FULL PAPER

B)C

Keywords: melanoma; inhalation; pulmonary; interleukin-2; prophylaxis; treatment

Low-dose inhalation of interleukin-2
bio-chemotherapy for the treatment of
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Background: Interleukin-2 (IL-2) treatment for patients with metastatic melanoma has shown remarkable durable responses.
Systemic administration of IL-2 may cause severe side effects, whereas local administration is considered to be a safe alternative.
The lungs are common sites of metastases in melanoma patients causing considerable respiratory problems. We sought to
evaluate the potential antitumoral effect of a low-dose inhalative IL-2 (Ih-IL-2) regimen for patients with melanoma lung
metastases. In addition, we explored the prophylactic potential of Ih-IL-2 after surgical removal of lung metastases in a study
carried out in an outpatient setting.

Methods: Twenty patients with American Joint Committee on Cancer stage-IV (M1b and M1c) melanoma were enrolled in this
study and treated with 3 x 3 million IU inhalative IL-2 g.d. together with monthly dacarbazine bolus injections. Five patients
received |h-IL-2 after surgical resection of lung metastases to prevent recurrence of the disease (prophylaxis group, N=5).
All other patients were enrolled in the treatment group (N=15). Clinical evaluations were carried out monthly and radiological
follow-up was performed every third month.

Results: Nine patients in the treatment group had a clinical benefit with partial regression (27%) or stable disease (33%). Four
patients had progression of lung metastases (26.7%) and two patients were not evaluable (13.3%). In the prophylaxis group, none
of the patients developed new lung metastases during lh-IL-2 therapy. The median follow-up period was 7.8 months in the
treatment group and 25.7 months in the prophylaxis group. In the majority of patients, treatment was well tolerated.

Conclusions: Low-dose IL-2 inhalation might offer an effective and safe treatment option for lung metastases in melanoma
patients. In addition, |h-IL-2 may have a prophylactic potential to prevent recurrence in the lungs after pulmonary melanoma
metastasectomy. Administration can easily be performed in an outpatient setting, thus offering an attractive treatment option.

Melanoma is the deadliest form of skin cancer with increasing remarkable improvements in the treatment of melanoma. Specific
prevalence and incidence over the last decades (http://seer.can- inhibitors have shown tremendous preclinical results, some of
cer.gov/statfacts/html/melan.html). The identification of specific ~which could be translated into successful clinical trials. However,
mutations in several oncogenes (BRAF, NRAS, KIT and GNAQ) despite the fact that the overall response rate of targeted inhibition
that drive melanoma development and progression has led to  was reported in up to 50-81%, the median progression free survival
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(PES) is only 6-8 months and durable remissions are rare (6%)
(Flaherty et al, 2010; Sosman et al, 2012; Posch et al, 2013).
A smaller subset of patients respond to immunotherapy, such as
systemic interleukin-2 (IL-2) therapy, interferon (IFN)-o or
immune-modulating antibodies such as anti-CTLA-4 (ipilimumab)
and anti-PD1(L). In contrast to targeted therapy, ~70% of
complete responders to IL-2 treatment display long-term regression
and, in many cases, can be considered cured, emphasising the role
of IL-2 and immunotherapy in melanoma treatment (Smith et al,
2008; Hodi et al, 2010; Coventry and Ashdown, 2012; Dillman et al,
2012; Simeone and Ascierto, 2012; Lipson et al, 2013).

A common problem in melanoma is lung metastasis, which can
be present in up to 89% of patients with American Joint Committee
on Cancer (AJCC) stage-IV disease, often resulting in severe
respiratory problems (Neuman et al, 2007). Inhalation therapy with
high-dose IL-2 (32.5-36 million IU q.d.) has shown activity for the
treatment of lung metastases in patients with melanoma and renal
cell carcinoma (Enk et al, 2000; Huland et al, 2003).

In this study, we report data from 20 stage-IV (M1b and Mlc)
melanoma patients, who received daily low-dose IL-2 inhalations
and monthly bolus injections with dacarbazine.

We initiated this study to evaluate the activity of a low-dose
inhalative IL-2 (lh-IL-2, 3 x 3 million IU q.d) regimen for the
treatment of lung metastases in a population of advanced
melanoma patients. A subset of patients (N=5) had metastasect-
omy before the study treatment regimen and was followed-up to
investigate whether treatment would prevent recurrence of lung
metastasis.

