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PART I
Advances and future directions of T-VEC 
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ABSTRACT

Background
Talimogene Laherparepvec (T-VEC) is a genetically modified herpes simplex type 1 
virus and known as an effective oncolytic immunotherapy for injectable cutaneous, 
subcutaneous and nodal melanoma lesions in stage IIIB-IVM1a patients. This study 
set out to identify prognostic factors for achieving a complete response (CR) that 
can be used to optimize patient selection for T-VEC monotherapy.

Methods
Patients with stage IIIB-IVM1a melanoma, treated with T-VEC at the Netherlands 
Cancer Institute between 2016-12 and 2020-01 with a follow-up time >6 months, 
were included. Data was collected on baseline characteristics, responses and 
adverse events (AEs). Uni- and multivariable analyses were conducted and a 
prediction model was developed to identify prognostic factors associated with 
CR.

Results
A total of 93 patients were included with a median age of 69 years, median 
follow-up time was 16.6 months. As best response, 58 patients (62%) had a CR 
and the overall response rate was 79%. The durable response rate (objective 
response lasting >6 months) was 51%. Grade 1-2 AEs occurred in almost every 
patient. Tumor size, type of metastases, prior treatment with systemic therapy 
and stage (8Th AJCC) were independent prognostic factors for achieving CR. 
The prediction model includes the predictors tumor size, type of metastases 
and number of lesions.

Conclusions
This study shows that intralesional T-VEC monotherapy is able to achieve high 
complete and durable responses. The prediction model shows that use of T-VEC 
in patients with less tumor burden is associated with better outcomes, suggesting 
use earlier in the course of the disease.
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INTRODUCTION

T-VEC is a genetically modified herpes simplex type 1 virus (HSV-1), which is used 
as oncolytic immunotherapy. Since approval by the Food and Drug administration 
(FDA) and the EMA, it is used as intralesional monotherapy for cutaneous, 
subcutaneous and nodal lesions in stage IIIB/C and IVM1a melanoma patients1. 
T-VEC has a dual mechanism of action: a local effect in which it replicates in 
the infiltrated tumor cells thereby causing cell death, as well as a systemic effect 
which induces the patient’s immune response2, 3.

As T-VEC shows only mild side effects, compared to treatment with systemic 
immunotherapy, it has become a popular alternative for patients with early 
metastatic melanoma. The phase III OPTiM trial was the first to show the 
therapeutic benefit of T-VEC with an overall response rate (ORR) of 26%4. 
Subsequently, several real-world studies demonstrated superior results, with 
complete response (CR) rates ranging between 39% and 61.5% 5-7. Response 
rates vary substantially due to differences in patient- and tumor selection and 
the DRR is often not calculated due to a short follow-up time.

Although these outcomes are promising, there is still a group of patients without 
tumor response or even progressing to distant metastases during treatment. 
These patients end treatment with T-VEC and are usually referred to a different 
therapy, i.e. surgery, radiotherapy, systemic therapy or isolated limb perfusion. 
It remains unclear what causes the dissimilarity in response between patients.

In our center, selecting treatment for patients with stage IIIB/C and IVM1a 
disease is performed in a multidisciplinary setting, taking into account various 
characteristics such as age and performance score of the patient, tumor 
characteristics and previous treatments. In order to make such decisions, it is 
convenient to be aware of predictive factors for a complete response. To date, 
several independent factors for response on T-VEC have been reported by 
previous studies, including lesion size, prior treatment with systemic therapy and 
clinical substage. However, more factors might still be unknown and a clinically 
applicable predictive model for the selection of patients for treatment with T-VEC 
is, to our knowledge, still lacking. This could guide both clinicians and patients in 
shared decision making towards their preferred treatment option.

Therefore, the aim of this study was to identify predictive factors for a CR in 
melanoma patients that were treated with T-VEC. We also set out to build a 
prediction model that could be used to predict a CR in patients, allowing for a 
more accurate selection of stage IIIB/C and IVM1a melanoma patients.

