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Abstract

Engineered cytokine products represent promising agents for the treatment of immunogenic tumors, such as malignant
melanoma, in addition to immune checkpoint inhibitors. Here we describe the results of a controlled, randomized phase
II clinical trial, aimed at assessing the therapeutic potential of L19IL2, a fully human fusion protein consisting of the L19
antibody specific to the alternatively spliced extra-domain B of fibronectin, fused to human interleukin-2 in advanced meta-
static melanoma. In one arm, patients received dacarbazine (DTIC; 1000 mg/m? of body surface on day 1 of 21-day cycles)
as single agent, while in two other arms L19IL2 (22.5 million international units of IL2 equivalents) was added, based on
two different schedules of administration. In total, 69 patients with stage IV melanoma were enrolled (24 in the dacarbazine
arm, 23 and 22 in the other combination arms, respectively) and 67 received treatment. Analyses of efficacy results show a
statistically significant benefit in terms of overall response rate and median progression-free survival for patients receiving
L19IL2 in combination with DTIC, compared to DTIC as single agent. In light of these results, further clinical investigations
with L19IL2 (alone or in combination with other agents) are warranted.
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ALT Alanine amino transferase

CTCAE Common Terminology Criteria for Adverse
Events

CR Complete response

CT Computed tomography

DTIC Dacarbazine

ECOG  Eastern Cooperative Oncology Group
EDB Extra-domain B

GGT Gamma glutamyl transpeptidase
HDIL2 High-dose interleukin 2
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MUGA  Multigated radionuclide angiography

NCI National Cancer Institute
ORR Objective response rate
PR Partial response

PD Progressive disease

RD Recommended dose
SAE Serious adverse event
SD Stable disease

ULN Upper limit of normal

Introduction

For over 30 years, therapeutic options for metastatic mela-
noma have been mostly limited to the chemotherapeutic
agent dacarbazine (DTIC), which has been considered stand-
ard of care despite the absence of clear evidence of a sur-
vival benefit [1, 2]. The introduction of immune checkpoint
inhibitors [3-6] and of BRAF/MEK kinase inhibitors [7-9]
has revolutionized the management of stage [V melanoma,
offering more options to patients and, in many cases, a sub-
stantial survival benefit. High-dose interleukin-2 (IL2) has
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also played a role, having demonstrated the ability to induce
long-term remission of metastatic melanoma in a small pro-
portion of patients [10]. This result was achieved, however,
at the price of severe side-effects requiring administration
in a dedicated setting [10, 11].

There is a growing interest in the clinical use of engi-
neered IL2 derivatives, which may display an increased
therapeutic index. For example, a pegylated version of IL2
(NKTR-214) has shown promising initial clinical data in
combination with immune checkpoint inhibitors, leading to
what has been dubbed as “the largest licensing fee in the
history of biotechnology” [12].

A different strategy for the enhancement of the therapeu-
tic index of IL2 consists in its fusion to antibodies, capable
of selective localization to the site of disease [13—18]. Based
on encouraging preclinical results, a number of antibody-
IL2 fusions have been moved to clinical trials, including
Hu14.18-IL2 (anti-GD2 fused to IL2) [19, 20], DI-Leul6-
IL2 (de-immunized anti-CD20 fused to IL2) [21], F16IL2
[22, 23] and L191L2 [24-26].

L19IL2 is a recombinant fusion protein, consisting of the
L19 antibody in diabody format fused to human IL2 [16].
L19 is specific to the alternatively spliced extra-domain B
(EDB) domain of fibronectin, a marker of angiogenesis. The
protein was shown to selectively localize to solid tumors in
mouse models of cancer [16, 22, 27-33] and to substantially
increase leukocyte density and activity at the site of disease
[24, 26, 34].

L19IL2 has been administered to over 200 patients, show-
ing excellent tolerability and clinical benefit in a substantial
proportion of treated subjects. The immunocytokine has
been studied as a monotherapy for patients with renal cell
carcinoma in a phase I/II dose finding study (EudraCT no.:
2005-002716-16) [25], and in a phase I/II study in combina-
tion with gemcitabine in pancreas cancer patients (EudraCT
no.: 2007-001609-81).

