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Background: Talimogene laherparepvec (T-VEC) is an intralesionally delivered, modified herpes simplex virus
type-1 oncolytic immunotherapy. The biodistribution, shedding, and potential transmission of T-VEC was sys-
tematically evaluated during and after completion of therapy in adults with advanced melanoma.
Methods: In this phase 2, single-arm, open-label study, T-VEC was administered into injectable lesions initially at
106 plaque-forming units (PFU)/mL, 108 PFU/mL 21 days later, and 108 PFU/mL every 14 (±3) days thereafter.
Injected lesions were covered with occlusive dressings for ≥1 week. Blood, urine, and swabs from exterior of
occlusive dressings, surface of injected lesions, oral mucosa, anogenital area, and suspected herpetic lesions
were collected throughout the study. Detectable T-VEC DNA was determined for each sample type; infectivity
was determined for all swabs with detectable T-VEC DNA.
Findings: Sixty patients received ≥1 dose of T-VEC. During cycles 1–4, T-VEC DNAwas detected in blood (98·3% of
patients, 36·7% of samples), urine (31·7% of patients, 3·0% of samples) and swabs from injected lesions (100% of
patients, 57·6% of samples), exterior of dressings (80% of patients,19·5% of samples), oral mucosa (8·3% of pa-
tients, 2·5% of samples), and anogenital area (8·0% of patients, 1·1% of samples). During the safety follow-up pe-
riod, T-VECDNAwas only detected on swabs from injected lesions (14% of patients, 5.8% of samples). T-VEC DNA
was detected in 4/37 swabs (3/19 patients) of suspected herpetic lesions. Among all samples, only those from the
surface of injected lesions tested positive for infectivity (8/740 [1·1%]). Three close contacts reported signs and
symptoms of suspected herpetic origin; however, no lesions had detectable T-VEC DNA.
Interpretation: Using current guidelines, T-VEC can be administered safely to patients with advanced melanoma
and is unlikely to be transmitted to close contacts with appropriate use of occlusive dressings.
Fund: This study was funded by Amgen Inc.: ClinicalTrials.gov, NCT02014441.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The past decade has seen rapid advances in the treatment of
advanced-stage melanoma, with the availability of new therapies that
induce anti-cancer immune reactions or target oncogenic mutations
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driving tumour growth [1]. Talimogene laherparepvec (T-VEC) is an
intralesionally delivered oncolytic virus approved to treat advanced-
stage melanoma. T-VEC was engineered by deleting the ICP34·5 and
ICP47 genes from the highly oncolytic JS1 strain of herpes simplex
virus type 1 (HSV-1), resulting in selective viral replication within
tumour cells and enhanced systemic antitumor responses [2,3]. In addi-
tion, insertion of the human granulocyte-macrophage colony-
stimulating factor gene enhances immune response to tumour antigens
released during tumour-cell lysis.

In previous studies, T-VEC DNAwas detected in blood and urine and
on the surfaces of injected tumours of some patients, with no evidence
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Research in context
Evidence before this study

T-VEC is the first intratumoral oncolytic virus approved for the
treatment of unresectablemelanoma recurrent after initial surgery.
During the clinical development of T-VEC, data on shedding of T-
VEC DNA were collected in several clinical trials. T-VEC DNA
was detected in blood and urine and on the surfaces of injected tu-
mours of some patients, and there was no evidence of transmis-
sion of live T-VEC virus from patients to close contacts. While
other genetically modified or naturally occurring oncolytic viruses
have been investigated for treatment of cancer (including, but
not limited to HSV-1, coxsackie, vaccinia, adenovirus, and
poliovirus-based agents) a Pub Med review of English literature
on the biodistribution, shedding and transmissibility of these
agents in human subjects revealed only limited data for one HSV-
1-derived virus and one genetically engineered vaccinia virus.
Like T-VEC, these oncolytic viruses are designed to selectively in-
fect, replicatewithin, and lyse tumour cells and are, therefore, less
infectious or virulent than the parent strain of the virus. Neverthe-
less, given that these agents are derived from infectious viruses,
there are concerns regarding the potential for transmission of ther-
apeutic oncolytic viruses to untreated individuals (close contacts
or health care providers). The FDA and EMA have provided guid-
ance for industry on collecting viral shedding data from the target
patient population during development of oncolytic viruses to pro-
vide an assessment of the risk of transmission to untreated
individuals.

