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Abstract

Background: Trials investigating neoadjuvant treatment with immune checkpoint inhibitors (ICl) in patients with
melanoma have shown high clinical and pathologic response rates. Treatment with talimogene laherparepvec
(T-VEC), a modified herpes simplex virus type-1 (HSV-1), is approved for patients with unresectable stage lIB-IVM1a
melanoma and has the potential to make tumors more susceptible for ICl. Combination ICl and intralesional T-VEC has
already been investigated in patients with unresectable stage IlIB-IV disease, however, no data is available yet on the
potential benefit of this combination therapy in neoadjuvant setting.

Methods: This single center, single arm, phase Il study aims to show an improved major pathologic complete
response (pCR) rate, either pCR or near-pCR, up to 45% in 24 patients with resectable stage llIB-IVM1a melanoma
upon neoadjuvant combination treatment with intralesional T-VEC and systemic nivolumab (anti-PD-1 antibody).
Patients will receive four courses of T-VEC up to 4 mL (first dose as seroconversion dose) and three doses of nivolumab
(240 mg flatdose) every 2 weeks, followed by surgical resection in week nine. The primary endpoint of this trial is
pathologic response rate. Secondary endpoints are safety, the rate of delay of surgery and event-free survival. Addi-
tionally, prognostic and predictive biomarker research and health-related quality of life evaluation will be performed.

Discussion: Intralesional T-VEC has the capacity to heighten the immune response and to elicit an abscopal effect
in melanoma in combination with ICl. However, the potential clinical benefit of T-VEC plus ICl in the neocadjuvant
setting remains unknown. This is the first trial investigating the efficacy and safety of neoadjuvant treatment of T-VEC
and nivolumab followed by surgical resection in patients with stage lIB-IVM1a melanoma, with the potential of high
pathologic response rates and acceptable toxicity.
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Background

The worldwide incidence of melanoma is still increas-
ing and accounted for more than 57.000 deaths in 2020
[1]. The prognosis of patients is clearly correlated with
disease stage, but since the introduction of the current
standard systemic treatments comprising targeted ther-
apies and immune checkpoint inhibitors (ICI), 5-year
overall survival (OS) rates up to 50% have been reached
in patients with unresectable stage IIIC-IV melanoma
in clinical trials [2, 3]. For patients with high-risk stage
IIIB, IIIC, IIID (AJCC 8th edition) melanoma, the prog-
nosis is slightly better, with 5-year OS rates of 83, 69 and
32% respectively, although it must be noted that this is
prior to effective adjuvant therapy becoming available
[4]. Adjuvant targeted therapy or ICI has shown major
improvements in relapse-free survival (RFS) in patients
with resectable stage III or IV melanoma [5-8] and is
currently standard of care.

Next to the currently available systemic therapies for
patients with advanced melanoma, local oncolytic viral
immunotherapy with talimogene laherparepvec (T-VEC)
has been approved for the treatment of patients with
unresectable stage IIIB-IVM1a melanoma with cutane-
ous, subcutaneous or nodal metastases [9]. T-VEC, a
modified herpes simplex virus type-1 (HSV-1), is admin-
istered intralesionally and resulted in high and durable
response rates with a mild toxicity profile, consisting
mostly of fatigue and influenza-like symptoms, con-
firmed in real-world setting [10-12]. However, there is
still a group of patients that has no (durable) benefit upon
these currently approved systemic and local treatment
options.

A possible way to overcome this resistance to therapy is
combination of treatments. Although single agent T-VEC
has already proven its efficacy, evidence is also emerging
that combination of T-VEC with ICI could have an addi-
tive anti-tumor effect. This is demonstrated by two clini-
cal trials treating patients with unresectable stage IIIB-IV
melanoma with T-VEC in combination with either ipili-
mumab, an anti-CTLA-4 antibody, or pembrolizumab,
an anti-PD-1 antibody, reaching objective response rates
of 39% [13] and 62% [14] respectively. In both trials, the
responses were not limited to the injected lesions, sug-
gesting an abscopal effect of T-VEC in combination with