2
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PATIENTS AND METHODS

Patients
From January 2017, until June 2020, a total of 128 patients with stage IIIB-D or 
IVM1a melanoma were treated with T-VEC monotherapy at the Netherlands 
Cancer Institute – Antoni van Leeuwenhoek. However, for this study we only 
included patients treated from January 2017 to January 2020, all with a follow-up 
time beyond 6 months from the start of treatment. To be eligible for treatment 
with T-VEC, patients had to have injectable cutaneous, subcutaneous or lymph 
node metastases. This study was performed in accordance with the institutional 
ethical guidelines. A database was prospectively maintained with patient-, tumor- 
and treatment characteristics and follow-up data, obtained from patient records.

T-VEC treatment protocol
The first dose of T-VEC consisted of 106 plaque-forming units (PFU)/ml and all 
doses thereafter consisted of 108 PFU/ml. Treatment with T-VEC required repeat 
administration every 2 weeks, except for the second dose which was administered 
3 weeks after the initial dose. The maximum injection volume per treatment 
session is 4.0 ml and the volume that is injected depends on the size of the 
lesion(s) 8, 9.

Patients were clinically evaluated before each administration: metastatic lesions 
were counted, measured and photographed. For this study, when dividing the 
treated metastases of patients into types, we classified patients with subcutaneous 
as well as cutaneous metastases, as subcutaneous metastases. Likewise, all 
patients with cutaneous and/or subcutaneous as well as lymph node metastases, 
were classified as lymph node metastases. Prior to the start of T-VEC, the HSV 
infection status was determined with a serologic test (IgG). Blood count, lactate 
dehydrogenase (LDH), tumor marker S100B and infection parameters were 
assessed by routine laboratory tests. 3-monthly whole body Positron Emission 
Tomography/Computed Tomography (PET/CT) were performed for response 
evaluation. When a complete response was suspected, histological biopsies of 
the remaining lesions were taken for pathological confirmation.

Data and statistical analyses
Best response rates were divided into four groups according to the World 
Health Organisation criteria and in case of pathological evaluation as described 
by Tetzlaff et al 10, 11. The few patients with stable disease, who showed neither 
response nor progression, were added to the PR group.

ORR was defined as all patients with CR, nearCR or PR as their best response. 
Durable response rate (DRR) was defined the percentage of patients with a 
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CR or PR lasting longer than 6 months continuously and beginning within 12 
months after initiating treatment. Statistical analyses were performed using IBM 
SPSS Statistics 26.0 and R 3.6.1. P-values < 0.05 were considered statistically 
significant. Fisher’s exact test and Mann-Whitney U test were used for comparison 
of categorical and continuous data between and the Mann-Whitney U test was 
used for comparison of continuous data between groups, respectively. The ‘non-
CR’ group included all patients that had a nearCR, PR or PD as their best 
response. Uni- and multivariable analysis was performed by logistic regression to 
identify variables associated with achieving a CR on T-VEC. For all variables, the 
cut-off value that corresponded to the most significant difference in outcome, 
was selected. This also applies for using continuous or categorical variables. 
We generated Kaplan-Meier survival curves to assess progression-free survival 
(duration of time from the commencement of T-VEC, in which the patient 
shows no signs of progression; PFS), overall survival (duration of time from 
the commencement of T-VEC that a patient is still alive; OS) and relapse-free 
survival (duration of time from the cessation of T-VEC, in which the patient 
develops no relapse; RFS). A risk model was developed using predictors that 
were selected on statistical significance and clinical importance. The predictive 
accuracy of the model was assessed through calculation of overall performance, 
discriminative ability and calibration. Overall performance was calculated with 
the Brier score. Discriminative ability was assessed by calculating the area under 
the receiver operating characteristic (ROC) curve. This value can range from 0.5-
1.0, the first indicating no discriminative ability and the latter indicating perfect 
discrimination. For a fair discriminative ability, the value must be above 0.7. The 
model was internally validated through calibration by generating a calibration plot. 
Bootstrapping analyses with 1000 samples was done to internally validate the 
model, thereby reducing the overfit bias. A nomogram is presented as graphical 
representation of the model.

