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Abstract

Background Resistance to immune checkpoint blockade and targeted therapy in melanoma patients is currently one of the
major clinical challenges. With the approval of talimogene laherparepvec (T-VEC), oncolytic viruses are now in clinical
practice for locally advanced or non-resectable melanoma. Here, we describe the usage of T-VEC in stage IVM1b-M1c
melanoma patients, who achieved complete remission or stable disease upon systemic treatment but suffered from a loco-
regional recurrence. To our knowledge, there are no case reports so far describing T-VEC as a means to overcome acquired
resistance to immune checkpoint blockade or targeted therapy.

Methods All melanoma patients in our department treated with T-VEC in the period of 2016-2018 were evaluated retro-
spectively. Data on clinicopathological characteristics, treatment response, and toxicity were analyzed.

Results Fourteen melanoma patients were treated with T-VEC in our center. Six patients (43%) received T-VEC first-line.
In eight patients (57%), T-VEC followed a prior systemic therapy. Three patients with M1b stage and one patient with M1c
stage melanoma were treated with T-VEC. These patients suffered from loco-regional progress, whilst distant metastases
had regressed during prior systemic treatment. 64% of patients showed a benefit from therapy with T-VEC. The durable
response rate was 36%.

Conclusion T-VEC represents an effective and tolerable treatment option. This is true not only for loco-regionally advanced
melanoma patients, but also for patients with stable or regressive systemic metastases who develop loco-regionally acquired
resistance upon treatment with immune checkpoint blockade or targeted therapy. A sensible selection of suitable patients
seems to be crucial.
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Abbreviations PD Progressive disease
BRAF  V-raf murine sarcoma viral oncogene homolog PR Partial response

B1 SD Stable disease
CR Complete response T-VEC Talimogene laherparepvec
DRR Durable response rate ULN Above upper limit normal
ICB Immune checkpoint blockade US 11 Accessory factor US11

ORR Overall response rate
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and programmed cell death PD-1 has improved the over-
all survival of melanoma patients. However, in a majority
of patients, primary or acquired resistance still limits the
durable efficacy of these new therapeutic drugs. Talimogene
laherparepvec (T-VEC) is the first oncolytic viral immuno-
therapy to be approved for patients with locally advanced
or non-resectable melanoma (in 2015 in USA and in 2016
in Europe).

T-VEC is a genetically modified herpes simplex virus
type 1 designed to selectively replicate in tumor cells. It
is attenuated by the deletion of the genes, infectious cell
protein (ICP) 34.5 and 47 [1, 2]. In its specific mode of
action, T-VEC combines direct oncolytic effects with local
and systemic immune-mediated anti-tumoral effects. The
release of pro-inflammatory molecules, caused by the viral
infection, leads to activation of the innate immune system,
the release of interferon gamma, and T-cell infiltration [3].
Deterioration of tumor cells elicits an enhanced liberation of
tumor antigens and a priming and increase of tumor-specific
T cells. T-VEC is designed to express human granulocyte-
macrophage colony-stimulating factor (GM-CSF) and US11
[2, 4]. This cytokine stimulus synergistically enhances the
ongoing immune activation, hence promoting a local and
systemic anti-tumor immune response, even at non-injected
lesions and distant sites [5, 6].

In the primary analysis of the phase III randomized-
controlled trial (OPTiM), T-VEC showed only a modest
efficacy in visceral metastases, even though T-VEC induces
both a local effect through cytolysis and a systemic anti-
tumor response through enhancement of antigen presenta-
tion and promotion of cytotoxic T-cell responses. A signifi-
cant improvement of overall survival with T-VEC versus
GM-CSF was only observed in the subgroup of melanoma
patients with stage IIIB, IIIC, and IVMal (41.1 months
T-VEC versus 21.5 months GM-CSF, p <0.001) [6, 7].
Therefore, T-VEC has only been approved for advanced
loco-regional melanoma excluding patients with lung,
brain, bone, or other visceral metastases. Subsequently,
results from the final planned analysis of overall survival
in the OPTiM trial 3 years after randomization have been
published [8]. The final analysis demonstrated a significant
improvement of overall survival in the intention-to-treat
group. Consistent with the primary analysis, a subgroup
analysis showed no significant beneficial effects of T-VEC
on overall survival in patients with stage [IVM1b/c disease.
Recently, clinical studies have investigated therapy with
T-VEC in diverse other tumor types and in combination with
other systemic treatments, specifically immunotherapy [4, 9,
10]. More widely, there have been substantial advances in
the development of oncolytic virotherapy based on diverse
DNA and RNA viruses [2].

