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Abstract 

Background  The efficacy and safety of oncolytic virotherapies in the treatment of advanced melanoma still remains 
controversal. It is necessary to conduct quantitative evaluation on the basis of preclinical trial reports.

Methods  Publicly available databases (PubMed, Embase, Medline, Web of Science and Cochrane Library.) and reg-
ister (Clinicaltrials.gov) were searched to collect treatment outcomes of oncolytic virotherapies (including herpes 
simplex virus type 1 (HSV), coxsackievirus A21 (CVA21), adenovirus, poxvirus and reovirus) for advanced/unresectable 
melanoma. Comparisons of treatment response, adverse events (AEs) and survival analyses for different virotherapies 
were performed by R software based on the extracted data from eligible studies.

Results  Finally, thirty-four eligible studies were analysed and HSV virotherapy had the highest average complete 
response (CR, 24.8%) and HSV had a slightly higher average overall response rate (ORR) than CVA21 (43.8% vs 42.6%). 
In the pooled results of comparing talimogene laherparepve (T-VEC) with or without GM-CSF/ICIs (immune check-
point inhibitors) to GM-CSF/ICIs monotherapy suggested virotherapy was more efficient in subgroups CR (RR = 1.80, 
95% CI [1.30; 2.51], P < 0.01), ORR (RR = 1.17, 95% CI [1.02; 1.34], P < 0.05), and DCR (RR = 1.27, 95% CI [1.15; 1.40], 
P < 0.01). In patients treated with T-VEC+ICIs, 2-year overall survival (12.1 ± 6.9 months) and progression-free survival 
(9.9 ± 6.9) were significantly longer than those treated with T-VEC alone. Furthermore, we found that AEs occurred fre-
quently in virotherapy but decreased in a large cohort of enrolled patients, some of which, such as abdominal disten-
sion/pain, injection site pain and pruritus, were found to be positively associated with disease progression in patients 
treated with T-VEC monotherapy.

Conclusion  Given the relative safety and tolerability of oncolytic viruses, and the lack of reports of dose-limiting-
dependent toxicities, more patients treated with T-VEC with or without ICIs should be added to future assessment 
analyses. There is still a long way to go before it can be used as a first-line therapy for patients with advanced or unre-
sectable melanoma.
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Progression-free survival
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Introduction
Patients with advanced melanoma had a poor prognosis 
with surgery and chemotherapy, until immune check-
point inhibitors (ICIs) made breakthroughs in tumor 
regression and long-term durable cancer control [1–3]. 
However, occurrence of immune-related adverse events 
and a cold tumor microenvironment result in poor 
response and drug resistance over time [4]. Therefore, 
the induction of “cold tumors” into “hot tumors” has 
become the target of the next generation of antitumour 
therapy [5, 6]. Oncolytic viruses (OVs), which stimulate 
host antitumour immunity by preferentially replicat-
ing in tumor cells and forming a hot tumor environ-
ment, are a highly favorable tumor therapy strategy for 
patients with poor response to ICIs [7, 8]. Since viro-
therapy with talimogene laherparepvec (T-VEC) was 
approved for use in the United States and Europe, it 
has been explored in preclinical treatment studies for 
advanced/unresectable melanoma for nearly a decade 
[9–11]. Numerous clinical trials in advanced mela-
noma have evaluated the efficacy of T-VEC and other 
novel OVs (e.g. reovirus, poxvirus, etc.) in combina-
tion with immunosuppressants, including ipilimumab, 
nivolumab, and pembrolizumab [12–14]. There have 
been several reviews on the efficacy evaluation of viro-
therapy for advanced or metastatic melanoma [15–17], 
however, the quantitative evaluation of different onco-
lytic virotherapies has not been reported. Therefore, on 
the basis of data on treatment response, adverse events 
and survival, this study conducted a systematic meta-
analysis to evaluate the efficacy and safety of different 
OVs and to promote our understanding of virotherapies 
in advanced melanoma.

