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Phase I patients were vaccinated every 3 months with IL-2 
given for 5 days after initial inoculation. Phase IIa patients 
were vaccinated every 6 weeks with IL-2 given on days 1, 
3 and 5 after initial inoculation. Toxicity and clinical out-
comes were assessed.
Results  Twenty-five patients were enrolled and inocu-
lated. All dendritoma and IL-2 toxicities were <grade 3. 
Median overall survival (OS) was 16.1  months with pro-
jected 5-year survival = 29 %. Significant OS improvement 
for patients receiving ≥3 versus <3 inoculations (43.1 vs. 
16.7 %, p = 0.02) was observed. Patients with no evidence 
of disease (NED) showed improved OS (80 vs. 14  %, 
p = 0.005). No clinicopathologic differences were present 
between phase I (n = 10) and IIa (n = 15) patients; phase 
IIa patients received more frequent dosing and higher mean 
number of inoculations. Phase IIa median OS was signifi-
cantly higher (23.8 vs. 8.7 months, p = 0.004).
Conclusions  The dendritoma vaccine has minimal tox-
icity profile with potential clinical benefit. There was OS 
advantage for NED stage IV patients, those receiving 
higher number of doses and increased frequency. Based 
on these results, we initiated a phase IIb trial utilizing 
improved dendritoma technology in the adjuvant setting for 
NED stage III/IV melanoma patients.

Abstract 
Background  Stage IV melanoma has high mortality, 
largely unaffected by traditional therapies. Immunother-
apy including cytokine therapies and checkpoint inhibitors 
improves outcomes, but has significant toxicities. In this 
phase I/IIa trial, we investigated safety and efficacy of a 
dendritoma vaccine, an active, specific immunotherapy, in 
stage IV melanoma patients.
Methods  Autologous tumor lysate and dendritic cells 
were fused creating dendritoma vaccines for each patient. 
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Abbreviations
CPI	� Checkpoint inhibitors
CR	� Complete response
CTLA-4	� Cytotoxic T-lymphocyte-associated antigen 4
DC	� Dendritic cell
ED	� Evidence of disease
FDA	� Food and Drug Administration
IL-2	� Interleukin-2
IQR	� Interquartile range
NED	� No evidence of disease
OS	� Overall survival
PR	� Partial response
SD	� Stable disease
SEM	� Standard error of means
TAA	� Tumor-associated antigen
TL	� Tumor lysate
TLPLDC	� Tumor lysate particle-loaded dendritic cells

Introduction

Over the past 30 years, the increasing incidence of mela-
noma has elevated it to the fifth and sixth most common 
cancer in men and women, respectively [1]. While mela-
noma accounts for only 4 % of dermatologic cancers, it is 
responsible for 80 % of skin cancer-related deaths, indica-
tive of the high mortality rate associated with advanced 
melanoma [2]. Historically, standard of care therapies 
including surgery, radiation and non-specific chemother-
apy (i.e. dacarbazine) resulted in largely disappointing and 
non-durable clinical outcomes [3]. As our understanding 
of melanoma has evolved, immunotherapy has become an 
increasingly important part of treatment regimens, starting 
with the introduction of the cytokine therapies, interleu-
kin-2 (IL-2) and interferon-α, in the 1990s [4, 5].Though 
cytokine therapy has achieved a slightly more durable 
response than chemotherapy, overall response rates remain 
low at 15–20 % [4, 6]. These disappointing results, coupled 
with the high mortality rate of advanced melanoma, have 
left investigators searching for a more effective option.

Given the improvement with cytokine therapy, the logical 
place to search for a cure for advanced melanoma was in the 
field of immunotherapy. Checkpoint inhibitors (CPI), which 
aim to unleash the immune system by limiting auto-regula-
tion, were investigated and found to provide durable clinical 
response in several disease models, most notably in melanoma 
and renal cell carcinoma, where immunotherapy had already 
shown benefit [7–9]. Ipilimumab (Yervoy), a monoclonal anti-
body against the cytotoxic T-lymphocyte-associated antigen 
4 (CTLA-4) receptor, became the first CPI approved by the 

