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Abstract

Background Oncolytic virus therapy is a rapidly evolving emerging approach for the medical management of can-
cer. Talimogene laherparepvec (T-VEQ) is the first and only Food and Drug Administration (FDA)-approved oncolytic
virus therapy. Considering that exactly how T-VEC works is not known, there is a strong need for a comprehensive
pharmacovigilance study to identify safety signals of potential risks with T-VEC.

Objective The objective of this study was to assess the risk of adverse events (AEs) related to T-VEC.

Methods We implemented a pharmacovigilance study utilizing individual case safety reports (ICSRs) reported

to the FDA Adverse Event Reporting System (FAERS) database dated from 2004 quarter 1 to 2023 quarter 3. In this
study, we used two algorithms, reporting odds ratio (ROR) and information component (IC), to assess the risk of AEs
related to T-VEC.

Results A total of 1138 ICSRs of patients who received the T-VEC and reported to the FDA dated from 2004 quarter
1to 2023 quarter 3 were available. A total of seven system organ classes (SOCs) demonstrated statistically signifi-
cant signals, i.e. General disorders and administration site conditions, Injury, poisoning and procedural complication,
Infections and infestations, Neoplasms benign, malignant and unspecified, Skin and subcutaneous tissue disorders,
Hepatobiliary disorders, and Endocrine disorders. From the preferred term level perspective, the most reported AEs
in T-VEC-treated patients were pyrexia, illness, influenza, influenza-like illness, and chills. Unexpected significant AEs
were detected, such as sepsis, encephalitis, syncope, and lymphadenopathy.

Conclusions Most AEs in T-VEC-treated patients have been previously mentioned in the prescriptive information

or documented in other clinical trials. But safety signals were also be detected in 4 unexpected AEs (sepsis, encepha-
litis, syncope, and lymphadenopathy). Further clinical trials need to be undertaken to facilitate a more comprehensive
comprehension of the safety profile of T-VEC.
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Introduction

Oncolytic virus (OV) therapy is a rapidly evolving emerg-
ing approach for the medical management of cancer. It
exploits the oncolytic ability of certain native viruses or
genetically modified viruses to induce immune cell death
by infecting and subsequently preferentially. lysing tar-
get cells (usually tumor cells) while leaving the patient’s
normal human cells intact [1, 2]. A review by Kevin Har-
rington et al. showed that the capacity of OVs to induce
antitumor immune responses (including but not limited
to inducing immunogenic cell death) likely explains the
primary mechanism responsible for the OVs mediated
oncolytic activity [3]. Nonetheless, a significant propor-
tion of OVs display inherent oncolytic activity against
normal human cells, which can be further amplified by
the introduction of viral mutations that render them
capable of replicating exclusively within a malignant cel-
lular environment [4, 5].

Talimogene laherparepvec (T-VEC) is a genetically
modified oncolytic herpes simplex virus type 1 (HSV1)
that has been developed for the treatment of unresectable
recurrent melanoma [6-8]. It is the first and only Food
and Drug Administration (FDA)-approved anti-cancer
immunotherapy of its kind. The”Systemic Therapy for
Melanoma: ASCO Guideline Update” recommended that
for patients with unresectable melanoma who are not
eligible or do not wish to pursue the recommended sys-
temic therapies, T-VEC may be considered as a primary
treatment option [9]. An open-label and multi-institu-
tional randomized phase III study of 436 patients with
unresectable melanomas conducted by Andtbacka et al.
[6] showed that the durable response rate (DRR), the
overall response rate (ORR), the median overall survival
(OS) were significantly higher with T-VEC than the gene
encoding human granulocyte macrophage colony-stim-
ulating factor (GM-CSF). In addition to the previously
mentioned, T-VEC also demonstrated improvements
in time to treatment failure (TTF) and progression-free
survival (PFS). In the subgroup analyses, the efficacy of
T-VEC was most pronounced in patients with stage IIIB,
IIIC, or IVM1a disease and in patients with treatment-
naive disease. All these promising results about T-VEC
ultimately led to full FDA approval in 2015.

Ever since it was initially approved by the FDA, T-VEC
has been subjected to rigorous testing in a multitude of
clinical trials and real-world studies, including in com-
bination with immune checkpoint inhibitors (including
but not limited to Ipilimumab and Pembrolizumab) [10]
for patients with unresectable melanoma, in combina-
tion with immunotherapies in other types of solid tumors
[11], and in real-world studies conducted by both single
and multiple centers [12—15]. These pivotal clinical stud-
ies have confirmed both the safety and efficacy of T-VEC.
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Considering that exactly how T-VEC works is not
known, some serious adverse events (AEs) may remain
undetected. During the routine clinical practice of
T-VEC, many cases of some serious AEs associated with
T-VEC therapy have been reported. For example, Brooks
David et al. presented a case [16] of disseminated her-
petic mucocutaneous infection and encephalitis after
T-VEC injections. Therefore, there is a strong need for
a comprehensive pharmacovigilance study to identify
safety signals of potential risks with T-VEC. As one of
the largest spontaneous and open-access adverse event
databases, the USA FDA Adverse Event Reporting Sys-
tem (FAERS) database provides a broader perspective for
drug surveillance. The retrospective pharmacovigilance
study based on the FAERS database can offer informa-
tive insights into the safety profile of T-VEC in real-world
clinical settings. In this study, we performed an observa-
tional, retrospective and disproportionality analysis to
evaluate the AEs related to T-VEC based on the FAERS
database for the purpose of early safety signal detection
and stimulating further attention and investigation into
related issues.