Added value of this study

Our studywas designed to thoroughly and systematically evaluate
T-VEC DNA biodistribution, shedding of both T-VEC DNA and in-
fectious virus (per FDA and EMA clinical oncolytic virus shedding
study guidance), and potential transmission of T-VEC to exposed
healthcareworkers and close contacts during and after completion
of therapy in patientswith melanoma treated according to the cur-
rent approved dosage and handling guidelines. Not only do the re-
sults of our study support data from prior T-VEC studies, they
provide extensive information on the potential risk of transmission
of T-VEC to close contacts or health care providers. To our knowl-
edge, this is the most extensive dataset published to date on the
biodistribution and transmissibility of an oncolytic virus.

Implications of all the available evidence

The results of this and previous T-VEC clinical trials indicate that
with proper handling, administration, and post-injection care, T-
VEC can be administered safely to patients with advanced mela-
noma, with minimal risk of transmission to close contacts and
health care providers. The methodological approach and results
of our study should be of value in the development of other
intralesionally injected oncolytic viruses for the treatment of
cancer.
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of transmission of live T-VEC virus from patients to close contacts [4–6].
The objective of the current study was to systematically evaluate T-VEC
DNA biodistribution, shedding of DNA and infectious virus, and poten-
tial transmission of T-VEC to exposed healthcareworkers and close con-
tacts during and after completion of therapy in patients withmelanoma
treated according to the current approved dosage and handling guide-
lines [7–9].
2. Materials and methods

2.1. Study design

This phase 2, single-arm, open-label study was conducted at 11
centres in North America. T-VEC was administered intralesionally
into injectable metastatic melanoma lesions (cutaneous, subcutane-
ous, and nodal tumours) at an initial dose of 106 plaque-forming
units (PFU)/mL (up to 4 mL) on study day 1, followed by 108

PFU/mL (up to 4 mL) 21 days after the initial dose and every 14
(±3) days thereafter. Injected lesions were covered with occlusive
dressings for ≥1 week.

Patients received T-VEC until achievement of a complete response,
disappearance of all injectable tumours, intolerance to treatment, or
clinically relevant disease progression. Patients were encouraged to re-
ceive ≥6 months of treatment to allow for delayed responses. Adverse
events (AEs) were assessed throughout the study and up to 60 (+7)
days after the last dose of T-VEC.

Samples from blood, urine, exterior of occlusive dressings, and
surface of injected lesions were collected at multiple time points up
to day 1 of cycle 4. Except for injected lesions, samples were also
taken during the 30- and/or 60-day follow-up visit. Samples from
the oral mucosa and anogenital area were collected during every
cycle and follow-up visit (Fig. 1). Swabs of suspected herpetic lesions
were collected throughout the study within 3 days of their occur-
rence. Suspected exposure of close contacts to T-VEC was reported
by the investigator within 24 h, and swabs were taken with the indi-
vidual's consent. The sampling schedule is outlined in the Supple-
mentary Material.

Patients were trained to take swabs from the oral mucosa and
anogenital area at home (with the help of a service provider, if required)
during the 31–60-day follow-up period; kits were provided for swab
collection for central laboratory testing.

Radiographic imaging (computed tomography [CT], positron emis-
sion tomography [PET]–CT,magnetic resonance imaging [MRI], or ultra-
sound) of the chest, abdomen, and pelvis was conducted at screening,
weeks 12 and 24, and at least every 3 months until disease progression
or end of treatment. Tumour response was assessed using modified
World Health Organization (WHO) response criteria.

AEs were graded according to the Common Terminology Criteria for
Adverse Events (CTCAE) version 3·0.
2.2. Patients

Patients were ≥ 18 years old with a histologically confirmed diagno-
sis of stage IIIB, IIIC, IVM1a, IVM1b, or IVM1c melanoma (per the
American Joint Committee on Cancer 7th Edition Melanoma Staging
System [10]) and cutaneous, subcutaneous, or nodal tumours of
≥10 mm diameter that were accessible for intralesional injection by di-
rect or ultrasound-guided approaches. Additional inclusion criteria
were serum lactate dehydrogenase ≤1·5 x upper limit of normal, an
Eastern Cooperative Oncology Group (ECOG) performance status of 0
or 1, and adequate hematologic, hepatic, and renal function. Patients
were excluded if they had N3 visceral metastases (not including lung
metastases or nodal metastases associated with visceral organs); bone
or clinically active cerebral metastases (patients with ≤3 asymptomatic,
treated cerebral metastases with no evidence of progression or require-
ment for steroids for ≥2 months prior to enrolment were allowed);
human immunodeficiency virus, hepatitis B, or hepatitis C infection; ev-
idence of immunosuppression; participated in another clinical trial
b1month before enrolment; orwere pregnant or lactating. The protocol
was approved by the Institutional Review Board at each site, and all pa-
tients provided written informed consent before the start of any study-
related procedures.



