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Abstract
Background and Aims: Dendritic cell (DC)-based immunotherapy is promising as a viable tool in cancer treatment. Dendritic 
cell (DC)-based vaccination can provoke antitumor T cell responses in vivo. These case studies examined feasibility and 
outcome of DC-based tumor vaccination for patients with advanced cancers. This approach has been used mostly in patients 
in the presence of defined tumor antigens. 

Experimental Design: Accessible tumor tissue was disrupted into single cell suspensions. Autologous DCs were prepared 
from adherent peripheral blood mononuclear cells and cultured in granulocyte macrophage colony-stimulating factor, 
interleukin and autologous plasma. Tumor cells and DCs were co-cultured in the presence of polyethylene glycol to generate 
the fusions. Fusion cells were quantified by determining the percentage of cells that co-express tumor and DC markers. 
Patients were vaccinated with three doses of DC (10 X 106) were administered after every 2 weeks’ intervals and assessed 
weekly for toxicity, and tumor response was assessed at 3 months after completion of vaccination.

Results: Vaccination was well tolerated. No physical signs of autoimmunity were detected. There was no evidence of significant 
toxicity from vaccine or adjuvant. There was increased expression of T helper type 1 cytokines. Vaccination resulted in a 
significant reduction in the level of prostate-specific antigen (PSA) in the prostate cancer patient. Disease was stable upto 
6 months in cases of breast and cervical cancer patients.
 
Conclusion: DC-based vaccination can stimulate an antitumoral T cell response in patients with various cancers. This data 
indicates that vaccination with autologous tumor-pulsed DCs generated from peripheral blood is safe and can induce tumor-
specific cellular cytotoxicity. Clinical responses are achievable, even in patients with advanced disease.

Pramod S Dhembare, Managing Director, NOVO Cellular Medicine Institute, 
Fidelity Healthcare Ltd, 69 Robert Street Woodbrook Port of spain, Trinidad.
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Introduction
Dendritic cells (DC) are one of the most potent Antigen presenting 
cells (APCS) of the immune system, and they have ability to 
stimulate T cells1. DC are the cells which capture proteins, digest 
them proteolytically, and then present the resulting peptides on 
its cell membranes bound to MHC antigens [1]. This complex of 
MHC-peptide is responsible for the activation of T cells. Apart from 
this, DC also has high levels of the costimulatory molecules, CD80 
and CD86. This CD80 and CD8 led to the full T cell activation 
[1]. These DC are mostly found in various parts of the body like 
the epidermal layer of the skin, the respiratory and gastrointestinal 
systems, and the interstitial regions of several solid organs. 
These DC then acts as sentinels engulf invading microorganisms 

for presentation to immune cells [2]. In recent times DC-based 
cancer vaccines tested with some success in clinical trials with 
several types of cancers, such as Follicular-B cell lymphoma and 
melanoma [3-5].

DC are the most effective antigen presenting cell for activating 
CD8+ cytolytic T cells, CD4+ T cell help, and antibody responses 
[6]. Furthermore, most cancer vaccines require cross presentation 
of the administered antigen by DC [7]. We therefore hypothesized 
that vaccines based on DC loaded with tumor antigens would 
provide potent antitumor responses with low toxicity, precise 
specificity, and a sustained effect (due to immunologic memory). 
There are several possible sources of DC for immunotherapy 
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strategies; DC may be generated in vitro from monocytoid 
precursors or CD34+ progenitors [8, 9]. 

Prostate cancer is considered the most leading cause of cancer death 
among males after lung cancer [10]. Majority of prostate cancer 
cases confined only to the prostate. Only few of them diagnosed 
locally advanced or metastatic prostate cancer. Many treatments 
like hormonal, chemotherapeutic and radiation are available for 
metastatic prostate cancer, but they are not able to show curative 
potential in these patients [11]. Similarly, breast cancer is the most 
frequently diagnosed life-threatening cancer and the leading cause 
of cancer death among women worldwide. It includes a mixed 
collection of diseases with various histologically defined subsets, 
clinical presentations, responses to treatment and outcomes. 
Even dermatologists also play important role in diagnosing such 
diseases [12]. Genital warts, as well as precancerous lesions and 
carcinomas of the cervix, vagina, and vulva, human papillomavirus 
(HPV) infections leads great morbidity and mortality in female. 
Currently many vaccinations are available for the prevention of 
cervical cancer and precancerous lesions. To lessen the burden of 
healthcare for cervical cancer, it is necessary to develop vaccination 
for the control and treatment of genital HPV [13].