RESULTS

A total of 93 patients, with a median follow-up time of 16.6 months, were included 
in this study. More patients were female (57%) and the median age of all patients 
was 69 years. Most patients had metastases on their extremities (73%) and 
60%, 32%, 8% of patients had 8th AJCC stage IIIC, IIIB, IIID+IVM1a disease, 
respectively.

The median time to best response was 3.9 months (6-7 treatments). Fifty-eight 
patients (62%) had a CR and 3 (3%), 13 (14%) and 19 (20%) had a nearCR, PR 
and PD, respectively, to T-VEC as their best response. The ORR was 79% and 
the DRR was 51%.

2
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Significant differences in distribution of age, melanoma substage, diameter of 
largest metastases, type of metastases and pre-treatment with systemic therapy 
were found between the CR and non-CR group. Baseline characteristic and their 
correlation with CR or non-CR as best response, are summarized in Table 1.

Patients had a median of 8 treatments before cessation of T-VEC therapy. 
All patients with a PR as best response, eventually had to stop treatment with 
T-VEC due to primary or secondary progression (n=29) or insufficient further 
response to T-VEC (n=3). Most patients with PD developed locoregional or 
distant metastases. The majority of these progressive patients were treated with 
checkpoint inhibitors. Of the 61 patients with a CR or nearCR, 28% (n=17) 
developed a relapse during follow-up and most of them were locoregional. Seven 
of these patients had in transit metastases that were re-treated with T-VEC, again 
leading to a CR in five patients (Table 2).

AE were seen in almost all patients. The three most common AE’s were influenza-
like symptoms, such as illness, fatigue and chills. One patient had a serious AE, 
a grade 3 colitis. He was treated with steroids and recovered, after which he 
restarted treatment with T-VEC after missing 4 cycles, without developing further 
sAE’s (Supplementary table).

Univariable and multivariable analyses
Univariable logistic regression analyses indicated that substage according to the 
8th AJCC (IIIC OR 0.23; 95% CI 0.08 – 0.69, p=0.009 and IIID+IVM1a OR 0.15; 
95% CI 0.03 – 0.89, p = 0.037), diameter of the largest metastases (per unit 
increase OR 0.96; 95% CI 0.94 – 0.99, p = 0.002), type of metastases (cutaneous 
OR 17.89; 95% CI 1.92 – 166.78, p = 0.011 and subcutaneous OR 12.53; 95% CI 
1.43 – 109.62, p = 0.022) and pre-treatment with systemic therapy (OR 0.21; 95% 
CI 0.06 – 0.66, p = 0.008) were independent predictors of a CR. Multivariable 
analyses showed that substage (IIIC OR 0.13; 95% CI 0.02 – 0.86. p = 0.034), 
diameter of largest metastases (OR 0.95; 95% CI 0.92 – 0.98, p = 0.002) and 
type of metastases (cutaneous OR 19.41; 95% CI 1.37 – 275.00, p = 0.028) were 
associated with a CR (Table 3).
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Number of patients per 
response

CR Non-CR Total p-value

Sex (%) Female
Male

37 (70)
21 (53)

16 (30)
19 (48)

53
40

0.130

Mean age in years (range) 72 (30 - 90) 65 (35 – 97) 69 (30- 97) 0.044

Elevated S100B at baseline 
(%)

No (<0.10)
Yes (>0.10)

53 (66)
5 (38)

27 (34)
8 (62)

80
13

0.069

HSV status at baseline (%) Positive
Negative
Unknown

40 (68)
15 (50)
3 (75)

19 (32)
15 (50)
1 (25)