The systemic combination of L19IL2 with DTIC in
patients with stage IV melanoma has been studied in a phase
II clinical trial (EudraCT no.: 2007-005737-11), which was
divided in different phases, as follows. An initial dose con-
firmation study of L19IL2 in combination with 1000 mg/
m? DTIC in melanoma patients (phase Ila) confirmed that
the recommended dose (RD) of 22.5 Mio IU per administra-
tion was well tolerated when administered on days 1, 3 and
5 of every 21-day cycle. In the following phase IIb Step 1
part of the study, 22 additional metastatic melanoma patients
received L19IL2 at the RD (as determined in phase Ila) in
combination with DTIC. A proportion of treated patients
(eight out of 29, 28%) presented an objective response,
including 1/29 patient with a confirmed complete response,
still ongoing 21 months after treatment beginning. The
results of these two parts of the study have been published
already [26].
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Subsequently, a controlled part of the study (phase IIb
step 2) was carried out in 69 additional patients, which were
randomized into three arms in order to compare the combi-
nation of L19IL2 and DTIC using two different administra-
tion schedules to DTIC monotherapy. The results of this con-
trolled trial are discussed in this article. All data presented
in this manuscript exclusively refer to the 69 patients treated
in this controlled randomized part of the study except those
presented in supplementary Fig. 1, which refer to the whole
population of patients who were treated with L19IL2 at the
dose of 22.5 Mio IU and DTIC at 1000 mg/m? in the differ-
ent parts of the study mentioned above.

Methods
Patient characteristics

Adult (> 18 years of age) patients with histologically or
cytologically confirmed unresectable metastatic (stage IV)
non-uveal melanoma represented the target population of
the study. Eligible patients had to have measurable disease,
defined as at least one lesion that could be accurately and
serially measured as per RECIST criteria v.1.1. Cutane-
ous lesions measuring at least 1 cm would be considered
measurable.

Patient population’s characteristics are summarized in
Table 1.

Study design and treatment

The design of the phase Ila (dose definition) and of the
phase IIb step 1 (activity evaluation) of the study have been
described elsewhere [26].

The controlled phase II study (phase IIb step 2) consisted
of a prospective, open-label, multicenter, randomized study
comparing three arms.

In the first of the treatment arms (Arm 1) patients
received L19IL2 on day 1, 3 and 5 during four 21-day
cycles, in combination with DTIC administered on day 1 of
each cycle (induction phase A), followed by induction phase
B (cycles 5-8) in which L19IL2 was administered on day
1, 8 and 15, in combination with DTIC administered on day
1 of each cycle. These induction phases were followed by
a maintenance phase lasting for a maximum of 1 year after
start of treatment, with L19IL2 being administered on day
1, 8 and 15, in combination with DTIC administered on day
1 of each cycle.

In the second treatment arm (Arm 2) L19IL2 was admin-
istered to patients on day 1, 8 and 15 of each 21-day cycles,
for a maximum of 1 year after start of treatment, in combina-
tion with DTIC administered on day 1 of each cycle.
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Table 1 Patients’ demography Arm | Arm 2 Arm 3
and characteristics
Enrolled (n=69) 23 (33.3%) 22 (31.9%) 24 (34.8%)
Safety evaluable (n=67) 22 (32.8%) 22 (32.8%) 23 (34.4%)
Efficacy evaluable (n=60) 17 (28.3%) 21 (35.0%) 22 (36.7%)
Sex?
Female 9 (40.9%) 14 (63.6%) 10 (43.5%)
Male 13 (59.1%) 8 (36.4%) 13 (56.5%)
Patient with baseline LDH,U/1*
0<LDH <250 17 (77.3%) 20 (90.9%) 20 (87.0%)
LDH > 250 5(22.7%) 2(9.1%) 3 (13.0%)
ECOG*
0 19 (86.4%) 17 (77.3%) 20 (87.0%)
1 3 (13.6%) 5(22.7%) 3 (13.0%)
Stage of metastatic disease at baseline®
IV Mla 5(22.7%) 5(22.7%) 6 (26.1%)
IV M1b 9 (40.9%) 11 (50.0%) 521.7%)
IV Mlc 8 (36.4%) 6 (27.3%) 12 (52.2%)
Prior systemic antineoplastic®
Chemotherapy 9 (40.9%) 11 (50.0%) 11 (47.8%)
Radiotherapy 4 (18.2%) 2 (9.1%) 4 (17.4%)

