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Purpose: Rising melanoma incidences lead to an increasing need for individual therapy
strategies in old patients. Talimogene laherparepvec (T-VEC) is a modified herpes simplex
virus, approved for the local treatment of unresectable metastatic melanoma. Since data on
the efficacy and safety of geriatric patients are sparse, this study was conducted to gain
further real-world experience in the treatment of old and oldest-old patients with T-VEC and
to obtain data on therapy costs in this population in Germany.

Patients and Methods: We performed a retrospective analysis, including all patients with
a minimum age of 75 years who were treated with T-VEC from August 2016 to
September 2020 in the Skin Cancer Center of the University Hospital Frankfurt, Germany.
Patient clinicopathological data, treatment responses, toxicities, treatment-specific data and
therapy costs were assessed.

Results: Twelve patients with a median age of 83 years (75-89 years) at the start of
treatment were identified. By the end of the study, three (25%) patients experienced complete
remission (CR), four (33%) experienced partial response (PR), two patients (17%) remained
at stable disease (SD) and three (25%) patients suffered from progressive disease (PD).
Overall response rate was 58.3%, and durable response rate was 41.7%. There were no
treatment-related adverse events grade 3 or higher. The median duration of treatment was
seventeen weeks (3—57 weeks). Median medication costs in the patients who had completed
treatment (n=10) were calculated to be 27,325 Euros in Germany.

Conclusion: This study provides further evidence for an effective use of T-VEC in old and
oldest-old patients. The low rate of adverse events seems to be favorable compared to other
systemic melanoma therapies. Furthermore, duration of treatment was short and therapy
costs were lower than would have been expected from clinical trial data. Altogether, these
data encourage the use of T-VEC in this special patient cohort.

Keywords: intralesional therapy, immunotherapy, oncolytic virus, advanced melanoma,

cutaneous oncology, elderly patients

Introduction

Incidences of melanoma have increased over the last decades, worldwide.! In this
connection, it has to be noted that age-standardized melanoma incidence rises
steadily and reaches its peak in the seventh and eighth decades of life.'
Furthermore there is evidence to suggest that older age is associated with higher
melanoma mortality.” Some data point to the fact that age is an unfavorable
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prognostic variable, independent of tumor thickness, mito-
tic rate, ulceration or tumor stage.” These circumstances
result in an increasing number of old patients in advanced
tumor stages, which might require a pharmaceutical tumor
therapy.

It has to be taken into account that the therapeutic
needs of old patients differ from those of younger patients,
as older patients are less able to compensate for severe and
potentially irreversible side effects. Long-time hospitaliza-
tion due to adverse events may contribute to increasing
frailty, from which old patients have difficulties in
recovering.

In the last decade, several new effective therapies have
been approved for metastatic malignant melanoma. The
immune-checkpoint inhibitors (ICI) targeting the pro-
grammed cell death protein 1 (PD-1) and the cytotoxic
T-lymphocyte associated protein 4 (CTLA4), as well as the
targeted therapies, namely BRAF-MEK inhibitors, have
significantly improved progression-free and overall
survival.*® However, these therapies are associated with
considerable grade 3-4 side effects, which are in part
irreversible and account for a significant hospitalization
rate.”'” In a randomized clinical trial with the ICI inhibi-
tors nivolumab, ipilimumab and the combination therapy
of both drugs, treatment-related grade 3—4 adverse events
occurred in about 20-30% of the ICI monotherapies and in
more than 50% of the combination therapy.* For BRAF-
MEK inhibitors, grade 3—4 adverse events have been
observed in more than 50% of the patients treated with
different drug combinations in clinical trials.'