Methods

Study design and data sources

For this study, we implemented a retrospective pharma-
covigilance study using the individual case safety reports
(ICSRs) from the FAERS database dated from 2004 quar-
ter 1 to 2023 quarter 3, the ICSRs are publicly available
as quarterly data extract files on the FDA's official website
(https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-
QDE-FAERS.html). One of the limitations of the FAERS
database is that cases may have multiple versions. This
phenomenon is typically observed when the same AE is
reported by multiple sources and assigned disparate case
identification numbers. To remove these duplicates which
may lead to spurious analytical results, we followed the
approach proposed by Banda et al. [17] and extracted
the most recent case version from all available follow-up
cases. As this study utilized de-identified data, ethical
approval was not required.

Data extraction and identification

In the analysis of the safety of T-VEC, we first retrieved
all ICSRs containing T-VEC as the primary suspected
drug (PS). Then we searched the FAERS database for all
T-VEC AEs reported between 2004 quarter 1 and 2023
quarter 3. The reports obtained were used for subsequent
AE data mining and analyses. The reported AEs were
coded by the preferred terms (PTs) from the standardized
Medical Dictionary for Regulatory Activities 26.1(Med-
DRA), and we categorized PTs according to the system
organ classes (SOCs).


https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html
https://fis.fda.gov/extensions/FPD-QDE-FAERS/FPD-QDE-FAERS.html
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Statistical analysis
The use of quantitative signal detection in the analysis
of spontaneous reports for drug safety assessments has
been widely validated, demonstrating the efficacy of this
approach in identifying potential risks associated with
specific drugs [18, 19]. Adapting previous methods [20,
21] published in influential journals, a pharmacovigilance
study was carried out to ascertain the risks of AEs related
to T-VEC. In this study, we used two algorithms, report-
ing odds ratio (ROR) and information component (IC),
to ascertain the correlation between T-VEC and AEs to
avoid false positives. The ROR is a transparent familiar
measure that is widely used in disproportionality analysis.
Another advantage is that being an odds ratio, non-selec-
tive underreporting of a drug or ADR has no influence on
the value of the ROR. Calculation of the IC using a Bayes-
ian confidence propagation neural network was devel-
oped and validated by the Uppsala Monitoring Centre as
a flexible, automated indicator value for disproportionate
reporting that compares observed and expected drug—
adverse event associations to find new drug-adverse
event signals with identification of probability difference
from the background data (full database) [22]. Probabil-
istic reasoning in intelligent systems (information theory)
has proved to be effective for the management of large
datasets, is robust in handling incomplete data, and can
be used with complex variables. The information theory
tool is ideal for finding drug—adverse event combinations
with other variables that are highly associated compared
with the generality of the stored data [23].

The statistical formula is as follows to calculate ROR
and 95% confidence interval (CI),

ad

ROR = —
bc

d 1,1,1,1
95%CI = %[eil'%v atiteta)
C

a: the number of target adverse events exposed to sus-
pected drug.

b: the number of other adverse events exposed to sus-
pected drug.

c: the number of target adverse events exposed to other
drug regimens.

d: the number of other adverse events exposed to other
drug regimens.

The statistical formula is as follows to calculate IC (95%
CD,

IC = 10g2 ( Eobserved +0.5 )

expected+0‘5
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Neypectea: the number of case reports expected for the
drug-adverse effect combination.

Npserveq: the actual number of case reports for the
drug-adverse effect combination.

Nryg' the number of case reports for the drug, regard-
less of adverse effects.

Negecr: the number of case reports for the adverse
effect, regardless of the drug.

N, the total number of case reports in the database.

In essence, a positive signal can be interpreted as
indicative of a higher incidence of AEs associated with
the suspected drug when compared to one that would be
expected by chance alone. The lower bound of ROR 95%
CI (RORy;) is greater than 1.00 and the lower bound of
IC 95% CI (IC,s) is greater than 0, with the number of
cases a is no less than 4 were used as a threshold for sig-
nal detection [18].

To exclude possibility that the signals are derived from
concomitant ICIs, we conducted a disproportionality
analysis to assess whether suspected AEs were differ-
entially reported with a combination of T-VEC plus ICI
compared with T-VEC in other drug regimens, including
monotherapy.

The statistical formula is as follows to calculate ROR
and 95% confidence interval (CI),

ad
ROR = —
bc

d 11,11
95%CT — %[611.961/u+b+c+d]
C

a: the number of target adverse events exposed to T-VEC
plus ICI combination.

b: the number of other adverse events exposed to
T-VEC plus ICI combination.

c: the number of target adverse events exposed to the
comparator (other ICI-containing regimens).

d: the number of other adverse events exposed to the
comparator.