Failure of primary treatments as in metastatic cases, there is huge 
demand for new and improved treatments for multiple cancers. 
Now a day, immunotherapeutic approaches to cancer management 
have shown promise in experimental studies, and a number of 
immunotherapies are now being tested in clinical trials as well. Our 
group has been developing a prostate cancer vaccine ‘Dendritic 
cell infusion’ as a vehicle to present prostate, breast and cervical 
antigens to T cells. Our case study in prostate, breast and cervical 
cancer with DC will be discussed in these case studies. 

Materials and Methods
Written consent was obtained from each patients prior to the 
procedures. All protocols were followed by institutional safety 
guidelines. Pre-procedure investigations includes Prostate Specific 
Antigen (PSA), Renal Function, Liver Function, Lymphocyte 
Panel tests, Electrocardiogram (ECG), Computed Tomography, 
Ultrasound, Magnetic resonance Imaging (MRI) etc.

Generation of Monocyte derived DC Vaccination: Generation 
of DC vaccination was carried out as described by Bauer C et 
al (2011) with certain modification. Briefly peripheral blood 
mononuclear cells (PBMC) were isolated from 50 ml whole 
blood of patient by Ficoll density gradient centrifugation (Hisep, 
Himedia). Isolated PBMCs was washed with certain times with 
PBS. PBMCs were incubated in culture dish (Nunclon™Δ) for 
2h. Non adherence cells were removed and adherence cells were 
cultured with complete medium (autologous serum, Roswell 
Park Memorial Institute 1640 media (RPMI) with L-glutamine, 
Recombinant Human GM-CSF, Recombinant Human IL-4 and 
Gentamycin). Autologous serum was heat inactivated before use. 
Cells were replenished after alternate days. On 6th day cells were 
maturated with maturation stimuli (Polyinosinic: plycytidylic acid 
and TNF-α). 

Antigen priming with DCs: For antigen exposure, for prostate 
and cervical cancer recombinant protein was used and for breast 
cancer patient biopsy was used for antigen extraction. Protein 

concentration was estimated by Bradford reagent. After 5h of 
adding maturation stimuli, 25ug/ml of recombinant protein was 
added. On 8th day antigen primed maturated dendritic cells were 
ready for infusion. 

Quality control of DCs: Throughout the process cells were 
monitored under inverted microscope for any cross contamination. 
Before infusion cells were checked for bacterial contamination by 
gram staining. Bacterial endotoxin was determined by Pierce LAL 
Chromogenic Endotoxin Quantitation Kit (Thermo). 

Dendritic cell infusion and follow up tests: Cell viability was 
performed by trypan blue exclusion staining. Three doses of DC 
(10 X 106) were administered after every 2 weeks of interval by 
IV along with 100 ml saline as a slow infusion. Lymphocyte panel 
were evaluated before DC vaccination and after every infusion 
of every vaccination. Before and after every vaccination. PSA 
level was estimated in prostate patient. After 4 months of interval 
ultrasound of prostate were carried out.

Results
All 3 doses of vaccination were well tolerated. After every 
vaccination, blood samples were taken to check and verify the 
activation of lymphocytes by dendritic cells. Samples were sent 
to Quest laboratories USA. Results are summarized in Table 1, 
2 & 3. Dose 0 is before treatment and dose 1, 2, 3 are after every 
vaccination.

Case 1: “Case Study on Prostate Cancer”
A 84-year-old man was shown to have a prostate-specific antigen 
(PSA) level of 152.1 ng/mL in a routine evaluation. His physical 
exam was normal and the digital rectal examination revealed 
a slightly enlarged prostate. His past medical history was 
unremarkable. Laboratory data showed the following: Hemoglobin 
level 15 g/mL, hematocrit 3%, white blood cell count (WBC) 3900 
mm3, normal differential, platelets 258,000, blood urea nitrogen 
15, creatinine 0.8, and alkaline phosphatase 269 U/L, increase 
AST, ALT in liver function tests.