Materials and methods
Searching strategies
We searched the following databases from January 1, 
2000 to December 31, 2022: PubMed, Embase, Medline, 
Web of Science, Cochrane Library and online Clinical-
trials.gov. The keywords used in the search included 
“oncolytic virus”, “advanced/metastatic/unresectable 
melanoma”, “adverse event”, “overall survival”, “talimo-
gene laherparepvec”, “herpesvirus”, “reovirus”, “cox-
sackievirus”, “poxvirus” and “adenovirus”. For example, 
the search formulas were ((oncolytic virus [Title/
Abstract]) OR (talimogene laherparepvec) OR (poxvi-
rus) OR (herpesvirus) OR (reovirus) OR (coxsackievi-
rus)) AND ((advance melanoma [Title/Abstract]) OR 
(metastatic melanoma)), ((virotherapy [Title/Abstract]) 
AND (melanoma [Title/Abstract])) AND ((adverse 
event [Title/Abstract]) OR (overall survival [Title/
Abstract])).

Inclusion and exclusion criteria
Inclusion criteria: (a) The recruited patients have 
unresectable, advanced or metastatic melanoma; (b) 
The virotherapies are limited to human herpes sim-
plex virus type 1 (HSV), coxsackievirus A21 (CVA21), 
reovirus, adenovirus and poxvirus; (c) The treatment 
responses were assessed by the response evaluation 
criteria for solid tumors (RECIST), including complete 
response (CR), partial response (PR), stable disease 
(SD), progressive disease (PD) and adverse events (AEs) 
(optional); (d) The study types are limited to clinical tri-
als, retrospective or randomized control trials (RCTs); 
(e) The study design described detailed treatment 
procedures.

Exclusion criteria: (a) Patients suffer from active cer-
ebral, bone, or any more than 3 visceral metastases; (b) 
The recruited patients had an early stage (I-II) of the 
disease; (c) The recruited patients were younger than 
18 years of age; (d) Data and results have been reported 
in previous studies; (e) Clinical trials are ongoing, and 
the results there are not yet available; (f ) Animal stud-
ies and in vitro studies.

Data collection
Three staff members (CY.W, NX.L and L.Y) were inde-
pendently involved in data extraction and rectification, 
including database retrieval, duplicate examination 
and treatment endpoint recording. Subsequently, full-
text publications and registers were reviewed against 
eligibility criteria and differences were resolved by 
discussion and mutual consent with the two investiga-
tors (CY.W and NX.L). For eligible studies, the follow-
ing were extracted independently by two researchers 
(NX.L and L.Y) using the same format table: name of 
first author, year of publication, age (mean/range) of 
enrolled patients, phase of clinical trial, treatment 
arms of study, viral family of OV, and administration of 
study drug. Survival data of enrolled patients could not 
be obtained directly from the original studies. There-
fore, we used the Engauge Digitizer tool (version 12.1, 
https://​github.​com/​marku​mmitc​hell/​engau​ge-​digit​izer) 
to digitize the overall survival (OS) and progression-
free survival (PFS) curves provided in the publications. 
All curves were then redrawn and compared in the OS 
or PFS composite graphs.

Quality assessment
The quality assessment of RCTs was evaluated by two 
researchers (NX.L and Y.L) using the Cochrane Col-
laboration’s tool [18], including seven items. Each item 
consists of three risk levels: low, high and unclear. 
Other studies were evaluated with 8 items of the scale 

https://github.com/markummitchell/engauge-digitizer
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of methodological index for non-randomized stud-
ies [19]. Details of the quality assessment results were 
attached to the Additional file 3.

