MCSP. In contrast to CD146, MCSP expression in peripheral
blood is highly specific for CMCs. Therefore, no extra selection with the endothelial
cell marker CD34 was necessary. CMCs were defined by immunofluorescence de-
tection of MCSP, CD146, and CD45 (for detection of contaminating leukocytes). Fi-
nally, Hoechst staining was used to distinguish between CMCs with low (apoptotic
cells) and normal-high DNA content (vital cells with high metastatic potential).
The method is based on fully automative CMCs detection using commonly avail-
able laboratory equipment and commercially available antibodies, and was thor-
oughly validated for sensitivity, linearity, reproducibility, and stability. The feasibility
of the method was demonstrated in peripheral blood and CSF samples from pa-
tients with advanced metastatic melanoma.




MATERIALS AND METHODS

Reagents and chemicals

Milli-Q grade (Millipore, USA) water was used. Phosphate buffered saline (PBS)
and RPMI medium were purchased from GIBCO BRL (Gaithersburg, USA). Neutral
buffered methanol-free 40% formaldehyde was prepared from paraformaldehyde
purchased from Merck (Darmstadt, Germany). Hoechst33258 was purchased from
Sigma (St. Louis, USA). Anti-human MCSP-Micro-Beads, MS Magnetic antibody cell
sorting (MACS") columns, Fc-Receptor block (FCR), mouse clone 5B1 IgG2a anti-hu-
man CD45 labeled with fluorescein isothiocyanate (FITC) or allophycocyanin (APQ),
mouse clone EP-11gG1 MCSP-phycoerythrin (PE), and mouse clone 541-10B2 IgG1
CD146-allophycocyanin (APC) were purchased from Miltenyi (Bergisch Gladbach,
Germany). Perm/Wash™ (P/W) was purchased from Becton Dickinson (Heidelberg,
Germany). Beads buffer (BB) was PBS containing 0.5% bovine serum albumin (BSA)
and 2 mM EDTA degassed by sonication for 10 min. All buffers and formaldehyde
solution were filtered through 0.22 um filters before use.

Subjects and sample collection

Subjects asked for study participation included 20 healthy volunteers > 21 years of
age, not known with cancer, not treated with investigational or other drugs within
30 days before start of the study, and who had not undergone surgery within the
past six months.

Blood samples from 11 cancer patients with stage Il or IV advanced melanoma
were used for determination of the method sensitivity. Patients had not been on
treatment for at least 4 weeks before whole blood was drawn for determination
of CMC counts. For each subject three 8 ml cell preparation tubes (BD Vacutainer’
CPT™) were used containing a Ficoll-Hypaque density fluid separated by a polyes-
ter gel barrier from a sodium citrate anticoagulant.

Aliquots of 7.5 ml of CSF were drawn from 7 patients suspected of LM melanoma
metastasis within a running diagnostic study at the Netherlands Cancer Institute.
Two of these patients were definitively diagnosed with LM metastasis during fol-
low-up appointments based on a combination of neurological symptoms, MRI
evaluation, and tumor cell cytology. Study participants were informed of the inves-
tigational nature of this analysis and had given written informed consent in accor-
dance with institutional and national guidelines. The study protocol was approved
by the ethical committee of the Netherlands Cancer Institute.

Cell culture and spiking experiments

Human melanoma cell lines A375, MTOMEL, MELJUSO, SK-MEL-28 (from ATCC,
Rockvile, USA) were cultured as monolayer in RPMI medium supplemented with
10% fetal calf serum. For spiking experiments cells were counted and sorted by a
FACSaria™ cell sorter (BD Biosciences, USA).



Centrifugation and pellet resuspension

Unless stated otherwise, all centrifugations were performed in 2 ml eppendorf
tubes in a centrifuge equipped with a swing-out rotor at 1,000g for 4 min at 4°C.
After centrifugation the supernatant was removed with a 1T ml pipet leaving 100 yl
on the pellet. The pellet was resuspended in the remaining supernatant by vortex
mixing at 50% speed setting.

Sample pre-processing

CPT tubes containing 8 ml of peripheral blood were centrifuged in a swing-out
rotor at 1,500g for 25 min at ambient temperature (RT). Next, the upper CPT layer
was transferred to a 50 ml tube. The CPT tubes were washed with 3 ml physiologic
salt, which was pooled with the rest of the sample. CSF was collected in 50 ml
tubes. Sample volume was adjusted to 9 ml with physiological salt and T ml of 40%
formaldehyde was added. After vortex mixing at half speed for 10 s, samples were
incubated for 15 min at RT. Next, sample volume was adjusted to 50 ml using phys-
iologic salt, followed by centrifugation at 1,000g for 10 min at 4°C. The supernatant
was decanted, followed by placing the tubes upside down on filter paper for 5 s,
after which the samples were chilled on ice. Next, the pellets were resuspended in
T ml of ice-cold 50% (v,v%) methanol/PBS by vortex mixing for 10 s at the highest
setting. The samples were stored at -80°C for future analysis.

Cell recovery optimization

MTOMEL cells were spiked at 10,000 cells in 35 CPT tubes each containing 8 ml of
blood from healthy volunteers. Samples were pre-processed as described above
and incubated with 40 pl of FcR-block for 1 h at RT. Next, 24 samples were incubat-
ed in triplicate at 0 °C and 37 °C for 1 h with, respectively, 10 ul, and 0, 0.25, 0.5, 1,
2.5,5, 10 yl of anti-MCSP-Micro-Beads. An additional 21 samples were incubated in
triplicate at RT with 2.5 ul of anti-MCSP-Micro-Beads for 0, 0.08, 0.25, 0.5, 1, 2, and
4 h. Next, the tumor cells were isolated by tumor cell enrichment. The input con-
trol samples consisted of 10,000 MTOMEL in 100 ul P/W. After immunofluorescent
staining, the cell recovery and total event counts were determined by FACS.

Tumor cell enrichment

CMCs underwent an immuno-magnetic enrichment using anti-MCSP-Mi-
cro-Beads, and FcR-block, with the following modifications to the manufacturer’s
protocol: Samples stored at — 80°C were defrosted on ice. After centrifugation,
supernatant was removed and the cell pellets were washed twice with ice-cold
BB. After centrifugation, the pellets were resuspended in the remaining 100 pl
BB. Next, 40 ul of FcR was added and the samples were incubated for 1 h at RT.
Subsequently, a volume of 2.5 ul of anti-MCSP-Micro-Beads was added, and the
samples were incubated for an additional 1 h at RT. Next, samples were washed
twice with 1 ml of BB, followed by centrifugation. After discarding the superna-
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tant, the cell pellets were resuspended in 500 ul of BB. Subsequently, labeled
cells were separated using a MS column. After removal of the column from the
magnetic field, the retained MCSP* cells were eluted into 2 ml eppendorf tubes
using two volumes of 1 ml BB. After centrifugation, supernatant was removed
and the pellet was resuspended.

(Immuno)fluorescence staining

The CMC enriched samples were stained in 100 pyl P/W containing 10 uM
Hoechst33258, 0.25 pl CD146-APC, 5 ul anti-MCSP-PE, and 5 ul anti-CD45-FITC for
1 h at RT. Next, samples were washed twice with 1 ml of P/W followed by centrif-
ugation.

CD45, MCSP, CD146 and DNA staining linearity were measured in triplicate in sam-
ples spiked with 10,000 SK-MEL-28 cells in CPT tubes containing 8 ml peripheral
blood from a healthy volunteer. Subsequently, samples were stained with 0, 0.25,
0.5,1,2,5,10,and 20 yl of anti-CD45-FITC and anti-MCSP-PE, 0,0.025, 0.05, 0.1, 0.25,
0.5, 1.0, and 2.0 ul of anti-CD146-APC, and 10 uM of Hoechst33258 for 1h at RT.
Next, samples were washed twice with T ml P/W and mean fluorescence intensity
(MFI1) was measured by FACS.

Fluorescence-activated cell sorting

FACS analysis was performed using a CyAn ADP™ (Beckman Coulter, Brea, USA).
Hoechst33258, FITC, PE, and APC were collected through 450 + 25 nm, 530 £ 40
nm, 575 + 25 nm, and 665 + 25 nm band pass filters, respectively. Data analysis
was performed with Summit v4.3.01 software (Dako Cytomation, Fort Collins, USA).

Specificity

In order to assess the background level, three CPT tubes containing 8 ml periph-
eral blood were drawn from 20 healthy volunteers. Background levels in CSF were
determined using 7 ml of CSF from 8 patients diagnosed as LM negative based on
cytology, and/or MRI. The background was defined as the total number of events
in gate 1 of the FSC/SSC density plots (Fig. TA).

Within- and between-day precision and recovery

CPT tubes containing 8 ml of peripheral blood were spiked with 10, 100, 1,000,
and 5,000 SK-MEL-28, and MT1OMEL cells with 10 times less expression of MCSP.
After pre-processing as described, samples were measured in triplicate on three
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 cell concentrations across run
days were used. The WDP% and BDP% for each spike level was calculated using
the formulas:

WDP% = (ErrMS)*> / GM x 100%

BDP% = [(DayMS — ErrMS)/n]% / GM x 100%

(Where n is the number of replicates within each run).

The accuracy = GM / nominal cell concentration x 100%.

Recovery was measured as: Mean observed cell concentration / nominal cell con-
centration x 100%.

Lower limit of quantification (LLOQ)

The LLOQ was determined by spiking in six fold 1, 2, 3, 4, 5, and 10 SK-MEL-28
cells in CPT tubes containing 8 ml of peripheral blood from six different healthy
volunteers. The LLOQ was defined as the cell concentration that could be de-
termined with a precision of 0 - 20%, and a recovery between 80 - 120% of the
nominal value.