Case 2: “An Illustrated Case Study on Breast Cancer”
61Y female with a speculated irregular mass was discovered in 
her medial right breast (Figure 4). She acknowledged she was able 
to appreciate a palpable prominence in her medial breast and a 
“lump” in her right axilla. An ultrasound (Figure 5) disclosed a 
highly suspicious mass that measured 3.57cm × 3.89 cm in the 
breast, and enlarged lymph nodes noted within the right axilla, 
measuring 1.73 cm, 1.69 cm and 1.22 cm in diameter respectively... 
Based on patient’s condition breast cancer, the surgeon felt she 
should be considered for neoadjuvant chemotherapy. Ideally, 
the patient would receive immediate systemic therapy, followed 
by an assessment of response to this therapy. If the patient then 
chose breast conservation, this plan would improve her chances 
and the ultimate cosmetic result. Patient was referred to a medical 
oncologist and DC vaccine therapy was chosen. She had a dramatic 
clinical response with resolution of all palpable disease. 

Case 3: “An Illustrated Case Study on Cervical Cancer”
56 years’ female presents for follow-up at Alexandra MRI. Patient 
complains of frequent vaginal bleeding, pain/discomfort upon 
urination, and lower back pain. She reports being hospitalized twice 
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in the past few months for vaginal hemorrhage. MR appearances 
were consistent with an infiltrating, locally invasive, cervical 
neoplasm. This extends to involve the uterine body and fundus, 
the posterior bladder walls, the anterior and posterior vaginal 
fornices, the anterior two-thirds of the vaginal vault, urethra and 
both ureters. There is resultant hydroureter. 

Potential adverse effects of Dendrite cell-based immunotherapy
No dose-limiting toxicities were observed. No significant 
treatment- related toxicities were observed. Rare toxicities include 
pain at tumor sites approximately 24–48 h after receiving the 
vaccine, flu-like symptoms/ myalgia, fatigue, pruritis, injection 
site discomfort, and minimal pedal edema. Most common adverse 
effect observed in all cancer patients receiving DC therapy was 
fever, all patients recovered spontaneously or after antipyretic 
treatment with nonsteroid medicine. No other significant 
complications accompanying cell-based immunotherapy were 
observed. No clinical evidence of autoimmunity was observed in 
the patient population.

Effect of Vaccination on DC Induced T-Cell Proliferation
All patients underwent three doses of DC vaccination (10 X 106) 
after every 2 weeks’ interval to assess their capacity to exhibit a 
primary immune response. PBMCs were isolated at serial time 
points. There is significant increase in the T-cell proliferation 
index after vaccination. 

Effect of Vaccination on Tumor-Induced T-Cell Expression of 
IFN
To assess the effects of fusion cell vaccination on the capacity of 
patients to mount a tumor-specific CTL response, PBMCs were 
isolated at serial time points, cocultured with autologous tumor 
lysate, and analyzed for intracellular expression of IFN- by CD4 
and CD8 T-cell populations. DC vaccine causes at least 30 to 
40% increase in case of prostate cancer patients (Table 1, Figure 
1) whereas it increases approximately 5 to 30% in case of breast 
cancer patients (Table 2, Figure 5); 40 to 97% increases in case of 
cervical patients (Table 3, Figure 7), the percentage of CD4 cells 
and CD8T cells expressing IFN-after tumor lysate exposure. 

Table 1: Lymphocyte subset panel before and after each vaccination (Prostate Cancer)

 Lymphocytes Before vaccination After vaccination 
Cell type Dose 0 Dose I Dose II Dose III
Absolute CD3+ cells (cells/ul) 145 187 143 145
Absolute CD4+ cells (cells/ul) 104 142 122 113
Absolute CD8+ cells (cells/ul) 40 52 35 34
Absolute NK cells CD16+CD56 (cells/ul) 111 148 97 146
Absolute lymphocyte 287 374 258 312
Helper/suppressor ratio 2.60 2.75 3.50 3.36

Table 2: Lymphocyte subset panel before and after each vaccination (Breast Cancer)