*Percent based on safety evaluable population

Finally, in the control arm (Arm 3) DTIC monotherapy
was administered on day 1 of each 21-day cycles, for a maxi-
mum of eight cycles (standard of care).

Primary objective of the study was overall response rate
(ORR) after 8 cycles of treatment (week 24), defined as the
proportion of patients with either complete response (CR)
or partial response (PR). The same efficacy for the two arms
with different schedule was hypothesized and the hypotheses
to test were: “True probability of response did not exceed
p0” (Null hypothesis; HO: p <p0) or “True probability of
response exceeded p0” (Alternative hypothesis; H1: p > p0)
with p: probability of response under L19IL2 + DTIC com-
bination therapy (the hypothesized p was 0.25) and p0: prob-
ability of response in the monotherapy arm with DTIC only
(p0 set at 0.05).

The null hypothesis was tested with a one-sided type-one
error probability of a=5% at a power of 80%.

The estimated sample size 30 + 30+ 30 for the three arms
was also sufficient to detect a 1.3 months improvement in
PFS (assuming the median PFS in 1.7 months for DTIC
alone group and 3 months for the L19IL2 4+ DTIC groups)
with @ =5% and a power of 80%.

The assessment of response was performed using
RECIST vl1.1.

Secondary objectives included PFS, OS and ORR defined
as the proportion of patients with either CR or PR as best
overall response.

Safety and tolerability assessment was performed by
AEs, serious adverse events (SAEs) and laboratory toxicities

graded according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 3.0. Other safety varia-
bles were: physical examination, laboratory parameters, vital
signs, physical examination, Eastern Cooperative Oncology
Group (ECOG) performance status, 12-lead electrocardiog-
raphy and multigated radionuclide angiography (MUGA).

Inclusion and exclusion criteria

A maximum of one prior therapy line for metastatic mela-
noma and involvement of up to three organs was allowed.
Patients with primary ocular melanoma or evidence of brain
metastases were excluded. Not eligible to the study were
also patients with known history of allergy to IL2, DTIC, or
other intravenously administered human proteins/peptides/
antibodies or who had received anti-tumor therapy within
4 weeks prior to administration of study treatment.
Exposure to monoclonal antibodies for biological therapy
in the 6 weeks before administration of study treatment, to
DTIC treatment in the last 6 months prior to study entry or to
growth factors or immunomodulatory agents within 7 days
prior to administration of study treatment was not allowed.
The complete list of inclusion/exclusion criteria follows.

Inclusion criteria
Adult patients with histologically or cytologically confirmed

unresectable metastatic (stage IV) non-uveal melanoma were
included if following features applied.

@ Springer
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Age > 18 years; measurable disease defined as at least
one lesion that could be accurately and serially measured
per RECIST, cutaneous lesions measuring at least 1 cm
were considered measurable; prior chemotherapy including
dacarbazine for metastatic melanoma was allowed if treat-
ment had completed > 6 months prior to study entry; <than
three organs involved or cutaneous and/or subcutaneous
metastases only; an ECOG performance status of <2; a
life expectancy of at least 12 weeks; absolute neutrophil
count > 1500/pL; platelets 100,000/pL; hemoglobin> 9.0 g/
dL; total bilirubin < 2.0 mg/dL; alanine aminotransferase or
aspartate aminotransferase <2.5 times the upper limit of nor-
mal (ULN), <5 X ULN for patients with hepatic involvement
with tumor; normal LDH; serum creatine < 1.5 X ULN. All
acute toxic effects (excluding alopecia) of any prior ther-
apy were to be resolved to National Cancer Institute (NCI)
CTCAE v3.0 Grade < 1.