Statistical analysis
All statistical analyses were conducted by R software 
(version 4.1.3, Copyright (C) 2022 The R Foundation for 
Statistical Computing). The combination method for 
single-sample proportions follows the guidance in the R 
package meta (version 5.2.0) described by Balduzzi [20]. 
The overall response rate (ORR) and disease control rate 
(DCR) were calculated based on the events of CR, PR and 
SD: ORR = CR+PR and DCR = ORR+SD. The relation-
ship between treatment response and AEs was calculated 
by the Pearson correlation test. In single-arm studies, 
Freeman-Tukey Double arcsine transformation was used 
to polled an overall inverse-variance (IV). In binary data 
of some multi-arm studies, the IV method was used to 
combine and compare the estimated effect sizes. The risk 
ratio (RR) and P value less than 0.05 were used as the cri-
teria of significance.

Results
Basic information of included studies
According to the flow diagram of databases and regis-
ters retrieval and screening described in PRISMA(2020) 
[21] (Additional file  1: Fig. S1). Finally, 21 clinical trials 
(Table  1) (4 of which did not provide publications [22–
25]) and 10 other studies [13, 14, 26–33] were included 
in this analysis. Clinical trials of NCT02263508 [34, 
35], NCT00769704 [36, 37] and NCT01740297 [38, 39] 
reported conclusions twice with different sample sizes 
until completion. Six of these clinical trials [40–45] did 
not post results on ClinicalTrials.org at the time of com-
pletion of this study (Table  1). A total of 2,710 patient 
records were used to assess the efficacy and safety of 
virotherapies.

Efficacy
Changes in response to virotherapies
Correlation test results showed that there were no signifi-
cant changes in CR, PR, SD, PD, ORR, DCR or DRR from 
2003 to 2022 (Fig. 1A). Meanwhile, their R values were all 
less than 0.3. Interestingly, the mean DCR values for viro-
therapies CVA21 and HSV were the same (62.2%), and 
the ORR of HSV was slightly greater than that of CVA21 
(43.8% vs 42.6%) (Fig. 1B). Among the five kinds of onco-
lytic viruses, HSV had the highest mean CR (24.8%). For 
the endpoint of PD, the mean value of virotherapy for 
poxvirus was the highest (47.4%), followed by adenovirus 
(31.5%). In addition, the Wilcoxon-test was performed 
for difference in CR+PR (Fig. 1C) according to the phase 
and virotherapy of clinical trials. Significant results were 

found in phase II versus Ib (P = 0.031), HSV versus reo-
virus (P = 0.0036) and HSV versus poxvirus (P = 0.011). 
However, no significant difference was found when the 
same test method was performed for CR+PR+SD.

In the fixed model of different virotherapies (Addi-
tional file 2: Table S1), the ORR of HSV (IV = 0.18, 95% 
CI [0.16; 0.19]) and CVA21 (IV = 0.19, 95% CI [0.10; 
0.30]) were nearly 3-, 9-, and 18-fold that of adenovirus 
(IV = 0.06; 95% CI [0.00; 0.22]), poxvirus (IV = 0.02; 95% 
CI [0.00; 0.14]) and reovirus (IV = 0.01; 95% CI [0.00; 
0.04]), respectively.

In the pooled IV of the fixed model of HSV (T-VEC) 
and HSV+(T-VEC+ICIs) (Additional file 2: Table S2), the 
ORR of HSV (IV = 0.36, 95% CI [0.34; 0.39]) was lower 
than that of HSV+(IV = 0.43, 95% CI [0.39; 0.47]), while 
the CR of HSV (IV = 0.19, 95% CI [0.17; 0.21]) was higher 
than that of HSV+(IV = 0.15, 95% CI [0.12; 0.18]). There 
were no significant differences among the paired treat-
ment response groups.

In the pooled IV of fixed model results from five stud-
ies [24, 34, 36–38], the two arms compared T-VEC with 
or without GM-CSF/ICIs to GM-CSF/ICIs monotherapy, 
suggesting that virotherapy is more efficient in the sub-
groups CR (RR = 1.80, 95% CI [1.30; 2.51], P < 0.01), ORR 
(RR = 1.17, 95% CI [1.02; 1.34], P < 0.05), DCR (RR = 1.27, 
95% CI [1.15; 1.40], P < 0.01) and DRR (RR = 5.48, 95% CI 
[2.13; 14.05], P < 0.01) (Additional file  1: Fig. S2, Addi-
tional file 2: Table S3).