ICL In the phase Ib trial by Ribas et al. [14], 21 patients
with unresectable stage IIIB-IV cutaneous melanoma
were treated with intralesional T-VEC and systemic pem-
brolizumab. The majority of patients showed increases in
circulating CD4% and CD8" T cells after T-VEC alone,
with no significant further increase after pembrolizumab
administration. Additionally, increases in CD8% T cells,
IEN-y gene and PD-L1 protein expression were seen
within the tumors of responding patients treated with
T-VEC and pembrolizumab compared to baseline. These
changes in the tumor microenvironment have also been
observed by multiple other preclinical and clinical trials
[15-17], indicating that T-VEC is able to heighten the
immune response and turn an immune desolate “cold”
tumor into an immunogenic “hot” tumor, making the
tumor more susceptible to ICI treatment. Although the
clinical benefit of the combination of T-VEC and pem-
brolizumab compared to single agent pembrolizumab in
patients with unresectable stage IIIB-IVc was not con-
firmed in the recent phase III trial by Ribas et al. (2021),
progression-free survival did seem to be improved in the
combination treatment arm and patients with few sites
of disease tended to have a better response upon treat-
ment [18], still suggesting a heightened immune response
in this patient population. In the previous trials no dose-
limiting or novel adverse events (AE) were observed,
indicating that combination treatment with T-VEC and
ICI can be administered safely to possibly overcome
tumor resistance.

Aside from the type of treatment, there is increasing
evidence that the timing of the given therapies also plays
a key role in the chances of a tumor response [19]. Neo-
adjuvant therapy, administered prior to surgery, could
result in a broader tumor-specific T cell response com-
pared to adjuvant treatment, downsizing of the tumor
leading to less extensive surgery, and usage of the path-
ologic response for fitted (adjuvant) therapy [19, 20].
The benefit of neoadjuvant ICI has been investigated in
multiple clinical trials, resulting in high pathologic com-
plete response (pCR) rates of 25-80% [21-24]. Recently,
the role of neoadjuvant T-VEC in resectable stage IIIB-
IVMla melanoma has been investigated by Dummer
et al. [25] in a randomized study of single agent T-VEC
followed by surgery, compared to surgery alone. This trial



https://www.clinicaltrialsregister.eu/ctr-search/search?query=2019-001911-22
https://clinicaltrials.gov/ct2/show/NCT04330430

Rohaan et al. BMC Cancer (2022) 22:851

showed a pCR rate of 17.1% and an improved 2-year RFS
and OS for the T-VEC +surgery arm (29.5% vs 16.5 and
88.9% vs 77.4% respectively).

Based on the recent data of neoadjuvant single agent
nivolumab and pembrolizumab shown by Amaria et al.
[23] and Huang et al. [24], with pCR rates of 25 and 20%
respectively, neoadjuvant single agent T-VEC shown by
Dummer et al. [25] and the abscopal effect of T-VEC in
combination with ICI, we hypothesized that neoadju-
vant T-VEC in combination with nivolumab can improve
these pCR or pathologic near complete response (near-
pCR) rates further. For this, we designed a single arm
phase II trial treating patients with stage IIIB-IVMla
melanoma with resectable (sub)cutaneous satellite or in-
transit metastases and/or tumor positive lymph nodes
with neoadjuvant nivolumab and T-VEC (NIVEC trial).
The aim of this trial is to show an improvement in pCR
(or near-pCR) rate of 25% compared to the pCR rate
observed by Amaria et al. [23] and Huang et al. [24],
reaching a pCR rate of 45% in this patient population.
In total, 24 patients will be included and evaluated for
efficacy and safety. This is the first trial evaluating neo-
adjuvant T-VEC and ICI combination therapy and may
benefit a large group of future melanoma patients.

Methods

Study design

The NIVEC trial is an investigator initiated, single-center,
single-arm, open-label, phase II study investigating the
efficacy and safety of neoadjuvant combination of T-VEC
plus nivolumab in patients with resectable stage IIIB-
IVM1a melanoma. Patients will be enrolled and treated
at the departments of Medical and Surgical Oncology
at the Netherlands Cancer Institute (NKI), Amsterdam,
The Netherlands, after signing a written informed con-
sent form. A Data and Safety Monitoring Board (DSMB)
has been established to monitor the safety of the patients
throughout the study.