Old and oldest-old patients have been underrepresented
in clinical trials, and only limited data are available,
mostly from retrospective real-world studies. In summary,
these data indicate that the efficacy of ICI and BRAF-
MEK inhibitors seems to be comparable to that in younger
patients.'” However, with regard to the occurrence of
adverse events, there is some evidence that toxicities
might be higher in old and oldest-old patients compared
to those reported in clinical trials.">™'® Considering that
side effects and hospitalization strongly influence the qual-
ity of life and the cognitive abilities of old patients, a great
need for effective therapies with a low incidence of
adverse events remains.'”"'®

In 2015 and 2016 T-VEC, a genetically modified
herpes simplex virus, was approved in the USA and in
Europe for the intratumoral treatment of unresectable cuta-
neous, subcutaneous and nodal lesions in patients with
melanoma. T-VEC selectively replicates in tumor cells

due to the functional deletion of the infectious cell proteins
(ICP) 34.5 and 47. It has a two-dimensional mechanism of
action based on direct oncolytic effects and based on
immune-mediated effects, which are supported by the
overexpression of the human granulocyte-macrophage col-
ony-stimulating factor (GM-CSF).'"?° In the phase III
randomized controlled “OPTiM” trial, subgroup analysis
revealed a highly significant survival improvement for
American Joint Committee on Cancer (AJCC) stage I11B-
IVM1a patients (46.8 months vs 21.5 months; p=0.0008),
but no significant benefit for AJCC stages IVMIb/c
patients.”! In this study T-VEC had a tolerable safety
profile with a low rate of treatment-related grade 3—4
adverse events (AE), which occurred in 11.3%.%' The
most common AEs were fatigue, chills, pyrexia, nausea
and influenza-like illness.”!

These data indicate that T-VEC could be a good ther-
apy option, especially in old and oldest-old patients.
However, compared to younger patients, old patients
have an altered immune system with a decreased number
of dendritic cells, a decreased production of
T-lymphocytes and a reduced T-lymphocyte receptor
diversity.”> Considering these changes in the immune sys-
tem of old people, and the fact that only 26.5% of patients
investigated in the clinical trial have been older than 65
years, the question arises whether these data can be trans-
ferred in old patients in a real-world setting.?'

In addition to these aspects of efficacy and safety, it
becomes inevitable to discuss melanoma therapy costs,
especially in old patients, from a socioeconomic point of
view. The financial burden of malignant melanoma therapy
on health care has been dramatically increasing in recent
years, and it has been shown that ICI and targeted therapy
medication costs have a major part in this.”*** Cost-
effectiveness analysis of ICI and BRAF-MEK inhibitors
tends to conclude that most of these therapies are not cost-
effective, and that only PD-1 monotherapies can be seen as
cost-effective therapies, considering the usually accepted
thresholds in oncology.>

To the best of our knowledge, there are no clinical
trials or real-world studies that have analyzed therapy
costs of T-VEC alone or compared to ICI or targeted
therapies. For Germany, annual therapy costs of T-VEC,
ICI and BRAF-MEK inhibitors have been evaluated in
2016 by the Joint Federal Committee in the initial benefit
assessment of T-VEC. Since the T-VEC volume used per
treatment can vary between one and four milliliters
depending on the tumor volume, the annual medication
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costs have been calculated to range from 36,144 Euros to
289,151 Euros at the time. Compared to these, annual
therapy costs for ICI monotherapy of different manufac-
turers ranged from 73,998 Euros to 144,057 Euros, and
BRAF-MEK combination therapy ranged from 180,953
Euros to 196,130 Euros.® Considering the broad range
of annual therapy costs for T-VEC, there is a need for
further evidence of therapy costs in a real-world setting,
which has not been addressed so far.

The aim of this project was to investigate the efficacy
and safety of T-VEC in old and oldest-old patients under
real-world conditions in a single institution in Germany. It
was hypothesized that despite the known alterations in the
immune system of old people, T-VEC might be a good
therapy option in this patient collective, especially because
of its favorable toxicity profile. Furthermore, to date, there
is very little evidence on therapy costs and cost-
effectiveness of T-VEC, and therefore this study will pro-
vide further data on this.

Patients and Methods

We performed a retrospective single-institution analysis,
including all patients with a minimum age of 75 years who
received their first doses of T-VEC as standard of care
therapy from August 2016 to September 2020, in an out-
patient clinical setting at the Skin Cancer Center of the
University Hospital Frankfurt. Follow-up, defined as the
period between the last T-VEC injection and the last visit
in our center (or the date of death), was conducted until
February 2021.

T-VEC treatments were performed according to the
manufacturer  recommendations  (Amgen, Applied
Molecular Genetics, Thousand Oaks, CA, USA).27

For the initial treatments a maximum of 4 mL T-VEC
were injected at a concentration of 10° plaque-forming
units (PFU) per milliliter, followed by a three-week ther-
apy-free interval. All subsequent injections were adminis-
tered with a maximum of 4 mL at a concentration of 10®
PFU/mL every two weeks. Nodal or subcutaneous metas-
tases were injected by ultrasound assistance.

