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ORIGINAL ARTICLE

A novel oral insulin-like growth factor-1 receptor pathway modulator
and its implications for patients with non-small cell lung carcinoma:
A phase I clinical trial

SIMON EKMAN!, JOHAN HARMENBERG?, JAN-ERIK FRODIN?,

STEFAN BERGSTROM?*, CECILIA WASSBERG?, STAFFAN EKSBORGS,

OLLE LARSSON’, MAGNUS AXELSON?®, MARKUS JERLING?, LARS ABRAHMSEN?,
ASA HEDLUND!, CARINA ALVFORS?, BIRGITTA STAHL? & MICHAEL BERGQVIST!

I Department of Immunology, Genetics and Pathology, Uppsala University, Uppsala, Sweden, 2Axelar AB, Karolinska
Institute Science Park, Solna, Sweden, 3Department of Oncology, Karolinska University Hospital, Stockholm,
Sweden, *Department of Oncology, Hospital of Gévle, Géivle, Sweden, >Section of Radiology, Department of
Radiology, Oncology and Radiation Sciences, Uppsala University, Uppsala, Sweden, *Childhood Cancer Research
Unit, Department of Women’s and Children’s Health, Karolinska Institutet, Stockholm, Sweden, "Cellular and
Molecular Tumor Pathology, Department of Oncology and Pathology, Cancer Centre Karolinska, Karolinska
University Hospital, Stockholm, Sweden, 8Department of Clinical Chemistry, Karolinska University Hospital,
Stockholm, Sweden and °Uppsala Clinical Research Center, Uppsala, Sweden

Background. A phase [a/b dose-escalation study was performed to characterize the safety, efficacy and pharmacokinetic
properties of the oral small molecule insulin-like growth factor-1-receptor pathway modulator AXL1717 in patients with
advanced solid tumors.

Material and methods. This was a prospective, single-armed, open label, dose-finding phase Ia/b study with the aim
of single day dosing (phase Ia) to define the starting dose for multi-day dosing (phase Ib), and phase Ib to define and
confirm recommended phase II dose (RP2D) and if possible maximum tolerated dose (MTD) for repeated dosing.
Results and Conclusion. Phase Ia enrolled 16 patients and dose escalations up to 2900 mg BID were successfully
performed without any dose limiting toxicity (DLT). A total of 39 patients were treated in phase Ib. AXL1717 was well
tolerated with neutropenia as the only dose-related, reversible, DLT. RP2D dose was found to be 390 mg BID for four
weeks. Some patients, mainly with NSCLC, demonstrated signs of clinical benefit, including four partial tumor responses
(one according to RECIST and three according to PET). The 15 patients with NSCLC with treatment duration longer
than two weeks with single agent AXL.1717 in third or fourth line of therapy showed a median progression-free survival
of 31 weeks and overall survival of 60 weeks. Down-regulation of IGF-1R on granulocytes and increases of free serum
levels of IGF-1 were seen in patients treated with AXL1717. AXL1717 had an acceptable safety profile and demonstrated
promising efficacy in this heavily pretreated patient cohort, especially in patients with NSCLC. RP2D was concluded
to be 390 mg BID for four weeks. Trial number is NCT01062620.

The IGF-1 receptor (IGF-1R) signaling pathway is
believed to be critical for cancer cell growth, survival,
metastasis [1], and resistance to therapy [2], and to
protect tumor cells from chemotherapy and irradia-
tion [1]. IGF-1R is prominently expressed in non-
small cell lung cancer (NSCLC) [3]. Numerous
clinical trials have been completed to explore the
anti-tumor potential of anti-IGF-1R antibodies or

IGF-1R tyrosine kinase inhibitors, mostly in combi-
nation with other agents with anti-tumor activity [4].
To date, phase III studies have however failed to con-
firm efficacy of these agents [5]

AXI.1717 is identical to picropodophyllin (PPP)
and was identified as an inhibitor of IGF-1R signal-
ing in a cellular screen [6]. AXI.1717 has shown
pronounced antitumor activity including tumor
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regression against a wide range of cancers in relevant
animal models [6,7]. In contrast, AXI.1717 was inef-
fective in tumor models whose growth was driven by
specific oncogenes, like VSRC and HER2 [6,8]. It
has also been reported that AXL1717 sensitizes
tumor cells to cytostatic agents [9] and irradiation
[10]. Mechanistic in vitro studies have demonstrated
that incubation with AX1.1717 induces degradation
of the IGF-1R, reduces the level of phosphorylated
IGF-1R and the activity of proteins downstream in
the signaling pathway [6,11], and in particular has
no detectable effects on closely related receptors
including the insulin receptor [6,12].

