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Melanoma patients with regional metastatic disease are at high risk for recurrence and metastatic disease, despite
radical lymph node dissection (RLND). We investigated the immunologic response and clinical outcome to adjuvant
dendritic cell (DC) vaccination in melanoma patients with regional metastatic disease who underwent RLND with
curative intent. In this retrospective study, 78 melanoma patients with regional lymph node metastasis who underwent
RLND received autologous DCs loaded with gp100 and tyrosinase and were analyzed for functional tumor-specific T cell
responses in skin-test infiltrating lymphocytes. The study shows that adjuvant DC vaccination in melanoma patients
with regional lymph node metastasis is safe and induced functional tumor-specific T cell responses in 71% of the
patients. The presence of functional tumor-specific T cells was correlated with a better 2-year overall survival (OS) rate.
OS was significantly higher after adjuvant DC vaccination compared to 209 matched controls who underwent RLND
without adjuvant DC vaccination, 63.6 mo vs. 31.0 mo (p D 0.018; hazard ratio 0.59; 95%CI 0.42–0.84). Five-year survival
rate increased from 38% to 53% (p < 0.01). In summary, in melanoma patients with regional metastatic disease, who
are at high risk for recurrence and metastatic disease after RLND, adjuvant DC vaccination is well tolerated. It induced
functional tumor-specific immune responses in the majority of patients and these were related to clinical outcome. OS
was significantly higher compared to matched controls. A randomized clinical trial is needed to prospectively validate
the efficacy of DC vaccination in the adjuvant setting.

Introduction

The incidence of cutaneous melanoma continues to rise
worldwide.1,2 Adequate surgical resection remains the stan-
dard of care for patients with non-systemic disease. However,
approximately 15–20% of patients with cutaneous melanoma
will develop regional (lymph node) metastasis.3 The likeli-
hood of the primary cutaneous melanoma to metastasize
mainly depends on thickness, presence of ulceration and
mitotic rate.4,5 If patients have a positive sentinel node or
develop palpable lymph node metastasis, RLND is potentially
curative, although the survival is poor.6 The 5-year survival
rate ranges between 27% and 69%, depending on the size
and number of involved nodes and characteristics of the pri-
mary melanoma.7 In case of metastatic melanoma the prog-
nosis is poor, despite recent therapeutic developments such as
targeted therapies and immune checkpoint inhibitors and

their positive impact on OS.8-11 This has initiated numerous
trials over the last few decades in search of an effective adju-
vant treatment in early stage high-risk melanoma (stage IIB,
IIC and III). Adjuvant radiotherapy after RLND can be con-
sidered for patients with extranodal extension, incomplete
surgery or numerous positive lymph nodes to improve
regional control, however, without any recurrence-free sur-
vival (RFS) or OS benefit.3,12

Since melanoma is considered one of the most immunogenic
types of cancer, different immunomodulatory approaches have
been tested in melanoma, however mostly without showing any
therapeutic effect.13 IFN-a is the only approved adjuvant therapy
based on significant improvement of RFS shown in phase III tri-
als.14 Nonetheless, adjuvant IFN-a is not offered universally
because of substantial toxicity and only minimal OS benefit, at
best 3% shown in meta-analyses.15 Recently, anti-CTLA-4 anti-
bodies in the adjuvant setting showed improvement on RFS
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compared to placebo, although with substantial toxicity.16 Data
on OS are awaited.

Specific stimulation of the immune system with the use of
vaccines aims to induce melanoma-specific responses and avoids
the toxicity associated with the enhanced activity across multiple
subsets of effector cells, as seen with cytokines and immune
checkpoint inhibitors. Thus far trials with various vaccines illus-
trated the potential of vaccination strategies as they showed the
ability of inducing tumor-specific immune responses, however,
without consistent improvement in OS.17-19

DCs, the most effective antigen-presenting cells of the immune
system, are exploited to induce melanoma-specific cytotoxic T cells
in melanoma patients. Immature DCs are very effective in antigen
uptake and when stimulated by inflammatory mediators and
‘danger signals’ they mature and migrate from peripheral tissues to
lymphoid organs. Here the DCs are able to activate the specific
immune system.20-22 Since 1996, there have been several clinical
studies investigating tumor antigen-loaded DC-based vaccines,
mainly in metastatic melanoma patients.23,24 Over the years, many
parameters in DC vaccination have been optimized in clinical stud-
ies.25 Furthermore, DC vaccination has only minimal side effects
and thus provides a well-tolerable treatment.