Lymphocytes Before vaccination After vaccination
Cell type Dose 0 Dose I Dose II Dose III
Absolute CD3+ cells (cells/ul) NA 1051 894 703
Absolute CD8+ cells (cells/ul) 383 418 332 283
Absolute CD4+ cells (cells/ul) 592 697 525 407
Total lymphocyte 1230 1443 1249 930
Absolute lymphocyte 287 374 258 312
Helper/suppressor ratio 2.60 2.75 3.50 3.36

Table 3: Lymphocyte subset panel before and after each vaccination (Cervical Cancer)

Lymphocytes Before vaccination After vaccination
Cell type Dose 0 Dose I Dose II Dose III
Absolute CD3+ cells (cells/ul) 790 1278 818 1061
Absolute CD8+ cells (cells/ul) 221 433 311 323
Absolute CD4+ cells (cells/ul) 593 874 552 773
Total lymphocyte 1267 1909 1290 1664
Absolute lymphocyte 287 374 258 312
Helper/suppressor ratio 2.60 2.75 3.50 3.36
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Figure 1: Variation in CD4:CD8 ratio, absolute lymphocyte and 
NK cells before and after

Figure 5: Variation in CD4:CD8 ratio, absolute lymphocyte before 
and after vaccination

Figure 7: Variation in CD4:CD8 ratio, absolute lymphocyte cells 
before and after vaccination

Clinical Responses
Dendritic cell (vaccine) therapy was regularly monitored and 
tolerated well. No immediate or delayed adverse effects were 
observed. Liver function tests, kidney function tests, and analysis 
of hematological parameters revealed that they were in normal 
range. The period between any two vaccines remained uneventful. 
After 2 months of vaccine therapy, ultrasonography of the prostate, 
breast and cervical revealed normalcy in and around operation site.

In case of prostate cancer patient: Prior to the start of any procedure, 
the patient’s PSA was 152.1 ng/ml and increased to 194.5 ng/ml. 
However, once all doses were complete the PSA decreased to 
44.13 ng/ml. This was a remarkable finding of our study. 

In ultrasound examination, we found prostate volume was 105.41 
cc and after treatment it was measured as normal 16 cc, normal 
morphology of the urinary bladder and no mass, calculus or wall 
thickening observed. There was no evidence of adnexal mass, fluid 
collection or adenopathy (Figure 3).

Figure 3: Post treatment changes in prostate (Ultrasound 
examination)
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Post-Treatment
At six months’ post-treatment, the patient’s PSA was 44.13 ng/
ml (Figure 2). Treatment was well tolerated and minimal side 
effects were reported, as the patient noted good urinary and bowel 
function following treatment.

Figure 2: PSA level before and after treatment

In case of breast cancer patient: After vaccination, a breast cancer 
patient responded with near complete regression of a 3.57cm 
x 3.89cm chest wall mass in right breast, dilated ducts noted 
measuring 1.12 cm, enlarged lymph nodes noted within right 
axilla, measuring 1.73cm, 1.69cm, 1.22cm in diameter respectively 
(Figure 4) and no evidence of new disease at other sites. Whereas 
within left breast dilated ducts are seen, multiple lymph noted 
within left axilla but no discrete mass noted.

Figure 4: Clinical aspects of the disease. Right breast reveals a 
solid mass and an enlarged lymph node in the right axilla.

Her disease status remained stable with no evidence of progression 
until 6th months after vaccination. Of note, this patient had a steady 
rise over time in the tumor-induced percentage of CD4 and CD8 T 
cells expressing intracellular IFN- (Figure 7). Expression of IFN- 
by CD4 cells peaked after first dose vaccination at a level that was 
20% increases as found before vaccination. The percentage of CD 
cells expressing IFN- peaked at first dose vaccination with a level 
10% increases pre-vaccination. No other therapy was administered 
during this time.