This study was conducted in accordance with the
Declaration of Helsinki, and the protocol was approved
by the institutional Review Boards of the University
Cancer Center (UCT) and the Ethical Committee at the
University Hospital Frankfurt (project-number: SDO-01-
2019). Written informed consent was obtained from all
patients.

Patient baseline demographics and clinicopathological
data, including age, sex, comorbidities, concomitant med-
ication, performance status defined by the Eastern
Cooperative Oncology Group (ECOG), lactate dehydro-
genase (LDH) serum blood levels, BRAF mutational sta-
tus, melanoma disease stage according to the AJCC
classification (eighth edition, 2017) and prior treatments
were obtained. Additional information regarding the treat-
ment quantity and the injected volumes of T-VEC were
assessed.

Adverse events were extracted from the clinical notes
and graded based on Common Terminology Criteria for
Adverse Events (CTCAE) guidelines Version 5.0 of the
National Cancer Institute.”®

Therapy costs were estimated based on direct drug
costs. For Germany the direct drug costs for T-VEC,
dabrafenib,
vemurafenib and cobimetinib were extracted as pharmacy
selling prices from the AiD-Klinik Database V 4.7.0 2021/
Dosing GmbH (Heidelberg, Germany).”” Annual therapy

nivolumab, pembrolizumab, trametinib,

cost calculation was based on standard dosages as speci-
fied in the manufacturer’s product information.

The tumor responses (best overall response) were eval-
uated based on the Response Evaluation Criteria in Solid
Tumors (RECIST version 1.1).%° Changes in tumor burden
were evaluated clinically based on tumor information in
the medical records and using imaging methods (ultra-
sound, computed tomography and magnetic resonance
imaging). Imaging was conducted before start of treatment
and every twelve weeks during therapy and thereafter.
Complete remission (CR) was defined as disappearance
of all lesions, and the absence of new lesions confirmed
with the next staging (at least four weeks after initial
response) or by pathological confirmed complete response.
Partial response (PR) was defined as decrease of at least
30% of target lesions compared to the baseline without any
evidence of progression in non-target lesions or the
appearance of new lesions. Progressive disease (PD) was
defined as an increase of at least 20% in the longest
diameter of target lesions or progression of non-target
lesions or the appearance of a new lesion. All other cases
were defined as stable disease (SD). Overall response rate
(ORR) was defined as the proportion of patients who had
a PR or CR, and disease control rate (DCR) was defined as
the proportion of patients who had PR, CR or SD.

Durable response, defined as partial or complete
response lasting for six months at any time after the date
of best response, was evaluated.
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Progression-free survival (PFS) was defined as the time
from the start of treatment with T-VEC to the date of
progression, death or of the last follow-up. Analogous
overall survival (OS) was defined as the time from the
start of treatment until death or of the last follow-up. PFS
and OS probability were calculated by Kaplan—Meier sur-
vival analysis. Confidence intervals (Cl 95%) were pro-
vided if indicated.

Analyses were performed using Microsoft Excel 2016
and Systat SigmaPlot 11.

Results
Patient Demographics and Clinical

Characteristics

Between August 2016 and September 2020 we identified
twelve patients with a minimum age of 75 years who were
treated with T-VEC in the University Hospital Frankfurt
outside of clinical trials. Patients' characteristics are
described in Table 1. The median age was 83 years
(range 75-89 years) at the start of treatment and eight of
twelve patients (67%) were older than 80 years. Consistent
with the higher age, all twelve patients suffered from
a slightly to moderately reduced ECOG performance sta-
tus. Median number of independent comorbidities were
four, and median number of prescribed co-medications
were five. Most patients (n=10) were in AJCC stage III,
and only two patients had distant cutaneous metastasis
(IVMl1a).

The majority of the metastases were cutaneous or sub-
cutancous metastases, and most of them were located on
the extremities (n=11), in ten cases on the lower extremi-
ties, and only one patient was treated in the head and neck
area. Most (n=8) of the patients were BRAF wild-type.