Sample stability

Long term storage stability was assessed by spiking 21 CPT tubes, containing 8
ml peripheral blood from a healthy volunteer, with 1000 SK-MEL-28 cells each.
Three samples per time point were processed and stored in 50% MeOH at -80°C
for 0, 1,14, 30, 60, 180, and 360 days until analysis. We also assessed the stability
of stained samples in triplicate after storage at 4 - 7°C in the refrigerator for 0, 4,
and 24 until analysis.

CTC morphology

Stained and processed CSF samples from two melanoma patients were sorted
using a FACSaria™ cell sorter with gates set for PBMCs and CMCs as shown in
Figure 1. After centrifugation the cell pellet was resuspended in 100 ul of BB and
stained with 5 ul of anti-CD45-APC for 1 h at RT. After washing twice with 1 ml of
MQ, samples were resuspended in 10 ul of MQ and transferred to a microscope
slide. The slide was dried for 5 min at 30°C by vacuum concentration in a Speed-
Vac (Savant, Rarmindale, USA). After applying 3 ul of Vectashield H-1000 (Vector,
Burlingame, USA) a round object glass of 1 cm in diameter was put on top and
sealed with nail polish. CTCs were identified and photographed using a SP5 con-
focal fluorescence microscope (Leica, Rijswijk, The Netherlands).

Statistical Analysis

Statistical evaluation was performed using the Student’s t-test unless indicated
otherwise. P-values of 0.05 were considered to be significant.
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RESULTS

Method development

Discrimination of CTCs from the bulk of blood cells with red blood cell lysis is
impossible due to more than 90% reduction of MCSP staining (data not shown).
Therefore, density gradient centrifugation with CPT tubes was used. The gel bar-
rier in these tubes separates the blood cells over two compartments. The lower
compartment contains red blood cells and granulocytes. The upper compart-
ment consists of CMCs, PBMCs, and platelets. Further, enrichment of CMCs was
achieved by MACS using anti-human EpCAM-Micro-Beads.

For removal of protein aggregates that can bind nonspecifically to antibodies,
which resulted in false positive CMC counts (data not shown), all antibody solu-
tions except FcR-block and MCSP-Micro Beads were centrifuged at 10,000g for 10
min at 4°C. Furthermore, buffers were filtered through 0.2 um syringe filters. The
use of wing-out rotors for centrifugations prevented the loss of 10% of cells ob-
served with fixed angle rotors. CMCs were identified based on double positivity
for MCSP and CD146 in combination with CD45 negativity (Fig. 1). Release of ad-
herent cells from the culture plates by trypsinisation reduced MCSP recognition
by more than 90% (data not shown). Therefore, we used 10 mM EDTA for 5 min
at 37°C to release adherent cells from the culture plates. Negative and positive
quality controls were prepared by spiking, respectively, 0 and 1,000 SK-MEL-28 in
the upper layer of centrifuged CPT tubes containing 8 ml of whole blood from
a healthy volunteer. QCs were formaldehyde fixed and stably stored for a maxi-
mum of 360 days in 50% methanol/PBS at -80°C. The background from negative
QCs was always < 1, and the recovery of SK-MEL-28 cells from positive QCs was
always > 90 + 6%. CMCs were considered to be nucleated if the Hoechst33258
MFI was above the indicated DNA cut-off level determined from endogenous
PBMCs present in the same sample (Fig. 11).

Staining Linearity

Staining linearity was determined in triplicate in samples containing 10,000 SK-
MEL-28 cells spiked in CPT tubes containing 8 ml of peripheral blood from a healthy
volunteer. CD146 and MCSP were maximally stained with, respectively, an MFI of
2545+ 182 and 771 + 31 using 0.25 and 5 pl of anti-CD146-APC and anti-MCSP-PE.
Staining did not significantly increase at higher antibody concentrations.

Specificity

The amount of background counts in the CMC gate during FACS analysis was 4 +
0.6 false positive CMCs per 8 ml of peripheral blood (n = 18 healthy volunteers in
triplicate) if MCSP positivity in combination with CD45 negativity were used as cri-
teria for CMC identification after the FS/SSC gating (Fig.1A+B). Specificity strongly



improved to 0.3 + 0.8 false positive CMC counts when CD146 positivity was includ-
ed as marker for CMC identification. Aliquots of 7.5 ml of CSF from 5 patients who
were diagnosed with definitive negative LM contained 0 CMC /7.5 ml CSF (Fig. 1E).

Cell recovery optimization

The recovery of M19MEL cells after the anti-MCSP-Micro-Beads enrichment step
was significantly affected by the amount of anti-MCSP-Micro-Beads and incuba-
tion temperature (Fig. 2). The use of an extra volume of 1 ml of BB for elution of
CMCs from the MACS’ columns resulted in 11% increase of cell recovery (P = 0.002,
data not shown). The maximum M19MEL recovery of 28.1% was obtained after
1 h of incubation (Fig. 2A) using 2.5 ul of anti-MCSP-Micro-Beads (Fig. 2B). Under
these conditions recovery of SK-MEL-28, with about 10 times higher MCSP levels
as compared to MTIMEL, was 70 -80% (Table 1). Cell recovery did not significantly
increase after prolonged incubation, or with more anti-MCSP-Micro-Beads.

Lower limit of quantification (LLOQ)

The lower limit of quantification (LLOQ) was determined in 8 ml peripheral whole
blood samples from six different volunteers spiked with 0, 1, 2, 3,4, and 5 SK-MEL-28
cells per CPT. The determined LLOQ of the method was 2 cells in 8 ml of whole
blood. At this LLOQ the recovery was 105% and the precision 16.9%.

Within- and between-day precision and recovery

The precision and recovery of the method were determined by analyses of sam-
ples spiked with SK-MEL-28 at four different cell concentrations in triplicate in three
consecutive analytical runs. From these results we calculated the within-day and
between-day precision and recovery (Table 1).In all cases the precision and recov-
eries were well within the limits that are considered acceptable for bio-analytical
methods [19]. An exception was the low recovery of MTOMEL.

Sample stability

We determined the stability of CD146, MCSP, CD45, DNA, and cell counts for SK-
MEL-28 cells spiked in 8 ml peripheral blood samples after storage at — 80°C for in-
cremental time periods. All parameters were stable for at least 12 months. The flu-
orescent signals from stained CD146, MCSP, CD45, DNA, and SK-MEL-28 cell counts
were also stable during the tested 24 h storage period at 4 — 7°C.

CTC morphology

CTCs isolated from 5 ml of CSF from two patients were processed and sorted by
FACS. Stained DNA, MCSP, and CD45 were visualized by confocal fluorescence mi-
croscopy as blue (Hoechst 33258), green (anti-MCSP-PE), and red (anti-CD45-APC)
colours, respectively. The diameter of the CMCs varied between 12 and 22 um (Fig.
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3). Most CMCs had an oval or irregular shape, with lobular nuclei and a fluorescent
green membrane due to specific anti-MCSP-PE staining. CMCs were easily distin-
guished from PBMCs, which were smaller with a mean diameter of 8.0 + 1.5 um,
had a more round shape and condensed nucleus, and a bright red cell membrane
due to specific anti-CD45-APC staining. No PBMCs were detected in the CMC gate
and vice versa no CMCs were detected in the PBMC gate.

Applicability of method for determination of CMCs in patient samples

We determined in triplicate the number of CMCs in samples from 11 advanced
metastatic melanoma patients. In 82% of patients two or more (mean = 9.8, range
2 - 33) CMCs were detected in 8 ml of whole blood. The correlation between the
measured CTC counts in two subsequent CPT tubes was significant (P = 0.012)
with Pearson correlation coefficient of 0.94 (Fig. 4). The percentage of nucleated
CMCs isolated from blood was 27.5% (range 16.7 — 40.0 %).

Two patients diagnosed positive for LM had 13754 and 40567 CMCs / 7.5 ml of CSF,
of which, respectively, 97.8% and 99.8% of CMCs were nucleated.

DISCUSSION

This is the first report to demonstrate the use of immunomagnetic cell enrichment
in combination with FACS for the quantification of circulating melanoma cells and
their DNA content in both peripheral whole blood and CSF. In contrast to the Cell-
Search method, we based our method on fixed gate settings and fully automative
CMCidentification to avoid operator bias. Furthermore, instead of CD146, we used
the relatively more specific MCSP marker for immunomagnetic enrichment of
CMCs. Therefore we were able to omit the CD34 selection, used in the CellSearch
method for identification of contaminating endothelial cells.

We showed that the method was able to recover 70 - 80% of SK-MEL-28 cells,
which was considered acceptable considering the complexity of the assay. Fur-
thermore, a reasonable recovery of 28.1% was found of MT9MEL cells, which
express approximately 10 times less MCSP as compared to SK-MEL-28. In our
experience the MCSP expression in SK-MEL-28 is more representative of the aver-
age MCSP expression in human CMCs. The method is accurate and reproducible
up to 2 cells per 8 ml of whole blood (LLOQ). By analyzing different spike levels,
we were able to show that the quantification of CMCs was linear over the whole
tested spike range of 10 to 10,000 SK-MEL-28 cells. The mean within-run preci-
sion and between-run precision were 11.4% and 7.0%, respectively. Long-term
stability of samples stored at -80°C was good with no detectable degradation
of cell numbers, MCSP, CD146, CD45, and DNA after 12 months of storage. Fur-
thermore, samples were stable for up to 24 hours of storage in the refrigerator.
Method performance was successfully monitored by inclusion of positive and
negative control samples in each analytical run.