Objectives

Primary objective

The primary objective of this trial is to investigate the
major pathologic complete response rate, either pCR or
near-pCR, of neoadjuvant combination of T-VEC and
nivolumab, in patients with resectable stage IIIB/C/D/
IVM1a melanoma, with the aim to achieve a major path-
ologic complete response rate of 45%.

Secondary objectives

— To investigate the rate of delays or failures (delays
>14.days) to perform surgery;
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— To investigate the effect of neoadjuvant combina-
tion of T-VEC and nivolumab on event-free survival
(EES);

— To determine the safety of neoadjuvant combination
of T-VEC and nivolumab;

— To acquire tumor material for prognostic and predic-
tive biomarker research, for example CD8, IFN-y and
PD-L1, as well as exploration if expansion of tumor-
resident T cells can be observed within the tumor
after neoadjuvant treatment.

Exploratory objectives

— To assess radiologic response rates according to
RECIST 1.1 after neoadjuvant T-VEC and nivolumab
at week eight;

— To evaluate health-related quality of life.

Participants

Patients of >18years with treatment naive resect-
able stage IIIB/C/D/IV M1la melanoma according to the
American Joint Committee on Cancer (AJCC) 8th edi-
tion, a good clinical performance score of 0-1 and<2
times elevated lactate dehydrogenase levels will be eligi-
ble for this trial. Patients must have measurable disease
according to RECIST 1.1 [26] and must be a candidate for
intralesional therapy with at least one injectable cutane-
ous, subcutaneous or nodal melanoma lesion (> 10mm
in longest diameter) or with multiple injectable lesions
that in aggregate have a longest diameter of >10mm.
Patients with visceral or brain metastases, prior systemic
cancer therapies or a history of other malignancies or
autoimmune/infectious diseases will not be eligible. For a
full overview of all in- and exclusion criteria, see Table 1.

Study procedures and intervention
Prior to enrollment, all patients will be adequately
informed by the investigator(s) about participation in the
trial. Participation is voluntary and patients are allowed
to withdraw from the trial at any time. Following signing
of the informed consent form for screening and enroll-
ment into the study, the remainder of the screening pro-
cedures and tests will be completed and evaluated before
start of treatment. If the screening shows that patients
do not fulfill the eligibility criteria anymore, patients
will be withdrawn from the study and will be replaced
by another patient. See Table 2 for the full schedule of
screening assessments and study procedures.

The total neoadjuvant treatment duration comprises
7 weeks and is followed by surgery in week nine. The
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Table 1 In- and exclusion criteria
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Inclusion Criteria

Exclusion Criteria

- Adults >18years of age

- WHO performance score of 0 or 1

- Cytologically or histologically confirmed diagnosis of stage I11B/C/D/
IVM1a (AJCC 8th edition) melanoma, eligible for surgical resection

- Measurable disease according to RECIST 1.1 and must be a candidate for
intralesional therapy with at least one injectable cutaneous, subcutane-
ous or nodal melanoma lesion (> 10mm in longest diameter) or with
multiple injectable lesions that in aggregate have a longest diameter of
>10mm

- Prior isolated limb perfusion is allowed (> 12 weeks prior to enrollment)
- Adequate organ function

-LDH<2 x ULN

-INRor PT <1.5 x ULN, unless the subject is receiving anticoagulant
therapy

- WOCBP must use highly effective method(s) of contraception during
T-VEC and nivolumab treatment and for a period of 5 months after the last
dose of nivolumab

- WOCBP must have a negative serum or urine pregnancy test within

72 hours prior to enrollment and within 24 hours prior to the start of
nivolumab

- Men receiving nivolumab and who are sexually active with WOCBP
should use contraception during treatment and for a period of 7 months
after the last dose of nivolumab

- Men who are sexually active with WOCBP must use any contraceptive
method with a failure rate of less than 1% per year

- Women who are not of childbearing potential (i.e, who are postmeno-
pausal), or surgically sterile as well as azoospermic men do not require
contraception

- Patient is capable of understanding and complying with the protocol
requirements and has signed the Informed Consent document