Fig. 1. Sampling schedule. aSwab taken in clinic within 3 days of the occurrence of reportable lesion. bAny potential or known unintended exposure to T-VEC was reported within 24 h of
the investigator's knowledge of the event of exposure. Swabs were taken with the consent of the individual. Abbreviations: T-VEC, talimogene laherparepvec.
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2.3. Endpoints

Biodistribution and shedding endpoints were incidence of detect-
able T-VEC DNA in blood and urine and clearance from the blood and
urine; patient and sample incidence of T-VEC DNA and viral infectivity
on swabs collected from the exterior of occlusive dressings, surface of
injected lesions, oralmucosa, and anogenital area during and after treat-
ment (only during treatment for occlusive dressings); and incidence of
T-VEC DNA in lesions suspected to be of herpetic origin in treated pa-
tients and close contacts. Collection of anogenital swabs was included
after 2 protocol amendments, the first requiring swabs for patients
with injected lesions below the waist, and the second requiring swabs
for all patients.

Efficacy endpoints included best overall response, objective re-
sponse rate (complete response or partial response, according to modi-
fied WHO criteria), and durable response rate (complete or partial
response for ≥6 months).

Safety endpoints were patient incidence of treatment-emergent AEs
(TEAEs) and treatment-related AEs (TRAEs).

2.4. Precautionary measures to reduce the risk of T-VEC virus transmission

Consistent with the current T-VEC US prescribing information [7],
patients and their close contacts were advised to avoid direct contact
with injection sites, dressings, and body fluids; wear gloves when
changing dressings; keep injection sites covered for ≥1 week after
each treatment visit; replace the dressing if it fell off; and dispose of
used dressings and cleaning materials in household waste in a sealed
plastic bag. Patients were advised to use barrier contraception methods
while receiving T-VEC. Patients were also advised that pregnant or im-
munocompromised close contacts should not change dressings or
clean injection sites. In the event of accidental exposure, patients and
caregivers were advised to clean the area with soap and water and/or
a disinfectant. If a patient or close contact developed herpetic lesions,
they were encouraged to have follow-up testing and had the option to
receive antiviral agents. Study staff wore gowns, gloves, and eye protec-
tionwhile preparing and administering T-VEC, consistentwith biosafety
level 1 (BSL-1) live virus containment practices [11], as described in the
T-VEC prescribing information [7]. Although not required, BSL-2 prac-
tices could have been implemented in accordance with individual insti-
tutional protocols.

2.5. Detection of T-VEC DNA and infectivity of virus

Sampleswere tested for T-VECDNAusing a validated T-VEC–specific
quantitative polymerase chain reaction (qPCR)–based assay (no detec-
tion of non-target nucleic acids, including wild-type HSV-1 and HSV-
2). The test was considered positive if DNA was detectable with results
above the assay cutoff values, even if the level was too low to be quan-
tified. The lower limit of quantification (LLOQ) of the assay (copies of T-
VEC DNA/μg total DNA) is 1·76 for blood, 24 for urine, and 18 for swabs.

qPCR-positive swab samples were tested for infectious virus in the
validated 50% tissue culture infective dose (TCID50) assay, which quan-
tifies the amount of virus required to create a cytopathic effect in 50% of
inoculated tissue culture cells. In brief, Vero cells (ATCC No. CCL-81) in
96-well plates were incubated with qPCR-positive samples at 37 °C for
66–80 h, and the cytopathic effect was recorded. Virus titre was calcu-
lated as TCID50/mL; the LLOQ for the TCID50 assay is 5,940 TCID50/mL
in swab samples.

2.6. Statistical methods

Data were summarized for patients who received ≥1 dose of T-VEC
and had ≥1 postdose blood or urine sample collected. The amount of
quantifiable DNA measured by qPCR was analysed as a continuous var-
iable, and summary statistics of DNA counts over time are provided.
Clearance of T-VECwasmeasured as the number of patients with unde-
tectable T-VEC DNA.