Our results show that the method can be applied for the quantification of CMCs
and their DNA content in CMCs from patient whole blood and CSF. We observed
CMCs in 82% of patients in blood (n=11), which is higher than for previously report-
ed methods [8,20]. Both CSF samples from patients with confirmed LM contained
CMGs at higher levels than previously reported [3]. Cytomorphological analysis of
CMCs isolated from these two CSF samples clearly identified all of the FACS events
in the CMC gate as CMCs (Fig. 3). We were not able to perform the same analysis
for whole blood due to the relatively low concentration of CMCs in blood as com-
pared to CSF. Employing our method we found an average of 72.5% apoptotic
CMCs in whole blood (n = 33). Others, have reported 50% to 80% apoptotic CTCs
for tumors of epithelial origin, using the CellSearch” method that doesn't include
a density gradient centrifugation CTC enrichment step [21]. Therefore, apoptotic
CMCs seem retained in the upper CPT layer despite an increase in buoyant density
of apoptotic cells [22]. In contrast, only 0.2% and 2.2% of CMCs were apoptotic in
the two CSF samples from different patients. This is the first report showing rela-
tively low apoptotic CMC amounts in CSF as compared to whole blood. Recently,
we found similar high vitality of CTCs from epithelial origin in CSF when compared
to whole blood (data in submission). Our results confirm other reports that CTCs
in whole blood exhibit a high degree of pleomorphism i.e. high and low nucle-
ar-to-cytoplasmic ratios, and early and late apoptotic changes [23,24]. These apop-
totic characteristics might explain why the presence of CTCs is necessary but not
sufficient for the metastatic process to occur [25]. Evidence for the importance of
DNA content for the clonogenity and metastatic potential of CTCs is mounting
[26]. Therefore, monitoring of this biomarker might improve prediction of clinical
outcome for patients.

In conclusion, a method has been developed and validated for the enumeration
and classification of CMCs based on DNA content for blood and CSF. The method
is straightforward with long-term stability, and application of standard laboratory
equipment and techniques allow wide spread use in clinical trials. The method is
currently successfully validated against cytomorphological analysis in a clinical trial
with melanoma patients with suspicion of LM.

3.5

225



226

Reference list

1.

Fidler IJ. Metastasis: guantitative analysis of distribution and fate of tumor embolilabeled
with 125 I-5-iodo-2"-deoxyuridine.
Journal of the National Cancer Institute, 45(4), 773-782 (1970).

Clark EA, Golub TR, Lander ES, Hynes RO. Genomic analysis of metastasis reveals an
essential role for RhoC. Nature, 406(6795), 532-535 (2000).

Le Rhun E, Tu Q, De Carvalho Bittencourt M et al. Detection and quantification of CSF
malignant cells by the CellSearch technology in patients with melanoma
leptomeningeal metastasis. Medical oncology, 30(2), 538 (2013).

Pape E, Desmedt E, Zairi F et al. Leptomeningeal metastasis in melanoma: a prospective
clinical study of nine patients. In vivo, 26(6), 1079-1086 (2012).

Harstad L, Hess KR, Groves MD. Prognostic factors and outcomes in patients
with leptomeningeal melanomatosis. Neuro-oncology, 10(6), 1010-1018 (2008).

Chamberlain M, Soffietti R, Raizer J et al. Leptomeningeal metastasis: a Response
Assessment in Neuro-Oncology critical review of endpoints and response criteria of
published randomized clinical trials. Neuro-oncology, 16(9), 1176-1185 (2014).

Clarke JL, Perez HR, Jacks LM, Panageas KS, Deangelis LM. Leptomeningeal metastases
in the MRI era. Neurology, 74(18), 1449-1454 (2010).

Khoja L, Lorigan P, Dive C, Keilholz U, Fusi A. Circulating tumor cells as tumor biomarkers
in melanoma: detection methods and clinical relevance. Annals of oncology :
official journal of the European Society for Medical Oncology / ESMO, (2014).

Danila DC, Heller G, Gignac GA et al. Circulating tumor cell number and prognosis in
progressive castration-resistant prostate cancer. Clinical cancer research : an official journal
of the American Association for Cancer Research, 13(23), 7053-7058 (2007).

Pachmann K, Camara O, Kavallaris A et al. Monitoring the response of circulating epithelial
tumor cells to adjuvant chemotherapy in breast cancer allows detection of patients at risk
of early relapse. Journal of clinical oncology : official journal of the American Society of
Clinical Oncology, 26(8), 1208-1215 (2008).

Riethdorf S, Fritsche H, Muller V et al. Detection of circulating tumor cells in peripheral
blood of patients with metastatic breast cancer: a validation study of the

CellSearch system. Clinical cancer research : an official journal of the American Association
for Cancer Research, 13(3), 920-928 (2007).

Krebs MG, Sloane R, Priest L et al. Evaluation and prognostic significance of circulating
tumor cells in patients with non-small-cell lung cancer. Journal of clinical oncology : official
journal of the American Society of Clinical Oncology, 29(12), 1556-1563 (2011).

Klinac D, Gray ES, Freeman JB et al. Monitoring changes in circulating tumour cells as a
prognostic indicator of overall survival and treatment response in patients with metastatic
melanoma. BMC cancer, 14,423 (2014).



20.

21.

22.

23.

24.

25.

26.

Kitago M, Koyanagi K, Nakamura T et al. mRNA expression and BRAF mutation in circulating
melanoma cells isolated from peripheral blood with high molecular weight melanoma-
associated antigen-specific monoclonal antibody beads. Clinical chemistry, 55(4), 757-764
(2009).

Shih IM, Elder DE, Speicher D, Johnson JP, Herlyn M. Isolation and functional characteriza
-tion of the A32 melanoma-associated antigen. Cancer research, 54(9), 2514-2520 (1994).

Khoja L, Lorigan P, Zhou C et al. Biomarker utility of circulating tumor cells in metastatic
cutaneous melanoma. The Journal of investigative dermatology, 133(6), 1582-1590 (2013).

Rao C, BuiT, Connelly M et al. Circulating melanoma cells and survival in metastatic
melanoma. International journal of oncology, 38(3), 755-760 (2011).

Joshi P, Zborowski M, Triozzi PL. Circulating melanoma cells: scoping the target.
Frontiers in oncology, 3, 189 (2013).

Chandran S, Singh RS. Comparison of various international guidelines for analytical
method validation. Die Pharmazie, 62(1), 4-14 (2007).

Karakousis G, Yang R, Xu X. Circulating melanoma cells as a predictive biomarker.
The Journal of investigative dermatology, 133(6), 1460-1462 (2013).

Rossi E, Basso U, Celadin R et al. M30 neoepitope expression in epithelial cancer:
quantification of apoptosis in circulating tumor cells by CellSearch analysis.
Clinical cancer research : an official journal of the American Association

for Cancer Research, 16(21), 5233-5243 (2010).

Martin SJ, Bradley JG, Cotter TG. HL-60 cells induced to differentiate towards neutrophils
subsequently die via apoptosis.
Clinical and experimental immunology, 79(3), 448-453 (1990).

Ren C, Han C, Zhang J et al. Detection of apoptotic circulating tumor cells in advanced
pancreatic cancer following 5-fluorouracil chemotherapy. Cancer biology & therapy,
12(8), 700-706 (2011).

Marrinucci D, Bethel K, Bruce RH et al. Case study of the morphologic variation of
circulating tumor cells. Human pathology, 38(3), 514-519 (2007).

Swartz MA, Kristensen CA, Melder RJ et al. Cells shed from tumours show reduced
clonogenicity, resistance to apoptosis, and in vivo tumorigenicity. British journal of cancer,
81(5), 756-759 (1999).

Hou JM, Krebs M, Ward T et al. Circulating tumor cells as a window on metastasis biology in
lung cancer. The American journal of pathology, 178(3), 989-996 (2011).

227



8STEE ISYI90H

+OL ...A.: 1.: ...u— DT
Poo[q woxy HIND ALAMA
HSD woay DD
ST-"TANIS
JNAd
punoadydeq
anjea §jo +Ind YNQ
|
OLIA-S+dD i DLIA-S+AD
0T 0T 0T 0T 01 1 0r o1 01 01 W01
L - 00T ' i 1 1 - o0T
ondad e t: | ) )
2 : Lot
| 2
20 | a
Lot ! for g
= | =
H ot
L R NI |
ILI-S+AD H ILI-s+dD
LT O 0T 0T 0T | 0T 0T 0T 0T 0T
1 1 L 00T il 1 1 1 oo.n
JNdd m DNGd g g
- @ Lt
For £ ot &
= =
ot ot
e i es
E oWo | (A oo |
OLLI-SFAD : DLIA-S+AD
40T €OT 0T 0T 1 0T 0T 0T 01 00T
H ' A 5 00T
M (19 D
g ©
5 ot &
e i £
z ]
a Lot O
o) eI DD
0T 40T
JSS i OSS
WOT  OT 0T 0T A L L L ao.ﬁo
43
: =
; Fve &
| a
: L 96
by a3 OO