In clinical studies, strict inclusion and exclusion crite-
ria impose a strong bias compared to the patient population
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seen in the clinic. More specifically, treatment in the clini-
cal setting includes patients with complex disease history
and patients with progressive disease after prior systemic
treatments. Analysis of real-life data can thus be informative
when considering patient subpopulations of special interest.
Yet, published data about use of T-VEC in routine clinical
practice are scarce. There are four recent case series from
the US that report on use of T-VEC in three single insti-
tutions and one two-center retrospective analysis [11-14].
A recent multicenter chart review analyzed data from 27
patients treated with T-VEC in routine clinical practice in
Germany [15]. In a current study by the Netherlands Cancer
Institute, data from 26 T-VEC treated patients were analyzed
based on a prospectively maintained database [16]. Recently,
areal-world data study (COSMUS-1) comprising 76 patients
in the USA has been published [17]. Together, these pub-
lished case series and real-world-data studies describe 233
patient and treatment characteristics. However, predictive
biomarkers and the identification of patients who can benefit
the most from T-VEC are not included. With the growing
number of treatment options for advanced melanoma, there
is a high clinical need to identify the best treatment strate-
gies and sequences for our patients. In the discussion part,
we will, therefore, focus on patient selection criteria based
on our single-institution observations as well as the current
literature.

This case series aims to characterize the response and
follow-up of melanoma patients upon single-agent treat-
ment with talimogene laherparepvec in clinical practice in
a single institution in Germany paying a special attention to
patients with stable visceral metastases. Although T-VEC
has only shown modest efficacy in visceral metastases, we
used T-VEC in stage IVM1b-M1c melanoma patients, who
had achieved complete remission or stable disease of vis-
ceral metastases upon systemic treatment but subsequently
suffered from a loco-regional recurrence. To our knowl-
edge, there are no case reports or series so far describing
the response of T-VEC as a means to overcome acquired
resistance to ICB and/or targeted therapy.

Materials and methods

We performed a retrospective single-institution review of
all melanoma patients who were treated with T-VEC from
2016 to March 2018. Patients were followed up until April
2019. Follow-up was defined as the time period between
the last T-VEC application and the last visit to our center, or
in the case of deceased patients, the date of death. Patients
demographics (age, gender, and ECOG status), clinico-
pathologic characteristics (melanoma history including prior
treatments, disease stage according to the AJCC 7th edi-
tion, BRAF status, lactate dehydrogenase LDH, and S100),
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details of the T-VEC therapy (number of injections, toxicity,
and discontinuation), and response to treatment [complete
response (CR), partial response (PR), stable disease (SD),
and progressive disease (PD)] were reviewed. All injections
were performed in cutaneous, subcutaneous, or nodal metas-
tases of melanoma patients at the Skin Cancer Center at
the University Hospital in Bonn, Germany. Patients were
injected according to the guidelines and recommendations of
the manufacturer (<4 ml, 10° plaque-forming units (PFU)/
ml on day 1, then after 3 weeks <4 ml 10® PFU/ml con-
secutively continued once every 2 weeks. AMGEN, Applied
Molecular Genetics, Thousand Oaks, CA, USA). Response
to treatment with T-VEC was evaluated clinically in case
of cutaneous metastases or using imaging methods such as
ultrasound, CT-, or MRI-Scan in the case of subcutaneous,
lymph nodes, or visceral metastases. Imaging was conducted
before induction of T-VEC and every 12 weeks thereafter.
In the analysis of our data, we delineated a subgroup of
patients with in-transit metastatic disease and normal base-
line LDH levels regardless of tumor stage or line of therapy.
We defined these criteria as “low tumor burden”.