- Inhaled or topical steroids, and adrenal replacement steroid < 10 mg
daily prednisone equivalent, are permitted in the absence of active
autoimmune disease

- Liver, bone, lung, brain or other visceral metastases

- Prior radiotherapy for melanoma

- Prior systemic cancer therapies, including, but not limited to anti-CTLA-4,
anti-PD-1, anti-PD-L1

- Other malignancies, except adequately treated and a cancer-related life-
expectancy of more than 5years

- Positivity for hepatitis B virus surface antigen or hepatitis C virus ribonu-
cleic acid, indicating acute or chronic infection

- Known history of testing positive for HIV or known AIDS

- History or evidence of active autoimmune disease that requires high
dose systemic treatment. Replacement therapy is not considered a form of
systemic treatment

- Evidence of clinically significant immunosuppression such as a primary
immunodeficiency, a concurrent opportunistic infection, receiving sys-
temic immunosuppressive therapy (> 2 weeks) including oral steroid doses
>10mg/day of prednisone or equivalent within 7 days prior to enrollment
- Active herpetic skin lesions or prior complications of HSV-1 infection

- Requirement of intermittent or chronic systemic (intravenous or oral)
treatment with an antiherpetic drug, other than intermittent topical use

- Previous treatment with T-VEC or any other oncolytic virus

- Received live vaccine within 30days prior to enroliment

- Subject has known sensitivity to T-VEC or nivolumab or any of its compo-
nents to be administered during dosing

- Sexually active subjects and their partners unwilling to use male or female
latex condom to avoid potential viral transmission during sexual contact
while on treatment and within 30days after treatment with T-VEC

- Subjects who are unwilling to minimize exposure with his/her blood or
other body fluids to individuals who are at higher risks for HSV-1 induced
complications during T-VEC treatment and through 30days after the last
dose of T-VEC

- No allergies and adverse drug reaction

- History of allergy to study drug components or severe hypersensitivity
reaction to any monoclonal antibody

- No underlying medical conditions that, in the Investigator’s opinion, will
make the administration of study drug hazardous or obscure the interpre-
tation of toxicity determination or adverse events

- Use of other investigational drugs before study drug administration
30days and 5 half-times before study inclusion

AIDS acquired immunodeficiency syndrome; AJCC American Joint Committee on Cancer; ALT alanine aminotransferase; AST aspartate aminotransferase; CTLA-4
Cytotoxic T-lymphocyte-associated protein-4; HCG human chorionic gonadotropin; HIV human immunodeficiency virus; HSV-1 herpes simplex virus type — 1; INR
international normalization ratio; LDH lactate dehydrogenase; PD-1 programmed cell death protein-1; PT prothrombin time; RECIST Response Evaluation Criteria in
Solid Tumors; T-VEC Talimogene laherparepvec; ULN upper limit of normal; WHO World Health Organization; WOCBP women of childbearing potential

treatment schedule is based on four courses of T-VEC
and three courses of nivolumab:

— T-VEC: Up to 4mlT-VEC (first dose 10° plaque-
forming units (PFU) per mL as a seroconversion
dose, subsequent doses at 10% PFU per mL) in week
0, 3, 5 and 7. The volume of T-VEC to be injected
into the tumor depends on the size of the tumor(s)
and will be determined based on the longest diam-
eter of each lesion according to manufacturers’ pro-
tocol [27];

— Nivolumab: Flatdose of 240mg nivolumab intra-
venously every 2 weeks after the first intralesional
T-VEC injections (starting at the second T-VEC
dose at week 3, followed by the next doses at week 5
and 7).

T-VEC will be administered first, in order to achieve
the best synergistic effect with influx of CD8" T cells
[14]. Patients will be offered adjuvant treatment as stand-
ard of care following surgery. See Fig. 1 for a full overview
of the course of the trial.