Prior therapies are displayed in Table 2. Four patients
received radical lymphadenectomy and three of them adju-
vant radiotherapy. Seven patients had surgery of cutaneous
or subcutaneous metastasis, and one patient received elec-
trochemotherapy with bleomycin of local metastasis
before T-VEC treatment. Two of the patients were treated
with PD-1 ICI therapy, and two patients had received
BRAF-MEK inhibitors prior to the T-VEC therapy.

Response to Treatment

By the end of the study three (25%) patients experienced CR,
four (33%) experienced PR, two patients (17%) remained at
SD and the remaining three patients (25%) had PD. Therefore,
ORR was 58.3% and DCR was 75.0% (Figure 1). The median

Table | Patient Demographics and Clinical Characteristics

Demographics and Characteristics Patients N (%)
Total number of patients 12
Age

Median age (years) 83
Range (years) 75-89
Gender

Female 6 (50)
Male 6 (50)
ECOG

0 0 (0)
[ 9 (75)
2 3 (25)
Comorbidities

<2 I (8)
34 8 (67)
25 3 (25)
Concomitant medication

<2 I (8)
34 2(17)
=5 9 (75)
Disease stage by AJCC 8th edition

1B 3 (25)
|[@ 6 (50)
D I (8)
IVMla 2(17)
LDH

< ULN 6 (50)
> ULN 6 (50)
BRAF status

Mutated 3 (25)
Wild-type 8 (67)
Unknown 1 (8)
Location of treated lesions

Head/neck 1 (8)
Trunk 0 (0)
Upper extremities 1 (8)
Lower extremities 10 (83)
Type of metastasis

Cutaneous 4 (33)
Sub-cutaneous 4 (33)
Cutaneous and sub-cutaneous 2(17)
Nodal 2(17)

follow-up was fourteen months (range 3—48 months). Durable
response was observed in five of twelve patients (DRR
41.7%). Of the two patients who did not meet the criteria of
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Table 2 Prior and Subsequent Therapies

Prior Therapies Patients N
Radical lymphadenectomy 4
Surgery of (sub-)cutaneous/nodal metastasis 7
Radiotherapy 3
Electrochemotherapy I
Immune-checkpoint therapy 2
BRAF/MEK inhibitor treatment 2
Subsequent therapies N
Surgery after relapse I
Radiotherapy 2
ICI 3
Targeted therapies 0
Other therapies 0

durable response, one patient had died of a non-therapy-
associated myocardial infarction, and another patient had not
yet reached 6 months of follow-up at the time of the database
lock. Median PFS was 20 months (Cl 95% 0-43.8), and
median OS was 41 months (Cl 95% n.a.—n.a.).

Looking further at the patients who had PD, all three
patients were treated with T-VEC for cutaneous metastasis
of the lower legs. Two patients developed distant metas-
tases. One patient developed regional lymph-node metas-
tasis and was treated beyond progressions with T-VEC. Of
note, all three patients who suffered from PD with distant
metastasis in the course of the T-VEC treatment experi-
enced complete local tumor control of the T-VEC-treated
lesions.

Considering all therapies applied after the end of
T-VEC treatment, one patient had surgical excision of
a cutaneous metastasis after relapse. One patient received
radiotherapy after partial remission, two patients with PD
received ICI therapy and one patient with PD received
a combination of ICI therapy and local radiotherapy of
inguinal lymph-node metastasis (Table 2).

Toxicities
In general, the treatment with T-VEC was well tolerated.
There were no treatment-related adverse events grade 3 or
higher observed; nor were there permanent discontinua-
tions because of side effects or treatment-related hospita-
lizations. The most commonly reported side effects were
mild pyrexia, influenza-like illness and chills, followed by
injection site pain and fatigue (Table 3).

One patient had a worsening of a chronic lymphedema
of the leg after treating metastases of the same. Another

patient developed a superficial ulceration in the area of the
injections, which required therapy interruption of several
weeks.

One patient who had initial PR died from acute
myocardial infarction within the treatment period. The
death of the 80-year-old patient occurred during routine
surgery for a pre-existing femoral head necrosis in an
external hospital. The death was attributed to the numer-
ous, cardiovascular comorbidities, although no autopsy
was performed. The interval between the occurrence of
the event and the last injection was greater than two
weeks.