Survival
As shown in Fig.  2, in the combined Kaplan–Meier 
curves of OS or PFS, virotherapy with HSV showed the 
best therapeutic results. The mean OS at 1-year of HSV, 
CVA21, reovirus and adenovirus were 6.8 ± 3.6, 6.9 ± 3.4, 
6.3 ± 4.0 and 4.8 ± 3.6  months, respectively. The corre-
sponding mean proportions were 88.4 ± 9.2, 88.2 ± 8.0, 
61.5 ± 26.7 and 65.1 ± 23.2. The mean OS at 2-year of 
HSV, CVA21, reovirus and adenovirus were 11.7 ± 6.8, 
10.8 ± 6.2, 9.6 ± 6.4 and 9.2 ± 7.4  months, respectively. 
The corresponding mean proportions of them were 
81.6 ± 14.2, 79.4 ± 14.4, 50.3 ± 29.7 and 55.2 ± 25.1, respec-
tively. There was a significant difference (P < 0.001) in the 
results of the Wilcoxon-test between every two groups of 
them (top-right of Fig. 2A).

The mean PFS at 1-year of HSV, CVA21 and reovirus 
were 5.6 ± 3.5, 6.0 ± 3.9 and 3.9 ± 3.4  months, respec-
tively. The corresponding mean proportions of them 
were 69.8 ± 17.8, 58.5 ± 21.6 and 54.5 ± 28.1, respectively. 
The mean PFS at 2-year of HSV, CVA21 and reovirus 
were 9.9 ± 6.9, 9.6 ± 6.2 and 6.1 ± 6.1 months, respectively. 
The corresponding mean proportions of them were 
62.3 ± 18.8, 43.5 ± 28.1 and 47.7 ± 30.5, respectively. There 
was a significant difference (P < 0.001) in the results of the 
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Fig. 1  The comparison of therapeutic efficacy with oncolytic virotherapy in the treatment of advance melanoma in recent decades. A Changes 
of treatment response over time 2000 to 2022. The size of dots was weighted by the number of events. The local regression fitting line with 95% 
confidence region was drawn according to the changes of time (x) and ratio (y). B Comparison of the average treatment response in different 
oncolytic virotherapy. C Wilcoxon-test of changes in ORR grouped by clinical trials phase (left) and oncolytic virotherapy (right). (HSV Herpes simplex 
virus, CVA21 Coxsackievirus A21, CR Complete response, PR Partial response, SD Stable disease, PD Progressive disease, DCR Disease control rate, DRR 
Durable response rate, ORR Overall/objective response rate, AE Adverse effect, DCR = CR+PR+SD, ORR = CR+PR. Notes in Fig. 2B: Due to multiple 
studies have different observations and events. The sum of the proportions in a single pie chart does not equal to 100%.)
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Wilcoxon-test between every two groups of them (top-
right of Fig. 2B).

In studies treated with T-VEC + ICIs (Fig. 2C, HSV +), 
the mean OS at 1-year was 6.9 ± 3.7  months and was 
not significantly longer than the 6.8 ± 3.6  months with 
T-VEC alone (P = 0.11). The mean OS at 2-year was 
12.1 ± 6.9  months and was significantly longer than the 
11.5 ± 6.8  months with T-VEC alone (P < 0.001). Simi-
larly, there was no significant difference in PFS between 

HSV+ and HSV at 1-year (P = 0.09), while there was a sig-
nificant difference in PFS at 2-year (P = 0.006) (Fig. 2D).

Safety
In addition to the difference in efficacy of different viro-
therapies, AEs are one of the major factors leading to 
treatment ineffectiveness. Although AEs frequently 
occur in virotherapy, their incidence is reduced in a large 
cohort of enrolled patients (Fig. 3A, R = − 0.32, P < 0.001). 