Results
Patient characteristics and treatment

Fourteen patients with advanced, unresectable melanoma
were treated with T-VEC in our center between March 2016
and March 2018. Table 1 gives a detailed overview of the
characteristics, treatment, and outcome of each patient.
Patients received intralesional T-VEC according to the
manufacturer’s recommended dosing. Treatment was con-
tinued until no injectable tumor lesions remained, or until
intolerable adverse events or progressive disease occurred.
Six patients (43%) received T-VEC first-line. In eight
patients (57%), therapy with T-VEC followed a prior sys-
temic therapy (75% immunotherapy, 37.5% targeted therapy,
12.5% both, and adjuvant therapy with interferon was not
considered as pretreatment). Three patients with M 1b stage
melanoma and one patient with M 1c stage melanoma were
treated with T-VEC. These patients suffered from a loco-
regional progress, while distant metastases had been stable
or regressive during prior systemic treatment. The demo-
graphic data are listed in Table 2.

By the time of database lock (April 2019) on average
(median), eight injections were applied (range: 1-41 injec-
tions). Two patients were still being treated. In 11 patients
(79%), T-VEC was injected in cutaneous metastases. In
three patients, T-VEC was injected in subcutaneous or nodal
metastases (21%). LDH levels at baseline were elevated in
50% (n="17) of the patients.

Tolerability/toxicity

T-VEC was in general well tolerated with the toxicity profile
as expected from published clinical trials. There were no
grade 3 or 4 AEs (according to CTCAE). 89% of the AEs
occurred directly after the first injection of T-VEC. Adverse
events are shown in Table 3.

Efficacy-response rate

In nine patients (64%), a local response to therapy with
T-VEC was achieved. Two patients (14%) (No 1 and 5)
showed a complete response (CR) and six patients (43%)
had a partial response. One patient (No 3) remained at stable
disease (7%). Five patients (36%) had a loco-regional or sys-
temic progressive disease. Examples of response and follow-
up in four patients treated with T-VEC are shown in Fig. 1.

The median progression-free survival (PFS) was
20 weeks (CI 0; 101). The durable response rate (DRR),
defined as complete responses (CR) and partial responses
(PR) lasting > 6 months, was 36% (5/14). The five patients
(No 1,2, 4,5, 6) in our setting showing DRR had stage I1IB
and stage IIIC disease. Four of them were treatment-naive
to T-VEC (75%).

A subgroup analysis of patients who received T-VEC
treatment first-line (6/14) showed that 83% of these patients
had a benefit from treatment with T-VEC. One patient had
a complete response. Median PFS was 72 weeks. The DRR
in this subgroup was 67%.

Duration of treatment and response on T-VEC are visu-
alized in a swimmer plot (Fig. 2). Outcomes, best response
rates, and PFS are summarized in Table 4.

Eight patients (57%) received T-VEC following a prior
systemic therapy. Six patients had received a prior treatment
with anti-PD1-therapy (No 7, 10-14). The median period
of time between two therapies was 6 weeks (CI 3; 21). In
five patients (No 10-14), treatment with T-VEC almost con-
tinuously followed prior anti-PD1-therapy (CI 3; 9 weeks).
Two patients were treated with a BRAF and MEK inhibitor
prior T-VEC therapy (No 1, 9). One patient (No 14) with
tumor stage M1c had received anti-PD1 followed by BRAF
inhibition with vemurafenib, and a third line combined anti-
PD1 and anti-CTLA4 immunotherapy before treatment with
T-VEC was induced. The median PFS in patients treated
with T-VEC second-line was 10 weeks (CI 0; 87), compared
to 72 weeks (CI 6; 101) in the first-line treated patients.