Duration of Treatment and Therapeutic

Expenses

The median duration of treatment was seventeen weeks
(range 3-57 weeks). In patients who had completed
T-VEC treatment at the end of study (»=10) the median
injected volume of T-VEC throughout the whole treatment
period was 22 mL (range 2—68 mL). The median number
of therapy cycles in patients who had completed T-VEC
was eight (range 1-24).

As the annual therapy costs of T-VEC depend on the
volume that can be used per treatment (1-4 mL depending
on the total diameter of all treatable lesions), one can
calculate minimal annual therapy costs of 39,159 Euros
and maximum annual costs of 156,636 Euros in Germany.
In our study, the calculated median drug costs in the
patients who had completed T-VEC treatment (n=10)
were 27,325 Euros (range 3012-102,416 Euros).

For comparison, annual therapy costs were calculated
for the PD-1 inhibitors nivolumab and pembrolizumab and
the BRAF-MEK inhibitor combinations dabrafenib plus
trametinib and vemurafenib plus cobimetinib (Figure 2).

Discussion

In this real-world dataset of old and oldest-old people, we
analyzed 12 patients, most of them suffering from
a reduced ECOG performance status, multimorbidity and
polypharmacy, representing a realistic cross-section of
geriatric patients who are generally underrepresented in
clinical trials. In our study we observed high and durable
response rates (ORR 58.3%, DRR 41.7%) with good sur-
vival outcomes (median PFS of 20 months (CI 95% 0—
43.8), median OS of 41 months (Cl 95% n.a.—n.a.), a low
rate of adverse events without any treatment-related grade
3—4 adverse events, no melanoma-related hospitalizations
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Figure | Treatment evaluation. (A) Response to T-VEC therapy. Complete responses were observed in three of twelve patients, partial responses in four of twelve patients
and stable disease was seen in two patients. Overall response rate was 58.3% (7/12 patients), and disease control rate was 75.0% (9/12 patients). (B) Individual therapy
courses. Each lane of the swimmer plot represents the therapy course of one individual in this study over time. The red bars show the time on treatment; black bars
represent the follow-up time. Events of response [complete response (CR): green box, partial response (PR): yellow box, stable disease (SD): grey box; progressive disease

(PD): black cross], relapse (red triangle) and death (asterisk) are marked.

and therapy costs which were lower than expected from
clinical trial data (median therapy costs of 27,325 Euros).

Comparing the observed efficacy data with the final
response analysis of the randomized phase III “OPTiM”
trial where ORR was 46% and DRR was 28.8% in the
corresponding subgroup, we find that the response rates
and the duration of responses seem to be distinctly higher
in old patients. These findings seem to be surprising,
because real-world efficacy results are usually inferior to
clinical trial data, especially since this retrospective

Table 3 Treatment-Related Adverse Events

Adverse Event Grade 1-2 N (%) Grade 3-4 N (%)
Any 9 (75.0) 0 (0)
Pyrexia 5 41.7) 0 (0)
Chills 5 41.7) 0 (0)
Headache 2 (16.7) 0 (0)
Influenza-like illness 3 (25.0) 0 (0)
Fatigue 2 (l16.7) 0 (0)
Peripheral edema 1(8.3) 0 (0)
Ulceration 1 (8.3) 0 (0)
Injections site pain 4 (333) 0 (0)

analysis focused on an unfavorable collective of old and
multimorbid patients. Searching for confirmation, we were
able to identify subsets in two other real-world T-VEC
studies in which patients of older age were included and
in which ORR and DRR have been reported in
a comparable AJCC stage IIIB-IVMla (seventh AJCC
classification).?'*? Interestingly, the ORRs in both studies
(56.5%, 70%) and the DRR, which could be extracted
from one dataset (50%) were also higher than in the initial
phase IIT study.>'? However, none of these studies have
analyzed older patients separately, and so results could be
influenced by younger patients in the relatively small
patient collectives. The only real-world study that has
evaluated age as a prognostic factor concluded that old
patients had comparable PFS and OS compared to younger
patients.”> However, it has to be taken into account that
this study included only patients in AJCC stage IV, 15% of
them in AJCC stage IVM1b, which is not representative
for the use of T-VEC worldwide. In conclusion, the effi-
cacy results in old and oldest-old patients are in line with
previous reported data and substantiate a favorable out-
come compared to clinical trial data.