59
30
4

0.211

Substage (AJCC 8) (%) IIIB
IIIC
IIID + IVM1a

25 (83)
30 (54)
3 (43)

5 (17)
26 (46)
4 (57)

30
56
7

0.010

Mutation status (%) Wildtype
BRAF mut.
NRAS mut.
Other or 
unknown

8 (53)
22 (55)
14 (70)
14 (70)

7 (47)
18 (45)
6 (30)
4 (22)

15
40
20
18

0.290

Location metastases (%) Extremity
Trunk
Head/neck

43 (63)
8 (62)
7 (58)

25 (37)
5 (38)
5 (42)

68
13
12

0.941

Number of metastases (%) <20 lesions
>20 lesions

48 (66)
10 (50)

25 (34)
10 (50)

73
20

0.206

Mean diameter of the largest 
metastases in mm (range)

14 (0.5 – 65) 29 (5 – 100) 20 (0.5 – 100) 0.001

Type of metastases (%) Cutaneous only
Subcutaneous
Lymph nodes

23 (72)
34 (64)
1 (13)

9 (28)
19 (36)
7 (88)

32
53
8

0.008

Pre-treatment metastases (%)
Radiotherapy

Systemic therapy

Perfusion

Resection (surgery)

No
Yes
No
Yes
No
Yes
No
Yes

56 (63)
2 (50)
53 (68)
5 (31)
42 (60)
16 (70)
3 (60)
55 (63)

33 (37)
2 (50)
24 (31)
11 (69)
28 (40)
7 (30)
2 (40)
33 (38)

89
4
77
16
70
23
5
88

0.630

0.009

0.466

1.000

Mean number of AE per 
patient (range)

4 (0 – 12) 4 (0 – 14) 4 (0 – 14) 0.798

Table 1. Clinical features of 93 patients treated with T-VEC and their correlations with a CR or 
non-CR as best response. The ‘non-CR’ group includes all patients with a nearCR, PR or PD as 
best response. Data are expressed as n (%) unless otherwise specified. The p-values for age, tumor 
diameter and number of AE were determined by Mann–Whitney U tests, while other p values 
were determined by Fisher’s exact test. Bold values indicate statistical significance (p < 0.05). 
Abbreviations: CR: complete response, PR: partial response, PD: progressive disease, HSV: herpes 
simplex virus, AJCC: American Joint Committee on Cancer

2
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Progressive disease or insufficient 
response during/on treatment
(total patients included=93)

Relapse during 
follow-up
(total patients with 
CR or nearCR=61)

N (%) N (%)

Total no. of patients
•	 No. of patients with PD
•	 No. of patients with 

insufficient (locoregional) 
response

32 (34)
29 (32)
3 (3)

17 (18)
-
-

Location
•	 Locoregional
•	 Regional
•	 Distant

12 (13)
7 (8)
13 (14)

11 (12)
2 (2)
4 (4)

Treatment
•	 Surgery
•	 Surgery and adjuvant therapy
•	 Surgery and radiotherapy
•	 Radiotherapy
•	 Checkpoint inhibitors
•	 Targeted therapy
•	 TIL therapy
•	 T-VEC
•	 ILP
•	 No therapy

1 (1)
-
-
3 (3)
19 (20)
4 (4)
2 (2)
-
1 (1)
2 (2)

3 (3)
1 (1)
1 (1)
3 (3)
3 (13)
-
-
6 (7)
-
-

Table 2. Patients with PD or insufficient response during treatment or relapse during follow-up, and 
their following treatment. Abbreviations: CR: complete response, BRAF/MEKi: BRAF/MEK inhibitors, 
TIL; tumor-infiltrating lymphocyte, T-VEC: talimogene laherparepvec; ILP: isolated limb perfusion.
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Univariable 
analyses

Multivariable 
analyses

OR 95 % CI p-value OR 95% CI p-value

Sex (%) Female
Male

1
0.48 0.20 – 1.12 0.090

Mean age in years 
(range)