Food and Drug Administration (FDA) in 2011 and has been 
shown to increase the median overall survival (OS) in patients 
with metastatic melanoma [7, 8]. In late 2014, pembrolizumab 
(Keytruda) and nivolumab (Opdivo), PD-1 blocking CPI, 
were approved by the FDA in patients with unresectable or 
metastatic melanoma with progression on ipilimumab and a 
BRAF inhibitor if BRAF V600 mutation is positive [10, 11]. 
Although survival data have been encouraging with 15–20 % 
complete clinical responses and reports of long-term sur-
vival in some patients, the non-specific nature of CPI has led 
to high grade adverse events (≥grade 3 in >10–50 %), most 
often autoimmune or inflammatory in nature [7, 9–16]. Pre-
dictably, as combinations of these CPI have been investigated, 
even more toxicity has been demonstrated [13, 14]. Though 
their widespread application is limited by toxicity, the CPI 
class, which activates T cells against tumor cells as opposed 
to directly attacking them, has demonstrated the power of the 
immune system to recognize and destroy established cancers.

The success of CPI in treating melanoma has led to 
increased interest in melanoma vaccines, which theoretically 
offer similar anti-tumor mechanisms without the toxicities 
of CPI. Provenge (Sipuleucel-T), a dendritic cell (DC) vac-
cine for prostate cancer, gained FDA approval in 2010 and 
remains the only approved cancer vaccine [17, 18]. Provenge 
has demonstrated an improvement in OS for late-stage pros-
tate cancer patients without significant toxicity, demonstrat-
ing the promise of cancer vaccines. Similar to the majority 
of melanoma vaccines tested to date, however, Provenge is 
antigen-specific and targets only the subset of patients whose 
tumors express this one antigen. Our approach uses autolo-
gous DCs, similar to Provenge, but exposes them to the full 
repertoire of tumor antigens from an individual’s cancer, 
making it applicable to anyone, yet specific to their tumor.

We have isolated highly purified hybrid cells from 
fusion of autologous DCs and tumor cells instantly and 
without culture, and named these cells dendritomas [19, 
20]. Prior to initiation of our phase I and IIa trials, both ani-
mal models and in vitro human testing showed dendritomas 
made from subjects’ peripheral blood DCs and autologous 
primary tumor cells effectively produced tumor-specific 
anti-tumor immunity [20–26]. The aim of this trial was to 
establish a safe, optimized dosing schedule with secondary 
goals of evaluating OS. Here, we present the clinical results 
of our phase I/IIa trial in late-stage melanoma patients.

Methods

Patient characteristics

The study was a prospective, single institution trial in 
the Greenville Hospital System approved by the insti-
tutional review board and monitored by the FDA under 
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investigational new drug #8851. Enrollment criteria 
included histologically confirmed metastatic melanoma, 
with an expected survival of 3–6 months and Eastern Coop-
erative Oncology Group performance status of ≤3. Inclu-
sion criteria also required adequate pulmonary function 
(forced expiratory volume in 1 s  > 25 % of predicted or 
diffusion capacity of the lungs for carbon monoxide >25 % 
of predicted), adequate cardiac function, serum creatinine 
<1.6, hemoglobin >9.0, white blood cell count >3000, 
platelet count >100,000 and no history of a seizure disor-
der. The previous treatment with chemotherapy or immu-
nosuppressive agents must have been discontinued at least 
30  days prior to vaccination and previous treatment with 
other forms of immunotherapy discontinued 6 months prior 
to vaccination unless progression of disease was docu-
mented. Central nervous system metastases were allowed, 
and there were no limitations on tumor location or volume.

Vaccine preparation

Tumor preparation, DC preparation and dendritoma crea-
tion were performed as described by Holmes et  al. [20]. 
Briefly, autologous DCs were isolated from a peripheral 
blood draw, matured and stained fluorescent green. A tumor 
volume of >1  cm3 was necessary for vaccine preparation 
for each patient; collected via oncologic surgical resection 
or biopsy. Twenty patients had an oncologic surgical resec-
tion, while the other five had a surgical biopsy to collect 
needed tumor volume. The tumor tissue was reduced to sin-
gle cell suspension and stained red fluorescent. The tumor 
suspension was then fused with the DC; successful crea-
tion of the dendritoma was confirmed by the dual fluores-
cent staining of red and green [20]. Vaccines consisted of 
100,000–1,000,000 (mean 504,024 ± 52,802) dendritomas. 
The number of dendritomas in each patient’s vaccine varied 
depending on the yield from the culture and fusion process. 
After irradiation, dendritomas were then re-suspended in 
2–3 ml of normal saline, and within 24 h of re-suspension 
injected into the patient immediately adjacent to a lymph 
node basin.