poo[q

JU91U0D YNJ Yybl1y 01
[BULIOU pUB MO| YLIM SDIAD U93MIa(Q 31eIlUIajjIp 01 pasn
SeM aN|eA JO-1ND YNJ YL "UMOYS aJe (45D) piny [euldsoiq
-9192 pue POO|q WOl Pa1e|os] SOIND PUe ‘Z-TIN-NS ‘SO
-gd ‘(punoibdeq) s1sfa1e|d JO 1UL1U0D YNJ Y1 ‘() # deis U
“(SDINGd) S||192 deajpnuouow poolq |esayduad pue siojoie|d
Sleulwl|a 01 Aaisod 9|qnop J114-G7D PUe 3d-dSDW 10)
pa1eb 21e SO (H pue o) € dais ul Ayaisod Ddv-9¢1aD
10} pa1eb ate SHND ‘(@ pue D) ¢ da1s uj 'SLGep S1eulwIlD
01 Alxa|dWOD [|9> pue 3ZIS 10} SONSIISIDRIRYD JD11EDS Plem
-9pIs pue premioy Ag pa1eb aie SHND (g pue ) | deis ul
T PRULILUOD YiM Siuslied euoueaud oy ale sajdwes
1BY10 |V AjoAndadsal ‘(A7) Siseiselsaw [eabuluswiolda) ou
Yum Jusiied ewouejaul B pue J99lun|oA Ayiesy e ol
$|0J1UOD 2AI1EDSU 2l 4 pue I $3|dWeS "UOIIPUILLISISP 1US)
-U0d YN Pue uolessuwnua (DIND) S|j90 eulouejsw bulie
-NDJID J0j pasn sbuies o1eb paredipul yum s10|d (SDvH)
BUILIOS [[9D Pa1PAIIDE 9DUSDS2ION| SAIIRIUSSDIdDY LBl

spuaba pue sainbi4

228



's9|duIes JUIBKIP 931Y1 JO 'd'S F SUeaw se
passaldxa s| e1eq (g7 ‘bl4) SPRag-ODIN-dSDIN-IIUR JO SITUNOWR JUISLIP 10 ‘(YT "O14) Speag-0imiN-dSIN-11uUe Jo |1 4 buisn awil uoiegnoul paied
-Ipul ‘Aj9AIIDadsal J9a1un|oA AYieay e woij poo|q [elayduad ju g ul payids S|192 TINE LN 000'0 | JO AI2A0D3I pue SIUSAS punoibydeq |eio)] *z'bi4

(M) Speag-011N -dSOIN (y) duury,
01 8 9 1 4 < 0t € Z I 0
c 1 1 1 1 1 * L 1 1 1 | c
000& ) ‘
] - - 0001
’ =
o 00001 - =
& K - 000T =
o 000sT - =l
2 - T - 000€ ﬂ.
& 0000T + 2
. (Do) SIUNO0I [)0)»- | L =2
0005T (1Y) S)unod [e)o)». e =
q (D00) TANGTIN+ VvV i
0000€ - () TANWGTN= - - 000s

229



T#
justjied

IJNdd

‘uopedylubew Sswi 00| 1e pawiopad sem buibew | papn|dul st (H|'Bi4) Buniss a1eb HNGd 2yl buisn SHyH Aq
P30S DINGJ [e21dA1 e Jo ajdwexa uy ‘Aj9A1Dadsal ‘S10]0d Usaib pUe ‘@Nn|g ‘Pal Se 3|gISIA 318 dSDIA PUR ‘857 EEISYID0H ‘SHAD “(H L BI4)
Bumas a1eb HIND ay1 Buisn (SDVH) BUIIOS [|9D Pa1BAIIDR-9DUISION|) AQ PI1IOS ‘(7 # puUe | #) Siusiied euloue|9W DI1RISRISW OM]
wolj (4SD) pPINY |euIdsSOIgaIad JO W G/ WOl Paie|os ‘(SDIND) §||92 ewoueaw buiendin aAieiussaidal jo Abojoydion € 614

{
>
5 |

230



"2Ul| paysep ay1 Aq pa1edipul st jw g 1ad SHND Z 40 (DOTT) uonedynuenb Jo 1w Jamo| a4 'siualied euiougaw dieise1sw
L1 woyj poo|q [esoydiad |U g JO SOUWIN|OA UMeIP AJ[elIUSNbas € Ul SIUNOD (DIAD) §||92 BwoURBW Bulle|ndiD JO UolieleA 9gn1-03-agn] *f Bl

I agn} sjunod HND I |aqn} sjunod DIND
oc S¢Z 0Z SL O S O oc S 0z SL O S O
L 1 1 1 1 1 % o L 1 1 1 1 1 O

. 9] i @)

s = S =

Lo © -oL ©

9 o

-Gk S i

- —

: g @ -0z @

£ e

- 92 3 -S¢ T

- og @ - og ™

$ SPP6°0 =Y . 2196°0 =Y

T
n
™
f
n
o

231



232



CHAPTER 4: CONCLUSIONS AND
PERSPECTIVES



234

This closing chapter recapitulates the main findings from the presented phase |
studies (chapter one), in particular the newly seen interaction between two al-
ready in use but now combined oral anti-cancer drugs, topotecan and pazopanib
(1.1), other novel agents with oral formulations i.e. a2-integrin inhibitor E7820 ,
MEK and Ras-inhibitor lonafarnib (1.2 1.3 and 1.5) and a proof-of concept study
with a continuous intravenous delivery pump of integrin antagonist GLPG0187
(1.4). In chapter two a placebo-controlled trial with candesartan to prevent
cardiotoxicity in the treatment with trastuzumab is being discussed. A review of
the literature in chapter 3 (3.1) describes the current (experimental) strategies to
bring active drugs over the blood-brain barrier and blood-cerebrospinal fluid bar-
rier. One of the proposed strategies, a new brain-targeted liposomal formulation
of doxorubicin, 2B3-101, was investigated in a phase | and Il study in patients with
brain metastases or recurrent malignant glioma or patients with leptomeningeal
metastases from breast cancer (chapter 3, 3.2 and 3.3). Finally, chapter 3.4 and
3.5 focus on the accuracy of EPCAM- and MCSP-based immuno-assays to detect
malignant cells in the cerebrospinal fluid (CSF) of patients with a clinical suspicion
on leptomeningeal metastases (LM).

Pharmacokinetics of oral anti-cancer drugs were studied in the four presented
phase | studies with pazopanib in combination with topotecan, E7820, pimasertib
and lonafarnib. Oral formulations have several advantages in comparison to intra-
venous administrations. Oral treatment is non-invasive, convenient for patients as
drugs can be taken at home and it is less expensive. However, several factors affect
the absolute bioavailability of drugs, i.e,, the amount of drug that passes across the
gut into the portal system and from there through the liver into the systemic circu-
lation, drug solubility in gastro-intestinal (Gl) fluids, including presystemic intesti-
nal drug degradation, its permeability (via passive and active transport) of biologic
membranes, affinity for drug efflux transporters and hepatic first pass metabolism.
In the first study (chapter 1, 1.1) pazopanib substantially increased exposure of
total topotecan by 1.8-fold for Cmax and 1.7-fold for AUC(0-+), which is considered
clinically relevant, but did not increase tV2 values, when compared with topotecan
alone. This suggests that the effects of pazopanib on topotecan pharmacokinetics
were pre-systemic and were not related to changes in systemic elimination. Efflux
transporters, BCRP (ABCG2) and P-glycoprotein (P-gp, MDR1; ABCB1) located in the
epithelial layer of the intestine play an important role in limiting oral pazopanib and
topotecan absorption from the gut.1,2 While both topotecan and pazopanib are
found to be high-affinity substrates for BCRP, topotecan is a weak and pazopanib
a moderate substrate for P-gp.1-4 Pazopanib plasma concentrations were similar
after pazopanib treatment as a single agent as compared to pazopanib treatment
in combination with topotecan. The measured pazopanib plasma concentrations
were all > 20.6 ug/ml, values that are associated with longer progression free
survival (PFS).5 This finding improves our knowledge about the drug-drug inter-
action between those two drugs and may help to prevent overtreatment with



topotecan when combined with pazopanib. Furthermore, our study showed that
the severe hematological toxicities (grade > 3) were not reported more frequently
in the weekly schedule of topotecan and pazopanib co-administration, than in a
study using weekly topotecan administration.6 This is likely due to overlapping to-
tal topotecan concentrations in both studies. The daily-times-five regimen result-
ed in more severe hematologic toxicity in comparison with the weekly topotecan
regimen, whereas the dose density of the recommended topotecan dose in the
daily-times-five regimen was lower (4.16 mg/wk vs 6.0 mg/wk). Fatal liver necrosis
occurred in one patient while grade 4 toxic hepatitis after pazopanib exposure
developed also in another patient with liver metastases. Liver necrosis could have
been affected by the ABCB1 gene polymorphism, concomitant administration of
topotecan and pazopanib and concomitant paracetamol treatment. However, no
in-depth pharmacogenetic investigations have been performed to unravel wheth-
er there are specific single nucleotide polymorphisms (SNPs) that might put pa-
tients at higher risk of liver toxicity when treated with tyrosine-kinase inhibitors
(TKIs). Further pharmacogenetic investigations in patients treated with TKI could
provide essential information in preventing liver toxicity in this patient group and
such analysis is warranted.

The oral sulfonamide (E7820), inhibiting a2-integrin mRNA expression in patients
with unresectable solid tumors was studied in chapter 1, 1.2. Firstly, it was shown
that bi-daily treatment with E7820 was safe and well tolerated. Secondly, it was
demonstrated that food intake did not significantly influence pharmacokinetics of
oral E7820. The most effective daily dose of 200 mg E7820 (100 mg bi-daily) based
on pharmacokinetic/ pharmacodynamic modeling and simulation analysis inte-
grating data from (pre)clinical studies was unfortunately above the maximal toler-
ated dose-level (MTD). In line with this, the pharmacodynamic marker of this treat-
ment, the expression of platelet integrin-a2, showed a decrease of only 8.9% from
baseline following treatment. However, two thirds of the treated patients achieved
stable disease (with a median duration of treatment of 60 days and in four patients
(10%) a treatment-duration of more than 6 cycles (168 days) was achieved. Possi-
ble future studies with combination treatment with other chemotherapies may
have more effect.