1.03 1.00 – 1.07 0.050

Elevated S100B at 
baseline (%)

No (<0.10)
Yes (>0.10)

3.14
1

0.94 – 10.53 0.064

HSV status at baseline 
(%)

Positive
Negative
Unknown

2.11
1

0.86 – 5.18 0.105

Substage (AJCC 8) 
(%)

IIIB
IIIC
IIID + IVM1a

1
0.23
0.15

0.08 – 0.69
0.03– 0.89

0.009
0.037

1
0.20
0.33

0.05 – 0.75
0.03 – 3.24

0.017
0.344

Mutation status (%) Wildtype
BRAF mut.
NRAS mut.
Other or 
unknown

1
1.07
2.04
3.06

0.33 – 3.52
0.51 – 8.23
0.68 – 13.79

0.912
0.316
0.145

Location metastases 
(%)

Extremity
Trunk
Head/neck

1
0.93
0.81

0.27 – 3.16
0.23 – 2.84

0.908
0.747

Number of 
metastases (%)

<20
>20

1
0.52 0.19 – 1.42 0.202

Diameter of the 
largest metastases in 
mm (range)

0.96 0.94 – 0.99 0.002 0.95 0.92 – 0.98 0.002

Type of metastases 
(%)

Cutaneous only
Subcutaneous
Lymph nodes

17.89
12.53
1

1.92 – 166.78
1.43 – 109.62
-

0.011
0.022
-

19.41
9.92
1

1.37 – 275.00
0.83 – 118.39
-

0.028
0.070
-

Pre-treatment (%)
Radiotherapy

Systemic therapy

Perfusion

Excision

No
Yes
No
Yes
No
Yes
No
Yes

1
0.59
1
0.21
1
1.52
1
1.11

-
0.08 – 4.38
-
0.06 – 0.66
-
0.56 – 4.18

0.18 – 7.00

-
0.605
-
0.008

0.413

0.911

0.39 0.10 – 1.49 0.167

Number of AE per 
patient

0.96 0.83 – 1.11 0.582

Table 3. Predictive factors for CR, estimated by univariable and multivariable logistic regression 
analyses. Bold values indicate statistical significance (p < 0.05). Abbreviations: OR: odds ratio, HSV: 
herpes simplex virus, AJCC: American Joint Committee on Cancer, AE: adverse event.

2
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Survival
Median PFS was 17 months for all patients. Median PFS was not yet reached in 
the CR group and 4 months in the non-CR group, and the difference between 
these two groups was significant (p < 0.001). Median OS was not reached for 
any group. However, there was a significant difference in median OS between 
the non-CR and CR group (p < 0.001). Median RFS (only for CR and nearCR 
patients) was not yet reached (Figure 1).

A) 

B) 

C) 
Figure 1. A) Kaplan-Meier plot of OS in patients who achieved a CR versus patients who did not 
achieve a CR versus all patients; B) Kaplan-Meier plot of PFS in patients who achieved a CR versus 
patients who did not achieve a CR versus all patients; C) Kaplan-Meier plot of RFS in patients with 
a nearCR or CR as best response.
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Prediction model
A combination of known and statistically significant predictors was used to 
set up a model for predicting CR in patients that were treated with T-VEC. 
These predictors consisted of number of metastases (categorical), diameter of 
largest metastases (continuous) and type of metastases (categorical). Statistically 
significant in this model were: diameter of the largest metastases (per unit increase 
OR 0.96; 95% CI 0.93 – 0.98, p = 0.002) and cutaneous (OR 23.96; 95% CI 2.25 
– 252.94, p = 0.008) or subcutaneous metastases (OR 9.94; 95% CI 1.04 – 95.09, 
p = 0.046). Two statistically significant variables were not included in the model: 
substage, due to high correlation with the variable ‘type of metastases’, and prior 
treatment with systemic therapy, as most of the patients were treatment-naive.