When the lower bound of ROR 95% CI is greater than
1.00 and the number of cases a is no less than 4, it implies
that a significant disproportionality signal was detected
and can be interpreted as statistically more adverse
events observed for the drug/drug combination than one
would except by chance alone.
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Moreover, the patient demographics of AEs associated
with T-VEC were summarized using descriptive analysis.

Data analysis was performed using R studio (Version
2023.12.1+402).

Results

Demographics description

During the time span encompassing from 2004 quarter 1
to 2023 quarter 3, a total of 1138 ICSRs of patients who
received the T-VEC and reported to the USA FDA. The
patient demographics of AEs related to T-VEC are sum-
marized in Table 1. Most records were reported from the
USA (78.6%). The number of reports involving men is
close to the number of reports involving women. A total
of 10.2% of patients in these cases died and 2.0% expe-
rienced a life-threatening situation. A total of 34.4% of
reports pertained to elderly patients, defined as individu-
als with an age of at least 60 years.

Signal mining analysis at the system organ class level
Primarily, we conducted a signal mining analysis at the
SOC level by comparing the T-VEC to all other drugs in
the FAERS database. AEs associated with T-VEC at differ-
ent SOCs are described in Table 2. A total of seven SOCs
demonstrated statistically significant signals, i.e. General
disorders and administration site conditions(n=974;
ROR 3.82 [two-sided 95% CI 3.24~4.51], IC 0.49 [two-
sided 95% CI 0.39~0.57]), Injury, poisoning and proce-
dural complications (n=536; ROR 3.84 [3.42~4.32], IC
1.32 [1.18 ~1.43]), Infections and infestations (z=410;
ROR 3.36 [2.98~3.79], IC 1.32 [1.16~1.44]), Neo-
plasms benign, malignant, and unspecified (incl cysts
and polyps)(n=367; ROR 10.49 [9.26~11.88], IC 2.88
[2.70~3.00]), Skin and subcutaneous tissue disorders
(n=226; ROR 1.33 [1.15~1.54], IC 0.34 [0.12~0.50]),
Hepatobiliary disorders (n=27; ROR 2.68 [1.83~3.93],
IC 1.36 [0.67~1.80]), and Endocrine disorders(n=14;
ROR 5.44 [3.21 ~9.21], IC 2.22 [0.99 ~2.76]). The record
in General disorders and administration site conditions
has the highest number and the record in Neoplasms
benign, malignant, and unspecified (incl cysts and pol-
yps) exhibits the most significant disproportionality
according to the ROR.

Signal mining at the preferred term level

A total of 39 signals related to T-VEC were detected,
and 22 signals were unearthed after excluding 17 sig-
nals not related to drugs such as cancer progression,
tumor metastasis, and surgery. The 22 signals are pre-
sented in Table 3, in which the PTs were sorted by the
corresponding SOCs and sorted in descending order by
number of cases.

(2024) 10:79
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Table 1 Patient demographics of AEs related to T-VEC in the
FAERS database

Characteristic Case N (%)
Total 1138
Sex
Female 373(32.8%)
Male 01(35.2%)
Unknown 364(32.0%)
Reporting country
USA 894(78.6%)
Rest of the world 243(21.3%)
Unknown 1(0.1%)
Reporting year
2023 quarter 1 to 2023 quarter 3 71(6.2%)
2022 116(10.2%)
2021 115(101%)
2020 31(11.5%)
2019 51(13.3%)
2018 183(161%)
2017 194(17.0%)
2016 176(15.5%)
2015 and before 1(0.1%)
Age at onset
<18 years 3(0.3%)
18 ~44 years 54(4.5%)
45 ~59 years 167(14.7%)
>60 years 391(34.4%)
Unknown 523(46.0%)
Outcome
Death 116(10.2%)
Life-threatening 23(2.0%)
Hospitalization 234(20.6%)
Disability 11(1.0%)
Other serious events 437(38.4%)
Unknown 317(27.9%)

Overall, significant disproportionality signals were
identified in 5 SOCs, of which general disorders and
administration site conditions demonstrated the larg-
est number of records. In the general disorders and
administration site conditions, pyrexia (n=118, ROR
6.61 [5.46-80], IC 2.56 [2.24-2.78]) was reported
with the highest frequency. From the perspective of
the preferred term level, the most reported AEs in
T-VEC-treated patients were pyrexia, illness, influ-
enza, influenza-like illness, and chills. Meanwhile, her-
petic infection (including but not limited to oral herpes
and herpes simplex) and injection site complications
(including but not limited to necrosis and injection
site erythema) were also significant disproportionality
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Table 2 Signal mining analysis at the system organ class level

System organ class N ROR (95%Cl) 1C (95%Cl)
General disorders and administration site conditions 974 3.82(3.24~4.51) 0.49(0.39~0.57)
Injury, poisoning and procedural complications 536 3.84(3.42~4.32) 1.32(1.18~1.43)
Infections and infestations 410 3.36(2.98 ~3.79) 1.32(1.16~1.44)

Neoplasms benign, malignant, and unspecified (incl cysts and 367
polyps)