In Case of Cervical Cancer Patients: Before start of treatment, there 
was  severe in hydroneprosis and hydroureter, which was moderate 
after treatment. Increasing bilateral hydroneprosis and hydroureter 
secondary to the cervical mass. The uterus & endometrium were 
also heterogeneous in appearance as before treatment. No evidence 
of bowel obstruction. Stable overall size of the cervical mass 
with MRI evidence of paracervical involvement as before. MRI  
features are suspicious for involvement of the posterior bladder 
wall and anterior rectal wall. A rectocervical fistula should also be 

excluded. No MRI evidence of abdominopelvic lymphadeopathy 
or metastic disease. Paraaortic and pelvic nodes appear within 
normal limits on MRI (Figure 6A and 6B). There was remarkable 
increase in CD4:CD8 ratio, absolute lymphocyte and NK cells. 
Mean values of lymphocyte count was increased which suggested 
that there was generation of tumor reactive cells CD4 and CD8 T 
cell surface molecules that play a role in T cell identification and 
activation by binding to their relevant major histocompatibility 
complex (MHC class I and II) ligands on dendritic cells. Antigen 
that bound to MHC class 1 molecule recognized by CD8+ T cells 
and antigen that bound to MHC class II molecule recognized by 
CD4+ T cells that result in decrease in tumor burden.

Figure 6 A: MRI scan of pelvis before treatment for cervical 
cancer Patient

Figure 6 B: MRI scans of pelvis after treatment for cervical cancer 
Patient

Discussion 
Cancer immunotherapy had shown a potential efficacy in 
tumor growth control and patient survival as the news released 
that ‘‘Instead of using surgery, chemotherapy, or radiotherapy, 
researchers from the National Institutes of Health are finding so far 
limited but inspiring success in a new approach for fighting cancer, 
using the immune system to attack the tumors the way it would 
be a cold or flu. -CNN.com (August 2006)’’ [14-16]. Although 
extensively studied in cells and animal models, the clinical data 
regarding the exact benefit of immunotherapy in patient survival 
and disease progression remain to be further investigated [17, 18]. 
Despite limited size of cohorts, these case studies demonstrate 
a remarkable enhancement in the post-surgical control of tumor 
recurrence and survival rates in cancer patients treated with 
combined DC therapy. It has been well established that the DCs 
prime native T-cells and DC vaccine has achieved encouraging 
promise as a novel therapeutic approach for disease control in 
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specific cancers [19]. DCs have the capability to present tumor 
antigens to T lymphocytes and induce the specific cytotoxic T 
cells against tumor antigens [20-23]. Sipuleucel-T, the first DC 
vaccine, was approved for clinical application by FDA in USA to 
treat asymptomatic metastatic castrate-resistant prostate cancer, 
improving patients’ OS in phase III trial [14]. Additional promising 
results were reported in recent phase III trials using tumor 
vaccine to treat various late stage cancers, including melanoma, 
follicular lymphoma, CRC, and NSCLC. Studies in the clinics 
have established that DCs capture and process tumor-associated 
antigens and secrete cytokines to initiate an immune response [24, 
25].

Clinical trials of DC vaccines have demonstrated minimal toxicity, 
evidence for the induction of tumor-specific cellular immunity, and, 
in certain patients, clinical response [26-31]. The use of whole cell 
approaches such as DC/tumor fusion allows for the presentation 
of multiple antigens, including those yet to be identified, in the 
context of DC-mediated co-stimulation. DC vaccine is shown to 
induce tumor-specific effector and memory T cells [32]. Therefore, 
the DC vaccine may have potential higher cytotoxic activity and 
specificity in the effector T cells, which shows both short and long 
term anti-tumor efficacy.

In the present case studies, patients with prostate, breast and 
cervical cancer were vaccinated with autologous tumor cells fused 
to autologous DCs. A concern was the feasibility of producing 
adequate fusion cell yields for vaccination from patient-derived 
specimens. DCs were generated in sufficient quantities and 
exhibited phenotypic and functional characteristics of partially 
mature DCs. The cells uniformly expressed class II and co-
stimulatory molecules, but CD4, CD8 expression was modest 
and seen only in a subset of specimens. The major challenge for 
vaccine generation was obtaining an adequate yield of tumor cells. 