The Brier score of the model was 0.182, indicating an overall good performance. 
The ROC curve had an area under the curve (AUC) of 0.767, which indicated that 
the nomogram had a fair discriminatory capability (Figure 2A). The calibration 
plot, based on internal validation with a bootstrap resampling frequency of 
1000, showed underestimation for predicted probabilities <0.55 and mostly 
overestimation for predicted probabilities >0.55 (Supplementary figure). In order 
to easily estimate the probability of achieving a CR on T-VEC per patient, a 
nomogram is provided in Figure 2B.

2
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A)

B)

Figure 2. A) ROC curve, the area under the curve is 0.767; B) Nomogram of prediction model. 
The probability is calculated by drawing a vertical line from each predictor to the ‘points’ axis. The 
points corresponding to each predictor should then be summed. Subsequently, the sum on the ‘sum 
of points’ axis can be located and vertically projected onto the bottom probability scale. Example: 
Patient with 4 subcutaneous tumor lesions, of which the largest has a diameter of 15mm. Probability 
of achieving a complete response to T-VEC is 70%.
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DISCUSSION

To our knowledge, this real world cohort of patients demonstrates the highest 
CRR and DRR for treatment with T-VEC monotherapy, published to date. 
Moreover, this study is the first to develop and report a prediction model which 
estimates the chance of achieving a CR, based on three easily accessible tumor 
characteristics.

Previous studies that calculated the DRR for T-VEC monotherapy reported 
outcomes of 30% and 40% 6, 12. While these studies included patients with visceral 
disease, all patients in the present study were staged as stage IIIB, IIIC, IIID or 
IVM1a melanoma. The OPTiM trial also showed more pronounced differences 
for patients that were treated with T-VEC compared to GM-CSF: patients with 
stage IIIB or IIIC melanoma had DRR’s of 33% versus 0%, while those of patients 
with stage IVM1b and IVM1c melanoma were 3% versus 4% and 7% versus 3%, 
respectively4. Interestingly, in our current series all patients that achieved CR’s 
or nearCR’s had durable responses.

For the nomogram, we chose to focus fully on tumor characteristics, combining 
known and statistically significant predictors. Three real-world studies, with 
cohorts of varying size, have investigated predictive factors for achieving a CR 
in patients treated with T-VEC and their results were broadly in accordance 
with ours6, 12, 13. Bulky disease was a consistent negative predictive factor for CR 
and overall response, and Zhou et al. reported a significant association with OS 
too12. Bulky disease is often only measured by the maximum lesion diameter, yet 
we believe that number of metastases, although not associated with CR in our 
analyses (neither categorical nor continuous), also contributes to the patient’s 
tumor load. Therefore both factors were added to the model. Our model 
suggests that the patients with a low tumor burden have the highest probability 
of achieving a CR. Thus we may conclude, that T-VEC monotherapy may need to 
be used earlier on in the course of the disease, when tumor lesions are still small. 
This would mean a change in the old dogma to resect small in-transit metastases.

The neo-adjuvant use of T-VEC versus surgery already shows evidence to support 
this change in mindset, as a randomized phase 2 trial of T-VEC + surgical 
resection vs. surgical resection alone showed improved RFS for the combined 
treatment group, suggesting more durable benefit when adding in T-VEC to the 
treatment paradigm 14, 15. At our institute we will shortly commence a single arm 
phase 2 trial, investigating the neo-adjuvant combination of T-VEC + nivolumab 
for patients with resectable in-transit metastases +/- lymph node metastases 
(NIVEC trial, NCT04330430).