Skin and subcutaneous tissue disorders 226
Gastrointestinal disorders 147
Nervous system disorders 110
Investigations 91
Vascular disorders 90
Respiratory, thoracic, and mediastinal disorders 60
Musculoskeletal and connective tissue disorders 55
Renal and urinary disorders 41
Metabolism and nutrition disorders 40
Blood and lymphatic system disorders 37
Psychiatric disorders 35
Cardiac disorders 32
Hepatobiliary disorders 27
Eye disorders 18
Surgical and medical procedures 18
Immune system disorders 15
Endocrine disorders 14
Product issues 13
Social circumstances 8
Ear and labyrinth disorders 7
Reproductive system and breast disorders 2

10.49(9.26 ~ 11.88)

1.33(1.15~1.54)
0.71(0.59~0.84)
0. 49(0 40~0.60)
04(0.84 ~1.29)
094(0 76~1.16)
0.60(0.46~0.78)
0. SO(O 38~0.65)
10(0.81~1.51)
0. 89(0 65~1 23)
0.93(0.67~1.29)
0.39(0.28~0. 55)
0.56(0.39~0.80)
2.68(1.83~3.93)
0.68(0.43~1.09)
1.29(0.81~2.06)
0.58(0.35~0.97)
5.44(3.21~9.21)

2.88(2.70~3.00)

0.34(0.12~0.50)
-042(-0.70~-0.23)
-0.89(-1.20~-0.66)
0.06(-0.29~0.31)
-0.08(-043~0.17)
-0.69(-1.11~-0.38)
-0.93(-1.38~-0.61)
0.13(-0.39~0.50)
-0.15(-0.68~0.22)
-0. 10( 0.64~0.29)
27(-1.83~-0.87)
—0.79(—1 .38~-037)
1.36(0.67 ~ 1.80)
-0.53(-1.31~0.02)
0.35(-0.45~0.90)
-0.75(-1.60~-0.14)
2.22(0.99~2.76)

0.92(0.53 ~1.60) -0.11(-1.04~0.53)
1.79(0.89~3.59) O77(—O 54~1.55)
1.13(0.54~2.39) 17(-1.15~1.02)
4.93(1.23~19.76) 1 46( 2.94~2.40)

Bold text denotes significant positive signals
ROR Reporting odds ratio, C/ Confidence interval

signals, i.e. oral herpes (n=42, ROR 42.82 [31.45-
58.29], IC 4.80 [3.23-4.91]), herpes virus infection
(n=30, ROR 97.28 [67.61-139.96], IC 5.22 [1.92—4.98]),
injection site pain (=39, ROR 2.57 [1.87-3.54], IC
1.31 [0.75-1.68]), and cellulitis (7 =22, ROR 6.86 [4.50—
10.46], IC 2.58 [1.61-3.02]). The record in herpes virus
infection exhibits the most significant disproportional-
ity according to ROR.

Except for AEs such as pyrexia, herpetic infection,
and injection site complications, which were men-
tioned in the prescriptive information or documented
in other clinical trials, four AEs not mentioned in the
prescribing information were detected, including
sepsis(n=21, ROR 2.42 [1.57-3.72], IC 1.21 [0.43-
1.71]), encephalitis(r=9, ROR 11.8 [6.12-22.75], IC
2.90 [0.43-3.33]), syncope(n=27, ROR 3.89 [2.65-
5.69], IC 1.86 [1.14-2.29]), and lymphadenopathy(n =9,
ROR 4.09 [2.12-7.88], IC 1.81 [0.29-2.47]). They are
presented in bold text in Table 3.

Comparison of AEs risk between T-VEC in combination

with immunotherapy and T-VEC in other drug regimens
Four ICIs (nivolumab and pembrolizumab, ipilimumab,
atezolizumab) commonly used in combination with
T-VEC were included in the analysis. The results are
presented in Table 4. The majority of the detected sig-
nals diverge from the outcomes of the preceding dis-
proportionality analysis. We found that the signal
of sepsis (=4, ROR 11.09 [3.29—37.35]) was also
detected in the cases with a combination of T-VEC plus
nivolumab, which arises a bias that makes T-VEC have a
higher ROR in sepsis.