Evaluation and follow-up of participants

Prior to each treatment course, physical examination,
laboratory analyses and evaluation of toxicity will be per-
formed in each patient. Additionally, photos of cutaneous
lesions will be taken. At baseline, before first nivolumab
administration, time of surgery and moment of potential
relapse, blood- and tumor samples will be collected for
translational research purposes. Health-related quality
of life assessment will be performed at baseline, prior to
surgery, at week 12 and every follow-up.
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Table 2 Schedule of enrollment, interventions and assessments

Screening Neoadjuvant treatment Pre-surgery Surgery 3 weeks after surgery Follow-up™

week -4 till 0 Week 0 week 3,5,7 Week 8 Week 9 Week 12
Informed consent X
Physical examination (including photos of X X X X X X
cutaneous lesions)?
Blood draw™? X X X X X X
b-HCG pregnancy test in all WOCBP* X X X
PET/CT scan** X
CT neck, chest, abdomen and pelvis* X X x* x4
Brain MRI* X
ECG* X
T-VEC x° X8
Nivolumab flatdose 240mg X
Adverse events’ and concomitant x? X X X X X
medication check®
Reporting Exposure to T-VEC X X
(subject’s household member or caregiver
or healthcare provider)
Blood for PBMCs™® X X" X X x'2
Blood EDTA™ x10 X X x4
Tumor biopsy'™ X x10 x5 x'2
Quality of Life Questionnaires X X X x*
Clavien-Dindo evaluation X
Survival >

*And when clinically indicated. *According to national/institute’s standards. 'Follow-up assessments according to local protocol/standard of care. Every 12 weeks
(unless stated other) for up to two years after adjuvant treatment, year 3, 4, 5 according to institute’s standard. 2Clinical photographs will be taken of all cutaneous
lesions, noting in detail the exact size and location of any (skin) lesions that exist. *Hematology and chemistry. At screening, PT/INR, aPTT and serology (HIV, HbsAG,
anti-HCV, HSV, anti-CMV) are also determined. *Every 12 weeks during follow-up. *T-VEC seroconversion dose 10° PFU/mL. ST-VEC dose 10® PFU/mL. ’AEs will be
graded according to CTCAE v5.0 from moment of signing informed consent. New occurring AEs and any SAEs will reported up to 100days post last treatment.

80nly registration of medication that is used for treatment of immune-related AEs from moment of signing informed consent. *Toxicity from prior treatment will

be evaluated. '°100 ml heparinized blood (for PBMC). ''Only at week 3 prior to first nivolumab. '2At relapse. '320 ml EDTA blood (for isolation of plasma for ctDNA).
"Three biopsies taken with a 14G needle of thru-cut and will be stored as fresh frozen and formalin-fixed paraffin-embedded material for translational research
purposes. At baseline pathological confirmation of melanoma will be performed. '°If possible, surgical material should be preserved as fresh frozen and formalin-fixed
paraffin-embedded material

AE adverse event; aPTT activated partial thromboplastin time; CMV Cytomegalovirus; CT computed tomography; CTCAE Common Terminology Criteria for Adverse
Events; ECG electrocardiogram; EDTA Ethylenediaminetetraacetic acid; HbsAG hepatitis B virus surface antigen; HCG human chorionic gonadotropin; HCV hepatitis C
virus; HIV human immunodeficiency virus; HSV herpes simplex virus; INR International normalization ratio; MRl magnetic resonance imaging; PBMC peripheral blood
mononuclear cells; PET Positron Emission Tomography; PFU plaque-forming units; PTT partial thromboplastin time; SAE Serious Adverse Event; WOCBP women of
childbearing potential

2 dose T-VEC (108 PFU/mL) + 15t dose 4th dose T-VEC +

Nivolumab (240mg flatdose) 3rd dose Nivolumab

Resectable stage 1t dose T-VEC* 34 dose T-VEC + 2"
NB-IVM1a (105 PFU/mL) dose Nivolumab
melanoma
RECIST 1.1
measurable and > lFoIIow-up
injectable disease | | | | (+ adjuvant therapy)
LDH < 2x ULN D-30 Week 0 Week 3 Week 5 Week 7 Week 9 Week 12
»18 years CT + PET/CT PMBC cT cT
MRI brain Tumor biopsies PBMC PBMC
WHO PS 0-1 Tumor biopsies prior to Nivolumab QoL QoL
PMBC Clavien-Dindo evaluation