The results of another study with GLPG018, an avp1, av33, avB5, av36, av8 and
a5@31 integrin inhibitor is described in chapter 1, 1.4. Due to its low oral bio-avail-
ability and short half-life GLPG0187 needs to be administered continuously with a
24h intravenous infusion. GLPG0187 was shown to be well-tolerated and displayed
a dose-proportional increase in exposure with a short terminal half-life (T1/2 =
3.75h). The effect of GLPG0187 treatment was monitored with the bone resorption
marker, carboxy-terminal collagen crosslinks (CTX), and showed a statistically sig-
nificant decrease in CTX levels after treatment. Although GLPG0187 administration
resulted in in vitro necrosis and autophagy of glioma cells, no anti-tumor effect
was seen in patients with glioblastoma, probably due to an insufficient capacity to
cross the blood-brain barrier (BBB).
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In chapter one (1.3) MEK inhibitor pimasertib (MSC19363698B) was given orally
to subjects with solid tumors. Four schedules were investigated and 180 patients
were enrolled. Pimasertib showed to be a relatively safe single agent treatment
with recommended dose for phase Il (RDII) of 120 mg/day (60 mg BID) for patients
with melanoma and NRAS or BRAF mutations. It was rapidly absorbed reaching
maximal drug concentrations in plasma within Tmax=1h. No food effect could be
seen as AUCO-inf during the fed status vs AUCO-t during the fasted status showed
ratio 100.7%, 90%Cl of 77.3-131.2. Terminal half-life was T1/2=5.1h with negligible
renal elimination of unchanged pimasertib. At doses > 28 mg/day PD marker, pERK
inhibition in a peripheral blood mononuclear cell (PBMC) was fully inhibited at 2h
and returned to baseline at 24h.

In chapter one (1.5) the results of a phase | study on the oral use of the Ras inhib-
itor lonafarnib-SCH66336 combined with chemotherapy was described. Lonafarn-
ib is administered in a bi-daily manner in combination with paclitaxel 3-weekly and
trastuzumab weekly in patients with HER2+ advanced breast cancer. 7 Pharmaco-
kinetic analysis supported the bi-daily dosing of lonafarnib as the plasma concen-
trations showed a significant decrease after 12 h after lonafarnib intake. Increases
in Cmax and AUC values of lonafarnib were dose-proportional. The difference in
pharmacokinetics of lonafarnib as a single agent or in combination with the other
two drugs was not significant, despite the fact that the metabolism of paclitaxel
and lonafarnib is partially mediated by the same enzymes. While paclitaxel is being
metabolized by the enzymes CYP2C8 and CYP3A4, lonafarnib is primarily a sub-
strate for CYP3A4 and its minor metabolites are formed by CYP2C8. 8

Paclitaxel in combination with trastuzumab treatment caused a prolonged QT
interval and LVEF decrease, which is a known cardiotoxicity of this combination.
Lonafarnib caused mostly hematological and gastrointestinal toxicity. The prelim-
inary anti-tumor activity (CR+PR) for the triple combination in this study was 58%,
while combined treatment of paclitaxel and trastuzumab showed a response rate
of 50%. 9 Nevertheless, clinical development of lonafarnib in this group of patients
did not proceed.

Furthermore, in a phase Ill study Ras- inhibitor tipifarnib plus gemcitabine failed to
show prolonged survival compared to gemcitabine in patients with K-ras muta-
tions, frequently seen in pancreatic cancer, possibly because another enzyme (ge-
ranyl-geranyl transferase) takes over the posttranslational modification of K-ras.10
Alternative strategies, a.0. inhibition of mutant K-ras downstream in the MAPK
pathway, may be more efficacious.

Interestingly, the concept of Ras inhibition in combination with other chemother-
apy was further investigated in patients with gliomas, as lonafarnib crosses the BBB
to some extent, despite its molecular weight of 638 Da. This study revealed only
modest antitumor effect in pediatric progressive or recurrent primary brain tumors
(glioma, medulloblastoma, ependymoma). One PR was observed in a patient with
anaplastic astrocytoma for 13 cycles while nine patients (18.8%) demonstrated at
best SD for a median of 13 cycles (range 4-20 cycles). 11 Recently, a study combin-



ing both oral lonafarnib 200 mg bi-daily 7-day on, 7-day off and alternating 150
mg/m?2 temozolomide (TMZ) on a 7-day on, 7-day off schedule in patients with re-
current or temozolomide refractory glioblastoma showed promising results, with
a median survival of 14.9 months (95% Cl = 8.9 -23.3 months) and a 6-month PFS
of 42.3% (95% CI = 27-66%). This effect may be due to the ability of lonafarnib to
cause cell cycle arrest, which leads to an increase in farnesyltransferase activity
and subsequently to a high percentage of tumor cells in the S phase, which could
maximize the alkylating effect of TMZ.12

In oncology, selected treatments may cause serious cardiotoxicity, such as treat-
ment with anthracyclines or anthracyclines in combination with trastuzumab in
HER2+breast cancer patients. In chapter two a randomized placebo-controlled
trial of candesartan (an angiotensin ATll-antagonist) to prevent trastuzumab-re-
lated cardiotoxicity was presented. We hypothesized that ATIl inhibition might
attenuate or even prevent left ventricular remodeling in patients treated with tras-
tuzumab after anthracycline chemotherapy in adjuvant breast cancer treatment.
Preliminary results however showed no evidence that the prophylactic use of can-
desartan treatment protected the myocardium against toxicity from trastuzum-
ab in combination with anthracycline-containing chemotherapy in HER2+ breast
cancer patients. Furthermore, the values of the cardiac markers NT-proBNP and
Troponine T values were not statistically significantly associated with the incidence
of cardiac failures. However, the baseline LVEF value (> 55% versus < 55%) was a
prominent prognostic factor for the incidence of a cardiac failure (p=0.0004). Sev-
eral single nucleotide polymorphisms (SNPs) in the extracellular, transmembrane
and intracellular region of HER2 have been studied to examine the impact of these
polymorphisms on trastuzumab- related cardiotoxicity. A possible association be-
tween the homozygous genotype of the valine Ala1170Pro SNP and a lower risk
on cardiac failure was observed.

In chapter three (3.1) the strategies to target brain tumors were further discussed.
The focus of this review was to describe systemically administered drugs that can
either cross the BBB or cause a systemic (l,e. immunological) reaction and effect
the brain tumor without causing (neuro)toxicity. We discuss current experimen-
tal brain-targeting receptor- or carrier-mediated transport strategies of drug con-
jugate or liposomal drug formulations, immunotherapeutic strategies and gene
transfer strategy mediated by neural stem cells for brain tumors.

Chapter three, 3.2 and 3.3 provide clinical results about phase | and Il studies with
one of the proposed strategies targeting brain tumors i.e. receptor-mediated tran-
scytosis via glutathione receptors, which are highly expressed on the BBB. Gluta-
thione PEGylated liposomal doxorubicin, 2B3-101, was developed as a systemically
long circulating, brain-targeted liposomal formulation of doxorubicin. The treat-
ment was found to be safe and relatively well tolerated without observing cardio-
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toxicity and neurotoxicity. The modest preliminary anti-tumor activity, both intra-
and extracranially in patients with brain metastases from solid tumors or recurrent
high grade glioma warrants further investigation in phase Il studies.

In a clinical and pharmacological phase Il feasibility study on 2B3-101 in patients
with breast cancer and LM one patient had SD for more than nine (three-weekly)
cycles. The total doxorubicin concentrations found in CSF at day 2 and day 8 after
2B3-101 in two out of three enrolled patients were within the IC50 of doxorubicin
found in the most frequently used breast cancer cell lines in vitro.

Chapter three, 3.4 and 3.5 discusses the implementation of a circulating tumor
cells (CTC) flow cytometric assay to quantify tumor cells in the CSF. This method
was developed in order to improve the sensitivity of CSF examination for diagnos-
ing LM in patients with solid tumors and clinical suspicion on LM but no confirma-
tory MRI. The CTC assay in the CSF showed a 100% sensitivity and 100% specificity
for the diagnosis LM in patients with epithelial solid tumors as compared to CSF
cytology with a 71% sensitivity and 100% specificity. Prospective clinical validation
of a flow cytometric assay using another membrane protein (MCSP) in patients
with melanoma and suspected LM is needed. However, preliminary data present-
ed in Chapter 3.4 also reveal a high potency of the melanoma CTC assay along
with standard CSF cytology to diagnose LM.

Presented studies in this thesis may lead to improved application of the investigat-
ed anticancer drugs and contribute to improved diagnosis of LM.
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Physico-chemical structures of investigated anticancer agents in this thesis
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SUMMARY

Chemotherapy is a very frequently used therapy in patients with advanced tu-
mors with or without central nervous system (CNS) metastases or primary brain
tumors. Despite the significant progress in drug development, the survival of
patients is limited with an unmet need for more effective chemotherapeutics
that have an acceptable safety profile. The focus of our research is directed on
the development of new drugs or their combinations with an oral route. Oral
drugs are convenient for the patient and -extra hospital visits and costs for drug
administration are being avoided. With an opportunity to dose the drug more
frequently, drug exposure in the circulation can be prolonged. Secondly, we clin-
ically investigated a new drug formulation with an enhanced CNS delivery in
patients with brain and leptomeningeal metastases or primary brain tumors.