Discussions

Additional therapeutic advances have changed the mela-
noma treatment landscape in recent years. Studies in
real-world practice are therefore needed to understand
the effectiveness and tolerability of T-VEC in a broader
patient population. As far as we know, we report the first
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Table 3 Disproportionality analysis at the preferred term level
System organ class Preferred term N ROR (95%Cl) 1C (95%Cl)
General disorders and administration site conditions PYREXIA 118 6.61(5.46-80) 2.56(2.24-2.78)
ILLNESS 78 23.41(18.6-29.47) 4.27(3.65-4.48)
INFLUENZA LIKE ILLNESS 76 16.83(13.33-21.24) 3.85(3.30-4.08)
CHILLS 62 9.87(7.64-12.75) 3.14(2.61-341)
INJECTION SITE PAIN 39 2.57(1.87-3.54) 131 (O 75-1.68)
NECROSIS 19 60.28(38.27-94.94) 4.57(1.14- 444)
OEDEMA 18 6.12(3.84-9.76) 241(1.33- 289)
INJECTION SITE ERYTHEMA 18 2.66(1.67-4.24) 1 34(0 47-1.87)
INFLAMMATION 14 2. 31(1 36-3.91) 1.13(0.1 73)
INJECTION SITE HAEMORRHAGE 13 10(1.79-5.36) 151 (O 42-2. 12)
INJECTION SITE PRURITUS 10 2. 76(1 A48-5.14) 1.34(0.08-2.02)
Infections and infestations INFLUENZA 78 7.70(6.12-9.69) 2.80(2.37-3.06)
ORAL HERPES 42 42.82(31.45-58.29) 4. 80(3 23-491)
HERPES SIMPLEX 34 70.57(50.12-99.34) 11(2.54-5.02)
HERPES VIRUS INFECTION 30 97.28(67.61-139.96) 5. 22( 92-4.98)
CELLULITIS 22 6.86(4.50-10.46) 2.58(1.61-3.02)
SEPSIS 21 2.42(1.57-3.72) 1.21(0.43-1.71)
ENCEPHALITIS 9 11.8(6.12-22.75) 2.90(0.43-3.33)
Skin and subcutaneous tissue disorders DERMATITIS 12 231(1.31-4.07) 1.12(0.05-1.77)
SKIN LESION 10 6.36(3.41-11.85) 2.33(0.65-2.91)
Nervous system disorders SYNCOPE 27 3.89(2.65-5.69) 1.86(1.14-2.29)
Blood and lymphatic system disorders LYMPHADENOPATHY 9 4.09(2.12-7.88) 1.81(0.29-2.47)

Bold text denotes positive signals that are not mentioned in the prescribing information

IC information component, ROR reporting odds ratio, Cl confidence interval

Table 4 Comparison of AEs risk between T-VEC alone and in combination with ICls

Immune checkpoint inhibitors Preferred term N ROR (95%Cl)
Pembrolizumab MALIGNANT MELANOMA 9 2.83(1.32-6.05)
MALIGNANT NEOPLASM PROGRESSION 6 5.95(2.15-16.42)
RASH 6 3.24(1.27-8.26)
DYSPNOEA 5 540 (1.81-16.11)
IMMUNE-MEDIATED ADVERSE REACTION 4 43.14 (4.78-389.59)
AUTOIMMUNE COLITIS 4 21.55(3.90-119.08)
PLATELET COUNT DECREASED 4 8.60 (2.27-32.51)
HYPOTENSION 4 4.28(1.32-13.88)
Ipilimumab DRUG INEFFECTIVE 6 12.03 (4.51-32.12)
MALIGNANT NEOPLASM PROGRESSION 4 13.25 (4.06-43.3)
MALIGNANT MELANOMA 4 4.21(141-12.59)
DEATH 4 3.02 (1.02-8.93)
Atezolizumab CYTOKINE RELEASE SYNDROME 4 56.10 (13.14-239.51)
Nivolumab OFF LABEL USE 13 2.16(1.12-4.15)
DRUG INEFFECTIVE 8 10.30 (4.31-24.61)
DEHYDRATION 4 20.03 (5.21-77.08)
SEPSIS 4 11.09 (3.29-37.35)

ROR reporting odds ratio, C/ confidence interval
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systematic pharmacovigilance database analysis that
offered the most comprehensive account of AEs related
to T-VEC based on the FAERS database. We systemati-
cally conducted a disproportionality analysis using ICSRs
reported to the FAERS database, with a focus on the risk
of AEs related to T-VEC.

According to the FAERS database, the majority of
reporting regions are in the USA, which may be due to
differences in population base comparing to other coun-
tries, such as Germany, and the fact that melanoma is the
fifth most common cancer in the USA [24]. As a database
of adverse event reports for drug and biologic products
in the USA, FAERS is more likely to receive reports of
AEs from the USA, which raises the possibility of report-
ing bias. Melanoma is particularly prevalent among white
males, with an incidence (per 100,000) of 34.7 and 22.1
among white men and women [24], respectively. In this
study, we didn’t see such gender disparity in the reported
numbers, which may be due to the incomplete inputs.
AEs are reported most frequently in people aged over
60 years, which is consistent with the epidemiology of
melanoma. The mean age of diagnosis is 65, with 65.7%
of diagnoses made in those ages 55 to 84 [24].