Fig. 2  The combined Kaplan–Meier curves of OS or PFS plots. A, B. The comparison results of combined OS A and PFS B curves of different 
oncolytic virotherapies in included studies. C, D. The comparison results of HSV(T-VEC) and HSV + (T-VEC+ICIs) in OS C and PFS D, respectively. The 
Wilcoxon-test comparison results of 2-year median times were placed in the upper-right corner of each graph
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The heatmap in Fig. 3B shows the most common AE fre-
quencies for each virotherapy. The top six most common 
AEs were fatigue, chills, nausea, diarrhoea, headache and 
myalgia. All types of AEs were detailed in supplementary 
Figure S3 (Additional file  1). For the top six AEs in the 
T-VEC group compared with the control group (Addi-
tional file 1: Fig. S4, Additional file  2: Table S4), the RR 
of fatigue was 1.44 (95% CI [1.24; 1.66], P < 0.01), the RR 
of chills was 5.78 (95% CI [4.06; 8.23], P < 0.01), the RR 
of nausea was 1.59 (95% CI [1.30; 1.94], P < 0.01), the RR 
of headache was 1.57 (95% CI [1.22; 2.02], P < 0.01) and 
the RR of myalgia was 2.48 (95% CI [1.62; 3.81], P < 0.01). 
As shown in Fig. 3C, most AEs occurred in general disor-
ders, gastrointestinal disorders, and musculoskeletal and 
connective tissue disorders.

However, there was no significant difference between 
the T-VEC and control groups in serious adverse events 
(SAEs), such as anaemia, pyrexia, sepsis, dyspnoea, pneu-
monia and abdominal distension/pain (Additional file 1: 
Figure S5, Additional file  2: Table  S4). In addition, the 
incidence of SAEs decreased dramatically as the num-
ber of enrolled patients increased (Fig.  3D, R = −  0.75, 
P < 0.01). The heatmap in Fig.  3E shows the most com-
mon SAE frequencies for each virotherapy. Most SAEs 
occurred in neoplasms, general disorders, and infections 
and infestations (Fig. 3F). All types of SAEs were detailed 
in supplementary Figure S6 (Additional file 1).

Efficacy and safety
The association between efficacy and safety of T-VEC 
monotherapy or T-VEC+ICIs was showed in Fig. 4A. In 
T-VEC monotherapy, abdominal distension/pain, injec-
tion site pain and pruritus were significantly positively 
correlated with PD, and decreased appetite was signifi-
cantly positively correlated with ORR. In T-VEC+ICIs 
therapy, chill was significantly positively correlated with 
CR but negatively correlated with DCR.

In the organ-system classification of AEs treated with 
T-VEC (Fig. 4B), blood and lymphatic system disorders, 
skin and subcutaneous tissue disorders were significantly 
negatively correlated with CR and ORR. Gastrointestinal 
disorders, general disorders, infections and infestations, 
nervous system disorders, vascular disorders, ear and 
labyrinth disorders, and investigations were significantly 

positively correlated with PD. In treatment with 
T-VEC+ICIs, respiratory, thoracic and mediastinal dis-
orders, musculoskeletal and connective tissue disorders, 
and nervous system disorders were significantly posi-
tively correlated with SD but were significantly negatively 
correlated with PR. General disorders were significantly 
positively correlated with CR and negatively correlated 
with DCR.

Discussion
In this study, 34 studies including 2,710 records were 
used for the first time to evaluate the efficacy and safety 
of five oncolytic viruses in the treatment of advanced 
melanoma. Patients treated with HSV and CVA21 
showed similar high efficacy in terms of DCR and ORR, 
while other virotherapies showed poorer outcomes. 
Compared with other virotherapies, HSV treatment sig-
nificantly extended OS and PFS. In particular, patients 
treated with T-VEC+ICIs had significantly longer OS and 
PFS than those treated with T-VEC monotherapy. There-
fore, encoding the blockade function of ICIs into OVs 
will be more effective than combination therapy, which 
has achieved significant efficacy in preclinical models [51, 
52].