Recently it has been realized that AXIL.1717 has
additional effects unrelated to the effect on IGF-1R
signaling [13]. For a long time AX1.1717 was believed
to yield arrest in the G2/M phase of the cell division,
but it has now been shown that tumor cells are arrested
in mitosis and that this is associated with inhibition of
microtubule dynamics [14-16]. AX1.1717 does not
bind beta-tubulin and the molecular target has not
been reported [6]. Based on the absence of direct
binding to beta-tubulin and on the benign clinical side
effect profile, the effect of AXI1.1717 on microtubule
seems to differ from microtubule inhibitors presently
in clinical use [17,18]. Thus, in contrast to previous
IGF-1R pathway targeting agents, AXI.1717 has a
second anti-tumoral effect, which may contribute
both to efficacy and side effect profile.

The present study reports the safety and efficacy
of the IGF-1R pathway modulator AXI.1717 in
patients with advanced solid tumors lacking available
treatment options, with a special emphasis on patients
with NSCLC. The purpose of the phase Ia part of the
clinical study was to define the starting dose for phase
Ib and of phase Ib to define and confirm RP2D, and
if possible, identify MTD for repeated dosing. Sec-
ondary objectives included establishing the tolerability
and adverse event (AE) profiles, pharmacodynamic
effects, and preliminary antitumor activity.

Material and methods
Patients

Patients, age 18 years or older, with histologically
confirmed diagnosis of advanced solid or hemato-
logical malignancy without remaining treatment
options, with a life expectancy of at least three
months, were eligible for study entry provided they
met the following entry criteria: Eastern Cooperative
Oncology Group (ECOG) performance status of
2 or less, adequate hematology, blood chemistry,
and renal and liver function. Exclusion criteria
were known malignancy in CNS, prior anti-tumor
therapy within four weeks from enrolment and/or
radiotherapy (given palliatively at non-target lesions)

within one week prior to study drug administration
day. Based on preclinical data in animal studies where
no adverse effects on blood glucose were observed,
diabetes mellitus was not an exclusion criterion. All
patients provided signed informed consent, and local
ethics committee approval was obtained. The study
was conducted in accordance with Good Clinical
Practice guidelines and the Declaration of Helsinki.

Study design and procedures

This was a prospective single institution, single-armed,
open label, dose finding phase Ia/b study. The purpose
of phase Ia (single day BID dosing) was to define the
starting dose for phase Ib (repeated BID dosing) and
of phase Ib (repeated BID dosing) to define in 3-6
patients and confirm the recommended phase 2 dose
(RP2D) in another 10-20 patients and if possible
maximal tolerated dose (MTD) for repeated dosing
(up to 28 days). An oral suspension of PPP (AX1.1717)
was used in the study (supplied by Axelar AB, Stock-
holm, Sweden). Patients were treated with increasing
doses of AX1.1717 with a starting dose in phase Ia of
5 mg BID. The starting dose was defined based on
toxicological findings in animal studies. The dose was
then escalated in 100% steps up to 80 mg BID and
thereafter increased in steps of 50% and then in steps
of 33% until the top dose of 2900 mg BID was reached
according to a modified Fibonacci schedule [19].
Patients were treated BID during one day (morning
and evening) followed by a three-week observation
period. If no dose-limiting toxicity (DLT) was observed
during the observation period during the first cycle of
a patient, then the next patient could be included on
the next higher dose level. All patients could be indi-
vidually dose escalated until first DLT or tumor pro-
gression at the discretion of the investigator. All dose
escalation decisions were taken by the data safety
monitoring board (DSMB) including independent
member.