Summary statistics are presented for patient and sample incidence
(overall and by time) of detectable T-VEC DNA in each sample type
as well as virus in swabs from the exterior of occlusive dressings,
surface of injected lesions, oral mucosa, anogenital area, and lesions of
suspected herpetic origin.

Objective response rate was analysed as a binary variable with 95%
confidence intervals (CIs) using exact method. Duration of response
was analysed for responders using the Kaplan-Meier method.

Patient incidence of AEs after the initiation of therapy through the
30-day safety follow-up visit is summarized.

2.7. Role of the funding source

The funder contributed to study design, data collection, data analy-
sis, and data interpretation, and funded a professional medical writer
to assist with writing the report. The corresponding author had full ac-
cess to all data in the study and had final responsibility for the decision
to submit for publication.

3. Results

3.1. Patient disposition and baseline characteristics

Sixty-one patients were enrolled (57 in the US, 4 in Canada), 60
(98%) received ≥1 dose of T-VEC, 49 (80%) completed the study, and
12 (20%) withdrew consent and discontinued the study.

All patients were white, 55%were men, themedian (range) age was
65 (19–93) years, and 75% had an ECOG performance status of 0
(Table 1). Most patients had stage III melanoma; 30% had stage IV. At



Table 1
Baseline demographics and clinical characteristics.

All patientsa (N = 60)

White/Caucasian, n (%) 60 (100)
Men, n (%) 33 (55)
Median (range) age, years 65 (19–93)
Age ≥ 65 years, n (%) 31 (52)
ECOG PS, n (%)

0 45 (75)
1 15 (25)

Disease stage at screening,b n (%)
IIIB 10 (17)
IIIC 32 (53)
IVM1a 11 (18)
IVM1b 3 (5)
IVM1c 4 (7)

HSV-1 baseline serostatus, n (%)
Positive 40 (67)
Negative 17 (28)
Unknown 3 (5)

HSV-2 baseline serostatus, n (%)
Negative 36 (60)
Positive 20 (33)
Equivocal 1 (2)
Unknown 3 (5)

BRAF V600 mutation status, n (%)
Mutant 20 (33)
Wild type 38 (63)
Unknown or missing 1 (2)
Otherc 1 (2)

Prior anti-cancer therapy, n (%) 41 (68)
Immunotherapy 35 (58)
External beam radiotherapy 10 (17)
Chemotherapy 9 (15)
Targeted small molecules 6 (10)
Other 5 (8)
Stereotactic radiosurgery 1 (2)
Chemoradiotherapy 1 (2)

Prior therapy for melanoma, n (%) 41 (68)
First line 36 (60)
Second line 19 (32)
Third line 9 (15)
Fourth line 4 (7)
Other 11 (18)

Abbreviations: ECOG PS, Eastern Cooperative Oncology Group performance status; HSV,
herpes simplex virus.

a Patients who received ≥1 dose of talimogene laherparepvec.
b American Joint Committee on Cancer, 7th edition [10].
c BRAF D594N mutation reported.
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baseline, 40 patients (67%) were seropositive for HSV-1, and 20 (33%)
were seropositive for HSV-2.Most patients (68%) had received previous
treatment for melanoma. The most frequently reported prior therapies
were immunotherapy (58%, including ipilimumab, pembrolizumab,
and nivolumab), radiotherapy (17%), and chemotherapy (15%).
Table 2
Patient and sample incidence of T-VEC DNA during cycles 1–4.

Patient incidence of T-VEC DNA

Baseline HSV-1
seronegative

Baseline HSV-1
seropositive

Ove

N = 17 N = 40 N =

n1/n2 (%) n1/n2 (%) n1/

Blood 17/17 (100·0) 39/40 (97·5) 59/
Urine 5/17 (29·4) 14/40 (35·0) 19/
Surface of injected lesions 17/17 (100·0) 40/40 (100·0) 60/
Exterior of occlusive dressings 13/17 (76·5) 33/40 (82·5) 48/
Oral mucosa 3/17 (17·6) 1/40 (2·5) 5/6
Anogenital area 0/7 (0·0) 2/16 (12·5) 2/2

N= Number of patients in the analysis set; n1= number of patients with positive qPCR testin
positive qPCR testing result; n4 = number of samples collected.
Abbreviations: HSV, herpes simplex virus; qPCR, quantitative polymerase chain reaction; T-VE
3.2. Biodistribution and shedding of T-VEC DNA