In this study, we retrospectively analyzed the safety and
survival of melanoma patients with regional metastatic disease
who underwent a RLND and received adjuvant DC
vaccination.

Results

Characteristics of the study population
Seventy-eight melanoma patients received adjuvant DC vaccina-

tion andwerematched with 209 control patients who had undergone
RLND without adjuvant DC vaccination in the same time period.
Baseline characteristics are summarized in Table 1. In general,
patient populations were comparable in terms of the major factors
determining prognoses in regionally spreadmelanoma such asN sub-
stage, thickness and ulceration of the primary tumor, sex and age.4,26

However, matching did not prevent significant differences between
the sites of RLND. After RLND, 8 patients (3.8%) in the control
population received adjuvant radiotherapy and 15 patients (7.6%)
received adjuvant IFN-a (in trials), while none of the patients treated
with DC vaccination received additional adjuvant therapy. In
patients who developed distant metastasis during follow-up, less con-
trol patients received systemic therapy (Table 2). Systemic therapy
mainly consisted of chemotherapy, whereas a small number of
patients received other immunotherapy. The median follow-up in
the entire study population was 39 mo (range 1–165 mo). In a few
patients follow-up was extremely short, due to early death due to
rapid progressive disease.

Dendritic cell vaccination
DC vaccination consisted of a maximum of three cycles of

three biweekly vaccinations. Two patients did not complete

Table 1. Baseline characteristics of dendritic cell vaccinated patients and controls

— Dendritic cell vaccination group n D 78 (%) Control group n D 209 (%) p value

Sex 0.927
Male 46 (59.0) 122 (58.4)
Female 32 (41.0) 87 (41.6)

Age, years
Mean (range) 51.0 (22–79) 52.7 (18–80)

Age in 4 categories, years 0.402
�40 20 (25.6) 49 (23.4)
41–50 18 (23.1) 41 (19.6)
51–60 25 (32.1) 58 (27.8)
�61 15 (19.2) 61 (29.2)

Thickness of primary tumor, mm 0.603
</D 1.0 6 (7.7) 16 (7.7)
1.01–2.0 24 (30.8) 62 (29.7)
2.01–4.0 19 (24.4) 66 (31.6)
> 4.0 21 (26.9) 53 (25.4)
No primary/unknown 8 (10.3) 12 (5.7)

Ulceration of primary tumor 0.676
Absent 55 (70.5) 142 (67.9)
Present 23 (29.5) 67 (32.1)

N stage at inclusion 0.967
N1a 21 (26.9) 61 (29.2)
N1b 19 (24.4) 55 (26.3)
N2a 4 (5.1) 10 (4.8)
N2b 11 (14.1) 30 (14.4)
N3 23 (29.5) 53 (25.4)

Site radical lymph node dissection 0.009
Inguinal 34 (43.6) 98 (46.9)
Axilla 33 (42.3) 67 (32.1)
Head and neck 5 (6.4) 39 (18.7)
Unknown 6 (7.7) 5 (2.4)
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the first cycle of vaccinations due to rapid progressive disease.
Another 13 patients did not receive a second cycle due to
development of distant metastasis within 6 mo after RLND.
The majority of patients, 54 out of 78, completed all three
cycles of vaccinations. The two patients with rapid progres-
sive disease both were screened for metastases before RLND.
One patient had a chest X-ray but was later diagnosed with
non-pulmonary metastases. The other patient had a CT of
the chest and abdomen which showed one dubious lesion in
the lungs, but developed multiple lung and liver metastases
shortly after.

To determine the presence of functional tumor-specific T
cells, tetramer staining for tyrosinase and gp100 epitopes were
performed after each vaccination cycle on skin-test infiltrating
lymphocytes and functionality was tested. Functional tumor-spe-
cific T cells were detected in 55 out of 78 vaccinated patients
(71%). The 2-year survival rate was significantly higher (82%) in
patients with functional tumor-specific T cells compared to DC
vaccinated patients without functional tumor-specific T cells
(61%; p D 0.04; Fig. 1).