QoL
Fig. 1 Study Schedule. Blood draw for PBMCs will be performed at screening, week 3, week 9 (prior to surgery), and first evaluation (week 12) and
at moment of relapse. Tumor biopsies will be taken at screening, prior to first nivolumab administration and at moment of relapse in all patients
for translational research purposes. Biopsies will be preserved and stored as fresh frozen and formalin-fixed paraffin-embedded material at all
indicated time points. *The first dose of T-VEC is a seroconversion dose. CT, computed tomography; LDH, lactate dehydrogenase; MRI, magnetic
resonance imaging; PBMC, peripheral blood mononuclear cells; PET, Positron Emission Tomography; PFU, plague-forming units; QoL, quality of life
questionnaires; RECIST, Response evaluation criteria in solid tumors; T-VEC, Talimogene laherparepvec; ULN, upper limit of normal; WHO PS, World
Health Organization performance status
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Prior to surgery, patients will undergo physical exami-
nation, laboratory analyses and a Computed Tomography
(CT) scan. Following surgery, patients will be evaluated
every 12weeks during the first 2 years after the end of
adjuvant treatment by physical examination, laboratory
analyses, CT or PET-CT (according to center’s discre-
tion). Subsequent structured follow-up will be according
to the current national melanoma guidelines. In case of
progression to unresectable stage III or stage IV mela-
noma, follow-up data will be collected until first systemic
treatment dose. After initiation of systemic treatment,
only the OS data will be collected. See Fig. 1 and Table 2
for all specific time points and study assessments.

Study endpoints

Primary endpoint

The primary endpoint of this trial is the pathologic
response rate according to central revision by pathology
of NKI, determined after resection following neoadjuvant
T-VEC and nivolumab treatment.

Secondary endpoints

— Rate of delay of surgery > 14 days and rate of failure to
perform surgery defined as no surgery at all;

— EFS, defined as time from randomization to any of
the following events: progression of disease that pre-
cludes surgery, local or distant recurrence, or death
due to any cause;

— Safety of neoadjuvant combination of T-VEC and
nivolumab;

— Description of possible prognostic and predictive
biomarkers, for example CD8, IFN-y and PD-L1, and
exploration of expansion of tumor-resident T cells.

Exploratory endpoints

— Response rate according to RECIST 1.1 at week eight;
— Quality of life as measured by EORTC QLQ-C30 and
the Melanoma Surgery Subscale of the FACT-M.

Evaluation of efficacy

All patients included in the trial who received at least one
cycle of therapy will be assessed for pathologic and radio-
logic response to treatment. Each patient will be assigned
one of the following categories for pathologic response
based on the resection specimen at week nine: pCR,
near-pCR (< 10% vital tumor remaining), pathologic par-
tial response (pPR; <50% vital tumor remaining), patho-
logic non-response (pNR) or unknown (not assessable,
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insufficient data), according to guidelines of the Interna-
tional Neoadjuvant Melanoma Consortium (INMC) [28].

Furthermore, objective radiologic tumor response
according to RECIST 1.1 will be measured with CT scans
at baseline, week eight and every follow-up. Patients’
response will be classified as “unknown” if insufficient
data were collected to allow evaluation per these criteria.

Safety evaluation

All patients that have received at least one cycle of
T-VEC + nivolumab will be evaluated for toxicity accord-
ing to the National Cancer Institute’s Common Terminol-
ogy Criteria for Adverse Events version 5.0 (NCI-CTCAE
v.5.0) from the moment of signing informed consent until
100days after last study treatment. Both AEs related and
unrelated to treatment will be followed. Additionally,
surgical complications will be scored according to the
Clavien-Dindo classification [29]. Serious adverse events
(SAEs) will be reported to the sponsor and the col-
laborating party Amgen Inc. (providing T-VEC) within
24 hours. Suspected unexpected serious adverse reac-
tions (SUSARs) will be reported to the Central Commit-
tee on Research Involving Human Subjects (CCMO). In
addition to the expedited reporting of SUSARSs, the spon-
sor will submit an annual safety report to the CCMO and
competent authority. This safety report will also be pro-
vided to the subsidising party Amgen Inc. at the time of
reporting to the CCMO.