MATERIALS AND METHODS

Patients. Twenty patients (10 males, 10 females) with histologi-
cally confirmed AJCC stage-IV (Mlb and Mlc) metastatic
melanoma were enrolled in this open cohort study at The
Rudolfstiftung Hospital between 2003 and 2011. Patients under
the age of 18 years, pregnant women and patients with previously
diagnosed infectious or inflammatory lung disease were excluded.
Informed consent to participate was obtained from all eligible
patients. All patients had progressive disease (PD) on study entry.
Most patients also had metastatic lesions in other organs and had
previously received other systemic treatment such as dacarbazine
(DTIC), fotemustine, paclitaxel/carboplatin, high-dose (hd) or low-
dose (Id) IFN-a. A detailed characterisation of all patients is given
in Table 1. Initial staging included computed tomography (CT)
scans of the torso, sonographic examinations of axillary and
inguinal lymph nodes, magnetic resonance imaging scans of the
brain and blood examinations. The low-dose IL-2 regimen was the
same for all the patients consisting of daily inhalations of 3 x 3
million TU recombinant IL-2 (Proleukin, Chiron International,
Ratingen, Germany). Treatment was initiated at the Department of
Dermatology, The Rudolfstiftung Hospital and patients were
closely monitored for adverse effects for 4 days. Established
lh-IL-2 was then continued in an outpatient setting. IL-2 solution
was prepared as previously described (Enk et al, 2000). Briefly, IL-2
was dissolved in a solution containing 5% (vol/vol) glucose and 2%
(vol/vol) human albumin and administered with the use of the
Jetair Gamma 20C Inhalator. Patients with metastatic sites other
than the lung at the beginning of the study, or patients, who
progressed during the follow-up, also received monthly intrave-
nous bolus injections of 850 mgm ~ * dacarbazine (DTIC). Physical
examinations and blood testing (whole-blood counts, liver and
renal function tests, and electrolytes) were performed every month;
radiological follow-up with CT scans, X-rays or magnetic
resonance imaging scans were carried out every 3 months.
Responses were determined by the criteria of the World Health

Table 1. Characteristics of patients

Treatment group | Prophylaxis group®
Characteristics (N=15) (N=5)
Sex, no. (%)
Male 8 (54) 2 (40)
Female 7 (46) 3 (60)
Mean age at diagnosis of 59.0 60.9
MM (years)
Site of primary melanoma, no. (%)
Trunk 8 (53) 4 (80)
Head and neck 2(13) 1 (20)
Mucosal 1(7) —_
Uveal 1) —_
Other 3 (20) —
Ulceration, no. (%) 4 (27) 1 (20)
Breslow (mm), no. (%)
<1mm 1(7) —
1-2mm 1(7) 1(20)
2-4mm 4(27) 2 (40)
>4mm 6 (40) 2 (40)
NA 3 (20) —
Site of disease in addition to the lung, no. (%)
Cutaneous or subutaneous 7 (47) 1 (20)
Bone 2 (13) 2 (40)
Liver 3 (20) 1 (20)
Brain 4(27) 2 (40)
Other® 3 (20) 1 (20)
Disease stage, no. (%)°
M1b 3(20) 1(20)
M1c 12 (80) 4 (80)
Previous treatment, no. (%)
Dacarbazine 14 (93) 5 (100)
Low-dose interferon-« 7 (47) 5 (100)
High-dose interferon-o 3 (20) —_
Fotemustine 8 (53) 3 (60)
Carboplatin/paclitaxel 2 (13) 1 (20)
Abbreviations: MM = metastatic melanoma; NA = not applicable.
2Patients with surgical removal of pulmonary metastases prior to study treatment regimen.
bOther sites of metastasis were the urogenital tract, gastrointestinal tract and breast.
The stage was determined according to the criteria of the AJCC based on the sites of
disease.

Organisation and applied only to the lung: a complete remission
(CR) indicating the disappearance of all metastases for more than 3
months, a partial remission (PR) showing the decrease of indicator
lesions of more than 25%, a stable disease (SD) indicating changes
of less than 25%, and PD showing a growth of indicator lesions of
more than 25%. Radiological images were analysed by an
independent radiologist. Patients with CR, PR or SD continued
treatment. Criteria considered for discontinuation of treatment
were disease progression in the lung or the occurrence of
unmanageable side effects. The study was approved by the ethical
review committee of the city of Vienna.

