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ABSTRACT

Introduction: Talimogene laherparepvec (T-
VEC; IMLYGIC®, Amgen Inc.) is an oncolytic
immunotherapy approved in Europe for the
treatment of unresectable metastatic melanoma
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(stage IIIB-IVM1a). This study characterised
real-world use of T-VEC in four European
countries.

Methods: Data on demographics, treatment
pattern, safety, and clinical effectiveness were
examined in a retrospective chart review of
patients with stage IIIB-IVM1a unre-
sectable melanoma treated with T-VEC in sur-
gical (the Netherlands) and medical (Austria,
Germany, UK) oncology settings.
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Results: Overall, 66 patients were included (the
Netherlands: »n = 31; Austria, Germany, UK:
n = 35). The median age was 69 years and 59.1%
were female. At the time of T-VEC initiation, 47
patients (71.2%) had stage IIIB/C disease; of
these, 30 were from the Netherlands. Although
72.7% patients overall received T-VEC as first-
line therapy, this was higher in the Netherlands
than the other countries (93.5% vs 54.3%). Of the
47 patients who discontinued T-VEC, 26 (55.3%)
had no remaining injectable lesions (potentially
indicating complete response); 20/26 of these
patients were from the Netherlands. One patient
discontinued T-VEC due to toxicity.
Conclusion: This study is the first comprehen-
sive multinational evaluation of the use of
T-VEC to treat unresectable stage IIIB/C-IVM1a
melanoma in real-world clinical practice in
Europe. The differences between European
countries were apparent, with physicians in the
Netherlands using T-VEC in patients with ear-
lier advanced disease stage and in the first-line
setting compared with other countries.

Keywords: Immunotherapy; Injectable; Lesion;
Melanoma; Oncolytic; Real-world study; Skin
cancer; T-VEC; Talimogene laherparepvec;
Tumour

Key Summary Points

Why carry out this study?

Talimogene laherparepvec (T-VEC;
IMLYGIC®, Amgen Inc.) is the first
oncolytic immunotherapy to be approved
in Europe for the local treatment of
unresectable metastatic stage IIIB/C-
IVM1a melanoma.

This study is the first comprehensive
multinational evaluation of the use of
T-VEC to treat unresectable stage I1IB/C-
IVM1a melanoma in real-world clinical
practice in Europe; the objectives of this
study were to describe patient
characteristics (demographics, clinical and
melanoma disease history), use of T-VEC
and other melanoma treatments, adverse
events of interest, and clinical outcomes.

What was learned from the study?

Differences in the use of T-VEC between
European countries were apparent, with
physicians in the Netherlands using
T-VEC in patients with lower disease
burden and in the first-line setting, which
appears to lead to potentially improved
outcomes.

Favourable tolerability was observed.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13295930.

INTRODUCTION

Talimogene laherparepvec (T-VEC; IMLYGIC®,
Amgen Inc.) is the first oncolytic immunother-
apy to be approved in Europe, the USA, and
Australia [1]. It is a genetically modified herpes
simplex virus (HSV) type 1 designed to selec-
tively replicate in a broad variety of tumour cells
to induce oncolysis, and contains key safety
features that limit replication in normal cells
[1-3]. Tumour lysis results in (1) release of
replicated viruses, which can infect surrounding
tumour cells, propagating the local oncolytic
and innate immune effects of T-VEC; and (2)
release of tumour-derived antigens, which
induces adaptive, tumour-specific immune
responses [2-6].

T-VEC approvals were based on the pivotal
phase 3 OPTiM trial, a randomised, multina-
tional, open-label trial in 436 patients with
unresectable stage IIIB-IVM1c melanoma [7]. In
OPTiM, T-VEC treatment  significantly
improved the durable response rate (i.e. con-
tinuous complete or partial response for at least
6 months) compared with a granulocyte-mac-
rophage colony-stimulating factor (GM-CSF)
control (16% vs 2%) [7]. It led to a higher
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overall response rate (ORR) (26% vs 6% with
GM-CSF alone). A subanalysis in patients with
stage IIIB-IVM1a disease suggested greater effi-
cacy, with an ORR of 40.5% for T-VEC versus
2% for GM-CSF, and increased overall survival
(41.1 months with T-VEC vs 21.5 months with
GM-CSF) [8]. Consequently, T-VEC was
approved in Europe in December 2015 for the
treatment of regionally or distantly metastatic
unresectable melanoma (stage IIIB-IVM1a) with
no brain, bone, lung, or other visceral disease
[1]. In OPTiM, T-VEC was well tolerated and
most adverse events (AEs) were self-limiting
[1, 9]. The most common were fatigue, chills,
pyrexia, influenza-like illness, and nausea [7].