Female patients of childbearing potential had to be nega-
tive for the serum pregnancy test at screening visit; moreo-
ver, they had to agree to use adequate contraceptive meth-
ods beginning at the screening visit and continuing until
3 months following last treatment with study drug.

Exclusion criteria

Primary ocular melanoma; evidence of brain metastasis by
computed tomography (CT) scan in the 2 months prior to
study entry; previous or concurrent cancer that was distinct
in primary site or histology from the cancer being evaluated
in the study; history of HIV infection or chronic hepatitis B
or C; presence of active infections (e.g., requiring antimi-
crobial therapy) or other severe concurrent disease; recent
history of acute or sub-acute coronary syndromes; heart
insufficiency; uncontrolled hypertension; ischemic periph-
eral vascular disease; severe diabetic retinopathy; active
autoimmune disease; history of organ allograft or stem cell
transplantation; recovery from major trauma; surgery and
anti-tumor therapy within 4 weeks prior to study treatment;
known history of allergy to IL2 and DTIC; breast-feeding
female; previous in vivo exposure to monoclonal antibodies
for biological therapy within 6 weeks prior to study treat-
ment; previous DTIC treatment within 6 months prior to
study entry; more than one prior line of treatment; growth
factors or immunomodulatory agents within 7 days of the
administration of study treatment; corticosteroids or other
immunosuppressant drugs that had to be taken on a long-
term basis.

Safety and efficacy assessment
After obtaining patients informed consent, the screening

procedures, which have already been described in [26],
were conducted within 14 days before initiating study
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drug treatment. Patients returned for the end of treatment
visit 30-37 days after the last dose of study drug, unless
the objective tumor response was assessed as “progres-
sive disease” in a previous treatment visit or the patient at
some point discontinued the treatment. Adverse events and
toxicities were graded as per CTCAE version 3.0.

Disease status was assessed at baseline, after every two
cycles (i.e., 6 weeks) and at study discontinuation using
RECIST v.1.1 [35]. Chest, abdomen, pelvis, and brain
scans, either CT (preferred) or MRI (at discretion of the
investigator), were conducted at baseline. At the following
tumor assessments, scans of chest, abdomen and pelvis
were taken; brain scans were conducted only if patients
were symptomatic.

Patients remained on study until the occurrence of
unacceptable toxicity, disease progression, withdrawal of
consent, or until a L19IL2 or DTIC infusion in the first
two cycles was missed, except in the case of a missed dose
because of toxicity. Best overall responses were defined
as the largest shrinkage in the sum of diameters of target
lesions at any moment of time, compared with baseline.

L19IL2 production, characterization
and pharmacokinetics

Production, characterization, and toxicology testing of
L19IL2 were described previously [25, 36]. Determination
of L19IL2 concentration in samples of human serum from
patients enrolled in the phase Ila of the study has already
been described in [26].

Results
Study design

In this trial, patients were randomized to three differ-
ent study arms, in order to compare the combination of
L19IL2 and DTIC using two different administration
schedules for L19IL2 to DTIC monotherapy (Fig. 1). The
choice of testing two different administration schedules
for L191IL2 aimed at comparing data collected during the
previous parts of the study [26] (infusions on day 1, 3
and 5 of a 21-day cycle) to the favorable tolerability data
recorded in trials run with the similar product F16IL2 in
combination with chemotherapeutics [23] and based on
weekly administration of the immunocytokine. Moreover,
while still providing the patient with the same cumulative
amount of drug over the 21-day cycle, the once-weekly
schedule presents the advantage that patients do not need
to be hospitalized over an entire week.
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Fig.1 Administration Schedule of L19IL2 and DTIC in the three
arms of the study. Schematic representation of the administration
schedule of L19IL2 and DTIC in the three arms of the randomized
Phase II study. A detailed view of one single cycle is shown in the
callouts on the left hand side and on top. Black triangle L191L2; grey
triangle DTIC. Arm 1 used the previously tested schedule (L191L2
administrations on days 1, 3 and 5 of each 21-day cycle; light grey

Patient population

69 patients in total were recruited between October 2010 and
March 2012 and randomized to the three study arms (23,
22 and 24 to Arms 1-3, respectively). The safety-evaluable
population consisted of 22 patients in Arms 1 and 2 and of
23 patients in Arm 3. Evaluable for efficacy were 17 patients
in Arm 1, 21 patients in Arm 2 and 22 patients in Arm 3,
respectively (Fig. 2).