3.2.1. Blood
T-VEC DNA in blood during cycles 1–4 was detected in 98·3% of pa-

tients (59/60) and 36·7% of samples (383/1043), with a higher inci-
dence among patients who were HSV-1 seronegative at baseline
(Table 2). The incidence of T-VEC DNA was highest during cycle 2 and
decreased to zero by the safety follow-up visit (Fig. 2A, 3A); DNA copy
number was highest during cycle 2 (Fig. 4A). Within cycle 2, the DNA
copy number was highest 1 h after injection (mean of 219·4 copies/μg
DNA; maximum of 1650 copies/μg DNA) and lower during subsequent
measurements; DNA copy number was largely independent of baseline
HSV-1 serostatus (data not shown).

3.2.2. Urine
T-VEC DNA was detected in urine during cycles 1–3 in 31·7% of pa-

tients (19/60) and 3·0% of samples (31/1041) (Table 2) andwas highest
during cycle 2, zero during cycle 4 and the safety follow-up visits, and
independent of HSV-1 serostatus (Fig. 2B, 3B). There were 24–399 cop-
ies/μg T-VEC DNA in urine during cycles 1–3; DNA was not detected
after cycle 3 (Fig. 4B).

3.2.3. Surface of injected lesions
All patients (60/60) and 57·6% of samples (726/1260) had detect-

able T-VEC DNA in swabs from the surface of injected lesions at some
point during cycles 1–4, independent of HSV-1 serostatus (Table 2).
The incidence of T-VEC DNA was highest during cycles 1 and 2
(Fig. 2C, 3C). DNA was detected on the surface of injected lesions in
14% of patients (5.8% of samples) during the safety follow-up period.
In cycle 1,mean DNA copy number peaked 8 days postdose for seroneg-
ative patients (867,764 copies/μg DNA) and seropositive patients
(562,377 copies/μg DNA) and was slightly lower in cycle 2 (Fig. 4C).
Eight patients (in cycles 1 and 2) had DNA levels N1,000,000 copies/μg
DNA. Two samples taken during the safety follow-up period had quan-
tifiable DNA (mean of 71 copies/μg DNA).

3.2.4. Exterior of occlusive dressings
T-VEC DNA was detectable in swabs of the exterior of occlusive

dressings during cycles 1–4 in 80%of patients (48/60) and19·5%of sam-
ples (212/1085) with no consistent trends based on HSV-1 serostatus
(Table 2). The incidence of DNAwas slightly higher during cycle 2 com-
paredwith cycles 1, 3, and4 (Fig. 2D,3D).DNAcopynumberwashighest
in cycle 1, peaking at day 8 for seropositive (mean 61,313 copies/μg
DNA) and seronegative (mean17,652 copies/μgDNA)patients (Fig. 4D).

3.2.5. Oral mucosa
The incidence of T-VEC DNA in swabs taken from the oral mucosa at

any time during cycles 1–4 was 8·3% of patients (5/60) and 2·5% of
samples (9/359), with a higher incidence among HSV-1 seronegative
Sample incidence of T-VEC DNA

rall Baseline HSV-1
seronegative

Baseline HSV-1
seropositive

Overall

60 n3/n4 (%) n3/n4 (%) n3/n4 (%)

n2 (%)

60 (98·3) 136/297 (45.8) 234/693 (33.8) 383/1043 (36.7)
60 (31·7) 9/294 (3.1) 22/694 (3·2) 31/1041 (3·0)
60 (100·0) 165/307 (53·7) 507/885 (57·3) 726/1260 (57·6)
60 (80·0) 51/289 (17·6) 145/741 (19·6) 212/1085 (19·5)
0 (8·3) 7/105 (6.7) 1/237 (0·4) 9/359 (2·5)
5 (8·0) 0/53 (0·0) 2/121 (1·7) 2/190 (1·1)

g result; n2= number of patients with samples collected; n3= number of samples with

C, talimogene laherparepvec.