This thesis starts with an Introduction of the performed research. The aim of
the shown phase I/ll clinical studies was to investigate the safety, tolerability,
pharmacokinetics (PK), pharmacodynamics (PD) and the preliminary anti-tu-
mor activity of novel anti-cancer drugs or new combinations of drugs already
in use. During the research we were able to recommend dosing schedules and
dose-levels of the (combination of) drug(s) for further clinical studies and con-
firmed drug-drug interactions or food-effects. At the end we showed that the
circulating tumor cell (CTC) assay in cerebrospinal fluid (CSF), is a sensitive diag-
nostic tool for leptomeningeal metastases and a promising pharmacodynamic
marker in the treatment of this disease.

Chapter 1 describes the results of five multi-center, open-label phase | clini-
cal studies. The first study (1.1) describes two different schedules of pazopan-
ib, an anti-angiogenic drug, combined with topotecan, chemotherapeutic drug
that inhibits DNA topoisomerase | in dividing cells. This study reveals that the
pharmacokinetics of topotecan is affected when combined with pazopanib and
shows differences in safety and tolerability in different schedules. Two other
studies with £E7820 and GLPGO187 were described. (1.2 and 1.4) Both agents
are integrin inhibitors with the potential to block tumor angiogenesis, cell mi-
gration, proliferation and differentiation of endothelial cells that can lead to tu-
mor remission. In the study with E7820 it was shown that food does not have
an effect on drug exposure. Furthermore, the treatment was safe and tolerable
with achieved stable disease in two third of patients. The study with GLPG0187
showed a dose-proportional PK profile of the drug and good tolerability upon
administration via continuous infusion by an externally carried pump. Studies
described in Chapter 1, 1.3 and 1.5 are describing clinical studies with mo-
lecularly targeted agents, such as lonafarnib, ras inhibitor and pimasertib, MEK
kinase inhibitor, that both target one of the molecules on the mitogen activat-
ed protein kinase (MAPK) pathway, that is responsible for cell proliferation and



survival signaling from the cell surface to the nucleus. The study with lonafarnib
was performed in combination with trastuzumab and paclitaxel in patients with
advanced HER2+ breast cancer. Despite the safe and tolerable profile of lona-
farnib, it did not demonstrate better preliminary anti-tumor as compared to the
data available in the literature on the combination of trastuzumab and paclitaxel,
which forms the standard therapy for patients with advanced HER2+ breast can-
cer. The study using pimasertib, an inhibitor of MEK in the MAPK pathway, in 180
enrolled patients showed that the drug was relatively safe and had a favorable PK
profile without food-effect. In patients with NRAS and BRAF mutated melanoma
it showed promising preliminary anti-tumor activity with a disease control of
62% and 53%, respectively.

Chapter 2 describes the Dutch 20-center, randomized placebo-controlled eval-
uation of a pharmaceutical intervention in the prevention of trastuzumab-relat-
ed cardiotoxicity. As clinical evidence supports candesartan, a selective blocker
of the angiotensin Il receptor sub-type 1, for use in systolic heart failure, up to
this article there was no published prospective clinical data of this or other cardi-
ocirculatory drug in the prevention of trastuzumab-related cardiotoxicity. Co-ad-
ministration of candesartan however did not have a significant beneficial effect
in preventing decline in LVEF and cardiac events induced by trastuzumab.

Chapter 3 presents new pharmaceutical/nanomedicine strategies and labora-
tory assays in the treatment, diagnosis and drug-monitoring of central nervous
system (CNS) tumors. Chapter 3.1 discusses new drug strategies of targeting
blood-brain barrier (BBB) by active chemo- and immunotherapies. Due to the
presence of the blood-brain barrier (BBB) only few systemic drugs can be used to
treat brain tumors. As treatment of systemically metastasized cancer patients be-
comes more effective and prolongs patient’s survival, CNS metastases are more
frequently observed. Recently, usingnanotechnologyactive chemotherapeutics
can be safely transported across the barriers (BBB and blood-cerebrospinal fluid
barrier (BCSFB)) and target brain and CSF, respectively. Further studies on im-
proving the brain-penetration of potentially effective drugs for brain tumors is
warranted. Chapter 3.2 and 3.3 describe two clinical studies with a novel strat-
egy consisting of administration of glutathione liposomal PEGylated doxorubicin
(2B3-101) as a treatment of patients with solid tumors and brain metastases or
recurrent malignant glioma and leptomeningeal metastases from breast cancer.
Doxorubicin is a well- known, frequently used chemotherapeutic agent in vari-
ous tumor types, such as breast cancer and lung cancer. Glioblastoma cell lines
showed to be sensitive to doxorubicin, however, without the carrier, doxorubicin
cannot pass the BBB. The first study with 2B3-101 (Chapter 3.2) demonstrated
that treatment of patients with solid tumors and brain metastases or malignant
gliomas with 2B3-101 showed a dose-dependent PK profile and is safe and rel-
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atively well tolerated with both as single agent and with trastuzumab co-ad-
ministration. Intracranial and extracranial preliminary anti-tumor activity was
observed in patients with (HER2+) breast cancer with brain metastases and ma-
lignant glioma. In the second study using 2B3-101 in patients with leptomenin-
geal metastases (LM) from breast cancer, doxorubicin concentrations in the CSF
were within the reported IC, a measure of effectiveness in-vitro in two out of
three patients. One of the three treated patients with LM showed stable disease
for 10 cycles and progression free survival for more than six months. Chapter
3.4 and 3.5 describe the clinical application of the circulating tumor cell assay
(CTC) for EPCAM-positive cells (an epithelial tumor cell marker) and the circulat-
ing melanoma cell (CMC) assay and their laboratory validation. The CTC assay for
EPCAM-positive cells showed to be more sensitive in diagnosing leptomeninge-
al metastases in CSF (100%), than the standard CSF cytology method (71%) in
patients with clinically suspected LM or with already diagnosed LM, while both
methods showed a very high specificity (100%). For the CMC method more pa-
tients need to be enrolled to be able to assess whether the FACS based assays is
superior.

Finally, in the Chapter Conclusions and perspectives we conclude that tar-
geting tumor-affected CNS compartment with new strategies and further devel-
opment of current oral targeted therapies and chemotherapeutics are attractive
approaches to improve the treatment and survival of patients with advanced
cancer.



SAMENVATTING

Chemotherapie is een vaak gebruikte therapie bij patiénten met vergevorderde tu-
moren, al dan niet met metastases in het centrale zenuwstelsel of bij patiénten met
primaire hersentumoren. Ondanks substantiéle vooruitgang in de medicijnontwik-
keling is de overlevingskans van patiénten gering en blijft er vraag naar effectievere
chemotherapeutica met een acceptabel veiligheidsprofiel.

Ons onderzoek was allereerst gericht op de ontwikkeling van nieuwe, oraal in te ne-
men chemotherapeutica of nieuwe combinaties hiervan. Medicijnen die oraal inge-
nomen kunnen worden zijn praktischer voor de patiént en maken extra bezoeken
aan het ziekenhuis en extra kosten voor medicijnenadministratie overbodig. Boven-
dien bieden ze de mogelijkheid voor frequentere dosisinname, waardoor de bloot-
stelling aan de tumoren kan worden verlengd.

In de tweede plaats onderzochten we in de kliniek een nieuwe medicijnformulering
met een verhoogde afgifte aan het centraal zenuwstelsel bij patiénten met primaire
hersentumoren of patiénten met metastasen in de hersenen of hersenvliezen.

In de Introductie wordt het doel van de getoonde fase I/1l klinische studies bespro-
ken. Het doel was om de veiligheid, verdraagzaamheid, farmacokinetiek, farmaco-
dynamiek en de voorlopige antitumor effecten van nieuwe antikankermiddelen of
nieuwe combinaties van bestaande middelen te onderzoeken. Het onderzoek heft
geleid tot adviezen over de dosering en doseringsschema'’s van de (combinaties
van) middelen voor toekomstige klinische studies. Tevens toonden we interacties
tussen middelen aan en eventuele effecten van voeding op deze middelen. Tot slot
lieten we zien dat een test voor circulerende tumorcellen in cerebrospinale vioeistof
een gevoelige diagnostische test is voor metastasen in de hersenvliezen en een
veelbelovende farmacodynamische test is in de behandeling van deze ziekte.
Hoofdstuk 1 beschrijft de resultaten van vijf multi-center, open-label fase | klin-
ische studies. De eerste studie (1.1) beschrijft twee verschillende doseringssche-
ma'’s van pazopanib, een angiogeneseremmer, in combinatie met topotecan, een
chemotherapeutisch middel dat DNA topoisomerase | in delende cellen remt. De
studie toont aan dat de farmacokinetiek van topotecan wordt beinvioed door de
combinatie met pazopanib en laat verschillen zien in veiligheid en verdraagzaam-
heid tussen de verschillende doseringsschema’s. Twee andere studies met E7820
en GLPGO187 worden beschrevenin 1.2 en 1.4. Beide middelen remmen integrine,
wat zou kunnen leiden tot blokkering van angiogenese in de tumor, migratie van
cellen, celgroei en differentiatie van endotheelcellen, met het uiteindelijke resultaat
een afname van de tumor grootte. De studie met E8720 toont aan dat er geen effect
was van voedselinname op de blootstelling van het middel. Bovendien is de behan-
deling veilig en goed te verdragen en werd in twee derde van de patiénten een
stabiele ziekte bereikt. De studie met GLPG0187 laat zien dat het farmacokinetisch
profiel dosis proportioneel is en dat het middel goed te verdragen is bij toediening
door middel van continue infusie door een buiten het lichaam gedragen pomp. De
studies in Hoofdstuk 1, 1.3 en 1.5 beschrijven klinische studies met middelen met

247



248

een moleculair doelwit, zoals de ras-remmer lonafarnib en de MEK kinase remmer
pimasertib. Beide middelen richten zich op een van de moleculen in de zogenaam-
de mitogen-activated protein kinase (MAPK) route, die zorgt voor signaaltransduc-
tie voor celgroei en overleving van het celoppervlak naar de celkern. De studie met
lonafarnib is uitgevoerd in combinatie met trastuzumab en paclitaxel in patiénten
met vergevorderde HER2+ borstkanker. Hoewel lonafarnib veilig en verdraagbaar
was, waren de voorlopige antitumor effecten niet beter dan beschreven in de liter-
atuur voor de combinatie van trastuzumab en paclitaxel, de standaard behandeling
van patiénten met HER2+ borstkanker. De studie waarbij pimasertib, een remmer
van MEK in de MAPK route, getest was bij 180 patiénten, laat zien dat het middel
relatief veilig was een gunstig farmacokinetisch profiel had zonder dat de voedse-
linname effect op het middel toonde. Veelbelovende antitumor activiteit is gezien
bij patiénten met NRAS en BRAF gemuteerde melanomen, met stabiele ziekte als
beste respons bij respectievelijk 62% en 53% van de patienten.