The starting dose in phase Ib was 700 mg BID
for seven consecutive days followed by a three-week
observation period. The starting dose was based on
the absence of DLTSs in Phase Ia also at the highest
tested dose level of single day 2900 mg BID. Full
data was presented to the Regulatory Authorities
(RA) and the starting dose was decided in collabora-
tion with RA. The starting dose in phase Ib was
based on a safety factor of 4 that was introduced to
compensate for the prolongation of treatment. The
objective was to identify a suitable dose for 28 days
of continuous BID dosing. Increasing doses of
AXI1.1717 were given until two or more out of
3—6 patients at one dose level experienced DLT after
their first (pivotal) treatment (=33% of the patients
reporting DLTSs), thus constituting the MTD. The
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recommended phase 2 dose was however decided by
DSMB after reviewing the occurrence of DLTs fol-
lowing all treatment cycles and accounting for all
available safety information. DLT was defined as the
occurrence of any CTCAE (Common Terminology
Criteria for Adverse Events, version 4.0 used)
grade 3 or higher related clinically relevant AE,
however, grade 4 was required for neutropenia and
leukopenia. When MTD was reached, the next lower
dose level was further explored. First, seven-day
dosing was explored until MTD was reached, then
14-day, 21-day and 28-day dosing was explored in
consecutive order.

The recommended phase 2 dose (RP2D) was
defined as a dose that was tolerated well by six
patients. Following identification of RP2D, this dose
was further explored in an increased patient popula-
tion (RP2D confirmation phase). This confirmation
phase of four weeks treatment with 390 mg AX1.1717
BID also allowed treatment for two periods of four
weeks after approval of an amendment within the
study protocol. A 21-day treatment free observation
period followed after last dose in each treatment
period with the possibility to prolong the observation
period another three weeks until the patient fulfilled
the continuation criteria (any related AEs should
have resolved to CTCAE grade 1 or better, neutro-
penia and leukopenia should have resolved to
CTCAE grade 2 or better). For some patients
enrolled at a later stage, the observation period was
reduced to 14 days. Discontinuation criteria included
patient preference, AE contraindicating continua-
tion, best interest of patient, tumor progression, fail-
ure to fulfil continuation criteria, pregnancy and
need for treatment with granulocyte growth factors.
Patients without evidence of tumor progression at
the end of the study could be treated indefinitely at
the discretion of the investigator in a special exten-
sion study, in which the dosage was not more inten-
sive than in the main study (dose and treatment
duration) and with similar treatment-free periods.

Assessments of biomarkers and efficacy

Biomarker analyses included serum IGF-1, IGF-bind-
ing protein 3 (IGFBP-3) and growth hormone (GH).
Additionally, blood glucose, insulin, C-peptide, and
HbA1c were analyzed to exclude inhibition of the insu-
lin receptor. The density of IGF-1 receptor on the sur-
face of neutrophil granulocytes was assessed with
previously published methods [20]. Tumor response
was assessed by imaging with computed tomography
according to RECIST 1.1 criteria [21] and !8F-
Fluoro-Deoxy-Glucose Positron Emission Tomography
(FDG PET) [22] as well as by potential biomarkers
after two treatment periods in phase Ib and/or at study

end and compared to baseline. Radiological response
evaluation was not performed in phase Ia since the
single day BID dosing was not expected to result in any
measurable radiological responses.

Pharmacokinetics

In phase Ia plasma samples were planned to be drawn
predose and then 15, 30, 45, 60, 75,90, 120 (2 h), 180
(3 h), 240 (4 h), 360 (6 h), 480 (8 h) and 720 (12 h)
minutes after the morning dose for each treatment
cycle. In phase Ib plasma samples were planned to be
drawn at the same time points after the morning dose
on Day 1, 7, 14, 21 and 28 as appropriate depending
on the dosing duration of the cycle. For most profiles
the last sample was taken at 10 hours rather than at
12 hours and the actual time points of sampling were
used in the analyses. Serum concentration of AX1717
was analyzed by LC-MS/MS as described earlier [23].
Non-compartmental methods were used to describe
the concentration-time profiles [24].