Treatment protocols

Phase I was completed as shown in Fig. 1a. Patients were 
inoculated with doses of 0.25−1.0  ×  106 dendritomas 
every 3  months, up to a maximum of five vaccinations, 
depending on the availability of dendritomas and/or disease 
progression. Starting day one after the first inoculation of 
dendritoma, IL-2 was administered daily by subcutaneous 
injection for a total of 5 days. IL-2 doses started at 3mIU/
m2/day and increased by 3mIU/m2/day to a maximum 
dose of 9mIU/m2/day. Each patient was pre-medicated 1 h  
prior to IL-2 injection with Claritin (10 mg) and Celebrex 

(100 mg) or Relafen (1000 mg). Inoculations two through 
five were administered in similar fashion to the initial, but 
without IL-2.

Phase IIa was completed as shown in Fig.  1b. Patients 
were vaccinated with doses from 0.1−1.0 ×  106 dendri-
tomas every 6 weeks up to six vaccinations, depending on 
dendritoma availability. This was not designed as a dose-
escalation trial, but rather after the phase I, it was identi-
fied that shorter intervals were needed between inocula-
tions to maintain immunity. Thus, the dosing schedule was 
modified in the phase IIa trial by increasing the frequency 
of inoculations. With the increased overall doses created, 
the overall dendritoma dose per inoculation was lower in 
the phase IIa patients. IL-2 at a dose of 3mIU/m2/day was 
given on post-vaccination days one, three and five after 
the first inoculation. Again, re-vaccination was similar to 
the first, but without IL-2. The IL-2 dosing was modified 
between the phase I and IIa in an effort to improve the tox-
icity profile while maintaining similar immune stimulation.

Clinical toxicity and recurrence of disease

Following administration of the vaccine, patients in both 
phases were assessed for toxicity effects and clinical out-
come. Evaluation of disease progression and vital status 
occurred as dictated by standard of care screening and con-
ducted by the patient’s oncologist. Patients were followed 
at prescribed intervals throughout progression, if present, 
and until death when applicable. Patients were monitored 
for toxicities, which were graded by the National Cancer 
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Fig. 1   Trial schemas for phase I (a) and IIa (b). a Phase 1: 10 days 
prior to first inoculation blood samples were taken for autologous 
serum and dendritic cells. One day prior to inoculation surgical exci-
sion was performed. The dendritoma was created and then sorted on 
day of first inoculation. The first inoculation was followed with IL-2 
therapy for 5  days. Re-inoculation occurred every 3  months after 
evaluation at 90 days. b Phase IIa: the initial preparation was similar 
to Phase I. The differences occurred with the first inoculation was fol-
lowed with IL-2 therapy on days one, three and five and re-inocula-
tion occurred every 6 weeks after evaluation at 45 days
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Institute Common Terminology Criteria for Adverse Events 
(version 4.0). Immediately post-vaccination, patients were 
evaluated on days one and three with a complete blood 
count, creatinine level, liver function tests and clinical 
examination. Clinical examination, complete blood count, 
electrolytes, blood urea nitrogen level and creatinine were 
then completed at 2-week and 1-month follow-up. Comput-
erized tomography scans of the head, chest, abdomen and 
pelvis were obtained at 3-month intervals and prior to re-
vaccination when the two coincided. The measurable resid-
ual disease was used for evaluation of response.

Statistical analysis

Median and interquartile range (IQR provided as the first 
and third quartiles) were used to summarize continuous 
data with Wilcoxon rank-sum test used to compare groups. 
Chi-square or Fisher’s exact test was utilized to compare 
groups proportionally. Kaplan–Meier curves were used to 
quantify OS, and a simple log-rank test was used to com-
pare between groups. A p value < 0.05 was considered sta-
tistically significant. Statistical analyses were performed 
using SPSS version 22 (Armonk, NY: IBM Corp.).

Results

Demographics

A total of 25 stage IV melanoma patients were enrolled in 
the phase I/IIa study. The overall demographics data are 
given in Table 1. The median age was 62 years old (IQR 
52–68), and 44 % were male (n = 11). Prior to inoculation, 
80  % underwent at least one oncologic surgical resection 
and 60 % of patients underwent multi-modality treatments. 
All patients had progressed to stage IV disease before 
enrollment, but six had no evidence of disease (NED) prior 
to inoculation. Five of the NED patients underwent onco-
logic surgical resection, while one patient underwent radia-
tion and chemotherapy and was deemed NED prior to ini-
tiation of the dendritoma vaccinations.