According to our retrospective study of 1,138 ICSRs of
patients who received the T-VEC revealed that pyrexia,
illness, influenza, influenza-like illness, and chills were
the most reported AEs. Meanwhile, herpetic infection
(including but not limited to oral herpes and herpes sim-
plex) and injection site complications (including but not
limited to necrosis and injection site erythema) were also
significant disproportionality signals. Regarding herpetic
infection and injection site complications, although the
T-VEC drug label mentions them as important adverse
reactions, our disproportionality analysis also showed
significantly higher reporting of herpetic infection and
injection site complications. Since those adverse events
are potentially serious as previously reported [16], it is
of vital importance to reassess the safety of the drug in
relevant aspects. Overall, these AEs were generally by the
instructions in the prescriptive information or consistent
with previous reports. Nevertheless, this pharmacovigi-
lance study revealed a disproportionately high reporting
of sepsis, encephalitis, syncope, and lymphadenopathy
associated with T-VEC. Although a fatal event associ-
ated with sepsis in the setting of Salmonella infection had
been mentioned in the study by Andtbacka et al. [6], it
was not described in detail or mentioned in the prescrib-
ing information. Hence, there is a compelling necessity
for the implementation of well-conceived comparative
safety clinical trials with the objective of validating the
causal relationship, and it is imperative to contemplate
the potential necessity for alterations to the prescrip-
tive information to alert clinicians and patients to the
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possibility of the identified infections and lymphatic
safety events. Although T-VEC has a novel mechanism
of action, which arise a bias that makes it more likely to
report AEs than other drugs. In view of the seriousness
of its adverse effects, e.g., leading to termination of mela-
noma treatment, the results of our study continue to be
of considerable importance.

The potential mechanism of AEs associated with
T-VEC had not been described in an earlier study.
Despite its selectivity, T-VEC is still a kind of HSV1
that infects humans. A theoretical issue with safety of
OV therapy is the potential for the OVs to mutate and
regain their pathogenic potential [25]. We hypothesized
that it is for this reason that T-VEC causes a significantly
higher risk of AEs to herpesvirus infection and injec-
tion site complications. In the case of disseminated her-
petic mucocutaneous infection and encephalitis after
T-VEC injections [16], following 1 therapy cycle, most
of the cutaneous lesion, including skin away from injec-
tion site, presence of HSV-1 immunostaining from skin
biopsy results, isolation of HSV-1 DNA from multiple
symptomatic sites, and rapid improvement of mucocu-
taneous and encephalopathic symptoms with acyclovir
aligned with true herpetic infection. The skin eruption
progressed in case of the present patient while she was
receiving treatment with broad-spectrum antibiotics and
topical steroids that militated against alternative diagno-
ses of bacterial sepsis, cellulitis, and eczematous derma-
titis reaction. Immune-related cutaneous adverse events
were also unlikely, given that such reactions would not
be expected to self-resolve during the short period wit-
nessed in this case and would have been expected to
demonstrate improvement with topical steroids. Back to
the results of this pharmacovigilance study, Nervous sys-
tem disorders and lymphatic system disorders may occur
due to disseminated herpetic mucocutaneous infection
and herpes simplex virus encephalitis. This explains why
we detected a disproportionately high reporting of sep-
sis, encephalitis, syncope, and lymphadenopathy. The
potential mechanism of sepsis, encephalitis, syncope, and
lymphadenopathy associated with T-VEC had not been
described in an earlier study. Further clinical trials need
to be undertaken to support this hypothesis.

Some signals are also detected in the cases with
immune checkpoint inhibitors (ICIs). It has possibil-
ity that these adverse events were triggered by ICIs and
T-VEC might be just a concomitant drug. To exclude
possibility that the signals are derived from concomitant
ICIs, we conducted a disproportionality analysis to assess
whether suspected AEs were differentially reported with
a combination of T-VEC plus ICI compared with T-VEC
in other drug regimens, including monotherapy. We cal-
culated the ROR and 95% CI in patients who received the
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T-VEC plus ICI compared with T-VEC in other drug reg-
imens (including monotherapy).

The majority of the detected signals diverge from the
outcomes of the preceding disproportionality analysis.
We found that the signal of sepsis was also detected in
the cases with a combination of T-VEC plus nivolumab,
which arises a bias that makes T-VEC have a higher ROR
in sepsis. However, due to the small number of cases
with a combination of T-VEC plus nivolumab, it may not
change the results of the disproportionality analysis at
the preferred term level. Overall, concomitant ICIs had
a limited impact on the disproportionality analysis of
T-VEC.

It must be acknowledged that this pharmacovigilance
study is not without limitations, despite the advantages
of data mining. Firstly, the ICSRs reported to the FDA
are dependent on the quality of reporting, however, the
FAERS database is heterogeneous in terms of the source
of the reports. For example, deficiencies in the quality of
the data, such as incomplete inputs, have been identified
as a potential source of bias in the analysis [26]. Secondly,
we were unable to modify our analysis of potential con-
founding variables, it was not possible to obtain further
clinical information from the FAERS database, such as
prior treatment regimens, which may influence the sub-
sequent evaluation of disproportionate signals for AEs.
By focusing on the “primary suspect” drug and conduct-
ing a disproportionality analysis about concomitant ICIs,
we substantially refined our analytical scope, eliminating
extraneous background noise and heightening the speci-
ficity of our results. The signals discerned may possibly
reflect the true link between the drug and the observed
adverse event [27]. Thirdly, it is important to note that
the FDA receives reports of only a portion of all adverse
events associated with pharmaceutical agents. Conse-
quently, it is not possible to draw definitive conclusions
from such disproportionality analyses, which rely on
such databases. And It is imperative that our findings
need to be validated in prospective clinical trials. Nev-
ertheless, as one of the largest databases for open-access
post-marketing drug event data globally, the FAERS data-
base offers the potential to identify associations between
suspected drugs and AEs in real-world clinical settings.
This disproportionality analysis of the safety of T-VEC
based on real-world data suggests the existence of critical
issues of T-VEC that could offer informative insights for
future clinical trials.