The median age at the start of the treatment was of
59+ 12.8 years (range 22-82), patients were fairly equally
distributed between sexes, with 33 males (49.2%) and 34
females (50.8%) in the safety-evaluable population. The
demography and characteristics of patients enrolled in the
study, divided by arm are summarized in Table 1.

Safety data

Analyzing the cumulative data for patients included in the
two treatment arms, L19IL2 given in combination with
DTIC revealed an acceptable safety profile. The rate and
type of AEs was in line with the known toxicity profile of

Induction period
Week 1 to 24

Maintenance period

Up to 1 year after
therapy start

squares) during the first four cycles, followed by weekly adminis-
trations of L19IL2 (dark grey squares). Patients in Arm 2 received
directly weekly administration of the immunocytokine (dark squares).
DTIC was administered once on day 1 of each cycle (all Arms). In
Arm 3 (empty squares), although the protocol foresaw a maximum of
eight cycles of DTIC treatment, responders would be allowed to con-
tinue with the same treatment until progression

L19IL2 and DTIC [37-39]. Drug-related adverse events by
grade, recorded in the three arms of the study are shown in
Table 2. Most frequent adverse reactions were classified as
grade 1, with fewer grade 2 and grade 3 toxicities. These last
only included hypotension and arthralgia (1 event each in
both Arms 1 and 2) and abnormalities of laboratory param-
eters [2 events each of alanine amino transferase (ALT) and
gamma glutamyl transpeptidase (GGT) elevation in Arms
1 and 4 events of thrombocytopenia in Arm 2]. No grade 3
events were recorded in Arm 3 (DTIC alone).

Safety and tolerability data analysis essentially confirmed
that the combination of L19IL2/DTIC was generally well
tolerated in both treatment groups, irrespectively of the
administration schedule. The most common treatment-
related AEs by preferred term (any grade) were nausea,
pyrexia, and arthralgia, and were reported in higher pro-
portion of patients in Arm 1 and in Arm 2 than in Arm
3. Moreover, pyrexia, anorexia, chills and ALT increases
were more common in Arm 1 than in Arm 2, while arthral-
gia and thrombocytopenia were more common in Arm 2
than in Arm 1. Regarding deaths, fatal AEs occurred in two
patients (aged 76 and 82, respectively), all in Arm 1 (13.6%).
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Arm 1
+ 23 patients enrolled
+ 22.5 Mio IU L19IL2 + DTIC 1000 mg/m?
« Day 1, 3, 5 of each 21-day cycle

Arm 2
* 22 patients enrolled
+ 22.5 Mio U L19IL2 + DTIC 1000 mg/m?
» Day 1, 8, 15 of each 21-day cycle

Arm 3
« 23 patients enrolled
+ DTIC 1000 mg/m?
« Day 1 of each 21-day cycle

69 enrolled

_| 2 patients excluded as no L19IL2 and
DTIC dose administered

67 treated

7 patients excluded because of:
* no post-treatment tumor assessment
* radiology re-assessment