Sequencing. Five 10-um sections of formalin-fixed paraffin-
embedded tissue were hand microdissected under a dissecting
microscope. A corresponding haematoxylin and eosin-stained
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reference slide was used for precise location of tumour cells. DNA
was extracted using the QIAamp DNA FFPE Tissue Kit (Qiagen,
Germantown, MD, USA; 56404). Touchdown PCR was performed
sequentially, using M13 primers for BRAF (exon 15), NRAS (exons 2
and 3), KIT (exons 9, 11, 13, 17, 18), GNAQ (exon 5) and GNAI1
(exon 5). Sanger sequencing was carried out after clean-up of PCR
products with exonuclease I and Shrimp alkaline phosphatase.
Sequences were then analysed with the Mutation Surveyor Version
4.0.9 (Softgenetics, State College, PA, USA).

RESULTS

Low-dose IL-2 inhalation reduces the size of pulmonary
melanoma metastasis in patients with unresectable disease.
Thirteen of fifteen patients (6 males, 7 females) were available for
radiological analysis in the treatment group of the study. Two
patients (13.3%) had to discontinue treatment before the first
staging: one owing to respiratory problems and the other owing to
rapid progression of brain metastases. The median time to the
onset of pulmonary metastases after the initial diagnosis of
melanoma was 23.4 months. The median follow-up period after
initiation of the study treatment regimen was 7.8 months. CT scans
of the lung revealed that nine patients (60%) had a clinical benefit
from the therapy showing either PR (27%) or SD (33%). None of
the patients had a CR (Figure 1, Table 2). Four patients showed PD
(26.7%) and discontinued treatment after 3 months. All patients
who had a clinical benefit from the therapy regimen (PR + SD) had
previously received DTIC, but progressed. Two out of four patients
with PD (50%) succumbed to disease-related respiratory problems.
In contrast, 2 out of 9 patients with clinical benefit (22%)
developed new pulmonary metastases, but displayed only minor
tumour-related respiratory problems, and deceased owing to
extrapulmonary disease.

Analyses for overall survival (OS) and PES failed to be
statistically significant owing to the small number of patients in
this study. However, we noticed that patients with a clinical benefit
from Th-IL-2 showed a trend to having a longer OS compared with
patients with PD (median OS in months: PR=42.1 (21.9-53.5),

(10.4-15.9)). We noticed that patients with a clinical benefit
from the study treatment regimen tended to be older than
non-responders (median age at diagnosis of melanoma in years:
patients with clinical benefit=159.8 (47-77.4), non-responders =
52.5 (40.1-68.3)). Sentinel lymph node involvement or histology of
the primary tumour was not statistically associated with the
response to lh-IL-2 treatment. Nevertheless, we noticed that all
four patients with nodular primary melanoma were in the group
that had a benefit from lh-IL-2 (Table 3). Also, all patients with
tumours of an unknown primary site displayed a clinical benefit
from Th-IL-2 therapy, one displaying PR and one SD. One patient
with uveal melanoma carrying a GNAQ(Q209L) mutation had PR.
We noticed that more patients who experienced a clinical benefit
from Th-IL-2 had prior (adjuvant) immunotherapy (6 out of 9,
67%) compared with patients that did not respond to the study
treatment regimen (2 out of 4, 50%). Sequencing of patient samples
revealed that 5 out of 13 (38.5%) patients carried a BRAF(V600)
mutation. One tumour carried a NRAS(Q61R) mutation and one
tumour the novel mutation in KIT(P838S). For one patient,
tumour tissue was not available and one sample failed to amplify.
Sequencing results are listed in Table 4. Owing to the small sample
size, the mutation status was not statistically correlated with a
response to the study treatment regimen.

Low-dose IL-2 inhalation prevents post-resectional recurrence of
melanoma lung metastases. Four out of five patients were
available for analysis in the prophylaxis group of the study. One
patient had to discontinue treatment before the first staging owing
to respiratory problems. None of the patients showed recurrence of
lung metastases during the treatment period (median 24.5
months). One patient, who underwent surgical removal of the
right upper lobe of the lung, developed one solitary metastasis
before lh-IL-2 therapy was initiated. This metastasis was stable
under lh-IL-2 treatment for 46 months. All patients in the
prophylaxis group developed extrapulmonary disease progression