Conclusions

In conclusion, we conducted a pharmacovigilance study
using the FAERS database to investigate the relationship
between T-VEC and AEs from various perspectives, with
the potential risks identified and quantified. Significant
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signals of several clinically important AEs were detected
in the disproportionality analysis. Most AEs in T-VEC-
treated patients have been previously mentioned in the
prescriptive information or documented in other clinical
trials. But significant safety signals were also be detected
in 4 unexpected AEs (sepsis, encephalitis, syncope, and
lymphadenopathy). Further clinical trials need to be
undertaken to corroborate the findings of this study.
These endeavors will facilitate a more comprehensive
comprehension of the safety profile of T-VEC, thereby
aiding in the formulation of optimal clinical decisions
regarding the utilization of T-VEC in the treatment of
unresectable melanoma or other solid tumors.

Abbreviations

T-VEC Talimogene Laherparepve

AE Adverse event

ICSR Individual case safety report

FDA Food and Drug Administration

SOC System organ class

PT Preferred term

ROR Reporting odds ratio

IC Information component

FAERS FDA Adverse Event Reporting System

ov Oncolytic virus

ASCO American Society of Clinical Oncology

HSV1 Herpes simplex virus type 1

a Confidence interval

DRR Durable response rate

ORR Overall response rate

oS Overall survival

GM-CSF  Gene encoding human granulocyte macrophage colony-stimu-
lating factor

TTF Time to treatment failure

PFS Progression-free survival

PS Primary suspected

MedDRA  Medical Dictionary for Regulatory Activities

ICls Immune checkpoint inhibitors

Acknowledgements
Not applicable.

Authors’ contributions

Study design: Yifan Hong and Zhenghua Wu; data acquisition and statistical
analysis: Yifan Hong and Han Qu; manuscript drafting: Yifan Hong; manuscript
revision: Kebin Cheng and Yuting Wang; and research supervision: Zhenghua
Wu.

Funding

This study was supported by the Shanghai, Scientific and Technological Com-
mittee (22521902000, ZH. Wu); Special fund for clinical research of Wu Jieping
Medical Foundation (320.6750.2021-2-75, Z.H. Wu); Special fund for clinical
research of Bai Qiuen Medical Foundation (Z04JKM2021005, Z.H. Wu).

Data availability
All data relevant to the study are included in the article or uploaded as online
supplemental information.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.



Hong et al. Journal of Pharmaceutical Health Care and Sciences

Competing interests
Not applicable.

Author details

'School of Pharmacy, Shanghai Jiao Tong University, Shanghai 200240, China.
2Department of Clinical Pharmacy, School of Medicine, Shanghai General
Hospital, Shanghai Jiaotong University, Shanghai 200080, China. *Depart-
ment of Respiratory and Critical Care Medicine, School of Medicine, Shanghai
Pulmonary Hospital, Tongji University, 507 Zhengmin Road, Shanghai 200433,
China. “Department of Pharmacy, Shanghai Fourth People’s Hospital Affiliated
to, Tongji University School of Medicine, Shanghai, China.

Received: 16 July 2024 Accepted: 17 October 2024
Published online: 18 December 2024

References
1. llkow CS, Swift SL, Bell JC, Diallo JS. From scourge to cure: tumour-

selective viral pathogenesis as a new strategy against cancer. Plos Pathog.

2014;10(1):21003836.

2. Muthukutty P, Yoo SY. Oncolytic virus engineering and utilizations: cancer
immunotherapy perspective. Viruses. 2023;15(8):1645.

3. Harrington K, Freeman DJ, Kelly B, Harper J, Soria JC. Optimizing
oncolytic virotherapy in cancer treatment. Nat Rev Drug Discov.
2019;18(9):689-706.

4. Guo ZS, Naik A, O'Malley ME, Popovic P, Demarco R, Hu Y, et al. The
enhanced tumor selectivity of an oncolytic vaccinia lacking the
host range and antiapoptosis genes SPI-1 and SPI-2. Cancer Res.
2005;65(21):9991-8.

5. Vijayalingam S, Subramanian T, Ryerse J, Varvares M, Chinnadurai G.
Down-regulation of multiple cell survival proteins in head and neck
cancer cells by an apoptogenic mutant of adenovirus type 5. Virology.
2009;392(1):62-72.

6. Andtbacka RHI, Kaufman HL, Collichio F, Amatruda T, Senzer N, Chesney
J, et al. Talimogene laherparepvec improves durable response rate in
patients with advanced melanoma. J Clin Oncol. 2015;33(25):2780-U2798.

7. Poppers J, Mulvey M, Khoo D, Mohr I. Inhibition of PKR activation by the
proline-rich RNA binding domain of the herpes simplex virus type 1 Us11
protein. J Virol. 2000;74(23):11215-21.

8. Hu JCC, Coffin RS, Davis CJ, Graham NJ, Groves N, Guest PJ, et al. A phase
I study of OncoVEX, a second-generation oncolytic herpes simplex virus
expressing granulocyte macrophage colony-stimulating factor. Clin
Cancer Res. 2006;12(22):6737-47.