2
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This current study is the first to find an association between the different type of 
metastases and the clinical response to T-VEC. We determined that our patients 
with subcutaneous metastases often had a higher tumor burden, because either 
the tumor(s) were larger or patients had more lesions, as this group also included 
those with cutaneous and subcutaneous metastases. The final analyses of the 
OPTiM trial was the first to report that a lower tumor burden was a predictor 
of clinical response16. It is also possible that the different tumor sites (cutaneous 
and subcutaneous) are biologically heterogeneous, leading to aberrant antitumor 
responses. T-cells activated by a specific tumor site, might preferentially migrate 
to the same anatomic site, thereby determining a difference in efficacy of therapy 
17, 18. Thirdly, subcutaneous as well as nodal metastases are less superficial than 
cutaneous metastases and we hypothesize that for the latter, metastasis through 
the lymphatic route or extravasation to distant anatomic sites occurs easier and 
faster, leading to PD. Finally, intratumoral injection directly into subcutaneous 
and nodal metastases is sometimes more difficult to achieve, although guidance 
by ultrasound already makes this less challenging.

Patients that were treated with systemic therapy prior to treatment with T-VEC 
had worse outcomes in our study. This could be the result of the tumor having 
the opportunity to grow over time in those with insufficient response to prior 
systemic therapy (e.g. anti-PD1). However, as most of our patients started T-VEC 
for newly developed lesions, it is more likely that their tumors had the time to 
develop immunologic escape mechanisms or had a low cell proliferative rate, 
which is shown to be linked to a less successful viral growth 19, 20. Nevertheless, 
combination studies investigating concurrent use of T-VEC and systemic 
immunotherapies are currently under investigation. In a phase 1b study, Ribas 
et al. discovered a potential synergistic effect when combining pembrolizumab 
and T-VEC, resulting in clinical outcomes beyond what would be expected with 
either therapy alone21 . The phase III sequel is still ongoing (Masterkey 265, 
NCT02263508), but a phase II study evaluating ipilimumab + T-VEC has already 
found a greater antitumor effect for the combination than ipilimumab alone, 
in injected as well as noninjected lesions 22. It seems that the enhancement 
of antitumor response, leading to greater antitumor activity, only occurs when 
the therapies are given simultaneously. Most of our patients with a PR as best 
response, developed distant metastases during treatment and were forced to 
switch therapy. Especially for these patients, an improved systemic response, 
induced by combination therapy, might be the solution for a better outcome.

Although this study shows useful results, it is monocentric and limited by the 
relatively small patient cohort with limited follow-up. A larger independent 
cohort is needed, preferably multi-center, whereby the prediction model can 
be externally validated and possibly incorporate more (continuous) predictive 
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factors. Although our model was internally validated by bootstrap method, 
cautious conclusions should be drawn when using the model and only external 
validation will ensure accurate use by clinicians.

In conclusion, this study demonstrates high response rates and four predictive 
factors for achieving a CR in patients with early metastatic melanoma. We 
developed a prediction model, which can be used to select patients for treatment 
with T-VEC. In general, patients with a low tumor burden have the best outcomes, 
suggesting T-VEC should perhaps be used earlier on in the course of the disease.

2
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SUPPLEMENTARY MATERIAL

Grade 1
N (%)

Grade 2
N (%)

Grade 3
N (%)

Influenza-like illness 53 (57) 2 (2) -

Fatigue 46 (50) - -

Chills 39 (42) - -

Pyrexia 30 (32) 3 (3) -

Injection site pain 26 (28) 1 (1) -

Headache 18 (19) 1 (1) -

Injection site erythema 18 (19) - -

Nausea 18 (19) - -

Decreased appetite 15 (16) - -

Injection site pruritus 15 (16) - -

Myalgia 13 (14) - -

Peripheral edema 12 (13) - -

Pain extremity 9 (10) - -

Diarrhea 9 (10) - -

Dizziness 8 ( 9) - -

Cough 6 (7) - -

Arthralgia 4 (4) - -

HSV cold sore 3 (3)

Dyspnea 3 (3) - -

Vomiting 3 (3) - -

Cellulitis 1 (1) 1 (1) -

Colitis - - 1 (1)

Supplementary table 1. Adverse events
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