OPTiM enrolled patients between 2009 and
2011 and was, as with all randomised clinical
trials, conducted in a select patient population.
Additional therapeutic advances have changed
the melanoma treatment landscape in recent
years. Studies in real-world practice are there-
fore needed to understand the effectiveness and
tolerability of T-VEC in a broader patient pop-
ulation with different demographic/disease
characteristics, as well as after different prior
therapies in a new treatment landscape [10].
Since T-VEC approval in 2015, several retro-
spective studies have examined its use for the
treatment of unresectable melanoma in real-
world clinical practice in the USA [11-15] and
Europe [16-18]. All found T-VEC to be well
tolerated, with the most common AEs being
mild influenza-like symptoms, e.g. fever, chills,
or fatigue.

We performed a retrospective chart review
study of patients with stage IIIB-IVM1a unre-
sectable melanoma treated with T-VEC in four
European countries (Germany, the Netherlands,
the UK, and Austria). Data for Germany have
been reported previously [18]. The objectives
were to describe patient characteristics (demo-
graphics, clinical and melanoma disease his-
tory), use of T-VEC and other melanoma
treatments, AEs of interest, and clinical
outcomes.

METHODS

Study Design and Patients

Patients aged at least 18 years with a diagnosis
of unresectable melanoma stage IIIB, IIIC, or
IVM1a (according to the AJCC 7th edition [19]),
with no bone, brain, lung, or visceral disease,
who had received at least one dose of T-VEC as
per the European marketing authorisation, were
included from Germany, the Netherlands, the
UK, and Austria. Patients were excluded if they
had previously received T-VEC in a clinical
trial/expanded access programme. Data were
collected from the date of primary melanoma
diagnosis to the end of the observation period,
i.e. the date at which the patient’s clinic joined
the study.

Pseudo-anonymised data extracted from
patient medical charts included sex; age; mela-
noma history; Eastern Cooperative Oncology
Group (ECOG) performance status, BRAF status,
lactate dehydrogenase (LDH) levels, and HSV
serostatus at first T-VEC dose; T-VEC use (dose
concentration, dates, injected volumes); AEs;
other melanoma treatments before/after T-VEC;
and clinical outcomes.

Statistical Analysis

All analyses were descriptive, with no hypoth-
esis testing. Summary statistics were used for
continuous variables (mean, standard devia-
tion, median, quartiles, minimum and maxi-
mum) and for categorical variables (numbers
and percentages). The data are presented for all
four countries combined, and stratified by Aus-
tria, Germany, and the UK (dermato-oncology/
medical oncology treatment settings) versus the
Netherlands (surgical oncology setting) given
the different treatment and management prac-
tices in the dermato-oncology/medical oncol-
ogy versus surgical oncology settings.
Individual data for Austria, Germany, and the
UK are provided in the Supplementary
Appendix.
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Ethics

This study was performed in accordance with
the 1964 Declaration of Helsinki and its later
amendments. Approval was obtained from
institutional ethics committees and review
boards from all institutions (Supplementary
Table S1), and written informed consent was
obtained from all patients.

RESULTS

Study Population

Of 69 patients screened for the medical
chart review, 66 met the study eligibility criteria
and were included (Fig.1). Patients received
their first treatment with T-VEC between 22
June 2016 and 22 November 2018. Patient
demographic and disease characteristics are
summarised in Table 1 for surgical oncology
(Netherlands) versus dermato-oncology (Aus-
tria, Germany, and UK) settings, and are shown
separately for Austria, Germany, and the UK
(Supplementary Table S2). The median age of
patients was 69 years and 59.1% were female.
Approximately three-quarters of patients
(71.2%) had stage I1IB/C disease and 14 patients
(21.2%) had stage IVM1a disease defined prior
to initiation of T-VEC. Nearly all patients from
the Netherlands had stage IIIB/C disease
(96.8%), compared with less than half in Aus-
tria, Germany, and the UK (48.6%).

All patients had LDH < 1.5 x upper limit of
normal (ULN) and 36.4% had a BRAF mutation.
Median time from primary diagnosis to treat-
ment with T-VEC was longer for Austria, Ger-
many, and the UK (3.1 years) compared with
the Netherlands (2.2 years).