Toxicity

All study drug-related toxicity was less than grade 3 with 
flu-like symptoms being the most common. The most 
common adverse events include systemic fever (60  %), 
chills (32 %), nausea (28 %), arthralgias/myalgias (28 %) 
and erythema (20  %). Phase I had greater toxicity over-
all (p  =  0.004), although phase IIa patients had a non-
significant increase in neurologic and skin manifestation 
(p =  0.61 and p =  0.79, respectively; Fig.  2). The skin-
specific toxicities from both trials appeared after the IL-2 

administration and included bruising, erythema, facial 
flushing and swelling, pruritus, rash and local swelling; 
there were no skin-specific toxicities following the dendri-
toma administration.

Table 1   Overall demographics

 IQR interquartile ranges 1–3

Overall demographics, n = 25

 Age, median (IQR) 62 (52–68)

 Female, n = (%) 14 (56)

 Male, n = (%) 11 (44)

Initial stage upon diagnosis of melanoma, n = (%) 

 I 8 (32)

 II 7(28)

 III 7(28)

 IV 3(12)

Stage at inoculation, n = (%)

 IV 19 (76)

 IV (NED) 6 (24)

Treatments Prior to Inoculation, n = (%)

 Single modality 10 (40)

 Multiple modalities 15 (60)

  Surgical resection 20 (80)

  Interferon alpha 8 (32)

  High dose IL2 5 (20)

  Radiation therapy 7 (28)

  Isolated limb perfusion 1 (4)

  Other chemotherapeutic agents 9 (36)
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Fig. 2   Toxicity by system for phase I and phase IIa patients. The 
phase I patients experienced more overall toxicities, in all areas 
except neurologic and skin compared to the phase IIa patients. The 
most common adverse events experienced by patients in phase I 
included fever (100  %), chills (50  %), hypotension (40  %), nau-
sea (40  %), anemia (40  %), arthralgia/myalgia (30  %), weight gain 
(30  %), stomatitis (30  %) and edema (30  %). The most common 
adverse events in the phase IIa were headache (27  %), dizziness 
(13 %), erythema (33 %) and rash (20 %)
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There were four serious adverse events, which were 
investigated and deemed unrelated to the dendritoma vac-
cine. One patient died 19  days after the first vaccination, 
but the cause of death was determined to be progressive 
disease. Another patient experienced thrombocytopenia 
that required splenectomy 73  days after the last vaccina-
tion. A third patient experienced grade 3 chest pain on the 
first day of treatment administration. The pain subsequently 
resolved, and all cardiac tests were normal with no repeat 
episodes experienced after subsequent vaccination. Another 
patient experienced gastric bleeding that was most likely 
caused by warfarin therapy. The same patient also experi-
enced hypoxia after IL-2 administration and blood transfu-
sions for treatment of anemia; this patient had a significant 
past medical history of congestive heart failure and hypoxia 
requiring hospitalization.

Clinical outcomes

Median OS was 16.1  months (IRQ 8.7–23.8  months), 
compared to 8–10  months expected OS using stage-
matched historical controls [3]. The Kaplan–Meier 5-year 
estimated survival rate was 29.2 % compared to 10–12 % 
for historical controls (Fig.  3a) [3]. On subset analysis, 
there were no differences in OS based on age (p = 0.42), 
gender (p  =  0.96), time to treatment (p  =  0.67), ini-
tial presenting stage (p  =  0.59) or dendritoma dos-
age (p =  0.15). A significant improvement in estimated 
OS was observed in patients receiving ≥3 versus those 
receiving <3 inoculations (43.1 vs. 16.7  %, p  =  0.02; 
Fig. 3b). To avoid survival bias, an additional evaluation 
excluding patients that did not survive >6 months (n = 4) 
and, therefore, were unable to complete the inoculations 
was performed. After this exclusion, patients receiv-
ing ≥3 doses (n =  13) continued to show the potential 
clinical benefit of more doses with improved median OS 
compared to those receiving <3 doses (n  =  8; median 
OS 21.5, IQR 14.2–30.9 vs. 13.4, IQR 8.5–23.6 months; 
p  =  0.18). Furthermore, the estimated 5-year DFS in 
this population still trended toward favoring ≥3 inocu-
lations (43.1 vs. 25.0  %; p =  0.19). A statistically sig-
nificant improvement in survival was noted in patients 
who were NED (n = 6) at the time of initial vaccination 
compared to those patients who had evidence of disease 
(80 vs. 14 %, p = 0.005; Fig. 3c). The final clinical out-
comes of the patients who were NED prior to inocula-
tion included continued NED in 50 % (n = 3), alive with 
disease in 33  % (n =  2) and expired in 17  % (n =  1). 
At final analysis of the trial, eight patients (32 %) were 
alive with a median follow-up of 31.9 months (IQR 23.2–
36.5  months). Four of these patients (50  %) had stable 
disease, one (12.5 %) had progressive disease, and three 
(37.5 %) remained disease-free.