One patient with in-transit metastatic melanoma, stage
IIIB (patient No 1) received T-VEC after prior targeted
therapy with BRAF/MEK inhibitor and obtained a long-
lasting, complete response. Another patient (patient No 10)
with M1a stage melanoma received prior anti-PD1-therapy,
which led to a regression of lymph-node metastases, whereas
in-transit metastases showed loco-regional resistance to
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Table 2 Patient demographics and clinicopathologic characteristics
of n= 14 melanoma patients treated with T-VEC

Total (N=14)

Gender, n (%)

Men 6 (43)
‘Women 8 (57)
Median age, years (min; max) 72.5 (41; 89)
Disease stage (AJCC 2017), n (%)
1B 1(7)
nc 7 (50)
1D 1.(7)
IVMIla 1(7)
IVMI1b 3221
IVMIc 1(7)
Line of therapy
First, n (%) 5 (36)
Second or later, n (%) 9 (64)
Baseline LDH 240
<ULN 7 (50)
>ULN 7 (50)
>1.5xULN 321
Baseline S-100
<ULN 9 (64)
>ULN 5(36)
BRAF mutation status, 7 (%)
Mutant 6(43)
Wildtyp 7(50)
Unknown 1(7)
Primary diagnosis, n (%)
Acrolentiginous melanoma 3(21)
Nodular melanoma 10 (71)
Mucosal melanoma 1(7)

Tumor thickness, median (min; max) 4.23(1.0; 11.0)

Table 3 Treatment-related adverse events observed during T-VEC
treatment in all patients (n=14)

AE Grade 1/2, n (%) Grade
3/4,n
(%)
Any treatment-related AE 9 (64) 0
Chills 6 (43) 0
Pyrexia 5 (36) 0
Fatigue 1(7) 0
Influenza-like illness 2 (14) 0
Gastrointestinal disorders 5 (36) 0
Injection site reaction 321 0
Pruritus 1(7) 0

immunotherapy. Here, treatment with T-VEC achieved a
partial response in in-transit metastases. A stage IIIC mela-
noma patient (No 8) received T-VEC following two lines of
prior immunotherapy. These three patients who responded to
T-VEC all showed low tumor burden, as defined by in-transit
metastases and normal LDH levels. Patient No 9, with irre-
sectable tumor stage IIID melanoma, received T-VEC fol-
lowing a targeted therapy with BRAF/MEK inhibition. The
patient suffered from a large tumor, increased LDH levels,
and did not respond to T-VEC therapy.

Four patients with advanced melanoma, stage M1b-MIlc,
who had received one or more prior systemic therapies were
treated with T-VEC (patients No 11-14). These patients suf-
fered from a loco-regional progression, while distant metas-
tases had been stable or regressive during prior systemic
treatment.

Three of these patients (No 11, 12, 14) did not respond
to T-VEC and had a rapid progressive systemic disease.
Hence, T-VEC could only be applied once and three times,
respectively. These patients suffered from a high loco-
regional tumor burden with elevated S-100 and LDH levels
at baseline.

One patient with advanced melanoma (patient No 13)
showed a partial response from treatment with T-VEC. The
patient had received prior anti-PD1 treatment with pem-
brolizumab in M 1b stage melanoma, upon which a complete
response of the known lung metastases was documented by
repeated CT-scans every 12 weeks. In the course of time, the
patient developed multiple cutaneous in-transit metastases of
the lower extremity without any systemic progression. LDH
levels were within normal range and tumor burden as per our
definition was low. Cutaneous metastases were treated with
seven cycles of T-VEC and lesions showed a partial response
for 18 weeks before the patient developed progressive dis-
ease with new pulmonal metastases. Immunotherapy with
anti-PD-1 was re-induced and achieved a complete response.

In total, three patients in our center (21%) had baseline
LDH levels > 1.5-fold above upper limit normal (ULN); all
of them had received a prior systemic treatment. None of
these patients responded to T-VEC.