Prior Treatments

The treatment histories of patients prior to first
T-VEC administration are summarised in
Table 2, and are shown separately for Austria,
Germany, and the UK (Supplementary
Table S3). All patients had undergone previous
surgery for melanoma. Overall, 57.6% had

undergone excision for recurrence, including
67.7% of patients from the Netherlands and
48.6% from Austria, Germany, and the UK.
Patients in the Netherlands had undergone
fewer prior excisions than patients in Austria,
Germany, and the UK (median of 1.0 vs 3.0).
The median time from the most recent resec-
tion for recurrent disease to initiating T-VEC
was 7.4months and was shorter for the
Netherlands than for the other three countries
(6.2 vs 10.0 months). In the Netherlands, no
patients received adjuvant therapy during the
study period. In contrast, 34.3% of patients in
Austria, Germany, and the UK received adju-
vant therapy after the latest procedure and
before T-VEC.

Approximately two-fifths of patients (43.9%)
had received locoregional therapy prior to
treatment with T-VEC. Radiation therapy was
the most common locoregional therapy in
Austria, Germany, and the UK (40.0% of
patients). Electrochemotherapy and intrale-
sional therapy injection of interleukin-2 or
interferon-alfa only occurred in Germany. Iso-
lated limb perfusion was the most common
locoregional therapy in the Netherlands (29.0%
of patients).

Prior systemic therapy had been received by
34.8% of patients and was more common in
Austria, Germany, and the UK (60.0%) than in
the Netherlands (6.5%). Patients in the
Netherlands were previously treated with pem-
brolizumab or dabrafenib. The most common
prior systemic therapies in Austria, Germany,
and the UK were interferon-alfa, pem-
brolizumab, ipilimumab, and chemotherapy.
Systemic treatments received prior to T-VEC are
summarised in Supplementary Fig. Sla.

Treatment with T-VEC

Most patients received T-VEC as first-line ther-
apy for unresectable disease (72.7%), but this
percentage was higher for the Netherlands
(93.5%) than for Austria, Germany, and the UK
(54.3%; Table 3). Almost half of patients in
Austria, Germany, and the UK received at least
two lines of therapy, compared with only one-
fifth of patients in the Netherlands. T-VEC and
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Screened
N=69

Did not meet eligibility criteria
N=3

Treated with talimogene laherparepvec

N=66
(AUS = 3; UK = 5; GER = 27; NETH = 31)

Unresectable stage 111B-IVM1a disease not diagnosed (n = 2)
Not enrolled (n = 1)

Treatment discontinued before end of study period
N =47 (AUS = 3; UK =2; GER= 14; NETH = 28)

No remaining injectable lesions (n = 26)
Progressive disease (n = 12)

Treatment ongoing at end of study period

N=19
(AUS =0; UK = 3; GER = 13; NETH = 3)

Patient decision (n = 3)
Physician decision(n=1)
Course of treatment completed (n = 1)
Treatment-related adverse event/toxicity (n = 1)
Not specified (n= 3)

Fig. 1 Patient disposition. AUS Austria, GER Germany, NETH the Netherlands, UK United Kingdom

pembrolizumab were the most common sec-
ond-line therapies. The median duration of
treatment with T-VEC for all patients was
18.9 weeks according to Kaplan-Meier analysis
and was similar for patients with stage IIIB/C
versus stage IVM1a disease (19.0 vs 18.1 weeks;
Fig. 2a). Treatment duration was longer in Aus-
tria, Germany, and the UK than in the Nether-
lands in patients with stage IIIB/C (24.7 vs
15.1 weeks) and IVMla disease (18.9 wvs
17.1 weeks) (Supplementary Fig.S2). Median
treatment duration was longer for those who
received T-VEC as second-line therapy
(20.6 weeks) than for those who received it as
first-line (18.1 weeks) or as third-line or greater
(15.9 weeks) therapy (Supplementary Fig. S3).
The median number of T-VEC administra-
tions per patient was 7 (range 1-30), and the
mean and median cumulative volumes injected
per patient were 15.3 and 12.8 mL, respectively.
For patients with ongoing treatment at the end
of the study period, the mean and median were
11.1 and 9.0 mL; and the mean and median
were 16.9 and 14.0 mL for those who discon-
tinued. The median volume of the first dose
(10°PFU/mL) was 2.0mL (range 0.6-4.0),

compared with 1.7 mL (range 0.5-4.0) for all
subsequent doses (10® PFU/mL).