Phase I versus phase IIa

Comparison of the phase I with the IIa trial revealed no 
significant differences with respect to age, gender, ini-
tial stage, stage at inoculation, NED status prior to inoc-
ulation or prior treatments received (Table 2, all p > 0.1). 
Differences, however, were noted in the average dendri-
toma dose, as well as in the interval between doses, with 
phase I patients getting higher doses (757,130 ±  90,420 
vs. 382,744 ±  35,750, p  <  0.01), but at longer intervals 
(108.1 ± 14.8 vs. 44.3 ± 3.5 days, p < 0.01). Overall, as 
expected by the protocol differences, phase I patients 
received more doses of IL-2 (5 vs. 3 doses).

Phase IIa patients had a significantly increased median 
OS compared to phase I patients (28.7, IRQ 15.7–29.8 
vs. 8.7, IRQ 2.9–11.7 months; p =  0.01). On 5-year pro-
jected survival analysis, phase IIa patients again had a sig-
nificantly increased survival compared to phase I (41.1 vs. 
10 %, p = 0.004, Fig. 3d). There were more NED patients 
in the Phase IIa trial, though the difference was not sta-
tistically significant (33 vs. 10 %, p =  0.12). If the NED 
prior to inoculation patients were excluded from both trials, 
the 5-year estimated survival was 26.7 vs. 0 % (IIa vs. I, 
respectively; p = 0.003).

Discussion

The results of our phase I/IIa trial of the dendritoma vac-
cine show another promising avenue for harnessing the 
power of the immune system to defeat melanoma. Although 
this initial trial was small, the dendritoma vaccine produced 
a median survival of 16.1  months and a projected 5-year 
survival of 29.2 %, a vast improvement over historical con-
trols (median survival 8–10  months and 5-year survival 
10–12 %) [3] and a clinical benefit that is similar in mag-
nitude to CPI therapy [7, 13, 24, 27]. Additionally, the sur-
vival curve in our trial flattens after 30  months (Fig.  3a), 
much like the survival curve seen with ipilimumab therapy, 
suggesting the potential for similar long-term efficacy [12].

The real promise of the dendritoma vaccine is that it 
may produce clinical efficacy comparable to CPI, but with-
out the significant toxicity. In the ipilimumab approval 
trial, drug-related adverse events were experienced in 
80  % of patients receiving ipilimumab alone, with two-
thirds of these being immune-related and 22  % of all 
toxicities ≥grade 3. There were even 14 deaths (2.2  %) 
related to the study drug, 50  % of which were related to 
immune-related adverse events [9]. Similarly, nivolumab 
and pembrolizumab treatment was associated with signifi-
cant grade ≥3 toxicity (74.3 and 82 %, respectively), forc-
ing some patients to discontinue therapy (6.8 and 9 % of 
patients, respectively) [10, 11]. Recent attempts to combine 
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CPI to increase efficacy have led to even greater toxicity. 
Combination nivolumab and ipilimumab therapy caused 
treatment-related grade 3 or 4 adverse events in 54  % of 
patients [28]. Clearly, the toxicity profile remains the pri-
mary limitation to CPI therapy.