9. Seth R, Agarwala SS, Messersmith H, Alluri KC, Ascierto PA, Atkins MB,
et al. Systemic therapy for melanoma: ASCO guideline update. J Clin
Oncol. 2023;41(30):4794-820.

10. Chesney J, Puzanov |, Collichio F, Singh B, Milhem MM, Glaspy J, et al.
Randomized, open-label phase ii study evaluating the efficacy and safety
of talimogene laherparepvec in combination with ipilimumab versus
ipilimumab alone in patients with advanced. Unresectable Melanoma J
Clin Oncol. 2018;36(17):1658-67.

11. Dummer R, Hoeller C, Gruter IP, Michielin O. Combining talimogene laher-
parepvec with immunotherapies in melanoma and other solid tumors.
Cancer Immunol Immun. 2017,66(6):683-95.

12. Russell SJ, Peng KW, Bell JC. Oncolytic virotherapy. Nat Biotechnol.
2012,30(7):658-70.

13. Louie RJ, Perez MC, Jajja MR, Sun J, Collichio F, Delman KA, et al. Real-
world outcomes of talimogene laherparepvec therapy: a multi-institu-
tional experience. J Am Coll Surg. 2019,228(4):644-9.

14. Chesney JA, Ribas A, Long GV, Kirkwood JM, Dummer R, Puzanov |, et al.
Randomized, double-blind, placebo-controlled, global phase Il trial of
talimogene laherparepvec combined with pembrolizumab for advanced
melanoma. J Clin Oncol. 2023;41(3):528-40.

15. Kaufman HL, Shalhout SZ, lodice G. Talimogene laherparepvec: moving
from first-in-class to best-in-class. Front Mol Biosci. 2022;9: 834841.

16. Kimmis BD, Luu Y, Dai HY. Disseminated herpes infection follow-
ing talimogene laherparepvec administration. Jama Dermatol.
2022;158(4):456-7.

(2024) 10:79

Page 9 of 9

17. Banda JM, Evans L, Vanguri RS, Tatonetti NP, Ryan PB, Shah NH. A curated
and standardized adverse drug event resource to accelerate drug safety
research. Sci Data. 2016;3:160026.

18. WuT, Zhang, ShiY, Yu K, Zhao M, Liu S, et al. Safety of glucagon-like pep-
tide-1 receptor agonists: a real-world study based on the US FDA adverse
event reporting system database. Clin Drug Investig. 2022;42(11):965-75.

19. Yu RJ, Krantz MS, Phillips EJ, Stone CA Jr. Emerging causes of drug-
induced anaphylaxis: a review of anaphylaxis-associated reports in the
FDA Adverse Event Reporting System (FAERS). J Allergy Clin Immunol
Pract. 2021;9(2):819-29 e2.

20. Contejean A, Tisseyre M, Canoui E, Treluyer JM, Kerneis S, Chouchana L.
Combination of vancomycin plus piperacillin and risk of acute kidney
injury: a worldwide pharmacovigilance database analysis. J Antimicrob
Chemother. 2021;76(5):1311-4.

21. Salem JE, Manouchehri A, Moey M, Lebrun-Vignes B, Bastarache L,
Pariente A, et al. Cardiovascular toxicities associated with immune
checkpoint inhibitors: an observational, retrospective, pharmacovigilance
study. Lancet Oncol. 2018;19(12):1579-89.

22. Bate A. Bayesian confidence propagation neural network. Drug Saf.
2007;30(7):623-5.

23. Bate A, Lindquist M, Edwards IR, Olsson S, Orre R, Lansner A, et al. A bayes-
ian neural network method for adverse drug reaction signal generation.
Eur J Clin Pharmacol. 1998;54(4):315-21.

24. Saginala K, Barsouk A, Aluru JS, Rawla P, Barsouk A. Epidemiology of
Melanoma. Med Sci (Basel). 2021;9(4):63.

25. Russell SJ. Replicating vectors for cancer therapy: a question of strategy.
Semin Cancer Biol. 1994;5(6):437-43.

26. Xia'S,Gong H, Zhao YC, Guo L, Wang YK, Ma R, et al. Tumor Lysis syn-
drome associated with monoclonal antibodies in patients with multiple
myeloma: a pharmacovigilance study based on the FAERS database. Clin
Pharmacol Ther. 2023;114(1):211-9.

27. ShuYM, Ding YL, Liu LL, Zhang QL. Cardiac adverse events associated
with quetiapine: disproportionality analysis of FDA adverse event report-
ing system. Cns Neurosci Ther. 2023;29(9):2705-16.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Safety of talimogene laherparepvec: a real‐world retrospective pharmacovigilance study based on FDA Adverse Event Reporting System (FAERS)
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design and data sources
	Data extraction and identification
	Statistical analysis

	Results
	Demographics description
	Signal mining analysis at the system organ class level
	Signal mining at the preferred term level
	Comparison of AEs risk between T-VEC in combination with immunotherapy and T-VEC in other drug regimens

	Discussions
	Conclusions
	Acknowledgements
	References