A DSMB has been instituted to monitor the safety of
the patients throughout the study. Interim analyses will
include only safety information and will be reviewed by
the DSMB. After inclusion and treatment of every six
patients a report will be provided to the DSMB with an
overview of all toxicity observed up until that moment. It
is intended not to include any data on response and thus
not to look at the primary endpoint before the end of the
study.

Evaluation of health-related quality of life

Health-related quality of life will be assessed with the
European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire Core 30 (EORTC
QLQ-C30), a self-reported questionnaire specifically
developed for patients with cancer who are receiving
cancer treatment and is the most common quality of life
instrument used in melanoma studies [30]. The guideline
of Cocks et al. [31] will be used for the interpretation of
changes in QLQ-C30 scores. Additionally, the Melanoma
Surgery Subscale of the FACT-M [32] will be evaluated
in all patients every 12 weeks during the first year and at
year two and three.
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Translational research

Tumor material (at baseline, during treatment and the
resection specimen), peripheral blood mononuclear cells
(PBMCs) and serum will be collected in all patients (see
Fig. 1 and Table 2 for all time points) to perform in depth
translational research into the mechanism of action of
T-VEC in combination with nivolumab, both on the
tumor and the tumor micro-environment. The planned
analyses of the biopsies and PBMCs will primarily pro-
vide the information to underline our hypothesis about
the synergistic effect of T-VEC and nivolumab.

Data collection, management and monitoring
All source data from the trial will be collected and man-
aged in the electronic case report form (eCRF) developed
by the datacenter of the NKI via ALEA (FormsVision BV,
Abcoude, The Netherlands), a web-based software sys-
tem. The completed eCRFs must be reviewed and signed
by the principal investigator or sub-investigator. The han-
dling of personal data complies with the Dutch Personal
Data Protection Act and all data management activities
will follow local standard operating procedures. Statisti-
cal analysis will be performed after a database lock, after
all study data have been collected and cleaned.
According to the Dutch Federation of University Medi-
cal Centers, this trial was classified as a ‘low risk’ study.
This implies at least one on-site source data verification
of the eCRFs and check of the Investigator Study File
documents by the clinical research monitor.

Statistical considerations
We suspect that neoadjuvant combination treatment of
T-VEC with nivolumab will achieve a higher major path-
ologic complete response rate in patients with resect-
able stage IIIB/C/D-IVMla melanoma compared to
neoadjuvant treatment with either single agent T-VEC
or nivolumab. Additionally, we expect that neoadjuvant
T-VEC plus nivolumab will result in a higher response
rate in our patient population compared to patients with
unresectable disease, as the tumor burden is lower. The
combination treatment will be considered successful if
the major pathologic complete response rate lies signifi-
cantly above the response rate of 20% obtained with neo-
adjuvant single agent ICI. For the current neoadjuvant
combination study we thus expect a pCR (or near-pCR)
rate of 45% for T-VEC combined with nivolumab. An
exact binomial test with a nominal 10% two-sided signifi-
cance level will have 82.7% power to detect the difference
between the Null hypothesis proportion, 1, of 0.2 and
the Alternative proportion, m;, of 0.45 when the sample
size is 24.

Assuming a surgical success rate of 95%, defined as a
complete dissection of the involved lymph nodes and/or
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all cutaneous/subcutaneous satellite/in-transit disease
as planned, including 24 patients will have 88% power to
exclude a lower level of 75% with 95% confidence (one-
sided). The combination needs to be reconsidered when
surgery as planned can no longer be performed due to
progressive disease or AEs in more than two patients.
Considering the chosen scenario of 24 patients, the study
is also powered to analyze this secondary endpoint.

Discussion

This manuscript describes the clinical trial protocol of
the NIVEC trial, the first single-center, single-arm, phase
II trial investigating the efficacy and safety of neoadjuvant
nivolumab in combination with T-VEC in patients with
resectable stage IIIB-IVM1a melanoma. To date, T-VEC
in combination with ICI has only been evaluated in
clinical trials with patients with unresectable stage IIIB-
IVMI1c melanoma [13, 14, 18]. It is known that T-VEC is
able to modify the tumor microenvironment to make it
more susceptible to concurrent ICI [14] and that neoad-
juvant treatment has the ability to elicit a broader tumor-
specific T cell response [19]. The design of the trial was
based on the successful results of earlier neoadjuvant tri-
als with single agent ICI and T-VEC [23-25] and is the
first trial to administer this treatment combination in
patients with resectable stage IIIB-IVM1a disease, creat-
ing a window of potential for improved response rates in
this patient population.