The dendritoma vaccine, on the other hand, does not 
have significant immune-associated toxicity. In fact, the 
minimal toxicity seen with vaccination was commonly seen 
after IL-2 injection. As patients in phase I received higher 
IL-2 doses than those in phase IIa, we predictably noted 
more adverse events in the phase I group. While the phase 
I patients also received a higher number of dendritomas 
per inoculation, the increased toxicity is not likely related 
to this because the reactions consistently occurred after the 

IL-2 injection. Even with this increased toxicity in phase I, 
no patients had grade 3 toxicities and no patients required 
discontinuation of therapy because of adverse reactions, 
which is a vast improvement compared to the CPI. Fur-
thermore, in future trials, IL-2 will be eliminated as the 
immunoadjuvant; so we  anticipate an even lower toxicity 
rate. We will continue to monitor the possible relationship 
between number of DC per inoculation and toxicity. Over-
all, this evidence of efficacy without significant toxicity 
opens the possibility for wide applicability of the dendri-
toma or similar vaccine.

In addition to the minimal toxicity profile and promising 
overall analysis of the dendritoma vaccine, further analyses 
revealed even better outcomes in certain subgroups. While 

Subjects (n=25) 

(a) Overall Survival

Trial Median Survival 
16.1 months

Historical Median Survival 
8.5 months

29%

41%

10%

Phase I Median Survival
8.7 months

Phase IIa Median Survival
28.7 months

p=0.004

Phase I (n=10)

Phase IIa (n=15)

ED Median Survival
11.1 months

NED Median Survival
28.3 months

p=0.005

ED (n=19)

NED (n=6)

14%

80%

<3 Median Survival
8.3 months

≥3 Median Survival
21.5 months

p=0.022

< 3 (n=12)

≥ 3 (n=13)

43%

17%

(c) OS by Evidence of Disease

(b) OS by Number of Inocula�ons (d) OS by Phase of Trial

Fig. 3   Overall 5-year survival (a), with subset analyses based on number of inoculations (b), evidence of disease prior to initiation (c) and com-
paring phase I and IIa patients (d)
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the NED group was small, we saw a signal toward benefit 
in this subgroup with a statistically significant difference 
between patients who were NED prior to inoculation and 
those who had evidence of disease. The vaccine showed 
its highest efficacy in these stage IV NED patients, with 
an estimated 5-year survival of 80 %. While it is somewhat 
intuitive that these patients may do better with the vaccine, 
historically only 20–30 % of resected stage IV patients are 
alive at 5 years [29]. This subgroup had a small number of 
patients and will need to be studied further in future trials, 
but the data suggest that the dendritoma vaccine may be 
best used in the setting of fully resected patients at signifi-
cant risk of recurrence.

The majority of immune therapies discussed here have 
been tested in late-stage melanoma patients, where treat-
ments are rarely successful. Cancer vaccines have been 
tested in this setting as well and have, likewise, shown 
minimal benefit [19, 30–39]. Current data suggest that the 
best time to intervene with a vaccine, and likely all immu-
notherapy, is actually the adjuvant setting after patients 
have been rendered disease-free by standard of care ther-
apies, as appears to be the case with the dendritoma vac-
cine [19, 39–48]. With this strategy in mind, initial attempts 
have been made to utilize CPI in completely resected stage 
III melanoma patients. Ipilimumab was shown to prolong 
DFS in the EORTC 18071 trial, but only if patients could 
tolerate the toxicities. The median DFS was extended by 
9  months using ipilimumab (DFS 26.1 vs. 17.1  months), 
with the 3-year DFS of 46.5  % in the ipilimumab group 
vs. 34.8 % in the control group (p = 0.0013). Within this 
study, however, 52  % of patients in the ipilimumab arm 
discontinued treatment secondary to adverse events, and 
39  % were unable to complete the induction therapy. 
Overall, 90  % of patients on ipilimumab experienced an 
immune-related adverse event, with 42  % experiencing 
a grade 3–5 immune-related event. There were also five 
documented deaths (1 %) within the treatment arm related 
to ipilimumab [49]. While the high level of toxicity associ-
ated with CPI may be acceptable in the setting of advanced 
disease where effective treatment options are limited, the 
same is not true for the adjuvant setting. Here, the tolerance 
for significant toxicity in a population that may or may not 
benefit from therapy is considerably lower. Fortunately, in 
contrast to CPI, the dendritoma vaccine’s toxicity profile is 
much more realistic for the adjuvant setting. In the setting 
of fully resected disease, the dendritoma-induced immune 
response can attack any minimal residual disease and 
potentially provide long-term protection through immuno-
logic memory with minimal toxicity.