Two patients with stage IIIC melanoma were
re-treated with T-VEC. Both patients discontin-
ued their initial treatment as there were no
remaining injectable lesions. The time interval
between stopping and restarting was 147 days
(4.8 months) in the first patient and 476 days
(15.6 months) in the second patient.

Lesion Characteristics

Table 4 shows the characteristics of melanoma
lesions at first administration of T-VEC. Of the
558 lesions detected, 50% were cutaneous,
44.6% were subcutaneous, and 2.9% were
nodal. The number of lesions per patient ranged
from 1 to 50, with a mean of 8.5 and median of
6.0. Nodal lesions had the largest diameter
(median 9.5 mm), followed by subcutaneous
(median 5.0 mm) and cutaneous lesions (me-
dian 3.0 mm). Cutaneous and subcutaneous
lesions were found most frequently on the
lower extremities (63.1% and 74.3%, respec-
tively), while around two-thirds of nodal lesions
were inguinal or axillary. Overall, 92.1%
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Table 1 Patients’ demographic and clinical characteristics at first dose of talimogene laherparepvec

Patient characteristic Austria, Germany, UK Netherlands Total
(7 = 35) (= = 31) (N = 66)

Age, years

Median (range) 68 (26-90) 70 (42-90) 69 (26-90)
Sex, 7 (%)

Male 16 (45.7) 11 (35.5) 27 (40.9)

Female 19 (54.3) 20 (64.5) 39 (59.1)
Median period since primary diagnosis, years, 3.1 (0.9-18.3) 22 (02-18.5) 2.7 (0.2-18.5)

median (range)"

Disease stage, 7 (%)*

11IB/C 17 (48.6) 30 (96.8) 47 (71.2)
IVM1a 13 (37.1) 1(32) 14 (212)
ECOG performance status, 7 (%)
0 13 (37.1) 23 (74.2) 36 (54.5)
1 7 (20.0) 7 (22.6) 14 (212)
2 1(2.9) 1(32) 2 (3.0)
Unknown 14 (40.0) 0 14 (21.2)
Lactate dehydrogenase, 7 (%)
< ULN 20 (57.1) 30 (96.8) 50 (75.8)
> ULN 12 (34.3) 1(32) 13 (19.7)
<15 x ULN 32 (914) 31 (100) 63 (95.5)
> 1.5 x ULN 0 0 0
Unknown 3 (8.6) 0 3 (4.5)
BRAF status, n (%)
Mutated 9 (25.7) 15 (48.4) 24 (364)
Wild-type 21 (60.0) 11 (35.5) 32 (48.5)
Unknown 5 (14.3) 5 (16.1) 10 (15.2)

ECOG Eastern Cooperative Oncology Group, T-VEC talimogene laherparepvec, ULN upper limit of normal range
* American Joint Committee on Cancer, Cancer Staging Manual, 7th edition [19]. Exact staging information not provided
for five patients from Austria, Germany, and UK. Staging was at the time of T-VEC initiation
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Table 2 Treatment history prior to talimogene laherparepvec administration
Treatment history before initiating T-VEC Austria, Germany, Netherlands Total
UK (» = 35) (» = 31) (N = 66)
n (%) n (%) n (%)
Surgery, N (%) 35 (100) 31 (100) 66 (100)
Type of surgery, 7 (%)
Recorded resection of recurrent disease 17 (48.6) 1(67.7) 38 (57.6)
Sentinel biopsy 8 (51.4) 9 (29.0) 27 (40.9)
Lymphadenectomy 17 (48.6) 7 (22.6) 24 (36.4)
No. of resections for recurrent disease per patient, 0 (1, 4; 1-11) 0 (1, 3; 1-10) 0 (1, 4; 1-11)

median (IQR; range)

Months from most recent resection for recurrent

disease to initiating T-VEC, median (IQR; range)
Adjuvant therapy, N (%)
Local (intralesional therapy injection of IL-2 or IFNat)
Systemic (IFNo)
Locoregional therapy, NV (%)
Radiation therapy
Local ablation therapy
Electrochemotherapy
Isolated limb perfusion
Intralesional therapy injection of IL-2 or IFNa
Topical imiquimod
Other
Systemic therapy, N (%)
IFNao
Pembrolizumab
Ipilimumab
Chemotherapy?
IL-2
Nivolumab
Dabrafenib
Imatinib

Ipilimumab/nivolumab

10.0 (4, 22; 2-77)

12 (34.3)
3 (25.0)
2 (100)
17 (48.6)
14 (82.4)
1 )
23.
11. 8)
17.6)*
9)°
9)°
1 (60.0)
2 (57.1)
8 (38.1)
8 (38.1)
7 (33.3)
3(
3 (
0

4
2
3
1

5.
(23
(
(
5.
1(5.