Toxicity
DC vaccinations were generally well tolerated. Forty-eight out

of 57 patients (84%) receiving only DC vaccinations and 20 out
of 21 patients (95%) receiving both DC vaccination and IL-2
suffered at least one mild adverse event (CTC grade 1 or 2;
Table 3). The most common side effects that are associated with
DC vaccination are transient flu-like symptoms, including
fatigue and fever and erythema at the site of injection. No treat-
ment related grade 3 or 4 toxicity was observed. Treatment was
discontinued in two patients at their own request due to vaccine-
related grade two rash in the second cycle, both patients are still
alive (94 and 115 mo after RLND).

Survival
Kaplan–Meier survival analysis demonstrates a significant dif-

ference in OS in favor of the DC vaccinated patients compared

to matched controls (Fig. 2). The median OS increased more
than two-fold in patients who received adjuvant DC vaccination
as compared with that of the matched controls, from 31.0 (95%
CI 23.6–38.5) to 63.6 mo (95% CI 24.5–102.7; p D 0.018).
The 1-, 2- and 5-years survival rates were 87%, 76% and 53%
for the DC vaccinated patients and 74%, 59% and 38% for the
controls (p D 0.018; p D 0.009; p D 0.008, respectively). For the
time to distant metastasis a trend was seen in favor of the DC
vaccinated patients, with a median of 41.9 (95% CI 32.3–51.4)
vs. 24.3 mo in the control group (95% CI 18.9–29.7; p D 0.081;
Fig. 3).

Univariate and multivariate analyses on overall survival
Cox regression analysis was used to predict prognostic factors

of OS in all patients. Four baseline characteristics were predictors
of OS (p < 0.05): age, ulceration, N substage and site of RLND.
Furthermore, adjuvant DC vaccination was also a significant pos-
itive predictor of OS (Supplementary Table 1). To further inves-
tigate whether adjuvant DC vaccination is an independent
prognostic factor for OS, the multivariate Cox proportional haz-
ards model was applied to the significant variables of the univari-
ate analysis. The multivariate analysis, in both forward and
backward model, revealed that ulceration (HR 1.57; 95%CI
1.15–2.13; p D 0.004; Wald 8.2), N substage (HR 1.23; 95%CI
1.17–1.30; p< 0.001; Wald 66.9), and adjuvant DC vaccination
(HR 0.59; 95%CI 0.42–0.84; p D 0.003; Wald 8.9) were inde-
pendent predictors of OS.

Table 2. Systemic therapy in patients with metastatic disease

Dendritic cell
vaccination group
n D 47 (%)

Control group
n D 14 (%) p value

Systemic therapy 0.016
None 23 (51.1) 87 (60.8)
Any 24 (48.9) 45 (31.5)
Unknown 0 (0) 11 (7.7)

Chemotherapy 0.007
Not received 24 (51.1) 96 (72.7)
Received 23 (48.9) 36 (27.3)

Immunotherapy 0.001
Not received 41 (87.2) 130 (98.5)
Received 6 (12.8) 2 (1.5)
Of which ipilimumab 4 (8.5) 0 (0)

Targeted therapy 0.017
Not received 45 (95.7) 132 (100)
Received 2 (4.3) 0 (0)

Figure 1. Functional tumor-specific T cells correlate with clinical out-
come in stage III melanoma patients. Kaplan–Meier curve of patients
with regional metastasized melanoma who received adjuvant dendritic
cell vaccination after radical lymph node dissection according to the
presence or absence of functional tumor-specific T cells in skin-test infil-
trating lymphocytes. RLND, radical lymph node dissection.
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Discussion

Adjuvant treatment with DC vaccination in patients with
regional metastasized melanoma, who are at high risk for recur-
rence of disease even after RLND, results in a significant benefit
on OS compared to matched controls, with only minimal

toxicity. This is the first study on a large cohort with sufficiently
long follow-up to draw any conclusions on the clinical outcome
in melanoma patients with regional metastasis treated with adju-
vant DC vaccination.