In further subset analysis, we also noted significant 
improvement in patients receiving at least 3 inoculations, 
with a Kaplan–Meier 5-year estimated survival of 43.1 % 
compared to only 16.7 % in those receiving fewer inocula-
tions (p = 0.02). Even when patients who did not survive 
>6  months (and, therefore, were unable to complete the 
vaccinations) were excluded from the same analysis, there 
was still an 8 months OS advantage (21.5 vs. 13.4 months; 
p  =  0.18) and trend toward improved 5-year estimated 
survival (43.1 vs. 25.0 %; p = 0.19) in patients receiving 
≥3 doses versus <3 doses. While some of this difference 
is explained by patients who were not able to complete 
vaccinations due to disease progression, there was clearly 
an improvement in response to patients receiving more 

Table 2   Demographics comparing phase I versus IIa

IQR interquartile ranges 1–3, NED no evidence of disease, SEM 
standard error of means 

* Statistically significant

Demographics comparing phase I versus IIa

Phase I
n = 10

Phase IIa
n = 15

p value

Age, median (IQR) 65 (55–72) 59 (50–65) 0.37

Female, n = (%) 4 (40) 10 (67) 0.24

Male, n = (%) 6 (60) 5 (33)

Initial stage upon diagnosis of melanoma, n = (%)

 I 2 (20) 6 (27) 0.64

 II 4 (40) 3 (20)

 III 3 30) 4 (27)

 IV 1 (10) 2 (27)

Stage at inoculation, n = (%)

 IV 9 (90) 10 (67) 0.12

 IV (NED) 1 (10) 5 (33)

Treatments prior to inoculation, n = (%)

 Single modality 3 (30) 7 (47) 0.41

 Multiple modalities 7 (70) 8 (53)

  Surgical resection 8 (80) 12 (48) 1

  Interferon alpha 5 (50) 3 (12) 0.12

  High dose IL2 1 (10) 4 (16) 0.31

  Radiation therapy 3 (30) 4 (16) 0.86

  Isolated limb 
perfusion

1 (10) 0 (0) 0.21

  Other chemothera-
peutic agents

3 (30) 6 (9) 0.61

Dendritoma treatment characteristics, mean ± SEM

 Dendritoma dose per 
inoculation

757,130 ± 90,420 382,744 ± 35,750 <0.01* 

 # of Doses 2.3 ± 0.4 3.2 ± 0.4 0.17

 Days between doses 108.1 ± 14.8 44.3 ± 3.5 <0.01*
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inoculations at a higher frequency, as is also indicated by 
the increase estimated survival in phase IIa compared with 
phase I patients (41.1 vs. 10  %, p =  0.01). Even though 
the phase IIa patients received lower doses of IL-2 and 
dendritoma, they demonstrated better outcomes. Because 
there was a non-significant increase in NED patients in 
the phase IIa group, we re-assessed the estimated survival 
after excluding the NED patients from both trials and found 
a persistent benefit in the phase IIa versus phase I (esti-
mated 5-year survival of 26.7 vs. 0 %, p =  0.003). Thus, 
the increased frequency and higher number of doses likely 
resulted in the better outcomes in the phase IIa. Based 
on these cumulative findings from the phase I/IIa trials, 
autologous tumor/DC vaccines, to include the dendritoma 
vaccine, should be given with increased frequency, with a 
higher number of doses and preferably tested in the adju-
vant setting.

The dendritoma vaccine has potential clinical benefit, 
but this trial does have limitations. First, the sample size is 
very small, making definitive statements on survival difficult. 
Despite this limitation, the findings justify further investiga-
tion on a larger scale to truly demonstrate the potential clini-
cal benefit. Second, although the trial was limited to stage IV 
patients, the enrolled patients included varying amounts of 
disease burden and the trial was underpowered to show a dif-
ference between the NED and patients with residual disease. 
Another limitation is the lack of data to serve as a surrogate 
to clinical efficacy, as is customarily presented in a phase I/
II trial. The dendritoma technology does not lend itself easily 
to immunologic monitoring data. We have no ability to know 
exactly which specific tumor-associated antigen (TAA) is 
selected and presented with the autologous DC as the entire 
antigenic repertoire from the autologous tumor is provided 
to the DC. Thus, tracking T-cell responses to one TAA is not 
practical nor necessarily relevant. Once the dendritomas are 
injected intradermally, they will access the subdermal lym-
phatic plexus and travel to the draining lymph node and acti-
vate T-cells. This process does not produce a local reaction to 
measure. With no immune surrogate to measure, we are left 
with survival and recurrence data as the only marker of clini-
cal efficacy. In our future trials, we will be testing patients to 
a panel of known melanoma TAA in an attempt to monitor 
vaccine-induced immune responses. Though this trial does 
have limitations, there are findings that cannot be ignored 
and merit further investigation.