Results
Patient characteristics

Sixteen patients were enrolled in phase Ia while
39 patients were enrolled in phase Ib. Of these
39 patients, six were enrolled during phase Ia and con-
tinued their treatment in phase Ib. A separate cohort
was formed from the patients with NSCLC (19 patients
out of whom two patients participated in phase Ia only).
The patients enrolled in phase Ia (nine male and seven
females) had a median age of 58.5 years (range 25-83
years), and in phase Ib (24 male and 15 females)
median age 64 years (range 27-80 years). Nineteen
patients with NSCLC, seven patients with prostate can-
cer, five with colorectal cancer and five with malignant
melanoma represented the most common diagnoses.
The patients were heavily pretreated prior to entry into
the study. Further demographic characteristics of the
study cohorts are summarized in Table I.

Study treatment

In phase Ia, the dose was increased both between and
within patients from the starting dose of 5 mg BID
to the top dose of 2900 mg BID. The patients received
1-14 treatment periods. In phase Ia, 78 single day
treatments (156 administrations) were administered
with 99% compliance (Supplementary Table I, avail-
able online at http://informahealthcare.com/doi/abs/1
0.3109/0284186X.2015.1049290). Based on phar-
macokinetic data and the notion that repeated dosing
is needed for an effective anti-tumor activity, the start-
ing phase Ib dose was defined to be 700 mg BID for
seven days. In total, phase Ib included 68 treatment
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Table I. Baseline patient demographics and clinical characteristics of the entire cohort.

Subgroup patients

Characteristics All patients phase Ia All patients phase Ib NSCLC
Total included 16 39 19
Age (years; median, range) 58.5 (25-83) 64.0 (27-80) 65.0 (54-83)
Sex
Male 9 24 10
Female 7 15 9
Performance status
0 8 13 3
1 5 21 14
2 3 5 2
Tumor type
NSCLC, adeno 7 7
NSCLC, squamous 5 10 12
Prostate 7
Gastrointestinal tumor 4
Malignant melanoma 1 4
Ovarian cancer 2
Other 4 (salivary gland carcinoma, 5 (salivary gland carcinoma,
sinonasal undifferentiated chondrosarcoma, B-cell
carcinoma, chondrosarcoma, lymphoma, breast and
SCLC) kidney cancer)
Prior therapy
Surgery 8 21 4
Radiotherapy (excluding palliation) 9 20 12
Chemotherapy (including palliation) 15 (7, 3 + regimens) 39 (26, 3 + regimens) 19 (13, 3 + regimens)
Hormone/immunotherapy 3 11 0
Smoking status
Never smoker 2
Ex-smoker 13
Current smoker 4
Stage at diagnosis
Ia 2
Ib 1
IIa 0
IIb 3
IIIa 8
IITb 3
v 2
Stage at inclusion
IIIa 6
IIIb 1
v 12

periods with 1-4 weeks of treatment with a total pre-
scribed dosing of 147 weeks and a total estimated
compliance of 96.4% (Supplementary Table II, avail-
able online at http://informahealthcare.com/doi/abs/1
0.3109/0284186X.2015.1049290). The compliance
in connection with PK sampling at site was 100%.
The 13 patients entering the extension study were
treated for a total of 111 weeks (Supplementary
Table III, available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2015.1049290).

Safery

Patients that had received at least one dose of study
medication were included in the safety analyses. In
phase Ia, single day treatment with AXIL.1717 was

well tolerated; the dose was successfully escalated
from 5 mg BID to 2900 mg BID without any DLT,
any CTCAE grade 3 or higher related AE or any
study drug-related withdrawal. During phase Ia,
22 serious adverse events (SAE) were reported out
of which six were fatal. All these events complied
with the expected scenario for the underlying tumor
disease/progression and at no occasion was a SAE
assessed related to the study treatment. In phase Ib,
the first DLTs were reported and also the first
suspected unexpected serious adverse reactions
(SUSAR). Twenty-six patients reported any AE that
were possibly or probably related to the study drug
(Table II). Seventy-eight events have been assessed
as related to the study drug (either possibly; 37 events
or probably; 41 events). Fifteen non-fatal SAEs were
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Table II. Possibly/probably related adverse events in phase Ib.