14.3)
14.3)

1 (4.8)
1 (438)

62 (4, 11; 2-45)

2 (387)

1(83)

5 (417)
0

9 (75.0)
0

0

0

2 (6.5)

2 (100)

74 (4, 15; 2-77)

12 (18.2)
3 (25.0)
12 (100)
29 (43.9)
15 (51.7)
6 (20.7)
4 (13.8)
11 (37.9)
3 (10.3)
1 (34)

1 (3.4)

23 (34.8)
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Table 2 continued

Treatment history before initiating T-VEC Austria, Germany, Netherlands Total
UK (» = 35) (n = 31) (N = 66)

n (%) n (%) n (%)

Trametinib/dabrafenib 1 (4.8) 0 1 (4.3)

IFN interferon, IL interleukin, IQR interquartile range, 7-VEC talimogene laherparepvec

* Prior treatment only in Germany
® Prior treatment only in Austria

 Other local therapy was “Chemoperfusion, left leg with melphalan” for a patient in Austria

d Examples of chemotherapies given included dacarbazine, temozolomide and taxanes

(514/558) of lesions were injected with T-VEC.
This percentage was higher for cutaneous
(97.8%) than for subcutaneous (87.1%) or nodal
(81.3%) lesions.

Clinical Outcomes

Overall, 19/66 (28.8%) patients were still
receiving T-VEC at the end of the observation
period (Fig. 2b). More than half of patients dis-
continued T-VEC treatment (26/47; 55.3%)
because they had no remaining injectable le-
sions. Of these 26 patients, 22 (84.6%) had
stage IIIB/C disease, 20 (76.9%) were from the
Netherlands, 15 (57.7%) had an ECOG perfor-
mance status of 0, 13 were BRAF mutation
positive (from a total of 22 with known BRAF
mutation status), 2 (7.7%) had baseline LDH >
ULN, and 23 (88.5%) received T-VEC as first-line
systemic therapy.

One-quarter of patients discontinued (12/47;
25.5%) because of progressive disease, and only
one patient discontinued because of an AE or
toxicity related to T-VEC. Seven patients devel-
oped distant metastasis, of whom five patients
had one metastasis and two patients had two.
The location of metastasis was the lung (n = 2),
brain (n =1), mesentery (n=1), and thyroid
(n=1), and was not recorded in the patient
charts in four cases. The median time to distant
metastasis after initiation of treatment with
T-VEC in these patients was 20.9 weeks (range
9.9-65 weeks).

The treatment histories of individual
patients after T-VEC are shown in Supplemen-
tary Fig. S1b. Among the 11 patients who dis-
continued T-VEC treatment, the mean and
median time to subsequent treatment were 6.4
and 5.4 months, respectively. Specifically,
among patients who discontinued treatment
because of progressive disease, mean and med-
ian time to subsequent treatment were 4.7 and
4.3 months, respectively, and ranged from 2.2
to 7.9 months. For patients who discontinued
treatment because of no injectable lesions, the
mean and median time to subsequent treat-
ment were both 13.2months (range
11.1-15.3 months).

Tolerability and Safety

Forty-seven patients (71.2%) experienced at
least one AE of interest. Table 5 shows the
events of interest occurring during T-VEC
treatment. The most frequently reported events
of interest were flu-like symptoms (36.4%),
fatigue (21.2%), injection-site pain (19.7%),
erythema (19.7%), rash/itch (16.7%), fever
(12.1%), and nausea (10.6%). There were four
physician-defined immune-mediated events,
but only one event—vitiligo—appeared to be
associated with T-VEC. One unconfirmed her-
petic event was reported (see Table 5 footnote
for further information). One patient discon-
tinued T-VEC because of nausea. No deaths
occurred during the study period.
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Table 3 Melanoma treatment by line of therapy

Austria, Germany, UK (z = 35)