Table 2. Response in treatment group

SD =42.3 (19.1-86.2), PD:33.7.(19.2—.45.0)). There was also.a Response treatment group No. (%) (N—15)
tendency to a longer PFS (analysis applied to the lungs only) in :
patients with PR compared with patients with SD or PD (median | °TPlete -
in months: PR=29.5 (11.9-42.8), SD =13.0 (4-22.9), PD=12.7 Partial 4(27)
Stable disease 5 (33)
200 - Partial and stable 9 (60)
Progressive disease 4(27)
150 A NA?® 2 (13)
c
_g Abbreviation: NA = not applicable.
(j) 100 1 #Two patients discontinued treatment before the first evaluation: one owing to dyspnoea
g and cough and one owing to rapid progression of brain metastases.
5 501
o)
1S
F 0
) Table 3. Comparison of clinical characteristics between patients
° displaying a clinical benefit from Ih-IL-2 and non-responders in the
50 treatment group (N= 13, descriptive analysis; results not statistically
significant)
—100 -
00 Clinical
Figure 1. Waterfall plot displaying the response of patients in the benefit Non-responder
treatment group to the study treatment regimen. Out of 15 patients, | Characteristics (N=9) (N=4)
13 were available for analysis of pulmonary metastases. Two patients Age—average years (range) 59.8 (47-77.4) | 52.5 (40.1-68.3)
discontinued trgatment before the first evaluatic-vn‘ (yellon =SD and PR; Prior Immunotherapy—no. (%) 6 (67%) 2 (50%)
blue.: PD; x axis: every bar represents one patient, y axis: percentage Nodular primary melanoma—no. (4 7% 0%
of size reduction of pulmonary metastases, N=13). The full colour :
version of this figure is available at British Journal of Cancer online. BRAF(V600) mutations—no. (%) 3 (33%) 2 (50%)
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and started systemic chemotherapy. The median OS was 77.3
months in the prophylaxis group. Two patients in the prophylaxis
group were wild type for BRAF, NRAS and KIT mutations, one
patient carried a BRAF(V600E) and one patient a NRAS(Q61R)
mutation (Table 4).

DISCUSSION

IL-2 was approved for the systemic treatment of advanced renal
cancer in 1992 and melanoma in 1998. Since then, complete
durable responses with long-term survival for systemic IL-2
therapy have been reported consistently (Atkins et al, 1999).
Research has determined a bimodal role of IL-2 in the immune
homoeostasis, replacing the initial assumption of IL-2 just being a

Table 4. Sequencing analysis of melanomas

Response to treatment Mutation status
Treatment group (N=15)

PD Failed to amplify
PR BRAF(V600E)
PR BRAF(V600E)
PR WT

SD KIT(P838S)?

SD No tissue available
NAP —

SD BRAF(V600E)
PD WT

SD WT

SD NRAS(Q61R)
PD BRAF(V400E)
PR GNAQ(Q209L)
NAP —

PD BRAF(V600K)
Prophylaxis group (N=5)

SD WT

NAP —

SD WT

SD BRAF(V600E)
SD NRAS(Q61R)
Abbreviations: PD =progressive disease; PR=partial response; SD=stable disease;
WT =wild type. Wild type for indicated exons in BRAF, NRAS and KIT.

®Not previously described mutation identified in proximity to hotspots D816, N822
and F848.

Ppatients had to discontinue treatment prior to first evaluation.

stimulator of T effector cells (Coventry and Ashdown, 2012). IL-2
is capable of interacting with the immune system in two different
ways: induction/activation by stimulation of T effector cells or
tolerance/inhibition by interaction with T regulatory cells
(Ahmadzadeh and Rosenberg, 2006; Hofer et al, 2012). IL-2 not
only interacts with the immune system. It has been reported that in
some situations, cancer cells express IL-2 receptors or secrete IL-2,
adding another level of complexity on how antitumoral responses
might be explained (Plaisance et al, 1993; Rangel-Corona et al,
2010). Despite the low response rates to exogenous IL-2, the
antitumoral effects of this cytokine are well documented. Our
current understanding on how IL-2 induces antitumoral activity is
based on its ability to (re-) activate the suppressed tumour-specific
immune responses by upregulation of proinflammatory cytokines,
expansion of CD4 " cells and mainly by enhancement of natural
killer cell activity and induction of a Thl immune response
(Henney et al, 1981). Interestingly, other more common epithelial
malignancies fail to respond to IL-2 treatment, thus it seems that
melanoma generates endogenous antitumour T-cell populations
that can be activated by exogenous stimuli.

Constraints of systemic IL-2 treatment are due to acute and
sometimes severe toxicities that are capable of affecting every organ
system (Poust et al, 2013). In addition, it has not been possible to
determine reliable markers that would predict a clinical response to
IL-2 treatment.