No. of No. of CTCAE No. of CTCAE No. of CTCAE No. of CTCAE

Adverse event reported  related AEs Grade 1-2 Grade 3 Grade 4 Grade 5
Preferred term (no. of pat) (no of pat) (no of pat) (no of pat) (no of pat)
Leukopenia 15 (11) 1(1) 4 (3) 10 (8) 0 (0)
Neutropenia 14 (10) 0 (0) 3(2) 10 (8) 1(D)
Alopecia 9 (9) 99 0 (0) 0 (0) 0 (0)
Fatigue 7 (6) 7 (6) 0 (0) 0 (0) 0 (0)
Oral candidiasis 7 (6) 6 (5) 1) 0 (0) 0 (0)
Febrile neutropenia 6 (5) 0 (0) 0 (0) 6 (5) 0 (0)
Anemia 4 (4) 4 (4) 0 (0) 0 (0) 0 (0)
Thrombocytopenia 3 (3) 0 (0) 0 (0) 3 (3) 0 (0)
Nausea 2 (2) 2 (2) 0 (0) 0 (0) 0 (0)
Oral dysaesthesia 2 (1) 2 (1) 0 (0) 0 (0) 0 (0)
Sepsis 1(1) 0 (0) 1(1) 0 (0) 0 (0)
Rash pustular 1 (1) 1(1) 0 (0) 0 (0) 0 (0)
Pyrexia 1(1) 1(1) 0 (0) 0 (0) 0 (0)
Abdominal pain 1(1) 1() 0 (0) 0 (0) 0 (0)
Dry eyes 1 (1) 1(1) 0 (0) 0 (0) 0 (0)
Xerostomia 1(1) 1(1) 0 (0) 0 (0) 0 (0)
Dysgeusia 1(D) 1() 0 (0) 0 (0) 0 (0)
Eczema 1 (1) 1(1) 0 (0) 0 (0) 0 (0)
Erythema 1(1) 1(1) 0 (0) 0 (0) 0 (0)

reported by 13 patients out of which seven events
were assessed as possibly/probably related to study
medication. One patient developed a pustular rash at
a dose of 930 mg BID that resolved, and the other
six events were related to neutropenia. All events
were reversible. Six fatal cases within 30 days of last
dose were reported and five of these cases were
unlikely related to study drug. One patient had a
probably related neutropenia in a fatal event with the
underlying disease as the likely cause of the fatal out-
come. Neutropenia, the main DLT, was reversible
and dose-related and occurred in 26% of the patients
in phase Ib.

The first cohort in the Phase Ib part of the study
was treated with one-week of 700 mg AXI1.1717 BID.
As no patients reported DLTs in their first cycle of
treatment, the next cohort was included on the one-
week 930 mg BID level. Two of the four patients
(50%) treated on this dose level reported DLTSs
(febrile neutropenia). Due to the severity of the
DLTs in the 930 mg BID cohort and taking into
account that the objective was to find a dose for con-
tinuous dosing, the next cohort was entered on the
one-week 520 mg BID (two dose levels reduction)
following a decision of DSMB. Two out of a total of
seven patients (29%) reported DLTs on this dose
level (neutropenia and combination of neutropenia
and thrombocytopenia) which as assessed as accept-
able. The next cohort was two-week 520 mg BID.
A total of three out of seven patients (43%) on this
level reported DLT's (all neutropenias which in one
case developed into febrile neutropenia), which was
assessed as unacceptable and the next cohort was
therefore three-week 390 mg BID. One DLT of

febrile neutropenia was reported in the five patients
in this cohort. The following patients were treated
with four-week 390 mg BID of AXIL1717. A total of
12 patients treated with a total of 18 treatment peri-
ods were included in the study. No patients reported
a DLT on this level. The RP2D was thus identified
to minimize the frequency of neutropenia and for
continuous 28-day single agent dosing was identified
as 390 mg BID. Three related events of thrombocy-
topenia (four in total) occurred during the study, all
of them in patients with simultaneous severe neutro-
penia. In two cases, neutropenia developed in con-
nection with severe constipation, possibly causing
increased absorption due to intestinal delay. This
motivates special attention directed to constipation
problems and other situations that may increase the
intestinal transit time when planning future studies.