Hoofdstuk 2 beschrijft de in 20 Nederlandse centra uitgevoerde, gerandomiseerde,
placebo-gecontroleerde evaluatie van een farmacotherapeutische interventie ter
voorkoming van trastuzumab-gerelateerde cardiotoxiciteit. Er zijn aanwijzingen
dat candesartan, een selectieve type 1 angiotensine ll-receptor-(AT -) antagonist,
klachten vermindert bij systolisch hartfalen. Op deze manier zou candesartan de
bijwerking/cardiotoxiciteit kunnen verminderen. Echter, totdat dit artikel verscheen
bestonden er geen gepubliceerde prospectieve klinische data van dit of een ander
cardiovasculair geneesmiddel ter voorkoming van trastuzumab-gerelateerde car-
diotoxiciteit. De toevoeging van candesartan naast de trastuzumab) leverde geen
significant voordelig effect op bij het voorkomen van een LVEF-daling en van cardi-
ale gebeurtenissen als gevolg van trastuzumab.

Hoofdstuk 3 beschrijft nieuwe farmaceutische/nanomedicine strategieén en labo-
ratoriumtesten voor de behandeling, diagnostiek en geneesmiddelenbewaking van
tumoren binnen het centraal zenuwstelsel. Hoofdstuk 3.1 bediscussieert nieuwe
strategieén voor geneesmiddelen om de bloed-hersenbarriére te passeren door ac-
tieve chemo- en immunotherapieén. Door de aanwezigheid van de bloed-hersen-
barriere kunnen slechts enkele systemische antikankermiddelen gebruikt worden
voor de behandeling van hersentumoren. Aangezien de behandeling van patiént-
en met systemisch gemetastaseerde tumoren steeds effectiever wordt, waardoor
de levensduur van de patiént worden verlengd, komen metastasen in het centraal
zenuwstelsel steeds vaker voor. Onlangs is aangetoond dat nanotechnologie het
mogelijk maakt om chemotherapeutica veilig te transporteren over de barrieres
(de bloed-hersenbarriere en de barriere tussen bloed en de cerebrospinale vloeis-
tof) en zo respectievelijk bij de hersenen en in de cerebrospinale vioeistof te laten
komen. Additionele studies ter verbetering van de penetratie in de hersenen van
mogelijk effectieve middelen tegen hersenentumoren blijven nodig. Hoofdstuk
3.2 en 3.3 beschrijven twee klinische studies met een nieuwe strategie. Deze besta-
at uit toediening van glutathion liposomaal gePEGyleerde doxorubicine (2B3-101)
als behandeling van patiénten met solide tumoren en hersenmetastasen of met



kwaadaardige gliomen. Doxorubicine is een bekend en vaak gebruikt antikanker-
middel voor verschillende typen tumoren, zoals borstkanker en longkanker. Het is
aangetoond dat glioblastoomcellen gevoelig zijn voor doxorubicine, echter, zonder
een drager kan doxorubicine de bloed-hersenbarriere niet passeren. De eerste
studie met 2B3-101 (Hoofdstuk 3.2), laat zien dat behandeling van patiénten met
solide tumoren en hersenmetastasen met 2B3-101 een dosis-afhankelijk farmaco-
kinetisch profiel opleverde, veilig is en relatief goed verdragen wordt, zowel alleen
als in combinatie met trastuzumab. Bij patiénten met (HER2+) borstkanker met
hersenmetastasen en kwaadaardige gliomen werd enige intracraniale en extra-
craniale anti-tumoractiviteit gezien. In de tweede studie werd 2B3-101 gebruikt bijj
patiénten met hersenvliesmetastasen van borstkanker. Bij twee van de drie patiént-
en vielen de doxorubicine concentraties in de cerebrospinale vioeistof binnen de
gerapporteerde IC, , een maat voor in vitro effectiviteit. Een van de drie behandelde
patiénten met hersenvliesmetastasen had een stabiele ziekte gedurende 10 cycli
en een progressievrije overleving van meer dan zes maanden. Hoofdstuk 3.4 en
3.5 beschrijven de klinische toepassing en laboratorium validatie van een circuler-
ende tumorcellen test (CTC) voor EPCAM positieve cellen (een tumorcelkenmerk
in het epitheel) en een test voor circulerende melanoomcellen (CMC). De CTC test
voor EPCAM-positieve cellen was gevoeliger voor het diagnosticeren van hersen-
vliesmetastasen in cerebrospinaal vloeistof (100%) dan de standaard cerebrospinale
vloeistof cytologie methode (71%) bij patiénten met gediagnostiseerde of klinische
verdenking op hersenvliesmetastasen, terwijl beide methoden zeer specifiek waren
(100%). Om te bepalen of de CMC test beter is dan de op FACS gebaseerde testen
moeten meer patiénten getest worden.

Tot slot, in het Hoofdstuk “Conclusions and perspectives”, concluderen we dat
naar aanleiding van onze resultaten verder onderzoek en ontwikkelen van nieuwe
strategieén of combinaties van de bestaande orale gerichte behandelingen tegen
tumoren van o.a. van het centraal zenuwstelsel nodig zijn om de behandeling en
de overlevingskans van patiénten te verbeteren.

249



250

DANKWOORD (AKNOWLEDGMENTS)

At the end of this challenging and exciting experience of working on the PhD and
writing a thesis I would like to thank all people who helped me close this one and
open next chapter(s) in my life.

Firstly | would like to thank the patients that wanted to take part in the research for
the well being of the others in the future.

I would like to express my gratitude to my promoters Prof. dr. Jan H.M. Schellens,
prof. dr. Jos Beijnen en co-promotor dr. Dieta Brandsma. Beste Jan, hartelijk be-
dankt dat je me de mogelijkheid hebt gegeven om in jouw goed georganiseerde
team te kunnen werken, leren en promoveren. Jouw energie, wetenschappelijke
en organisatorische kwaliteiten en enorme werklust maar anderzijds jouw rustige
aanpak hebben me erg gemotiveerd. Beste Jos, graag wil ik je bedanken voor jouw
aardige begripvolle benadering, jouw kritisch blik op mijn werk en de mogeli-
jkheid om dit werk te kunnen presenteren binnen jouw team. Beste Dieta, wat een
fijne tijd was het om te promoveren onder jouw leiding. Je hebt een ongelooflijk
vermogen om alle serieuze en ingewikkelde taken op te lossen in een prettige,
ontspannen sfeer en met fijne communicatie. Ik wens je nog veel wettenschap-
pelijke uitdagingen in de nabije toekomst binnen de neuro-oncologie en ik kan je
aan andere nieuwe collega’s van harte aanbevelen als hun begeleider.

Beste Dick, wat heb ik een mooie samenwerking met jouw gehad. Jouw daad-
kracht met het werken in het laboratorium en jouw succesvolle CTC assays in com-
binatie met jouw altijd goede stemming en jouw “never give up”mentaliteit heb ik
altijd prachtig gevonden. Dankzij de samenwerking met Ingrid waren de EpCAM
en MCSP assays altijd in goede handen.

Dr. Boogerd, dr. van Tellingen, dr. van Tinteren en drs. Bol hartelijk bedankt voor
jullie kritische opmerkingen over de neuro-oncologische studies. Sander, Nienke
en Jan bedankt dat jullie onze neuro- sub-investigators waren. Dr Lolkema, dr. Wit-
teveen en dr Devries bedankt voor het nauwkeurig nakijken van mijn proefschrift.
Beste Alwin, Serena, en Marja ik wil jullie bedanken voor de continue steun en
begeleiding tijdens mijn onderzoek ondanks jullie drukke dagelijkse agenda.
Marja, wat heb je me altijd goed kunnen begrijpen en adviseren. Niet alleen vakin-
houdelijk maar vooral ook op communicatief viak. Ik vraag me af of er ook iets is die
jij niet kan oplossen? Brenda, dank voor je altijd prachtige tijd en lach die je samen
met Marja binnen het team kon verspreiden. Jolanda, met je optimisme straal je
positieve energie uit en sta je altijd klaar om te helpen.

Thea en het kinetiekverpleegkundig team, ik wil jullie graag bedanken voor een
plezierige tijd die wij samen hebben doorgebracht. Jullie kennis, vaardigheden en
empathie voor de patiént respecteer ik zeer. Annemarie, Marianne, Jana, Emmy,
Karina, Annemiek, Wendy, Mariska, Saskia, Magda, Hilleke en Marijke hartelijk be-
dankt voor jullie prettige samenwerking. Brigitte, Patricia en Harriét hartelijk be-
dankt voor jullie snelle, efficiénte medewerking aan onze database. Cécile, Yvonne
en Ineke, jullie oplossingen en adviezen heb ik zeer gewaardeerd.