Our results show that treatment with T-VEC achieved a
response in patients with low tumor burden, having limited
in-transit metastases and normal LDH levels at baseline.
This held true even for patients with prior systemic therapy
and for a patient with M1b melanoma.

Discussion

We present a retrospective single-institution case series of 14
patients who were treated with T-VEC for locally advanced
metastatic melanoma. In contrast to recently published case
series, in our study, four stage IVM1b-MIc patients, who

@ Springer
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a Baseline 6 weeks

=4

5 weeks

Baseline

Baseline

Fig. 1 Representative clinical images of four melanoma patients
treated with T-VEC over time showing a complete response, b, ¢
partial response, and d progressive disease. d Baseline image of

developed loco-regional progression, while distant metas-
tases showed complete remission upon ICB or/and targeted
therapy, received T-VEC treatment. A recent case series
from USA reported about 26 melanoma patients in stage
IIIB-IVM1a and one patient in stage IVM1c receiving
T-VEC in a single institution [12]. This work does not report
detailed information about the IVM1c melanoma patient.
A recent multicenter chart review analyzed data from 27
T-VEC treated melanoma patients and aimed to character-
ize the first patients in Germany treated with T-VEC [15].
This trial included seven patients who had received prior
immunotherapy, but all these patients had stage IIIB-IVM1a
disease. A third recently published case series, again from
the US, reviewed ten patients in a participating center of
the Masterkey-256 study, who did not meet the eligibility

@ Springer

18 wks

13 wees

44 weeks (FU

57 weeks (FU)

2

31 weeks
".k

10weeks

an ulcerated melanoma metastasis of the left axilla of a melanoma
patient (M1c) with prior systemic treatment. Patient received one
T-VEC injection and died from rapid progressive disease

criteria, but were treated off-label with T-VEC plus check-
point inhibitors [11]. A current study based on a prospec-
tively maintained database from the Netherlands Cancer
Institute showed high complete and overall response rates
in 26 stage IIIB/C in-transit melanoma patients. Twenty-
three patients were treatment-naive [16]. The COSMUS-1
study investigated T-VEC treatment in the clinical practice
setting in 78 patients in the USA, including 43.4% patients
who received checkpoint inhibitors before T-VEC treatment
or in combination and 30 patients with tumor stage IVM1b/c
disease [17].

The overall response rate (ORR) in our study was 64%.
The ORR is similar to the observed ORR of 56.5% in the
US case series published by Sun et al. [11] but significantly
higher than the observed ORR in the primary analysis of the
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W T-VEC

Still on treatment
Complete response
Partial response
Stable disease

*e]

Progressive on first-line
treatment

Progressive on T-VEC
Death

50 55 60 65 70 75 80 85 90

intervals were left out in favor of clarity. Therapeutic responses were
defined as best response upon time of data base lock (April 2019).
Further systemic therapies following on T-VEC were not considered

Table 4 Best response to
T-VEC of all patients and
dependent on first-line treatment

. . . n (%)
or with no prior systemic

Best response all
patients (N=14),

Best response, first-line Best response, patients with prior
T-VEC (N=6),n (%)  systemic treatment (N=8), n (%)

treatment (n =6 patients

Patients with a response 95% CI
received T-VEC as first-line

. Complete response 2(14)
treatment; n=8 patients .
received T-VEC after systemic Partial response 6(43)
treatment with immune Stable disease 1(7)
checkpoint blockade and/or Progressive disease 5 (36)
targeted therapy) Overall response rate 9 (64)
Durable response rate 5 (36)
Progression-free 20
survival, median
(weeks)
Death 5(36)