Netherlands (z = 31)

Total (N = 66)

n (%) n (%) n (%)
First-line 35 (100) 31 (100) 66 (100)
T-VEC monotherapy 19 (54.3) 29 (93.5) 48 (72.7)
Chemotherapy” 5 (14.3) 0 5 (7.6)
Ipilimumab monotherapy 4 (11.4) 0 4 (6.1)
Pembrolizumab monotherapy 2 (5.7) 2 (6.5) 4 (6.1)
Ipilimumab + nivolumab combination therapy 1(29) 0 1(Ls)
Trametinib + dabrafenib combination therapy 1(29) 0 1(1.5)
Interleukin-2 monotherapy 1(2.9) 0 1(1.5)
Other systemic therapyb 2 (5.7) 0 2 (3.0)
Second-line 17 (48.6) 6 (194) 23 (34.8)
T-VEC monotherapy 6(353) 1(16.7) 7 (30.4)
Pembrolizumab monotherapy 4 (23.5) 3 (50.0) 7 (30.4)
Ipilimumab monotherapy 3 (17.6) 0 3 (13.0)
Ipilimumab + nivolumab combination therapy 1(5.9) 1(16.7) 2 (8.7)
Nivolumab monotherapy 2 (11.8) 0 2 (8.7)
Chemotherapy® 1(5.9) 0 1 (4.3)
Dabrafenib monotherapy 0 1(16.7) 1 (4.3)
Other systemic therapy® 0 2 (33.3) 2 (8.7)
Third-line 12 (343) 1(32) 13 (19.7)
T-VEC monotherapy 6 (50.0) 1 (100) 7 (53.8)
Pembrolizumab monotherapy 2 (16.7) 0 2 (154)
Chemotherapy® 1(8.3) 0 1(7.7)
Ipilimumab + nivolumab combination therapy 1(8.3) 0 1(7.7)
Interleukin-2 monotherapy 1(83) 0 1(7.7)
Nivolumab monotherapy 1(8.3) 0 1(7.7)
Fourth-line 7 (20.0) 0 7 (10.6)
T-VEC monotherapy 2 (28.6) 0 2 (28.6)
Chemotherapy® 1 (14.3) 0 1 (14.3)
Vemurafenib + cobimetinib combination therapy 1 (14.3) 0 1 (14.3)
Pembrolizumab monotherapy 1 (14.3) 0 1 (14.3)
Imatinib monotherapy 1(14.3) 0 1(14.3)
Trametinib monotherapy 1 (14.3) 0 1 (14.3)
Fifth-line 4 (114) 0 4(6.1)
T-VEC monotherapy 1 (25.0) 0 1 (25.0)
Chemotherapy® 1 (25.0) 0 1 (25.0)
Trametinib + dabrafenib combination therapy 1 (25.0) 0 1 (25.0)
Ipilimumab monotherapy 1 (25.0) 0 1 (25.0)
Sixth-line 1(29) 0 1(1.5)
Imatinib monotherapy 1 (100) 0 1 (100)
T-VEC monotherapy 1 (100) 0 1 (100)

T-VEC talimogene laherparepvec

* Examples of chemotherapies given included dacarbazine, temozolomide, and taxanes
® One patient received bevacizumab; the other participated in a clinical trial (NCT01844505)
¢ Two patients participated in a clinical trial (NCT02625337)
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Table 5 Adverse events of interest observed during talimogene laherparepvec treatment

Events of interest” Austria, Germany, UK (z = 35) Netherlands (z = 31) Total (N = 66)
n % n % n %