Efficacy

Tumor response according to RECIST was not
assessed in the phase Ia part of the study, but it was
observed that patients with NSCLC survived longer
than expected and some of them showed prolonged
duration of stable disease as previously published
[26]. Eight patients were withdrawn from the study
prior to study assessments, mainly due to tumor
progression. Evaluation at the end of the study
showed that 15 patients had progressive disease
(PD), 10 patients stable disease (SD), and three
patients non-measurable disease (all prostate can-
cer patients). In addition, four patients had partial
tumor responses during the study (including
the extension study); three with NSCLC [one
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according to RECIST 1.1 (including PR on FDG
PET) and two on FDG PET] and one with prostate
cancer (on FDG PET). The median overall survival
(OS) for the whole population of 49 patients
was 30 weeks, with one patient alive at cut-off
(Figure 1). All patients in phase Ib treated for more
than two weeks had a median OS of 42 weeks
and progression-free survival (PFS) of 13 weeks
(Figure 2). At cut-off, one of these 34 patients was
still alive. Early signs suggested that NSCLC
patients might have clinical benefit of treatment
with single agent AX1.1717 [1]. This cohort of 15
patients with treatment duration of more than two
weeks was followed separately; Kaplan-Meier assess-
ment showed a median OS of 60 weeks and a
median PFS of 31 weeks (Figure 3). None of the
15 NSCLC patients were still alive at cut-off. One
patient with NSCLC had a remarkable tumor
response (Figure 4a-b) with three index lesions at
baseline and at the three months assessment mea-
sured with FDG PET-CT, the functional tumor
volume was reduced with 81% in total and with
100% in two out of the three tumor locations, show-
ing extensive reduction of tumor metabolism. The
RECIST assessment with CT scan was overall
reduced with 64% at the three-month time point.

Pharmacokinetics

After single doses in phase Ia onset of absorption was
rapid with measurable plasma concentrations within
15 minutes. Peak concentrations were observed
1-4 hours after drug intake. Cmax and AUC
increased less than proportional to dose over the
dose range 5-80 mg but were close to dose propor-
tional after higher doses from 120 mg up to 2900
mg. Dose adjusted AUCInf values are shown in
Supplementary Figure 1 (available online at
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Figure 1. Kaplan-Meier plot for the overall survival of the total
population (n=49) with one patient alive at cut-off.

http://informahealthcare.com/doi/abs/10.3109/0284
186X.2015.1049290). For doses 120 mg and higher
the elimination half-life ranged from 1.6 to 4.5 hours
(geometric mean by dose level).

After repeated doses in phase Ib the majority of
patients demonstrated a larger than expected increase
in AUC from Day 1 to subsequent dosing days at the
same dose level. An example is shown in Supplemen-
tary Figure 2 (available online at http://informahealth-
care.com/doi/abs/10.3109/0284186X.2015.1049290)
for a patient receiving 520 mg BID over 14 days. This
increase is not explained by accumulation but rather an
increase in bioavailability which is fully developed within
seven days of dosing. Results for Cmax and AUCO0-12
representing the dose interval are shown in Supplemen-
tary Table IV (available online at http://informahealth-
care.com/doi/abs/10.3109/0284186X.2015.1049290)
for the doses 390 mg BID and 520 mg BID with data
for at least five patients on each dosing day.

Pharmacodynamics

Analyses of the potential biomarkers IGF-1 and
IGFBP-3 in serum showed that 11 of the 17 patients
(65%) with 15 days or longer continuous treatment
exhibited increased S-IGF-1 levels following treat-
ment with AXT.1717. In contrast, only five out of 20
patients (25%) with 14 days or shorter continuous
treatment exhibited increased levels of S-IGF-1
(p=0.0411,WilcoxonTest). Eleven of the 17 patients
(65%) with 15 days or longer continuous treatment
showed increased serum IGFBP-3 levels. In contrast,
only four out of 20 patients (20%) with 14 days or
shorter continuous treatment exhibited increased
levels of serum IGFBP-3 (p=0.0031). The diagno-
ses of the 11 patients showing increased IGF1 and

Cumulative Incidence (%)
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Figure 2. Kaplan-Meier plot for the overall survival (with one
patient alive at cut-off) and the progression-free survival of the
total population in multidose (Phase Ib) with a treatment duration
longer than 2 weeks with single agent AXLL1717 (n= 34).
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Figure 3. Kaplan-Meier plot for the overall survival (with no
patients alive at cut-off) and progression-free survival of the
15 patients with NSCLC with treatment duration longer than
2 weeks with single agent AXL.1717.