While the dendritoma vaccine holds great promise, par-
ticularly with correct dosing and in the adjuvant setting, 
the dendritoma fusion technology is very labor intensive 
and not scalable, making it challenging to commercial-
ize. The key underlying principle to the dendritoma vac-
cine is the introduction of the entire antigenic repertoire of 
the patient’s tumor cell into the cytoplasm of the dendritic 
cell. This specific delivery leads to preferential use of the 

endogenous antigen processing pathway, major histocom-
patibility complex class I presentation and a subsequent 
anti-tumor CTL response. Further investigation has led to a 
novel technology, which requires less tumor tissue and uses 
a more efficient vaccine production process. Autologous 
tumor lysate (TL) is loaded into yeast cell wall particles 
that are naturally and efficiently taken up into the patient’s 
dendritic cells. These autologous tumor lysate, particle-
loaded, dendritic cells (TLPLDC) are then injected intra-
dermally, similar to the dendritoma vaccine. The in  vivo 
effectiveness of the TLPLDC was assessed in a murine 
melanoma pulmonary metastasis model in which animals 
were treated with a TLPLDC vaccine, dendritoma vaccine 
or control. Upon death of the first animal, all were killed, 
pulmonary metastases were totaled, and groups were 
compared. This comparison found the TLPLDC to have 0 
metastases versus dendritoma with 3.13 metastases versus 
controls with >112 metastases (p  <  0.01) [50]. With this 
animal study showing the TLPLDC to be as good as or bet-
ter than the dendritoma vaccine fusion technique [50], we 
can translate the promising results of the dendritoma vac-
cine into a more scalable and economically feasible treat-
ment strategy, while maintaining its wide applicability to 
many types of solid tumors. To this end, an open label trial 
in patients with any type of solid tumor was started utilizing 
the TLPLDC vaccine technology [25, 26, 51]. To date, 20 
patients have been vaccinated with an autologous TLPLDC 
vaccine resulting in an overall 60  % clinical beneficial 
response rate [complete response + partial response + sta-
ble disease (CR + PR + SD)], a 30 % objective response 
rate (CR + PR) among all vaccinated patients; the one CR 
was seen in a melanoma patient [51].

Using the lessons learned from the dendritoma trial 
and the newer technology of TLPLDC, we have initiated 
a phase IIb trial (NCT02301611) utilizing the latter. The 
trial is a prospective, randomized, double-blinded, pla-
cebo-controlled, multi-institution adjuvant trial to prevent 
recurrence in resected stage III and IV melanoma patients. 
The study will enroll patients identified prior to defini-
tive surgery and anticipated to be clinically disease-free 
after surgery. A total of 120 patients will be randomized to 
autologous TLPLDC versus dendritic cells with unloaded 
particles. The primary endpoint will be disease-free sur-
vival at 24 months. Enrollment started at the beginning of 
2015, and trial completion is expected within 3 years. The 
future of melanoma treatment is rapidly evolving, and it is 
clear that multiple treatment approaches will be necessary. 
With this in mind, we have plans for an additional trial in 
more advanced melanoma patients combining the TLPLDC 
vaccine to standard of care CPI. We hope combination of 
these strategies will increase the efficacy of the vaccine by 
diminishing obstructions to a strong vaccine-induced anti-
tumor immune response, while maintaining low toxicity.
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Conclusions

In this phase I/IIa trial of the dendritoma vaccine for 
advanced stage melanoma, we have shown potential prom-
ising results compared to historical controls [3]. Impor-
tantly, we have shown this vaccine to have a minimal tox-
icity profile, particularly when compared to recently FDA 
approved CPI. The greatest benefit from the dendritoma 
vaccine was demonstrated in patients with stage IV disease, 
who were rendered disease free prior to initiation of inocu-
lations. With this information and newer DC loading tech-
nology, we have initiated a phase IIb trial (NCT02301611) 
in stage III/IV resected melanoma patients in the adjuvant 
setting with a goal to prevent recurrence with this non-toxic 
therapy.
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