60 included in the efficacy population

Fig.2 Flowchart of trial profile and patient allocation to each treatment arm

Table 2 Drug-related adverse

a CTCAE grade LI19IL2/DTIC Arm 1 L19IL2/DTIC Arm 2 DTIC Arm 3 (n=23)
iv;r(l)ts according to CTCAE (n=22) (n=22)
Gl G2 G3 G4 Gl G2 G3 G4 GI G2 G3 G4
ALT increased® 3 3 2 0 0 1 0 0 0 1 0 0
Anorexia® 7 0 0 0 3 1 0 0 2 0 0 0
Arthralgia 4 2 1 0 5 5 2 0 0 0 0 0
AST increased® 1 4 0 0 0 0 0 0 1 0 0 0
Chills 7 1 0 0 3 2 0 0 0 0 0 0
Diarrhea 5 1 0 0 4 0 0 0 0 1 0 0
Fatigue 6 0 0 0 6 1 0 0 0 0 0 0
GGT increased® 0 1 2 0 0 0 0 0 0 1 0 0
Nausea 11 2 0 0 8 6 0 0 4 1 0 0
Neutropenia 0 0 0 2 0 0 1 2 0 0 0 1
Edema peripheral® 3 0 0 0 3 0 0 0 0 0 0 0
Pyrexia 14 3 0 0 12 2 0 0 0 0 0 0
Rash® 2 0 0 0 4 0 0 0 0 0 0 0
Thrombocytopenia® 1 1 0 0 1 1 3 1 0 0 1 0
Vomiting 6 0 0 0 5 2 0 0 2 0 0 0

“Incidence > 15% in at least one arm of the randomized part of the study

®Incidence was also > 15% in the previously published phase Ila+IIb step 1 parts of the study [26]

The first events consisted in one case of acute myocardial
infarction, which occurred between week 1 and 2 of the first
treatment cycle and in a patient with pre-existing risk factors
for coronary disease including hypertension, hypercholester-
olemia and type 2 diabetes. The second event consisted in a
case of stroke, which occurred at the end of week 3 (cycle
2) and was followed by death due sepsis with infection of
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unknown origin. Both events were considered unexpected
and possibly related to L191IL2 and not to DTIC (myocardial
infarction) or to both L191L2 and DTIC (stroke).
Treatment-related SAEs were reported in four patients
(18.2%) in Arm 1 (including the two death cases above), in 5
(22.7%) in Arm 2 and in none (0.0%) in Arm 3. Six patients
(27.3%) in Arms 1, 3 (13.6%) in Arm 2 and none (0.0%) in
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Arm 3, discontinued the study due to AEs. Therefore, the
results of treatment-related AEs suggest that the addition
of L19IL2 to DTIC in the two different regimens may be
associated with an increased risk of AE, compared to DTIC
monotherapy, in line with the known safety profile of the two
investigational products.

Efficacy data

For the primary endpoint analysis, objective responses were
recorded in a number of patients of the efficacy-evaluable
population.

One patient in Arm 1 (5.9%) and 1 in Arm 2 (4.8%) had
CR as best tumor response. One patient (5.9%) in Arm 1,
4 (19.0%) in Arm 2 and 1 (4.5%) in Arm 3 had PR as best
tumor response. The number of patients with stable disease
(SD) was 4 (23.5%), 3 (14.3%) and 4 (18.2%), in the three
arms, respectively. Finally, progressive disease (PD) was
recorded in 11 (64.7%), 13 (61.9%) and 17 (77.3%) patients,
respectively, in the three groups.

An ORR (CR +PR) of 18.4% (7/38 patients) was cumu-
latively observed for patients receiving the L19IL2/DTIC
combination treatment (2/17 in Arm 1 and 5/21 in Arm 2,
respectively). In contrast, in the control arm (DTIC mono-
therapy) only one partial response (1/22; 4.5%) could be
recorded.

Fig.3 Waterfall plot of best
objective response for target 100
lesions. Waterfall plot of the
best response recorded for each
patient evaluable for efficacy

in the randomized phase 11
study. a Waterfall plot of the
best response for patients who
received L19IL2/DTIC; light
gray bars=Arm 1 patients, dark
gray bars = Arm 2 patients.

b Waterfall plot of the best
response for patients who
received DTIC alone (Arm 3)
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A waterfall plot of the best overall response recorded
for all patients enrolled in Arms 1 and 2 of the controlled
phase II is shown in Fig. 3 (panel A), whereas panel B
shows the best overall response for patients enrolled in
Arm 3 (DTIC alone).