In distant metastatic melanoma patients we have shown that
the presence of tumor-specific T cells is a positive predictive

Table 3. Dendritic cell vaccination protocols and toxicity

Protocol
Number

of patients
Method of antigen

loading
Route of

administration IL-2a
Vaccination prior

to RLND
Flu-like symptoms

(gr 0/1/2)
Injection site reaction

(gr 0/1/2)

1 1 Class I modb i.v./i.d. no No 0/1/0 1/0/0
2A 11 Class I wtc i.d. yes Yes 0/8/3f 1/7/3f

2B 10 Class I wtc i.n. yes Yes 2/5/3 7/2/1
2C 10 Class I wtc i.n. no Yes 4/3/3 5/4/1
2D 11 Class I wtc i.d. no Yes 4/7/0 1/9/1
2E 10 mRNAd i.n. no Yes 2/4/4 3/7/0
4A 6 Class I wtc C IIe i.n. no No 2/1/3 4/0/2
4B 3 Class I wtc i.n. no No 1/2/0 0/3/0
4C C D 16 mRNAd i.n. no No 5/7/4 5/11/0
total 78

Dendritic cell vaccination protocols and toxicity.
aLow-dose IL-2 (9 MIU) was administered subcutaneously once daily for 1 week starting 3 d after each vaccination.
bClass I mod; HLA class I-restricted modified gp100-derived peptides 154–162 Q!A and 280–288 A!V and HLA class I-restricted tyrosinase-derived
peptide 369–377
cClass I wt; HLA class I-restricted wild-type gp100-derived peptides 154–162 and 280–288 and HLA class I-restricted tyrosinase-derived peptide 369–377
dmRNA; mRNA encoding full length gp100 and tyrosinase
eClass II; HLA class II-restricted gp100-derived peptide 44–59 and tyrosinase-derived peptide 448–462 analog
fPossibly IL-2 related.
Abbreviations: wt, wild type; mod, modified, i.d., intradermal,; i.n., intranodal; i.v., intravenous; IL-2, Interleukin-2; RLND, radical lymph node dissection.

Figure 2. Overall survival after radical lymph node dissection with or
without adjuvant treatment with dendritic cell vaccination in melanoma
patients with regional metastasis. Co, control group; DC, dendritic cell
vaccinated patients; RLND, radical lymph node dissection.

Figure 3. Distant metastatic free survival after radical lymph node dissec-
tion with or without adjuvant treatment with dendritic cell vaccination in
melanoma patients with regional metastasis. Co, control group; DC, den-
dritic cell vaccinated patients; RLND, radical lymph node dissection.
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factor for OS and functionality correlates with survival.27,28

However, the presence of tumor-specific T cells after DC vacci-
nation might also represent the patients with a more potent
immune system and therefore longer survival regardless of treat-
ment. In this study we demonstrate that in melanoma patients
with regional metastasis the presence of functional tumor-specific
T cells after adjuvant DC vaccination is also positively correlated
with survival, which provides further evidence that activation of
the immune system against melanoma cells by DC vaccination
plays a pivotal role in its clinical efficacy. This is further substan-
tiated by the finding that functional tumor-specific T cells are
more frequently found in melanoma patients with regional
metastasis (71%), in comparison to patients with distant metasta-
sis (23%).27 This might partially be explained by that the patients
with regional metastasis received more vaccinations and more
delayed-type hypersensitivity (DTH) skin tests. Additionally, the
greater efficacy of DC vaccination in the adjuvant setting, eradi-
cating residual micrometastasis if present, and higher frequencies
of function tumor-specific T cells may also be caused by less
tumor burden and therefore less tumor-mediated immune sup-
pression compared to metastatic disease.29