In the present study, a subset of patients demonstrated evidence 
of immunological response to fusion cell vaccination by an 
increased percentage of T cells expressing intracellular IFN- after 
ex vivo exposure to tumor lysate. The correlation between in vitro 
immunological assays and clinical response is not well defined. In 
one study, immunological response to at least two antigens after 
vaccination with DCs loaded with multiple peptides was associated 
with clinical outcome [28]. In our study, disease regression in 
response to vaccination was associated with increased tumor 
lysate-induced IFN-_ expression. In one patient with an immune 
response, vaccination resulted in the near complete regression of a 
large chest wall mass. Of note, autoimmunity is a potential concern 
when using whole cell vaccine approaches in which tumor-
associated antigens are introduced with shared self-antigens. In 
the present study, vaccination was well tolerated, and there was no 
evidence of clinically significant autoimmunity. DC-based vaccine 
studies have demonstrated encouraging results; however, issues 
remain regarding the optimal approach.

One issue is whether autologous or allogeneic DCs are more 
effective as fusion partners. DCs isolated from cancer patients can 
exhibit an impaired capacity to express co-stimulatory molecules 
[33]. However, functional deficiencies observed in DCs isolated 
from cancer patients are not generally seen in DCs generated by 

ex vivo culture of progenitors with cytokines [34, 35]. Fusions 
generated with allogeneic DCs are dependent on tumor cell 
expression of class I molecules for antigen presentation. In this 
regard, loss of class I expression has been demonstrated in tumor 
cells as a potential mechanism for evasion of host immunity [36]. 
Immune response after DC vaccination is also determined, in part, 
by the stage of DC maturation [37]. Immature DCs secrete IL-10 
and bias responding T cells toward a T helper 2 phenotype [38, 39]. 
By contrast, mature DCs secrete IL-12 and are potent inducers of 
T helper 1-mediated cytotoxicity [40, 41]. Moreover, with fusion 
cells, production of IL-10 by the tumor could potentially inhibit 
DC maturation and function [42-44]. The use of cytokine adjuvant 
may thus augment effectiveness of the fusion cell vaccine. IL-12 
is a heterodimeric cytokine that up-regulates DC expression of co-
stimulatory molecules, stimulates T helper 1 reactivity, expands 
antigen-specific CD8 T cells, and enhances the effectiveness of 
DC-based antitumor vaccines [45-49]. Moreover, administration 
of IL-12 with DC fusion cells has substantially improved induction 
of antitumor immunity in animal tumor models of intracranial 
glioma and multiple myeloma [50, 51]. Thus, administration of 
IL-12 could potentiate the effectiveness of the fusion cell vaccine 
in cancer patients.

In agreement with the clinical benefits observed in other clinical 
trials, our studies suggest that DC treatment can significantly 
enhance patient survival, prompting its future clinical investigation 
[52]. Although a number of CD4, CD3 & CD8 were elevated in 
the DC, only CD4, CD3 & CD8 showed a significant increase in 
patients’ sera in our studies. Studies demonstrated that CD4, CD3 
& CD8 play critical roles in immunotherapy using DC [53, 54]. 
Tumor cells are highly heterogeneous and a specific tumor may 
contain cells with both high and low MHC-I populations [55-57]. 
Interestingly, MHC-I expression shows heterogeneous among 
tumor cells and radiation promotes the immunological recognition 
of the tumor cells by immune cells via MHC-I [58]. However, 
probably due to the heterogeneity in a given tumor, a single type of 
immune therapy may only be effective in a subpopulation of cancer 
patients. Similarly, tumor cells with higher MHC-I expression 
may be more sensitive to DC vaccine therapy. As discussed 
earlier through this treatment, it led to increase in CD4:CD8 ratio, 
absolute lymphocyte and NK cells, which ultimately decrease in 
tumor burden.

Based on the present results, which demonstrate the induction of 
immunological and clinical antitumor activity, and the potential for 
improving these responses, clinical trials are under way to identify 
a more effective strategy for fusion cell vaccination. These trials 
will define the toxicity, immunological responses, and clinical 
efficacy of fusions with mature autologous or allogeneic DCs and 
vaccination in the context of adjuvant IL-12 or GM-CSF.

Future trials will need to be performed comparing newer treatments 
with those more established chemotherapy regimens. With these 
issues in focus, dendritic cell therapy seems to have significant 
promise as a treatment modality where no effective treatment 
previously existed.