Fig. 2. Patient incidence of detectable T-VEC DNA in (A) blood, (B) urine, (C) surface of injected lesions, (D) exterior of occlusive dressings, (E) oral mucosa, and (F) anogenital area. HSV-1
serostatus at baseline wasmissing for 3 patients. Samples were taken on day 30 and/or 60 of the safety follow-up period; no swabs from occlusive dressings were taken during the safety
follow-up period. N= number of patients with samples collected; n= number of patients positive for T-VEC DNA. Abbreviations: HSV-1, herpes simplex virus type 1; T-VEC, talimogene
laherparepvec.
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patients (Table 2; Fig. 2E, 3E). Three patients with detectable DNA had
received injections to lesions on the face and/or neck. After cycle 4 (cy-
cles 5–47), DNA was detectable on mucosal swabs in 5·4% of patients
(3/56) and 0·5% of samples (3/596). No DNAwas detected at the safety
follow-up visits 30 and 60 days after completion of injections. DNA copy
number was highest on day 8 of cycle 1 (6491 copies/μg DNA) in a sam-
ple from a seronegative patient (Fig. 4E).

3.2.6. Anogenital area
The incidence of T-VECDNA in swabs taken from the anogenital area

during cycles 1–4 was 8·0% of patients (2/25, both HSV-1 seropositive)
and 1·1% of samples (2/190) (Table 2; Fig. 2F, 3F). After cycle 4 (cycles
5–50), DNAwas detectable on anogenital swabs in 13·0% of patients (3/
23, all HSV-1 seropositive) and 2·1% of samples (5/238). No DNA was
detected in swabs taken during the safety follow-up period. T-VEC
DNA was above the LLOQ in one sample (31 copies/μg DNA) taken
predose in cycle 2 from a seropositive patient (Fig. 4F).

3.3. Clearance of T-VEC from blood and urine

Almost all patientswith detectable T-VECDNA in blood or urine dur-
ing cycles 1 and 2 had cleared the virus before the next dose



Fig. 3. Sample incidence of detectable T-VEC DNA in (A) blood, (B) urine, (C) surface of injected lesions, (D) exterior of occlusive dressings, (E) oral mucosa, and (F) anogenital area. HSV-1
serostatus at baselinewasmissing for 3 patients. Sampleswere taken on days 30–60 of the safety follow-up period; no swabs fromocclusive dressingswere taken during the safety follow-
up period. A number of samples taken throughout the study contained detectable T-VEC DNA below the lower limit of quantification: 79/383 (21%) samples from blood, 17/31 (55%)
samples from urine, 77/741 (10%) swabs from the surface of injected lesions, 52/212 (25%) swabs from the exterior of occlusive dressings, 3/12 (25%) swabs from the oral mucosa, and
5/7 (71%) swabs from the anogenital area. N = number of samples collected; n = number of samples positive for T-VEC DNA. Abbreviations: HSV-1, herpes simplex virus type 1; T-
VEC, talimogene laherparepvec.
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(Supplementary Table 1). Further details regarding the clearance of
T-VEC are provided in the Supplementary Material.

3.4. T-VEC DNA in patient lesions of suspected herpetic origin

Of 19 patients with lesions of suspected herpetic origin, four of 37
swabs taken from three patients had detectable T-VEC DNA: from the
left nipple (124 copies/μg DNA; shared a dressing with an injected le-
sion) and right arm (85 copies/μg DNA; not near injected lesion) of a
seronegative patient, from the right arm (below the LLOQ; close to
injected lesion) of a patient with unknown serostatus, and from the
oral cavity (9070 copies/μg DNA; not near injected lesion) of a seropos-
itive patient. None of these lesions had been injected.

3.5. Transmissibility of T-VEC

The TCID50 assay for infectivity was performed on all swabswith de-
tectable T-VEC DNA: 211 swabs from the exterior of occlusive dressings,



Fig. 4.Quantification of T-VEC DNA by qPCR in patient samples. (A) blood, (B) urine, (C) surface of injected lesions, (D) exterior of occlusive dressings, (E) oral mucosa, and (F) anogenital
area. Samples were collected throughout the treatment period and at the 30- and 60-day safety follow-up visits. N= number of patients tested; n= number of patients with T-VEC DNA
equal to or above the lower limit of quantification. Upper and lower edges of the box represent Q3 and Q1, respectively. Median is presented as a horizontal bar in the box, and mean is
presented as a diamond. Upper and lower whiskers represent the maximum and minimum, excluding outliers. Abbreviations: D, day; Pre, predose; qPCR, quantitative polymerase chain
reaction; T-VEC, talimogene laherparepvec.
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740 from the surface of injected lesions, 12 from the oral mucosa, seven
from the anogenital area, and four from lesions of suspected herpetic or-
igin. Only swabs from the surface of injected lesions tested positive for
infectivity (8/740 [1·1%]): seven samples from cycle 1 and one from
cycle 2.