Cancer therapy has entered a new era since the discov-
ery of the oncolytic potential of viruses such as T-VEC, 
a human herpes simplex virus type 1, which is modi-
fied to selectively replicate and secrete human granulo-
cyte–macrophage colony-stimulating factor (GM-CSF) 
in tumor cells, resulting in activation of the immune 
response and killing of the infected target [53]. This prop-
erty limits antitumour effects within the tumor microen-
vironment and avoids ineffective treatment due to drug 
resistance to ICIs and the restrictiveness of gene muta-
tions [2, 54]. For example, in an open-label, multicentre 
study of patients with BRAF mutated metastatic mela-
noma treated with vemurafenib, only 90 (3.3%) patients 
endured CR, and 829 (30.6%) patients endured PR [55]. 
While in a randomized study of advanced melanoma 
patients treated with T-VEC, patients with mutant BRAF 
occurred CR in 5 (10.9%) and PR in 9 (19.6%) patients, 
and patients with wild-type BRAF occurred CR in 5 
(11.1%) and PR in 9 (20.0%) patients [36]. In another 
phase II, open-label, multicentre study of T-VEC in 

Fig. 3  Incidence and frequency of (serious) adverse events of virotherapies. A, D. Trends in the incidence of common A or serious D adverse events. 
The size of dots was weighted by the square root of number of events. The local regression fitting line with 95% confidence region in the main 
scatter plot was drawn according to the changes of incidence (x) and total recruitment (y), while in the subplot (upper-right) was drawn according 
to the changes of incidence (x) and total events (y). B, E. Distribution of frequently common (B) or serious (E) adverse events in the five kinds 
of virotherapies. The complete distribution results were attached to supplementary figures S3 and S6, respectively. C, F. Weighted ratios of common 
(C) or serious (F) adverse events in different organ-system

(See figure on next page.)
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Fig. 3  (See legend on previous page.)
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patients with stage IIIB-IVM1c melanoma, the ORR of 
mutant BRAF was 10 (25%) patients, and that of wild-
type BRAF was 20 (29%) patients [9].

Treatment response is a double-edged sword. To some 
extent, a high treatment response corresponds to more 
AEs, especially high-dose-dependent AEs, which may 
lead to cancer treatment termination and failure. In this 
study, treatment-related AEs such as nausea, fatigue and 
myalgia were more common in patients treated with 
T-VEC (+ ICIs) than GM-CSF/ICIs. In the randomized 
phase III trial OPTiM [36] included in this study, the 
ORR of T-VEC monotherapy (31.5%) was higher than 
that of GM-CSF (6.4%) alone, and AEs occurred in 11.3% 
of patients treated with T-VEC and 4.7% of patients 
treated with GM-CSF. In another randomized, double-
blind phase III trial, MASTERKEY-265 [35], the ORR of 
combination therapy T-VEC+ pembrolizumab (48.6%) 
was higher than that of placebo+pembrolizumab (41.3%). 
Meanwhile, the incidence of grade > 3 treatment-related 
AEs was 20.3% and 15.7%, respectively, and the inci-
dence of fatal AEs was 13.1% and 12.2%, respectively. 
Furthermore, no dose-limiting toxicity of T-VEC has 
been reported in advanced melanoma. The safety and tol-
erability of T-VEC make it a good treatment option for 
patients with advanced or unresectable melanoma and 
those unable to tolerate other treatment toxicities.