The ORR comparison between Arms 142 vs. Arm
3 was statistically significant at both the first (week 6;
p=0.028) and second tumor assessment (week 12;
p=0.015).

With regards to progression-free survival, a trend towards
a small advantage in PFS was recorded for patients who
received the weekly administration of L19IL2 in the L1912/
DTIC treatment Arm 2 (mean 99.0+25.1 days) as compared
to the patients who received L19IL2 three times a week in
the L19IL2/DTIC treatment Arm 1 (mean 74.0 + 13.9 days),
or to patients treated with DTIC monotherapy in Arm 3
(mean 59.1 +9.3 days). Figure 4, panel A shows the results
described above (Arm 1, blue line; Arm 2, green line; Arm
3, red line). The analysis of PFS results for all patients who
received the L19IL2/DTIC combination (irrespectively
of the administration schedule; blue line) vs patients who
received DTIC alone (red line) is shown in Fig. 4, panel B.
Median PFS was not statistically different (41 vs 39 days,
respectively; p value=0.312; HR=0.76) between the
LI19IL2/DTIC group (mean 87.8 + 14.9 days) and the control
group (mean 56.8 + 8.7 days).,
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Fig.4 Kaplan—Meier curves for the progression-free survival and
overall survival. a Kaplan—-Meier curves showing progression-free
survival (PFS) recorded in all efficacy-evaluable patients treated in
the randomized phase II study (Arm 1 =blue line; Arm 2 =green line;
Arm 3 =red line). b Kaplan—Meier curves of PFS for the 38 patients
treated with L19IL2/DTIC (Arm 1+Arm 2; blue line) and for
patients treated with DTIC alone (Arm 3; red line). ¢ Kaplan—-Meier

Durable partial or complete responses (lasting for more
than 1 year) were recorded in three patients. A selection
of CT images from two patients treated in the randomized
study, showing long-lasting reduction in size of target
lesions is illustrated in Fig. 5.

In terms of overall survival, a median OS of 419 days
was recorded for all patients who received L19IL2/DTIC
(Arms 1 and 2), as compared to the 325.5 days of median OS
recorded for patients who received DTIC monotherapy. This
difference appears to be statistically significant, but with a
borderline p value (p value=0.048; hazard ratio HR =0.56).
Results about OS of patients in the three arms of the study
are shown in Fig. 4c, d.

Discussion

We have reported the results of a phase II clinical trial in
patients with stage IV melanoma, who received DTIC alone
or in combination with L19IL2. The ability of the L19 anti-
body to preferentially localize at the tumor site (including
melanoma lesions) has been extensively validated using
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in all 38 efficacy-evaluable patients treated with L19IL2/DTIC in the
phase II study (Arm 1+ Arm 2; blue line) and in the 22 efficacy-eval-
uable patients treated with DTIC alone (Arm 3; red line)

nuclear medicine procedures with radiolabeled antibody
preparations [40, 41].

In general, the tolerability profile of L19IL2 plus DTIC
was acceptable. The main toxicities included hypotension,
flu-like symptoms, nausea and arthralgia. Most of these
side-effects were associated with peak concentrations of
the immunocytokine product. In a different clinical trial,
we have recently demonstrated that a prolongation of the
infusion time (from 1 to 3 h) allowed a threefold increase
of the maximal tolerated dose (NCT02076646; unpublished
results). In preclinical studies, the anticancer activity of anti-
body fusions with pro-inflammatory cytokines is clearly
dose-dependent [42] and it is possible that even better clini-
cal results may be achieved in the future, using slow admin-
istration procedures.

Analysis of the primary efficacy objective ORR revealed
a statistically significant superiority of the combination
L19IL2/DTIC compared to DTIC alone. A similar trend is
also shown by analysis of the secondary objectives PFS and
OS. These results confirm those recorded in the previous
parts of the study already being published [26].