Administration-site conditions 5 14.3 25 80.6 30 45.5
Burning sensation 0 0.0 4 12.9 4 6.1
Erythema 1 2.9 12 38.7 13 19.7
Injection-site complications 3 8.6 3 9.7 6 9.1
Injection-site pain 2 5.7° 11 35.5 13 19.7
Pruritus left leg 1 2.9 0 0 1 L5
Rash/itch 0 0 11 35.5 11 16.7
Woateriness left shank 1 2.9 0 0 1 1.5
Gastrointestinal disorders 4 11.4 8 25.8 12 18.2
Abdominal pain 0 0 1 3.2 1 1.5
Decreased appetite 0 0 4 12.9 4 6.1
Diarrhoea 0 0 1 32 1 L5
Nausea 4 114 3 9.7 7 10.6
Vomiting 1 2.9 0 0 1 1.5
General disorders 5 14.3 27 87.1 32 48.5
Ague (fever and chills) 2 5.7 0 0 2 3.0
Dizziness 0 0 1 3.2 1 1.5
Dyspnoea 0 0 1 32 1 L5
Fatigue 0 0 14 452 14 212
Fever 3 8.6 5 16.1 8 12.1
Flu-like symptoms 0 0 24 77 4 24 36.4
Hot flush/sweating 1 2.9 1 32 2 3.0
Herpetic events 0 0 1° 32 1° 1.5
Physician-defined immune-mediated events 3 8.6 1 32 4 6.1
Other 2 5.7 9 29.0 11 16.7
Airway infection 0 0 1 32 1 L5
Arthralgia 0 0 1 3.2 1 1.5
Oecdema right ankle 0 0 1 3.2 1 1.5
Headache 1 29 5 16.1 6 9.1
Increase in liver enzymes 1 29 0 0 1 1.5
Muscle ache 0 0 2 6.5 2 3.0
Myocardial infarction 0 0 1 32 1 1.5
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Table 5 continued

Events of interest”

Austria, Germany, UK (z = 35) Netherlands (z = 31) Total (N = 66)

n % n % n %
Pain in joints 0 0 1 3.2 1 1.5
Urine incontinence 0 0 1 3.2 1 1.5

* Subjects with multiple adverse events are only reported once per event term

® Pain left foot, pain lefc shank

¢ The details of this event are as follows: The time from the first talimogene laherparepvec (T-VEC) dose to the herpetic
event was 176 days. The event occurred 4-5 days after an administration of T-VEC. The patient suffered from local redness,
vesicles on trunk, and flu-like illness. There was no itching or fever. A physical examination (1.5 weeks after the event)
showed no more vesicles, therefore no diagnostics (polymerase chain reaction) could be carried out. This event was recorded
by the Amgen safety department as an unconfirmed herpetic event because the symptoms were suggestive, but not confirmed
4 Physician-defined immune-mediated events were eczema, increased 2-deoxy-2-fluoro-D-glucose (FDG) uptake in distant

nodes without progression, and vitiligo. Only one event (vitiligo) appeared to be associated with T-VEC

DISCUSSION

This retrospective study is, to our knowledge,
the largest and the first multinational real-world
analysis of T-VEC usage in Europe. The data
support the findings of the phase 3 randomised
OPTiM study, which concluded that T-VEC was
effective and well tolerated [8].

The findings suggest that T-VEC is used in
the real-world setting in patients with a lower
disease burden than in OPTiM [8]. Although
T-VEC is approved in Europe for patients with
stage IIIB/C-IVM1a recurrent melanoma, 71.2%
of patients treated with T-VEC in the current
real-world study had stageIlIB/C disease (vs
52.6% in OPTiM [8]). A lower percentage of
patients in the current study had lymph node
lesions than in the OPTiM study [8] (9.1% vs
42.9%, respectively) and the overall median
number of lesions per T-VEC-treated patient
was also lower (8.5 in our study vs 10 in OPTiM
[20]). These differences may again indicate a
lower disease burden among patients who
received T-VEC in the real-world setting. In our
study, the median volume of T-VEC adminis-
tered per visit was also lower than in OPTiM (2
vs 3mL), and the median duration of T-VEC
treatment was shorter (18.9 vs 25.7 weeks).

It is possible that the differences summarised
above were driven by a tendency for patients in
the Netherlands to initiate T-VEC treatment at an
earlier disease stage compared both to the

patients in the OPTiM study and to real-world
patients from Austria, Germany, and the UK in
our study. Overall, 96.8% of patients treated with
T-VEC in the Netherlands had early metastatic
stage IIIB/C disease, and 93.5% received T-VEC as
first-line therapy (vs 48.6% and 54.3%, respec-
tively, in Austria, Germany, and the UK). Addi-
tionally, we found that the interval between
initial diagnosis and first T-VEC administration
was shorter in the Netherlands than in the other
three countries. Furthermore, patients in the
Netherlands received fewer excisions for recur-
rence before commencing T-VEC. Overall, the
median duration of treatment with T-VEC was
shorter in the Netherlands than in Austria, Ger-
many, and the UK (15.1 vs 23.1 weeks). As well as
reflecting differences in initial disease burden,
this may also partly reflect differences in treat-
ment practices between medical and surgical
oncology settings.