The study has some limitations; the enrolled patients were in the 
advanced stage of cancer. Only three doses were given to the 
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patients. Randomized clinical trial will be performed with various 
combination of dendritic cell therapy along with T cells therapy. 
One or more trials in large number of subjects with active and 
placebo control will increase the validity of the above study. 

Future Direction
Combination Approach for Effective Antitumor Response (T 
cell therapy): Effective antitumor responses in patients with 
malignancies depend on the presence and function of immune 
cells that can recognize and eliminate tumor cells [59-62]. Among 
the immune cells, DCs are the antigen presenting cells (APCs) that 
play major role in activating the immune system against cancer 
cells. The application of ex vivo generated DCs emerged in an 
effort to improve the therapeutic efficacy in cancer patients with 
dysfunctional endogenous DCs. In the last decade, a large number 
of clinical trials were carried out to establish the therapeutic 
efficacy of DC vaccines. Among the over 200 DC based clinical 
trials so far, melanoma was the most common cancer treated which 
established the feasibility and safety of DC vaccines [63]. 

The advantages of the DC vaccines include low toxicity (grade 3 
and 4 level toxicities are rare), less possibilities of immunotherapy 
induced autoimmunity, and induction of immunogenicity even in 
advanced malignancies [64, 65]. On the other hand, there is still a 
lot to improve in the clinical efficacy. One approach to achieve that 
is the combinatorial therapy of DC Vaccines and TILs. Park et al 
(2007) carried out preclinical studies on murine colorectal tumor 
by combining the two immunotherapeutic approaches [66]. The 
results demonstrated that T cell transfer and DC vaccination could 
induce a potent antitumor response. This strategy dramatically 
increased T cells in lungs and spleen, resulting in prolonged 
survival. In another melanoma murine model study, injection of 
DC vaccine along with adoptively transferred T cells improved the 
antitumor response in comparison to either treatment alone [67]. 
Moreover, the vaccination combination (DC and TILs) led to tumor 
regression and provided protection against tumor re-challenges. 
Kandalaft et al (2013) showed dendritic cell vaccination with 
bevacizumab and metronomic cyclophosphamide, followed 
by autologous adoptive T-cell therapy was practicable and well 
tolerated [68].
Synergistic Effect of DC and Chemotherapy: Tumor induced 
immune suppression is caused by T regulatory cells (Treg cells) 
making dendritic cells tolerogenic. Chemotherapeutic drugs 
inhibit Treg induced suppression by blocking activity of Treg 
cells. Chemotherapeutic drugs indicated here can cause direct 
stimulation of T effector and NK cells that can lead to anti-tumor 
activity. Chemo drugs by their virtue of cytotoxic function leads to 
immonogenic cancer cell death thereby enhancing immunovisibility 
of tumor debri favoring phagocytosis by dendritic cells [69].

Hence, it leads effective combination of DC activated cytokine 
induced killer cells CIKs along with chemotherapy enhanced anti-
tumor activity via up regulation of anti-tumor cytokines including 
IFN-γ, TNF-α, TNF-β and MIG [70, 71].

Future Directions in Cancer Vaccine Development 
The current studies demonstrate the potential of autologous DC 
as a vehicle to deliver specific target antigen, a crucial issue in 
cancer vaccine development. In our future case study, we hope 

to expand the antigen repertoire of our vaccine study from two 
PSMA peptides (each of which represents nine amino acids) to 
a recombinant PSMA protein consisting of the native sequence 
without the transmembrane domain. This change will multiply the 
number of targets for T cell attack, and thus produce a potentially 
more effective vaccine.

Conclusion
We conclude that dendritic cell therapy is a safe and well tolerated 
immunotherapeutic method that can elicit immunity even in 
patients with advanced-stage cancer. This work also confirms 
that dendritic cell-based interventions have only some capacity 
to produce objective tumour responses. Although not all studies 
were designed primarily to measure survival, an increasing 
number indicate that dendritic cell therapy could confer a survival 
benefit. These preliminary but encouraging survival data provide 
a strong incentive to begin a new series of clinical trials using 
overall survival as the primary endpoint. The rational use of these 
vaccines in combination with other anticancer therapies that could 
improve their effectiveness. These developments might hold the 
key to the full therapeutic potential of dendritic cells for cancer 
immunotherapy.
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