To the present date, no clinical trial or retrospective
study has compared the efficacy of T-VEC to ICI or
BRAF-MEK inhibitors directly. Since T-VEC approval in
Europe is limited to AJCC stage IIIB-IVMla patients,
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Figure 2 Therapy costs of T-VEC in Germany. Median therapy costs of T-VEC were calculated to be 27,326 Euros based on the injected T-VEC volume and pharmacy selling
prices. Annual therapy costs of ICl and BRAF-MEK inhibitors were calculated based on pharmacy selling prices and according to the manufacturer treatment

recommendations.

patient characteristics and tumor burden differ signifi-
cantly between T-VEC datasets, BRAF-MEK and ICI
trials. Therefore, conclusions concerning therapy efficacy
of these therapies in relation to each other are limited.

Comparing toxicities of our patients and real-world
data of old patients treated with ICI, it becomes evident
that ICl-related toxicities observed in the real world occur
frequently.>* Archibald et al observed 20.6% severe
immune-related adverse events and 3.8% treatment-
related deaths in patients 75 years and older who were
treated with PD-1 inhibitors for cutaneous malignancies in
a real-world setting.®> Ibrahim et al observed grade 3—4
drug-related adverse events in 24.2% of melanoma
patients treated with pembrolizumab and a high frequency
of treatment-related discontinuations (42.5%)."> For
BRAF-MEK inhibitors, real-world data in old patients
are sparse, but it is known from clinical trials that older
patients are more likely to experience serious adverse
events and adverse events that lead to permanent disconti-
nuation, dose reduction or interruption of treatment than
are patients younger than 65 years.*®

Compared to these observations in old patients, T-VEC
was well tolerated in old patients with no treatment-related
grade 3—4 adverse effects, which is in accordance to the

real-world literature (Table 4), even though it has to be
taken into account that adverse event reporting might be
lower due to the retrospective design of most real-world
studies.

In contrast to others, our study focused on geriatric
oncological patients. Besides the high age (with a median
age of 83 years and 42% of the patients being older than
85 years), our study was able to describe further relevant
geriatric parameters. Thus, most of our patients had
a reduced ECOG performance status, suffered in the med-
ian average from four concomitant diseases and used reg-
ularly five different prescribed drugs, which is meeting the
definition of polypharmacy.>’ Polypharmacy has been
identified to be a negative prognostic factor, associated
with reduced survival in patients treated with ICL*®
Furthermore, it plays a major role in BRAF-MEK inhibitor
therapy, which interacts with cytochrome P450 (CYP450)
enzymes.”” In contrast to this there are no known drug—
drug interactions expected of T-VEC therapy.

In addition to polypharmacy as a negative prognostic
factor, it is also known that the observed elevated ECOG
performance status and multimorbidity are associated with
an increased risk of death and inferior outcome of ICI in

malignant melanoma.**™* In conclusion, it becomes
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Table 4 Extracted Data of Published Real-Word Studies of T-VEC in Melanoma Patients

Publication | Year | Patients Patients Median ORR DRR Survival | AJCC Duration Grad 3-4
Total 1B- Age of Total/ Total/ Version | of AEs
N (Patients | IVMIa All ORR DRR Treatment
Evaluated Evaluated | Patients | (1lIB- 1B-
for for IVMIa) | IVMIa
Response) Response
Perez et al®' | 2018 | 27 (23) 23 75 56.5%/ na. Median 7 na. No CTCAE
56.5% OS not grading
reached available
| Year (Majority with
OS 80% no significant
reported AEs)
Louie et al*® | 2019 | 80 (79) 63 (llIB-D) 69 44.3%/ na. na. 8 n.a. (Median | No CTCAE
60.3% of 5 cycles) | grading
(lB-D) available
Masoud 2019 | 27 23 67 40.7%In. | 37%In. | Median 8 n.a. (Median | 3 (11%)
et al®® a. a. OS was of 4 cycles)
not
reached
Franke 2019 | 26 26 (no 74 88.5%/ na. n.a. 7 n.a. I (3.8%)
etal” IVMIa) 88.5 (no
IVMIa)
Zhou et al®® | 2019 | 40 34 (IVMla) | 73 47.5%/n. | 40%/n. | Median 7 na. 3 (7.5%)
a. a. OS was
not
reached
Frohlich 2020 | 14 10 73 64.3%/ 36%/ na. 7 Median of 8 | None
et al®? 70% 50% cycles