Three close contacts reported signs and symptoms of suspected her-
petic origin. One had sores on the inside of the lip with no detectable T-
VEC DNA, one had cold sores/fever blisters with no detectable T-VEC
DNA, and one had cold sores/fever blisters and declined testing. One in-
vestigator was exposed to T-VEC (unprotected skin) but had no signs or
symptoms, and one developed a lesion on the lower lip with no detect-
able T-VEC DNA.
3.6. Safety

All patients had ≥1 TEAE, and 95% had ≥1 AE that was considered re-
lated to study treatment. The most common TEAE was chills (65%)
(Table 3). Grade ≥ 3 TEAEs and TRAEs were reported by 12 (20%) and 6
(10%) patients, respectively; serious TEAEs and TRAEs were reported by
13 (22%) and 8 (13%) patients, respectively. Serious TRAEswere delirium
and pyrexia (two patients each) and upper abdominal pain, atrialfibrilla-
tion, increased body temperature, cellulitis, influenza-like illness, poste-
rior reversible encephalopathy syndrome, and skin infection in one
patient each. One patient who had lymphopenia and thrombocytopenia
at studybaseline experiencedgrade4, non-serious, TRAEof lymphopenia.



Table 3
Safety summary.

All patients

N = 60

Treatment-emergent AEs, n (%) 60 (100·0)
Grade ≥ 3 12 (20·0)
Serious AEs 13 (21·7)
Leading to permanent discontinuation of T-VEC 5 (8·3)
AEs in ≥20% of patients, n (%)
Chills 39 (65·0)
Fatigue 34 (56·7)
Headache 27 (45·0)
Nausea 27 (45·0)
Pyrexia 24 (40·0)
Injection-site pain 15 (25·0)
Pain 15 (25·0)
Vomiting 15 (25·0)
Diarrhoea 13 (21·7)
Influenza-like illness 13 (21·7)
Myalgia 12 (20·0)
Rash 12 (20·0)

T-VEC–related AEs, n (%) 57 (95·0)
Grade ≥ 3 6 (10·0)
Serious AEs 8 (13·3)
Leading to permanent discontinuation of T-VEC 3 (5·0)

Abbreviations: AE, adverse event; T-VEC, talimogene laherparepvec.
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Fifty-nine patients (98%) had AEs of interest: four had serious events
of flu-like symptoms, one had a serious event of cellulitis (occurred in
the anatomical area of injections but not specifically in injected lesions),
and one had a serious event of deep vein thrombosis (unrelated to
treatment).

AEs leading to discontinuation of T-VEC were reported by five
patients (8%): confusion, pyrexia, and atrial fibrillation (in the
same patient and treatment related), anaemia (related), posterior
reversible encephalopathy syndrome (related), haemorrhage (un-
related), and sepsis (unrelated). There were no fatal AEs; one pa-
tient died of disease progression 91 days after their last dose of
T-VEC.
3.7. Efficacy

The ORRwas 35%, including nine patients (15%) with a complete re-
sponse and 12 patients (20%) with a partial response (Table 4). Median
time to response was 3·1 months (95% CI:

2·6–5·3). As of the date of the final analysis, median duration of re-
sponse was not reached.
Table 4
Best overall response to T-VEC.

All patients

N = 60

Response, n (%)
Complete response 9 (15)
Partial response 12 (20)
Stable disease 10 (17)
Progressive disease 26 (43)
Not determined/not evaluable 3 (5)

Overall response rate,a n (%; 95% CI) 21 (35; 23–48)
Median time to response in responders (95% CI),b months 3·1 (2·6–5·3)

Response was assessed per modified WHO response criteria [21].
Abbreviations: CI, confidence interval; T-VEC, talimogene laherparepvec; WHO, World
Health Organization.

a Defined as the proportion of patients with a complete or partial response.
b Kaplan-Meier estimate of the probability of objective response and the point-wise

95% CI based on the Greenwood formula.
4. Discussion

Our in-depth investigation of the biodistribution, shedding, and
transmissibility of T-VEC in this target population confirms observations
from previous clinical trials [4–6] that T-VEC is unlikely to be transmit-
ted from treated patients to their close contacts. Instructions for the
preparation, handling, and administration of T-VEC, precautions to
avoid accidental exposure to the virus, and information provided to pa-
tients and close contactswho reported exposure or signs and symptoms
of suspected herpetic origin reflected those in the current T-VEC pre-
scribing information [7]. Although some differences in themanagement
of patients in a clinical trial cannot be ruled out, we believe that the re-
sults of our study are relevant to patients with melanoma treated with
T-VEC in the real-world clinical practice setting.