1(17) 1(12.5)
3(50) 3(37.5)
1(17) 0 (0)
1(17) 4 (50)
5(83) 4 (50)
4(67) 1(12.5)
72 10
1(17) 4(50)

phase III OPTiM trial (26.4%) [6, 12] and the final analy-
sis of the OPTiM data (31.5%) [8]. The difference in ORR
between our study and the OPTiM trial is mainly related to
the higher number of stage [IVM1b/c melanoma stages (43 in
the primary analysis [6], 45 in the final analysis [8] vs 29%
in our study). Andtbacka et al. stated that T-VEC efficacy

was most pronounced in patients with stage I[IIB-IVM1a
disease and in treatment-naive patients. The DRR in our
subgroup of first-line patients was 67%. This is a consider-
ably high response rate compared to the primary subgroup
analysis in the OPTiM trial which produced a DRR of 24%
in first-line patients. The recently published final planned
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OPTiM trial analysis confirmed the results of the primary
analysis, showing significant beneficial effects of T-VEC on
overall survival in the subgroup of patients receiving T-VEC
first-line [8]. The recent study of Franke et al. demonstrated
a high ORR of 88.5% and best CR rates of 61.5% in a mainly
treatment-naive population of IIIB/IIIC in-transit melanoma
patients (median duration of response not yet reached) [16].
The authors suggested patients with early metastatic disease
stage IIIC-M1a and low tumor burden to be the subgroup
of patients who are most likely to benefit from T-VEC.
This applied to patients with in-transit metastatic disease,
as patients with lymph-node involvement were excluded
from the trial. Our data support the assumption that patients
with low tumor burden, indicated by in-transit metastatic
disease and by normal LDH values, are a highly favorable
subgroup for treatment with T-VEC. The primary effect of
oncolytic therapy is mediated by induction of a local anti-
tumor response, which is more likely to control a locally
limited tumor disease. However, it is unclear if the favora-
ble effects of T-VEC in early stage melanoma are based on
better activity in early stage disease, or merely reflect the
natural history of melanoma. As demonstrated in the current
AJCC cancer staging manual, the 5-year melanoma-specific
survival rate significantly ranges according to disease sub-
groups, e.g. from 83% in patients with stage IIIB disease to
32% for those with stage IIID disease [18].

In our study, only patients with normal LDH levels
responded to T-VEC therapy. The OPTiM study excluded
patients with baseline serum lactate dehydrogenase
(LDH) > 1.5 X ULN. The enzyme LDH is a serological
biomarker in melanoma and one of the strongest prognos-
tic indicators found to be correlated with tumor burden
[19, 20]. The exclusion of patients with baseline serum
LDH > 1.5 x ULN leads to a strong bias towards patients
with lower tumor burden. In our cases, three patients (21%)
had baseline LDH levels > 1.5 X ULN, with all of them
having received a prior systemic treatment. None of these
patients responded to T-VEC. In these three patients, staging
imaging preceding induction of T-VEC had demonstrated
visceral disease to be stable or absent and progressive dis-
ease was limited to in-transit or lymph-node metastases. Yet,
we can assume that increased LDH levels in these patients
not only reflected high tumor load, but, as a marker for active
progressive disease, indicated the rapid progression of the
melanoma. Patients with complete or partial response to
T-VEC (> 6 months) all showed baseline LDH levels <1.5-
fold above limit. This is in line with the assumption that ther-
apy with T-VEC is particularly effective in patients with low
tumor load. This criterion is met more often in the absence
of visceral disease which applies to the approved indication
of the drug and our definition of low tumor burden. How-
ever, this is also true for other systemic melanoma thera-
pies as low tumor burden is a favorable prognostic factor
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for overall survival and overall response rate to systemic
therapy in general. For targeted therapy with BRAF/MEK
inhibitors, there is a known correlation between baseline
tumor burden, response rate, and progression-free survival
[21, 22]. Another recent study investigated the connection
between T-cell invigoration, tumor burden, and anti-PD1
response in immunotherapy with pembrolizumab [23].