Unfortunately, almost all clinical trials with DC vaccines are con-
ducted in university hospitals that usually do not have the funds to
run extensive randomized trials. As personalized cellular products are
not commonly produced by pharmaceutical companies, randomized
trials with DC vaccines are scarce. In the absence of a randomized
study, this study used matched controls for survival analysis. To limit
selection bias, wematched patients onN substage, which is the major
prognostic factor in regionally spread melanoma.4,30 As DC vaccina-
tion was commenced within 2 mo after RLND and relapse within 2
mo from surgery is rare, we believe this minimized the risk of selec-
tion bias. Furthermore, patients who did not complete their first cycle
of vaccination were not excluded from the analyses. Comparison of
baseline characteristics indicate that the controls used in this study
were representative of the adjuvant treated patients. However, a small
difference was present in the higher incidence of nodal metastasis in
the cervical region in control patients. Since cervical metastasis
may have longer disease-specific survival after RLND compared
to patients with axillae and groin metastasis,31 it is unlikely this
would give a survival benefit for the DC vaccinated patients.
Furthermore, in the multivariate analysis the site of RLND did not
maintain a significant effect on OS. Adjuvant radiotherapy and
IFN-a given to several patients in the control group did not
show a statistically significant impact onOS in the univariate analysis.
The absent or only minimal effect on OS is supported by
literature.3,12,15

Potential time bias could occur due to the influence on OS of
recent developments in the treatment of patients with distant metas-
tasis, mostly with the introduction of ipilimumab. A small difference
was seen in treatment received in patients who developed metastatic
disease during follow-up. This discrepancy may be caused by the
duration of follow-up, which was longer in DC vaccinated patients,
and the completeness of registration; numerous control patients
returned to their local hospital after RLND for follow-up and data
on further systemic treatment might not be accurately traced.
Although referring hospitals were contacted to gather information,

these datamay be less robust. However, most patients who developed
distant metastasis did so before ipilimumab and BRAF inhibitors
were widely used and only received dacarbazine or no systemic treat-
ment at all. In addition, when the 4 ipilimumab-treated patients
were excluded from the analyses, this had only little effect on the
median OS (58.7 mo) and remained statistically significant from
matched controls (pD 0.027). The larger difference in OS compared
to distant metastatic free survival benefit of DC vaccination com-
pared to controls, might also be partially explained by the less robust
data from the controls as death is a more accurate to trace event than
the development of distant metastasis. Furthermore, in multiple
studies with immunotherapy, both with DC vaccination as with
immune checkpoint inhibitors, OS benefit is oftenmore pronounced
than the effect on progresson-free survival. This widespread phenom-
enon might be explained by a treatment-induced slowing of tumor
growth, without establishing an equilibrium in the tumor microenvi-
ronment, which is maintained after documented progression of dis-
ease. We believe that the findings of our study are important to both
the research and clinical community, as with nowadays targeted ther-
apies and checkpoint inhibitors, it will be difficult to analyze the
effect of vaccination in itself without being obscured by perhaps
many subsequent immune interventions.

Despite proper matching, the literature shows that historical
controls generally have worse clinical outcome compared to ran-
domized controls.32 For example, Canvaxin, a polyvalent vac-
cine, showed promising results in a phase II trial but failed to
meet phase III trial endpoints. Still, our controls had a similar
5-year survival rate as a comparable group of melanoma patients
after RLND reported in recent literature.33

A randomized clinical trial withDC vaccination in the adjuvant set-
ting is needed to prospectively validate the efficacy of DC-vaccines in
the adjuvant treatment followingRLND formelanoma. The introduc-
tion of adjuvant DC vaccination after RLNDwould not interfere with
the current standard of care, especially in Europe where IFN-a is not
recommended. Recent data on the randomized trial with adjuvant ipi-
limumab are widely debated since the first results were shown.34 The
effect on RFS is indisputable, but toxicity is high (42% grade 3/4
adverse events). Therefore, it is questionable if adjuvant ipilimumab
will become the standard of care after RLND in patients with regional
metastasis.

In conclusion, adjuvant treatment with DC vaccination after
RLND in patients with regional metastasis of melanoma is safe
and results in a favorable OS compared to matched controls.
Importantly, DC vaccination is well tolerated and clearly less
toxic than adjuvant IFN-a or ipilimumab. These results suggest
that DC vaccination has efficacy as adjuvant treatment of
melanoma, and provide further support to test this in a prospec-
tive randomized clinical trial.