Approximately one-third of blood samples contained detectable T-
VEC DNA during treatment, with a higher incidence in HSV-1 seronega-
tive versus seropositive patients. The amount of DNA in blood was
highest during cycle 2, potentially due to the higher dose of T-VEC ad-
ministered during this cycle, and then declined rapidly, suggesting a hu-
moral response to repeated injections, leading to clearance of injected
virus. The overall incidence of T-VEC DNA in urine and in swabs of the
oral mucosa and anogenital area was low (1·2%–3·0% of samples) and
did not appear to be substantially impacted by baseline HSV-1
serostatus; the amount of DNA in these sampleswas, again, highest dur-
ing cycle 2. T-VEC DNA was cleared from blood and urine by end of
treatment.

As expected, the incidence of detectable T-VEC DNA was highest in
samples from the surface of injected lesions. Fourteen percent of pa-
tients and 6% of samples tested positive for T-VEC DNAduring the safety
follow-up period; however, each sample was negative in the TCID50

assay. Live virus was detected from injected lesions (1·1% of samples),
but only during the first 2 cycles of treatment. Live virus was not de-
tected on the exterior surface of occlusive dressings, demonstrating
that when applied according to the T-VEC prescribing information [7],
they serve as an effective barrier against viral transmission. Preparation
and administration of commercial T-VEC should be consistent with BSL-
1 live virus containment practices, usingpersonal protective equipment,
such as eye protection, gloves, and a lab coat [11]; BSL-2 protocols are
not required [12].

One-third of patients developed mucosal or skin lesions while on
treatment; however, only three had detectable T-VEC DNA and none
were positive for infectivity. Of three close contacts and two investiga-
tors who reported exposure or signs and symptoms of suspected her-
petic origin, none had detectable T-VEC DNA. A limitation of our study
is that detailed descriptions of the lesions were not required, and we
were unable to ascertainwhether theywere consistentwith typical her-
petic mucosal or skin lesions. Also, none of these lesions were tested for
wild-type HSV-1 or HSV-2. Lastly, the study design did not allow exten-
sive investigation of the occurrence of live T-VEC virus transmission to
close contacts. T-VEC is an infectious HSV-1 virus; therefore, it is
advised to follow current published guidelines [7,11,12] to reduce
risks for healthcare providers and close contacts especially for immuno-
compromised persons, pregnant women, and newborns. Ongoing
postmarketing studies collecting real-world transmission data are ex-
pected to provide a better understanding of these potential risks.

Our study provides additional data on the efficacy and safety of T-
VEC in patients with advanced-stage melanoma. Thirty-five percent of
patients achieved an objective response, which was higher than the
26% observed in a phase 2 study and the registrational OPTiM study of
patients with advanced-stagemelanoma [6,13]. The difference in objec-
tive response may be attributable to the smaller sample size, the de-
scriptive nature of the analysis, and the higher proportion of patients
with stage IIIB, IIIC, or IVM1a metastatic melanoma in our study (88%
compared to 55% in OPTiM) [13]. The spectrum and incidence of AEs re-
ported in our study were similar to those reported previously [6,13],
with a majority of patients reporting flu-like symptoms.
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While a number of other intratumorally administered oncolytic vi-
ruses have been investigated [14,15], published studies of
biodistribution and transmissibility are scarce: limited data on viral
shedding have been reported for an engineered vaccinia virus adminis-
tered to patients with solid tumours as well as an HSV-1–derived
oncolytic virus administered to young patients with extracranial can-
cers [16,17]. Our clinical study appears to be the most extensive to
date on the biodistribution and transmissibility of an intratumoral
oncolytic virus.

In summary, with proper handling, administration, and post-
injection care [7,18–20], T-VEC can be administered safely in patients
with advanced melanoma, with minimal risk of transmission to close
contacts. The methodological approach and results of our study may
be of value in the development of future oncolytic viruses for the treat-
ment of melanoma and other cancers.
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