Indeed, extending the analysis to the whole popula-
tion of patients, who received L19IL2 at the dose of 22.5
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Fig.5 Examples of responses in patients of the controlled phase
II. a CT images of four different pulmonary coin lesions (I-IV) of
patient No. 43. The patient was randomized to Arm 2 of the study
and presented at baseline with four pulmonary coin lesions (RECIST
score 35.3). Already at week 6, the patient enjoyed a partial response
(decrease of 41% in RECIST score), which improved over time reach-
ing an 82% reduction of RECIST score (5.8) on week 24. This partial
response was still continuing when the patient was dismissed at the
end of study (week 52; not shown). Lesions are indicated by green
arrows. b CT images of a paratracheal lymph node of patient No. 97

Mio IU and DTIC at 1000 mg/m?, independently of the
administration schedule and including those of the dose-
escalation and activity evaluation parts of the study (see
supplementary Fig. 1), the proportion of patients with
partial or complete responses exceeded 34%. Moreover,
although about two-thirds of patients did not achieve a

12 weeks

o

18 weeks 24 weeks

g

A

(best response 100%). The patient was randomized to Arm 1 of the
study and presented at baseline with a paratracheal and a pre-cari-
nal (not shown) lymph node metastasis (RECIST score 35.0). Also
in this case, already at week 6 both lymph nodes returned to a size
of <1.0 cm (complete response) and remained of normal size until
the patient was withdrawn from the study on investigator’s decision
on week 36. The complete response, however, was still ongoing at
week 52 from the beginning of treatment (not shown). A green arrow
indicates the paratracheal lesion

reduction of tumor burden of at least 30%, they reported
a reduction in symptoms from the combination treatment
(data not shown). The ability of melanoma patients to
respond to immunotherapy may be related, in part, to the
frequent loss of HLA class I on the tumor cells, making
them insensitive to the action of cytotoxic T cells [43].
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However, in principle, the targeted delivery of IL2 should
potentiate also NK cells, which are ideally suited to recog-
nize and counteract MHC downregulation on tumor cells
[16, 44, 45].

Four patients who received L19IL2 at the dose of 22.5
Mio IU and DTIC at 1000 mg/m? in the different parts
of the study mentioned above achieved durable complete
responses. The observation of a tail in the overall survival
curve, which plateaus for ~ 20% of patients over a > 4-year
observation period, is reminiscent of similar curves,
obtained with high-dose interleukin-2 (HD IL2) treatment.
However, while HD IL2 features the administration of as
much as 800 million IL2 units in 1 week, the treatment
protocol with L19IL2 featured the administration of 67.5
million IL2 units over a period of 3 weeks, with cycles that
could be repeated for up to 12 times. The presence of the
L19 antibody allows specific accumulation at the site of
disease of the payload IL2, which therefore reaches higher
concentration in the cancer lesion as compared to other
organs, with an overall reduction of the treatment toxic-
ity. As a consequence, the tolerability profile of L19IL2
plus DTIC is clearly more favorable compared to HD IL2.

While the results observed with L19IL2 indicate a
clear activity of the product in a proportion of patients,
the response rate was lower compared to the one reported
for immune check-point inhibitors in comparable patient
populations [5, 6, 46]. It is possible that the use of L19IL2
at a higher dose may lead to a further improvement of
response rates. A more interesting approach would fea-
ture the combination of L19IL2 with immune checkpoint
inhibitors. Favorable clinical results have been reported
for ipilimumab in combination with HD IL2 [47] and
are being explored for anti-PD1 with HD IL2. In addi-
tion, an additive therapeutic effect has been observed
in some mouse models of cancer for the combination of
antibody-IL2 fusions with immune checkpoint inhibitors
[18, 48-50].

In summary, L19IL2 may represent a new tool for the
management of patients with metastatic disease, including
stage IV melanoma. The target antigen (the EDB domain of
fibronectin) is expressed in the majority of solid tumors and
lymphomas [51-54], while being undetectable in most nor-
mal adult tissues. The combination of L19IL2 with immune
checkpoint inhibitors or other immunostimulatory agents
appears to be the logical next step for the development of
this product.
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