Lieve C2 collega’s, (ex) kamergenoten en OlOs, wat heb ik een goed gevoel als
ik over ons tijd samen terugdenk. Wat fijn dat jullie altijd klaar stonden met alle
grappen, maar ook voor de tips en trucs rond de promotie. Daarvoor speciaal dank
aan Ruud, Suzanne, Geert, Lot, Rik, Stijn en Vincent, jullie hebben me prachtig
aangemoedigd Gerichte adviezen kreeg ik van Coen en Bart over het R program-
ma. Vele spannende wetenschappelijke en andere thema'’s heb ik gedeeld met
Robin, Didier, Jeroen, Jolanda, Andrew, Annelies, Arthur, Vincent, Emilie, Linda,
Mark en Judith.

Lieve Franka en Moniek, hartelijk bedankt voor jullie hulp met de N12CLM studie
data. Ik wens jullie veel succes met jullie toekomstige (wetenschappelijke) carriere.

Dear Joe Stoebenau and Werner Gladdines thank you for the great time work-
ing together. You were always so motivating and inspiring. The science is in good
hands with you as conductors. Mijn lieve paranimfen Anne-Charlotte en Alexan-
dra. Jullie ben ik dankbaar voor mijn carriére stap om te promoveren en jullie steun
in moeilijke tijden om door te zetten en op tijd te ontspannen.

Dragi mama i tata, evo i ove knjige, ni¢im izazvane, a sa vase strane opet podrzane.
Hvala 5to ste nam dali veliku Sirinu i slobodu da radimo i Zivimo kako mi Zelimo, a
svoju brigu sada fokusirali na pitanje da li konji¢ ima pune baterije. Draga Sneska i
Zeljko, uvek sam ponosna na vase uspehe, ali me najvise raduju vasi hobiji, pogoto-
vo kada mogu sa vama da ih podelim. Dragi Tanasijevici i Ranka, kod vas smo uvek
dobrodosli i saslusani i voljeni, to je tako divno. Miko, my soul mate, hvala i na pos-
lednjim ispomocima oko realizacije ove knjige sa divnim koricama. Draga Teodora
i Ido, vi ste uvek bili moj stub oslonca u zemlji vetrenjaca, a zajedno sa Milicom,
Negom, Tamarom, Darkom, Bojanom i Tijanom ste moji uvek divni primeri.

Lieve familie Kerklaan en van der Veeken, bedankt voor jullie steun en niet alleen
tijdens deze promotie. Jullie warme en open benadering als we samen zijn heeft
me altijd een vertrouwd gevoel gegeven. Hans en Marijke wat zijn we jullie dank-
baar voor alle oppas donderdagen.

Lieve Joost, de liefde die wij hebben sinds de eerste dag, maar ook de fijne, aan-
moedigingen en inspirerende gespreken, hebben me geleerd om door te gaan en
dapper te zijn in wetenschap en geneeskunde. En wat een prachtig gezin hebben
we gesticht. Matija i * vi ste naSe bogatstvo i veselje.

Annemarie Willems and Filip Mitrovic thank you for all that jazz. Your music makes
the world turn around.

257



252

CURRICULUM VITAE

Bojana Milojkovic Kerklaan werd geboren op 1 juni 1979 te Belgrado, Servié. In
1998 behaalde zij het VWO diploma aan het V¥ Belgrado Gymnasium. In septem-
ber van datzelfde jaar begon zij aan de studie Geneeskunde aan de Universiteit van
Belgrado, Servié. Tijdens deze studie deed zij een onderzoeksstage op de afdeling
Fysiologie en Sport Geneeskunde over het aerobische metabolisme van topsport-
ers onder begeleiding van Prof dr S. Mazic. Een internationaal keuze stage deed zij
op de afdeling Revalidatie en Sport geneeskunde in Tarty, Estonia. Tevens deed zij
een keuzestage bij verschillende farmaceutische organisaties/bedrijven in Servié.
In 2006 heeft zij haar artsen titel behaald. Daarna heeft Bojana 4 jaar gewerkt bin-
nen de Clinical Research Organisation Parexel te Belgrado, Berlijn en Amsterdam
waar zij de international ervaring heeft opgedaan met klinish trials. Hierna besloot
zij in april 2010 om weer binnen het ziekenhuis te gaan werken en de uitdaging
van een promotieonderzoek aan te gaan op de afdeling klinische farmacologie
aan het Nederlands Kanker Instituut - Antoni van Leeuwenhoek Ziekenhuis te
Amsterdam. In dit onderzoek werd zij begeleid door prof. dr. Jan H.M. Schellens,
prof. dr. Jos H. Beijnen en dr D. Brandsma.

CURRICULUM VITAE

Bojana Milojkovic Kerklaan was born onthe 11 of June 1979 in Belgrade. In 1998 she
received her gymnasium diploma from the 5" Belgrade Gymnasium. In September
that year she started to study Medical School at Belgrade University. During this
study she did a research internships about the role of the aerobic metabolism of
top sportsman at the Department of Physiology and Sport Medicine at the Univer-
sity of Belgrade, under the supervision of prof.dr. S. Mazic and at the Department
of Rehabilitation and Sport Medicine in Tartu, Estonia. Additionally, she did intern-
ships in 2005 at several pharmaceutical organizations in Serbia. After receiving the
medical doctor diploma she spent 4 years working in the Clinical Reseach Organ-
isation Parexel in Belgrade, Berlin and Amsterdam. IN April 2010 she decided to
take on the challenge of doing a PhD research project at the Clinical Pharmacology
Department, Netherlands Cancer Institute — Antoni van Leeuwenhoek Hospital in
Amsterdam. During her research she was supervised by prof.dr. JH.M. Schellens,
prof.dr. JH. Beijnen and dr D. Brandsma.



LIST OF PUBLICATIONS

1. Milojkovic Kerklaan B, Diéras V, Le Tourneau C, Mergui — Roelvink M, Huitema
ADR, Rosing H, Beijnen JH, Marreaud S, Govaerts A, Piccart-Gebhart MJ, Schellens
JHM, Awada A. Phase | study of lonafarnib (SCH66336) in combination with tras-
tuzumab plus paclitaxel in Her2/neu overexpressing breast cancer. EORTC study
16023. Cancer Chemother Pharmacol (2013) 71:53-62

2. Milojkovic Kerklaan B, Lolkema MPJ, Devriese LA, Voest EE, Nol-Boekel A, Mer-
gui-Roelvink M, Langenberg M, Mykulowycz K, Stoebenau J, Lane S, Legenne P,
Wissel P, Smith DA, Giantonio BJ, Schellens JHM, Witteveen PO. A. Phase | and phar-
macological study of pazopanib in combination with oral topotecan in patients
with advanced solid tumors. Submitted for publication.

3. Milojkovic Kerklaan B. Van Tellingen O, Huitema ADR, Beijnen JH, Boogerd
W, Schellens JHM, Brandsma D. Strategies to target drugs to primary brain tumors
and CNS metastases (review). Submitted for publication.

4. Milojkovic Kerklaan B, Aftimos P, Altintas S, Jager A, Gladdines W, Gaillard P,
Soetekouw P, DierasV,Van Linde M, Awada A, Huitema ADR, Schellens JHM, Brands-
ma D-Phase | and pharmacological study of 2B3-101, glutathione PEGylated liposo-
mal doxorubicin, in patients with solid tumors and brain metastases or recurrent
malignant glioma. Submitted for publication.

5. Milojkovic Kerklaan B. Pluim D, Bol M, Hofland |, Westerga J, Van Tinteren H,
Beijnen JH, Boogerd W, Schellens JHM, Brandsma D. Sensitivity and specificity of
circulating tumor cell detection by flow cytometry versus cytology in cerebrospi-
nal fluid for the diagnosis leptomeningeal metastases. Submitted for publication.
6. Pluim D. Quantification of circulating melanoma cells in peripheral blood and
cerebrospinal fluid by positive immunomagnetic enrichment and multi-parameter
flow cytometry. Submitted to publication.

7. Cirkel G.A, Milojkovic Kerklaan B, Vanhoutte F, Van der Aa A, Lorenzon G,
Namour F, Pujuguet P, Darquenne S., de Vos F, Snijders T.J., Voest E.E,, Schellens
JHM.,, LolkemaM.P. A phase | study of GLPG0187, a broad spectrum integrin recep-
tor antagonist in patients with glioblastoma multiforme and other solid malignan-
cies. Submitted for publication.

253



254

LIST OF ABSTRACTS

Sensitivity and specificity of circulating tumor cell detection by flow cytometry
versus cytology in cerebrospinal fluid for the diagnosis leptomeningeal metasta-
ses. Oral/poster presentation tbd NVKFB mededelingendag, Amsterdam, the
Netherlands, March 2015

Phase I/lla study of glutathione PEGylated liposomal doxorubicin (2B3-101) as a
single agent or in combination with trastuzumab in patients with brain metastases
from solid tumors or recurrent high grade gliomas - SNO Congress - oral pre-
sentation — Miami, USA, Nov 2014and on ESMO/ECCO/ESTRO Congress —poster
presentation — Amstredam, Sep 2013

Phase I study of the safety, tolerability and pharmacokinetics of pazopanib in com-
bination with oral topotecan in patients with advanced solid tumor - ASCO Con-
gress —poster presentation, Chicago, USA, May 2013

The impact of body composition on the success rate of elite soccer players on aer-
obic tests — ECSS Congress - poster presentation, Belgrade, Serbia, Jul 2005

One more reason why talent is not enough - ECSS Congress — poster presenta-
tion, Clermont-Ferrand, France, July 2004



255