Prolonging (progression-free) survival is the primary 
goal of treatment for patients with advanced mela-
noma. In current study, T-VEC with or without ICIs 
had a significantly longer OS at 2-year than other types 
of OVs, and T-VEC+ICIs was superior to T-VEC alone. 
This superior outcome was also observed in 2-year 
PFS for T-VEC+ICIs compared to other OVs, but 
there was no significant superiority to T-VEC alone at 
1-year. Interestingly, in two randomized phase III tri-
als, OPTiM [36] and MASTERKEY-265 [35], no sig-
nificant difference in OS/PFS was found in T-VEC 
versus GM-CSF and T-VEC+pembrolizumab versus 
placebo+pembrolizumab. In the OS of the OPTiM study, 
T-VEC was found to be superior to GM-CSF only after 
the removal of 18 patients who had not received allo-
cated therapy, and patients treated with T-VEC as first-
line therapy were superior to those treated with T-VEC 
as second-line therapy. In the staging subsets, T-VEC was 

superior to GM-CSF in patients with IIIB-IVM1a but not 
in patients with IVMIb/c.

Although virotherapy appears to be more effective in 
treating advanced melanoma, there are still some factors 
that need to be considered before a leap in efficacy can be 
made. Differences in viral injection volume and the time 
to peak may result in a delay in the initial response, mak-
ing it difficult to distinguish false responses from true 
responses and to decide whether to continue treatment 
[56]. Furthermore, there is evidence that truly respon-
sive tumors have a “mimicry” of presence with persistent 
pigmentation, which is in fact an inflammatory infiltrate 
enriched in melanophages, with no viable tumor cells 
remaining [57]. This will result in melanoma-specific 
markers and tissue staining that make it difficult to dis-
tinguish between true and false tumor tissue, adversely 
affecting the manipulation and injection of technicians 
and affecting viral transmission and optimal tumor per-
fusion [58]. The host’s ability to defend against the virus 
and the presence of antibodies that neutralize the virus 
are potential mechanisms of resistance and a robust 
immune response elicited by the virus that may clear the 
virus, thereby limiting the activity of virotherapy [59].

The limitation of this study is that injection methods 
(such as intratumoral and intravenous) may contrib-
ute to the heterogeneity in efficacy assessment. The lack 
of data on patients who withdrew or changed treat-
ment due to AEs may have influenced the results of this 
study. More studies of other rarely used virotherapies 
(such as CVA21) need to be included in future updated 
assessments.

Conclusion
Considering the relative safety and tolerability of OVs 
and the absence of reports of dose-limiting-dependent 
toxicities, more patients treated with T-VEC with or 
without ICIs should be added to future assessment analy-
ses. There is still a long way to go before it can be used 
as a first-line therapy for patients with advanced or unre-
sectable melanoma.

(See figure on next page.)
Fig. 4  Association between treatment responses and adverse events (AEs). A. Correlation test between treatment responses and 30 common 
AEs for treatments T-VEC and T-VEC+ICIs. B. Correlation test between treatment responses and organ-system classification of AEs for treatments 
T-VEC and T-VEC+ICIs. The positive and negative correlation coefficients are represented by red and blue saturated colors, respectively. The size 
of the square responds to the strength of correlation between 0 and 1. (DRR Durable response rate, SD Stable disease. CR Complete response, PR 
Partial response, PD Progression disease, DCR Disease control rate, ORR Overall response rate, ICIs Immune checkpoint inhibitors. * < 0.05, ** < 0.01, 
*** < 0.001)
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Fig. 4  (See legend on previous page.)
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Abbreviations
HSV	� Herpes simplex virus
CVA21	� Coxsackievirus A21
CR	� Complete response
PR	� Partial response
SD	� Stable disease
PD	� Progressive disease
DCR	� Disease control rate
DRR	� Durable response rate
ORR	� Overall/objective response rate
AE	� Adverse effect
DCR	� CR+PR+SD
ORR	� CR+PR
T-VEC	� Talimogene laherparepvec
GM-CSF	� Granulocyte macrophage colony-stimulating factor
OS	� Overall survival
PFS	� Progression-free survival
AE	� Adverse events
PFU	� Plaque forming units
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