IGFBP3 were prostate cancer (n=5), NSCLC
(n = 2), ovarian cancer (n = 1), kidney cancer (n= 1),
malignant melanoma (n=1) and B-cell lymphoma
(n=1), respectively. As the S-IGF1 and S-IGFBP3
concentrations varied largely among the investigated
patients (25-332 ng/mL and 1010-5710 ng/mL,
respectively), we present the mean differences in
IGF1 (Supplementary Figure 3A, available online at
http://informahealthcare.com/doi/abs/10.3109/0284
186X.2015.1049290) and IGFBP3 (Supplementary
Figure 3B, available online at http://informahealth-
care.com/doi/abs/10.3109/0284186X.2015.104929
0) levels after continuous treatment with AXIL.1717
for = 14 days and > 14 days by comparing the values
with the predose values (at Day 0) for each patients.
Using Student’s t-test the mean increase in both
S-IGF1 and S-IGFBP3 after > 14 days treatment, as
compared to shorter treatments (=14 days), was
proven statistically significant (p=0.03 and
p=0.0008, respectively). No significant changes
were noted in the analyses of serum GH, insulin,
C-peptide, blood glucose or HBA,  levels through-
out the study. None of the included patients were
diabetic. IGF-1R expression on granulocyte surface
was assessed as a potential biomarker. A total of
47 samples with relevant controls were available.
Fifteen data sets were from patients treated with
AXI.1717 for seven days and showed a mean
decrease of 23% in IGF-1R expression; 14 data sets
from patients treated for 14 days had a mean
decrease of 16%; 10 sets from patients treated for
21 days a decrease of 33%; and the mean receptor
down-regulation of eight data sets from patients
treated for 28 days was 41%. On average, the
IGF-1R down-regulation in all 47 samples was
27% (p<0.01).
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Figure 4. A and B Transaxial images at baseline and 3-month
follow-up with FDG PET-CT and contrast-enhanced CT (CECT)
in a patient with a primary NSCLC (solid arrows) in the left lung
and pleural metastases (cross marked). A) shows a significant
reduction in the primary tumor metabolism measured in maximum
standardized uptake value (SUVmax, g/mL) and size on CECT
evaluated with the RECIST 1.1 criteria (LD, transaxial longest
diameter) at 3-month follow-up. B) shows a concordant significant
reduction in the pleural metastases with total metabolic regress
on FDG PET-CT after treatment.

Discussion

This is the first clinical study of the small molecule
IGF-1R pathway modulator AXT1.1717. AXI.1717 was
well tolerated with few study drug-related AEs with treat-
ment at RP2D. Neutropenia was the only dose limiting
AE identified in the clinical study, in agreement with
findings in previous toxicity studies in dogs and mice.
Neutropenia was readily reversible and dose-related.
Even though this phase I study was not designed
for assessment of tumor response, some patients,
mainly with NSCLC, showed signs of treatment
benefit with AX1.1717. All NSCLC patients received
AXI.1717 as single agent therapy in third or fourth
line of treatment and all received AX1.1717 as inter-
mittent treatment with a non-optimized dose. Among
the 15 NSCLC patients with treatment duration
longer than two weeks, the median OS was 60 weeks
and the median PFS was 31 weeks. Previous phase
III NSCLC studies in second-line setting have shown
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a median OS of 18-20 weeks and a median PFS of
7—-10 weeks for best supportive care/placebo [25,26].
However, due to the limited number of patients in
the present study, care should however be taken in
interpreting these encouraging data. In addition,
four patients had partial tumor responses during the
study (one according to RECIST and three accord-
ing to PET); three with NSCLC and one with pros-
tate cancer. NSCLC tumors are known to have a
high density of IGF-1R and NSCLC patients were
indeed the first to respond to AXLL1717 [3,27]. To
the best of the authors’ knowledge, no single agent
tumor response in NSCLC has been reported previ-
ously for any pharmaceutical targeting the IGF-1R
pathway [3,28].