Abbreviations: T-VEC, talimogene laherparepvec; PD-1, programmed cell death protein |; CTLA4, cytotoxic T-lymphocyte-associated protein 4; ICI, immune-checkpoint
inhibitor; BRAF, v-raf murine sarcoma viral oncogene homolog Bl; MEK, mitogen-activated protein kinase; ICP, infectious cell protein; GM-CSF, granulocyte-macrophage
colony-stimulating factor; AJCC, American Joint Committee on Cancer; ORR, overall response rate; AE, adverse event; PFU, plaque-forming units; UCT, university cancer
center Frankfurt; LDH, lactate dehydrogenase; ECOG, Eastern Cooperative Oncology Group; CTCAE, Common Terminology Criteria of Adverse Events; RECIST,
Response Evaluation Criteria in Solid Tumors; CR, complete response; PR, partial response; PD, progressive disease; SD, stable disease; DRR, durable response rate;

WAC, wholesale acquisition cost; CYP450, cytochrome P450;.

evident that T-VEC responses in our patient collective
exceed expectation from clinical trial data, despite all
these supposedly unfavorable factors.

Furthermore, the median duration of treatment with
T-VEC was short in our study (17 weeks), which is in
accordance to other published real-world and clinical-trial
data (Table 4). As we know that the duration of therapy
and the number of clinical visits (for therapy, additional
blood samples, imaging and side effect management)
cause patients to deviate from their normal life activities,
one can imagine that the load of appointments might be
stressful and challenging especially for older people.** In
comparison with ICI and BRAF-MEK inhibitors, it is

important to know that both therapies are approved for
a long-term use.**** In clinical trials, median durations of
treatment vary from six months to one year for ICI and
BRAF-MEK inhibitors.*>**® Concerning older patients, no
major differences to clinical trial data were observed in
patients treated with the ICI pembrolizumab.*’ In conclu-
sion, therapy with T-VEC in old and oldest-old patients
seems to be advantageous particularly due to the short
treatment phase and the limited number of clinical visits.

Another aspect of our study was focusing on therapy
costs of T-VEC in Germany. In the more and more impor-
tant debate on the distribution of financial resources in
healthcare systems worldwide, the costs of oncological
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therapies are controversially discussed. Recently, several
cost-effectiveness analyses on ICI and BRAF-MEK inhi-
bitors have been published.> In summary, PD-1 inhibitors
have been concluded to be cost-effective, whereas all other
medications failed to show cost-effectiveness, considering
the usually accepted thresholds in oncology.?> Publications
on therapy costs of T-VEC are extremely sparse. A cost-
effectiveness estimation, done by the manufacturer
(AMGEN®™), found that T-VEC is more cost-effective
than the ICI ipilimumab. However, the statistical model
used for this comparison was criticized heavily and eval-
uated to be unsuitable.*® Thus, there are no published data
on therapy costs of T-VEC in a real-world setting. The
observed median therapy costs of 27,325 Euros in our
collective have been lower than expected compared to
the calculated minimum and maximum annual therapy
costs for T-VEC.?® Also compared to the calculated annual
therapy costs of ICI and BRAF-MEK inhibitors, therapy
costs seem to be lower.

It has to be taken into account that our study has
a relatively small sample size, a patient collective with
a relatively high percentage of first-line therapies and
a high number of patients with cutaneous and subcutaneous
metastasis with a moderate tumor burden.?' Nevertheless, the
low costs in this population seem to be interesting and point
to the need for further evaluations of therapy costs of T-VEC.

Conclusion

In conclusion, this study provides further real-world evi-
dence for a good tumor response of T-VEC in old and
oldest-old patients. In this highly selective patient collec-
tive, tumor responses were higher than expected from final
phase III study analysis. T-VEC was well tolerated with no
related grade 3—4 adverse events. Furthermore, duration of
treatment was short, and the treatment was feasible from
a health economic point of view. All these data support the
use of T-VEC in old and oldest-old patients.
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