Patients and Methods

Patient characteristics
We retrospectively analyzed a cohort of 78 melanoma patients

with histologically proven regional metastasis without evidence
of distant metastasis, who were enrolled in our DC vaccination
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studies between December 1999 and February 2009. Patients
received adjuvant DC vaccination within 2 mo from RLND.
WHO performance status was 0 or 1. Additional inclusion crite-
ria include HLA-A*02:01 phenotype and melanoma expressing
the melanoma-associated antigens gp100 (compulsory) and
tyrosinase (non-compulsory). Patients with serious concomitant
disease or a recent history of second malignancy were excluded.
The studies were approved by the appropriate Medical Ethical
Review Board and written informed consent was obtained from
all patients.

Treatment schedule
All patients were vaccinated with cytokine-matured mono-

cyte-derived autologous DCs loaded with tumor-associated anti-
gens of gp100 and tyrosinase according to a schedule of three
biweekly vaccinations. In absence of disease recurrence, patients
received a maximum of two maintenance cycles at 6-mo intervals.
Differences in protocols included the route of administration,
method of antigen loading and combined treatment with low-
dose IL-2 (Table 3). Patients received a maximum of 10 £ 106

DCs intradermal, 15 £ 106 intranodal or 20 £ 106 intravenous
per vaccination. For the exact details regarding the vaccination
protocols we refer to these individual studies.35-38

Dendritic cell vaccine
Monocytes were enriched from leukapheresis products by

plastic adherence of peripheral blood mononuclear cells or by
counterflow centrifugation using Elutra-cell separator (Gambro
BCT) and single-use, functionally sealed disposable Elutra sets,
as described before.39 Monocytes were cultured in the presence
of IL-4 (500 U/mL), GM-CSF (800 U/mL) (both Cellgenix)
and KLH (10 mg/mL, Calbiochem). DCs were matured with
autologous monocyte-conditioned medium (30%, v/v) supple-
mented with prostaglandin E2 (10 mg/mL, Pharmacia &
Upjohn) and 10 ng/mL TNF-a (Cellgenix) for 48 h.40 This pro-
cedure gave rise to mature DCs meeting the release criteria.24

DCs were pulsed with 2 gp100-derived peptides and a tyrosi-
nase-derived peptide or electroporated with mRNA encoding
full-length gp100 or tyrosinase protein.41-43 These melanoma-
associated tumor-antigens were selected as they are widely
expressed on primary melanoma and melanoma metastasis and
have shown to induce functional cytotoxic T cells.41,44 Cells were
resuspended in 0.1 mL for injection.45

Skin-test infiltrating lymphocyte analyses
Skin tests were performed within two weeks after each vac-

cination cycle as described previously.27,28 Briefly, DCs
loaded with either gp100, tyrosinase or both epitopes were
injected intradermally in the skin of the back of the patient.
After 48 h, punch biopsies (6 mm) were taken. Half of the
biopsy was manually cut and cultured in RPMI-1640
containing 7% human serum and IL-2 (100 U/mL). After
2–4 weeks of culturing, skin-test infiltrating lymphocytes
were stained with tetrameric-MHC complexes containing the
gp100 or tyrosinase epitopes and functionality was tested.
Functional tumor-specific T cells were defined by binding of

tetrameric-MHC complexes for at least one of the epitopes
and either the production of cytokines or cytotoxic activity in
response to tumor antigen stimulation.

Matched controls
Matched controls were obtained from a database from the Erasmus

MC Cancer Institute, an academic hospital comparable to Radbou-
dumc were patients were not included in DC vaccination trials. This
database consists of 563 melanoma patients who had undergone
RLND between 1982 and 2010. Preoperative imaging and follow-up
was performed according to the Dutch national guidelines. Controls
were matched to study patients on the basis of N substage according to
AJCC criteria and on timeframe (1992–2009). Ifmore than 3matches
were found in the database for one study object, age and sex were used
to select the closest matches.

Statistical analysis
OS was calculated from the date of RLND to death using the

Kaplan–Meier method and compared using the log-rank test.
Statistical significance of baseline characteristics was evaluated
using chi-square tests. The univariate analysis was performed by
the Cox proportional hazards model. Multivariate survival analy-
sis was carried out using the Cox proportional hazards model
with stepwise elimination of significant univariate parameters
with forward and backward stepwise methods. Ulceration was
assumed absent if not reported in the pathology report. P values
less than 0.05 were considered significant. SPSS version 20.0
software (SPSS Inc.) was used for statistical analysis.
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