Baseline tumor burden has been demonstrated to be a pre-
dictive factor in diverse malignancies, including melanoma
[24]. In T-VEC-treated patients included in the OPTiM trial,
achievement of CR showed a significant negative associa-
tion with baseline tumor burden [25]. Based on a multi-
variate analysis in this trial, the cut-off for baseline tumor
burden was > 14.5 cm [8]. The two-center retrospective
analysis including 40 patients in USA reported increased
overall survival and PFS in patients with smaller tumors
[14]. The retrospective single-center analysis in 27 patients
demonstrated decreased efficacy of T-VEC with increasing
lesion size [13]. However, a general definition for tumor bur-
den does not exist. Depending on the study design, tumor
burden has been defined in several ways, including number
of metastases, tumor diameter, or volume [24]. Kaufman
et al. stated that tumor burden was prognostic for overall
survival and achieving a complete response in the OPTiM
trial. Hereby, multivariate analysis showed a significant
association of tumor burden and tumor stage (IIIB-IVM1a
vs. IVM1b/c) and treatment line (fist line vs. latter line) [25].
This held true for the majority of our patients as well. How-
ever, in our case series, we particularly focus on stage IV
melanoma patients who received a loco-regional response to
T-VEC after having received a systemic response to immune
checkpoint blockade. These patients did not fulfill the crite-
ria of tumor stage IIIB-IVM1a and T-VEC treatment first-
line. However, these patients suffered only from in-transit
metastatic disease and showed normal baseline LDH levels.
In our study, no prospective quantification of tumor volume,
diameter, or RECIST evaluation was performed, limiting
our ability to define a quantitative cut-off for tumor bur-
den. We, therefore, refer to “low tumor burden’ as in-transit
metastatic disease with normal baseline LDH to differentiate
this subgroup of patients irrespective of tumor stage or line
of therapy.

In general, the criteria of early metastatic melanoma and
low tumor burden might more often be met in treatment-
naive patients. Efficacy in patients treated with T-VEC first-
line is suggested to be most pronounced [6]. However, data
on the influence of prior systemic treatment are scarce.

Two case series highlight the clinical efficacy of T-VEC
after progression on multiple previous therapies [26, 27].
In accordance with these publications, in our center, four
out of eight patients profited from T-VEC after ICB or/and
targeted therapy. In contrast to the afore mentioned case
series, we present not only data on stage IIIB/C and IVM1a
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pre-treated melanoma patients, but also four stage M1b-
MIc patients who achieved complete remission of visceral
metastases with ICB or/and targeted therapy and developed
loco-regional progression. In the COSMUS-1 observational
study, 21 patients received immune checkpoint blockade
prior T-VEC treatment and 3 out of 21 showed complete
response [17]. The study included 30 patients with tumor
stage IVM1b/c disease. However, the authors did not inves-
tigate in depth which of those patients benefited from treat-
ment with T-VEC. Six patients treated in our center had
received a prior therapy with anti-PD1-therapy, two patients
responded to T-VEC. In our institution, three patients had
received a prior treatment with targeted therapy (BRAF/
MEK inhibitors), and one patient profited from treatment
with T-VEC.

It has been suggested that previous treatment exposure
may have an effect on outcome to different therapeutic
agents [28]. In the OPTiM trial, patient enrolment took place
from May 2009 to July 2011. This indicates that options for
prior therapy were limited compared to contemporary state
of the art therapy. The impact of previous systemic therapy
on response to T-VEC thus remains an open question [26].
A retrospective analysis of 27 melanoma patients treated
with T-VEV found a decreased ORR for pre-treated patients
without describing details of these patients [13]. Our data
suggest that some patients’ clinical course may benefit from
prior therapy with T-VEC and may even pave the way to
long-term response. In our center, all patients that profited
from T-VEC as the second-line treatment had low tumor
burden, defined as disease limited to in-transit metastases
and normal LDH levels. Patients with high tumor burden
and a rapid tumor progression did not respond to second-line
T-VEC treatment. Even though LDH level is not reported
or not correlated to clinical response in other case series
with pre-treated melanoma patients who received T-VEC
as second-line treatment [12, 15, 26, 27], we suggest that
elevated LDH level can serve as a useful indicator. A sen-
sible selection of suitable patients seems to be crucial and
high medical need patients seem to require more aggressive
therapeutic intervention.