Treatment with AXILL1717 resulted in clinical
effects on the IGF-1R pathway. First, granulocytes
showed reduced amounts of surface exposed IGF-1R,
suggesting induced degradation of IGF-1R similar to
in vitro observations [31]. Furthermore, there was a
clear trend for enhanced serum IGF-1 in patients
treated with AXI.1717 for 15 days or longer con-
tinuous treatment, although modest. Serum IGF-1
and IGFBP-3, biomarkers affected by IGF-1 recep-
tor inhibition [4], have been shown to increase in
patients with multiple myeloma and solid tumors fol-
lowing treatment with the anti-IGF-1 receptor anti-
body figitumumab [16,20]. In agreement with
AXIL1717, treatment with figitumumab yields down-
regulation of IGF-1R, suggesting that this is a rele-
vant comparator [30]. Importantly, there is no
evidence that increase in the serum IGF-I induced
by treatment with the anti-IGF-1R antibody figitu-
mumab was sufficient to overcome the desired
IGF-1R inhibition [31]. This was suggested to be
due to a parallel elevation of the levels of IGFBPs
that reduce IGF bioactivity [31]. However, the mod-
est increases in serum IGF-1 and IGFBP-3 seen in
the majority of patients treated with AXL.1717 for
more than two weeks contrast with the major changes
in serum IGF-1 following treatment with figitu-
mumab [34]. AXLL1717 clearly interacts in a differ-
ent way with the IGF-1R signaling pathway compared
with that of the anti-IGF-1R antibodies, which
directly block binding of IGF.

No treatment related effects were seen with respect
to parameters connected with insulin receptor inhibi-
tion such as serum glucose, insulin, C-peptide or
B-HbA,_. Blood glucose changes appear to be an
IGF-1R inhibitor class effect for the anti-IGF-1R anti-
bodies, and mild increases in blood glucose levels have
been reported in approximately 25% of treated patients
[4]. These antibodies, in analogy with AXI1.1717, do
not cross-react with the insulin receptor and it has
been speculated that an increased gluconeogenesis
and insulin resistance caused by growth hormone

secondary to loss of negative feedback at the pituitary
by IGF-1R inhibition may be responsible for the
appearance of hyperglycemia [32]. Notably, most
patients treated with IGF-1R inhibitors in single-agent
studies did not develop severe hyperglycemia, proba-
bly due to a compensatory increased insulin secretion.
Thus, other factors such as background diabetes and
particularly the use of low-dose corticosteroids as pre-
medication for chemotherapy are likely contributors
to the incidence of hyperglycemia in IGF-1R inhibi-
tor/chemotherapy combination studies. In the present
study, the heterogeneity of this severely advanced can-
cer population makes interpretation challenging.

Most monoclonal antibodies directed against
IGF-1R bind to the extracellular domain of the
receptor to block ligand binding and receptor activa-
tion, whereas previously described small anti-IGF-1R
molecules are tyrosine kinase inhibitors binding to
the intracellular catalytic domain. AX1.1717 works
by a different mechanism and affects not only the
IGF-1R but also interferes with microtubule dynam-
ics [14-16]. This second effect of AXL.1717 may
explain the occurrence of neutropenia seen in this
clinical study and suggests that neutrophil counts
should be monitored in future clinical trials with
AXI.1717 as a possible marker of toxicity.

In summary, the present study has shown treat-
ment with single agent AXIL.1717 to be tolerable in
a population of progressive, advanced and refractory
cancer patients without remaining treatment options.
Reversible dose-related neutropenia was found to be
the main DLT. The recommended phase 2 dose for
continuous 28-day single agent dosing was identified
as 390 mg BID. Clinical benefit was observed in
patients with NSCLC despite the phase I safety
design of the present study. Prospective randomized
trials have been initiated to further evaluate the

promising results of the present study.
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