Although the current study did not include
formal evaluation of treatment effectiveness, a
greater proportion of patients in the Nether-
lands discontinued T-VEC before the end of the
study period because they had no remaining
injectable lesions compared with the other
three countries (64.5% vs 17.1%, respectively).
Absence of any remaining injectable lesions
may be considered a proxy for a complete
response [21]. This could be due to the high
proportion of patients in the Netherlands with
early metastatic disease. Additionally, a lower
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initial disease burden among T-VEC recipients
in the Netherlands may have resulted in a faster
clinical response in this group, and thus shorter
treatment duration. Another factor that may
have contributed to the improved responses
observed in patients in the Netherlands is BRAF
status. Almost 50% of T-VEC-treated patients in
the Netherlands had a BRAF mutation, com-
pared with only one-quarter of patients in the
other three countries.

Six retrospective studies have previously
examined real-world use of T-VEC for the treat-
ment of unresectable stage IIIB-IVM1c melanoma
in the USA [11-15] and the Netherlands [16]. Five
of the retrospective studies reported ORRs higher
than the 26.4% reported in OPTiM (40.7% [11],
47.5% [12], 56.5% [13], 57% [14], and 88.5% [16]).
Compared with OPTiM, these studies also included
higher proportions of patients with stage IIIB/C
versus stage IV disease. In the study from the
Netherlands, for example, in which 16/26 patients
(61.5%) achieved a complete response and 7/26
(26.9%) a partial response, all patients had
stage IIIB/C disease [16]. Overall, the results of
these studies and this current study suggest that
patients with more advanced disease can benefit
from T-VEC, but that the efficacy of T-VEC
monotherapy is optimised when initiated early in
the treatment journey, and particularly in patients
with unresectable stage I1IB/C melanoma.

As in OPTiM, and consistent with previous
real-world reports [11-15], T-VEC was well tol-
erated in the current study. No unexpected AEs
of interest were observed. The most frequently
occurring AEs were flu-like symptoms. Only one
patient discontinued treatment because of an
AE or toxicity related to T-VEC.

A larger proportion of patients in this study
had received systemic therapy, particularly
immunotherapy, prior to T-VEC than in OPTiM
(34.8% vs 6%). This is not surprising, as many of
these therapies were not available when OPTiM
was conducted (2009-2011). Prior treatment
with targeted therapies and immunotherapies
does not appear to reduce the response to
T-VEC [16]. Indeed, T-VEC is being investigated
in combination with targeted therapies and
immunotherapies, with early results suggesting
that such combinations may improve clinical
outcomes. A phase 2 randomised study found

superior ORR and complete response rates with
T-VEC plus ipilimumab versus ipilimumab
alone [22], while the phase 1b MASTERKEY-265
study suggested that T-VEC may enhance
responsiveness to checkpoint inhibitors like
pembrolizumab [23]. In the phase 1b MAS-
TERKEY-265 study, T-VEC plus pembrolizumab
resulted in an ORR of 62%, with a confirmed
complete response rate of 33%, in patients with
unresectable stage IIIB/C-IV melanoma [23].
The phase 3 part of MASTERKEY-265 is ongoing.

By documenting a wide range of clinical
variables, this study provides insights into
T-VEC wusage in routine clinical practice in
European countries that utilise this therapy in
different settings. Limitations of the study
design include the absence of formal efficacy
assessment, the cessation of follow-up while
T-VEC therapy was ongoing, and the potential
for selection bias when identifying patients for
inclusion. Although steps were taken to ensure
that complete and accurate information was
obtained from the medical charts, we cannot
fully exclude the potential for information bias
if data were missing. The patients in this study
were all treated within the first 3 years of EU
marketing authorisation of T-VEC. While the
data provide a good indication of early usage,
treatment practices might evolve over time with
increasing cumulative clinical experience. It is
also possible that treatment/management prac-
tices of “early adopter” physicians differ from
those of other physicians.

CONCLUSIONS

This is the first comprehensive multinational
evaluation of the use of T-VEC to treat unre-
sectable stage [IIB/C-IVM1a melanoma in real-
world clinical practice in Europe. The results
indicate that the effectiveness of T-VEC
monotherapy is optimised when initiated early
in the treatment paradigm, particularly in
patients with unresectable stage IIIB/C disease.
Favourable tolerability was observed, with only
one patient discontinuing treatment because of
an AE or toxicity.
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