In prior neoadjuvant trials in patients with resectable
stage III melanoma, such as the OpACIN-neo trial [22],
neoadjuvant treatment with three different dosing sched-
ules of ICI with ipilimumab and nivolumab were admin-
istered during a period of 6 weeks prior to surgery. In
the current trial, a similar neoadjuvant treatment period
is followed, however, as the first T-VEC dose concerns a
seroconversion dose and the next (first optimal) T-VEC
dose can be administered 3 weeks thereafter, the surgery
will take place 9 weeks after initiation of the neoadju-
vant treatment. As T-VEC is administered every 2 weeks,
we suggested the same dosing schedule for T-VEC and
nivolumab every 2 weeks for the purpose of this trial.

This dosing schedule will result in a short delay for
patients compared to standard treatment, as regular
times to surgery in The Netherlands are 4—6 weeks. How-
ever, standard of care for this patient population would
be surgery followed by adjuvant ICL. In this trial, patients
will already have received three courses of ICI in combi-
nation with T-VEC prior to surgery. Considering the very
high chance of relapse in this patient category (approxi-
mately 70-80% risk) [33], any neoadjuvant approach
might reduce this risk of relapse, adding to the chance
of a more durable response for these patients, compara-
ble to the observed results from the earlier neoadjuvant
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OpACIN and OpACIN-neo studies [21, 22]. Results
from Dummer et al. [25], already demonstrated 25% less
chance of recurrence in patients with resectable stage
IIIB-IVM1a melanoma when treated with neoadjuvant
T-VEC compared to surgery alone. For patients with
subcutaneous or in-transit metastases, who are often
excluded from ICI neoadjuvant trials [22] and who would
otherwise receive locoregional management (followed by
adjuvant therapy in case of surgery) or systemic therapy
as standard of care, this neoadjuvant approach could be
extra beneficial. Additionally, some patients may have the
chance to undergo less extensive surgery, or no surgery
at all, due to a good clinical response upon neoadjuvant
treatment.

Earlier neoadjuvant trials with combination ICI have
shown improved pCR rates compared to monotherapy
ICI in neoadjuvant setting. However, this was often also
associated with higher toxicity profiles [21-24]. Ways
to improve neoadjuvant treatment by diminishing tox-
icity rates whilst maintaining these improved response
rates are currently under investigation in multiple clini-
cal trials, evaluating the safety and efficacy of different
neoadjuvant combination treatments. In an ongoing
phase II trial, the combination of neoadjuvant pembroli-
zumab and lenvatinib, a multiple kinase inhibitor, is
being investigated in patients with resectable stage III/IV
melanoma [34] and improved toxicity rates have recently
already been reported with neoadjuvant relatlimab, an
anti-LAG-3 antibody, in combination with nivolumab in
patients with unresectable or metastatic melanoma [35].
Both neoadjuvant single agent nivolumab and T-VEC
have shown mild toxicity rates, with grade 3-4 AEs
occurring in 8% [23] and 5.5% [25] of patients respec-
tively. We expect the toxicity profile of the combination
of T-VEC and nivolumab to be acceptable, as T-VEC
combined with pembrolizumab already showed no
increase in toxicity rate compared to single agent ICI in
patients with unresectable stage IIIB-IV melanoma [14,
18].

In conclusion, this is the first trial to investigate neoad-
juvant T-VEC and nivolumab in patients with resectable
stage IIIB-IVM1a melanoma. It has the potential to show
improved efficacy with acceptable toxicity profiles, com-
pared to single agent or ICI combination neoadjuvant
treatment, and could thus lead to a potential novel viable
treatment option for this patient population.

Current trial status

The NIVEC trial was open for accrual on 7th July 2020
and a total of 13 of the planned 24 patients were enrolled
in the trial on 31st May 2022.
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