A majority of patients with AJCC stage-IV metastatic melanoma
suffer from pulmonary metastases, which can cause considerable
physical and psychological distress. Only a small subset of patients
with lung metastases can be selected for pulmonary metastasect-
omy, which has been shown to improve survival (Neuman et al,
2007; Petersen et al, 2007).

In this study, we show that inhalation therapy with IL-2 might
offer an effective treatment option for patients with unresectable
melanoma lung metastases. Figure 2 shows the CT scans of a
patient who had a durable PR of lung metastasis. Despite the
remarkable number of patients benefiting from the study regimen
in the treatment group of this study, it is to mention that we did
not observe patients with CR, whereas previous studies using a
high-dose regimen of inhalative IL-2 (36 million IU q.d.) noticed
18.5% complete responders (Enk et al, 2000). This difference could
be due to the lower amounts of IL-2 inhaled in our study, but
might also be explained by differences in the patient characteristics:
only two patients (10%) in our study had metastases restricted to
the lungs in contrast to 51% of patients in the high-dose study.
There is some evidence that patients with melanoma metastases
restricted to the lungs have a better prognosis and are more likely
to respond to therapy (Neuman et al, 2007). This is suggestive of
differences in the biological behaviour of tumours in this subset of
melanoma patients and might in part explain the differences in
outcome in the two studies.

03/2006

11/2008

Figure 2. Computed tomography scans of a patient displaying durable, partial regression of pulmonary metastases after 31 months of treatment

with low-dose inhalation of IL-2.
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We were further able to confirm results from previous studies
that IL-2 inhalation is safe and can easily be performed in an
outpatient setting (Enk ef al, 2000; Huland et al, 2003). Side effects
such as dyspnoea and cough are rare, usually occurring in the first
days of treatment and resolve completely after withdrawal of IL-2
(Loppow et al, 2007).

To the best of our knowledge, we report the first results of the
adjuvant used for IL-2 inhalation to prevent post-resectional
recurrence of melanoma lung metastases. It is remarkable that we
did not observe any recurrence of pulmonary metastases in these
patients during the treatment period, which has been reported to
occur in up to 39% of patients with metastasectomy only (Neuman
et al, 2007). Although our patient cohort is small, we saw improved
OS in patients with lh-IL-2 treatment compared with historical
data with surgery alone (77.3 months compared with 40 months).
Certainly, analysis needs to be evaluated with caution as other
factors might have rendered these results: most patients in our
study had prior (adjuvant) immunotherapies and received DTIC
after developing extrapulmonary disease progression. There have
been reports of possible delayed effects of immunotherapies, and
indeed we noticed that more patients who had a clinical benefit
from the study treatment regimen received prior immunotherapies
(6 out of 9, 67%) compared with patients who had PD (2 out of 4,
50%) (Table 3). However, all patients had PD at the start of the
study and the clinical benefit was timely correlated to lh-IL-2
therapy.

We did not observe a correlation between a response to lh-IL-2
and the response to other immunotherapies in our cohort: two
patients, who initially responded to the study treatment regimen,
one with SD and the other with PR, failed to respond to anti-
CTLA-4 therapy in the later course of their disease.

Although, several new immunotherapies such as anti-PD1(L)
therapy as well as its combination with other immune-modulating
and -targeted drugs will potentially enrich the clinician’s
armamentarium soon, we conclude that lh-IL-2 therapy offers a
safe, easy to perform and effective treatment option for patients
with pulmonary melanoma metastases (Ascierto et al, 2013; Robert
et al, 2013). We further hypothesise that h-IL-2 could help prevent
the recurrence of melanoma metastases in the lungs after
pulmonary metastasectomy.

Given the high prevalence of pulmonary metastases in advanced
stage melanoma patients, the favourable side effect profile and the
presumed prophylactic activity of 1h-IL-2, one could ask whether
lh-IL-2 therapy may generally be considered to prevent pulmonary
disease spread in melanoma patients.

To further improve treatment and characterise patients that are
likely to respond, it will be important to meliorate our under-
standing of the dynamics and coordinated interactions of cytokines
and their receptors. Although we were unable to find a correlation
between the mutation status of the tumours and the response to
the study treatment regimen, promising results from a recent study
point in that direction. Response rates and OS might also be
improved by a deeper knowledge of the genetic background of the
primary tumours and metastases, as NRAS mutant melanoma
seems to be predictive for greater response rates to IL-2 therapy
(Joseph et al, 2012).
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