The combination of oncolytic virotherapy and immu-
notherapy is a promising approach. As described in the
patient characteristics, one patient with M1b disease (No
13) profited from T-VEC treatment in in-transit metastases,
which had occurred under prior treatment with anti-PD-1
therapy. The patient showed a low tumor burden with nor-
mal LDH levels and in-transit metastases. We conjecture
that T-VEC injections provoked an anti-tumor response,
which helped to overcome acquired resistance to immuno-
therapy. It is remarkable that upon progressive disease with
new lung metastases after 18 weeks on T-VEC, re-induced
anti-PD-1 therapy yielded a complete response. It is prob-
able that in this case, T-VEC provided synergistic efficacy

in reinvigorating the exhausted immune response. The com-
bination of T-VEC and anti-PD1-therapy has currently been
tested in a phase Ib trial (Masterkey-256) [9]. Twenty-one
patients with advanced melanoma were treated with T-VEC
followed by combination with pembrolizumab. The objec-
tive response rate was 62% with a complete response rate
of 33%. The authors suggested that oncolytic therapy may
improve the efficacy of immunotherapy with anti-PD1-anti-
bodies mainly by affecting the tumor microenvironment [9].
Sun et al. recently published a case series of ten patients who
were treated off-label with T-VEC plus checkpoint inhibitors
[11]. The surveyed data support the idea that combination
of checkpoint inhibitors with T-VEC may provide a syner-
gistic effect. Outcome was even superior in comparison to
published studies on similar therapeutic regimes, although
validity might be limited by the small number of patients.
To our knowledge, there is no clinical trial investigating the
combination of targeted therapy and T-VEC at this point. A
recently published case report describes the clinical course
of a heavily pre-treated 71-year-old patient with stage I1IB
disease who profited from T-VEC. Prior therapies included
GM-CSF, vemurafenib, dabrafenib, trametinib, ipilimumab,
and pembrolizumab [26].

We are aware of the limitations of our study. Response
to treatment with T-VEC was evaluated in some patients
by clinical and/or sonographic measurement of the injected
lesions and might, therefore, in part vary depending on
the investigators’ experience. Limited by the retrospective
nature of our study, we decided against the definition of a
quantitative measurement of tumor burden. Due to the small
number of patients, the heterogeneity of our cohort, the ret-
rospective setting, as well as unknown potential confounding
variables, the possibility to draw generalizable conclusions
from our case series is limited. In summary, we observed a
positive response in 9/14 T-VEC-treated patients with loco-
regionally advanced melanoma. As stated in previous tri-
als, there was a trend towards greater therapeutic benefit in
patients with low tumor burden and stage I[1IB-M1a disease.
We observed a better DRR in the first-line patients in com-
parison to the approval trial. We observed a partial response
from T-VEC in a patient who developed loco-regional resist-
ance to anti-PD1 therapy. Moreover, our data suggest that
patients who have previously received systemic therapy can
still profit from therapy with T-VEC and, in some cases,
even achieve long-term responses. This was true for patients
with low tumor burden, characterized by normal baseline
LDH levels and in-transit metastatic disease, which can
serve as an identification mark for characterizing this group
of patients. We, therefore, suggest that tumor burden rather
than tumor stage is crucial for the identification of patients
who are most likely to benefit from treatment with T-VEC.

We propose that T-VEC treatment is an attractive option
not only for pre-treated stage IIIB/C and IVMI1a patients
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but also for patients with stable visceral metastases who
acquired loco-regional resistance to ICB and/or targeted
therapy. A sensible selection of suitable patients seems to
be crucial. Moreover, the combination of T-VEC with other
systemic therapies, specifically immunotherapy, seems to be
a promising prospect.
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