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1. Introduction

The most common malignancies in Indian women is reported to be of breast, cer-

vical, and ovarian tissue. Breast and cervical cancers make up 40% of female cases.
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While cervical cancer is largely linked to infections such as human papillomavirus
(HPV), breast and ovarian cancers are often influenced by hormonal factors. Ris-
ing cases of these hormone-related cancers are also associated with lifestyle shifts,
including later pregnancies, reduced breastfeeding, obesity, and sedentary hab-
its.

For men, oral, lung, and prostate cancers dominate. Tobacco drives 40% of pre-
ventable cancers, mainly oral and lung. So what is going on in India? Is it an earlier
diagnosis for women? Are men’s cancers more aggressive, or is it that habits such
as smoking and chewing tobacco drag down their outcomes? Or does the answer
lie in differences in access, awareness, and treatment between genders?

Cancer mortality in India is a significant public health issue, with around 916,827
deaths estimated in 2022, or approximately 3 out of 5 people diagnosed. The age-
standardized cancer mortality rate in India is lower than the global average, but
the rate of mortality is increasing due to factors like lifestyle changes, Westerniza-
tion, and late-stage diagnosis resulting from poor awareness and screening rates.
The highest cancer mortalities in men include tongue, lung, and oral cancers, while
in women, the most fatal cancers are typically breast, cervical, and esophageal can-
cers. While doing his fellowship at Rockefeller University, Ralph M Steinman in
1973 discovered Dendritic cells (DCs) and observed these rare, star-like cells in
mouse spleen cultures [1]. Dr Steinman called these cells as dendritic cells and
reported that DCs capture and deliver the tumor antigens to T-lymphocytes for
neutralization [2]. Immunotherapy and individualized treatment based on DCs
have increasing important role in oncology treatments and has become, important
type of therapy in recent years [3].

The objective of this review is to provide recent insights in the development of

DCs and the role they play in the treatment of common cancers.

2. Material and Methods

The relevent electronic databases for English language literature was searched be-
tween January 2010 and July 2025 which included Pub Med, Scopus, Web of Sci-
ence, EBSCO Cumulative Index, Web of Science, and Cochrane Central with key
words of cancer, immunotherapy, dendritic cell vaccines. Only full papers were
included for the study and excluded from the analysis were all other publications.
Data was extracted based on the inclusion criteria related to the six common tu-
mors (Figure 1).

3. Perception of Dendritic Cell Vaccines

Even though DCs were identified in 1973 but the first clinical trial was reported
in 1995, and since then, many clinical trials have been conducted and DCs have
been shown to be very effective in presenting the cancer antigens to T cells to
neutralize them. By 2024, ninety-eight studies were conducted, indicating the use
of more than one thousand DC vaccines in over 12 different malignant tumors.

Different methodologies were used to isolate, mature DCs in vitro using patients’
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autologous peripheral blood. No serious complications were reported, and effi-

cacy in the majority of the human trials was reported.

Studies identified from data bases search
886

542 articles l
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inclusion and
exclusion criteria

Reviewed Studies 344

|

207 were excluded after full-
text review due to incomplete
and unrelated data to
Dendritic Cells/Vaccine

|

137 Studies was reviewed for
Final Analysis.

Figure 1. PRISMA flow chart of the review.

3.1. Sources of DCs

The origin of Dendritic cells (DCs) is progenitors from the bone marrow through
hematopoiesis, a highly regulated, organized process involving multiple cellular
and molecular levels. And are released into the blood and tissues, as immature
dendritic cells, which differentiate into various DC progenitor cells. The main
source of hematopoietic stem cells (HSCs) and common myeloid progenitors
(CMPs), which are the ultimate precursors to all dendritic cells [4]. Three different
subsets of DCs have been described: Conventional Type I ¢cDC (¢DC1), type 2 cDC
(cDC2), and plasmacytoid DC (pDC) [5]-[7].

Immature DCs are released from bone marrow through hematopoiesis, a highly
regulated, process involving multiple cellular and molecular levels, and they are
released which later differentiate into various DC progenitor cells. The main
source of hematopoietic stem cells (HSCs) and common myeloid progenitors
(CMPs), which are the ultimate precursors to all dendritic cells [3]. DCs are also
derived from monocyte precursors and are found in many peripheral tissues, es-
pecially those exposed to the external surroundings. The released DCs are first
immature cells and develop into mature cells to settle in the bloodstream and var-
ious tissues. Dendritic cells (DCs) require 24 to 48 hours to mature, but under
some circumstances, dendritic cells are believed to circulate and replenish over a

period of days to weeks.
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3.2. Mechanism of Action

DCs are very important in the protection of the human body from external sources,
such as microbes like viruses, bacteria, and fungi, which are transmitted from con-
taminated air, water, food, surfaces, or direct contact with an infected person, and
internal sources, like cancer antigens. In the first instance, DCs identify the tumor
antigens and produce cytokines to alert the immune system and trigger other in-
nate cells to confer protection. Secondly, equipped with distinctive cellular fea-
tures, DCs effectively capture, process, and present antigens to T cells and, at the
same time, provide costimulatory signals and secrete cytokines, which thereby di-
rect naive T cells to either reproduce and transform into active cells. Under the
influence of DCs, T lymphocytes trigger specific immune reactions [8]. In the in-
nate immunity, Plasmacytoid dendritic cells (pDCs), which also originate from in
the bone marrow, with their development involving both myeloid and lymphoid
progenitors. Once in contact, viral nucleic acids produce enormous quantity of
type I interferon (IFN-I), which inhibits viral replication and activates other im-
mune cells, providing a rapid initial barrier [9]. Activated pDCs produce Type I
IFN which activates Natural Killer (NK), B cells, and cDCs [10]. DCs initiate an
immune response against cancer by capturing tumor antigens and presenting them
to T cells in lymph nodes, activating them to kill cancer cells [11]. DCs play a
paramount role in the identification of tumor antigens and their capture from the
CD8, T cell activity against tumors [12] [13]. Immature DCs penetrate the tumor
microenvironment, where they capture or stress tumor cells. It was suggested that
dying cancer cells, which release ATP and heat-shock proteins (HSPs), activate
the DCs. Mature DCs with the tumor antigens move to the regional lymph nodes,
where the T cells terminate the cancer cells. The DCs are not always active against
tumor antigens, as the tumor microenvironment (TME) can impair DCs’ function
by inhibiting their maturation, which allows tumors to progress. This is achieved
by tumor cells by secreting inhibitory molecules, cytokines that inhibit DCs’ ac-
tivity. Secondly, the TME can recruit immunosuppressive cells, which in turn will
inhibit activity, and lastly, pro-inflammatory cytokines may be absent in the TME,
which is essential for DCs maturation and activation.

3.3. Therapeutic Strategies using DCs

As DCs stimulate the body’s defense mechanism by starting the action of natural
immunity to neutralize cancer cells, this is a good option for enhancing immuno-
therapy. The strategy to restore anti-tumor immunity is either to stimulate the
DCs present in the body to early mature, or provide mature DCs cultured in vitro
and inject them. A Dendritic cell vaccine is developed in vitro by collecting a pa-
tient’s blood, isolating monocytes (immature immune cells), and culturing them
to become mature dendritic cells. After maturation the activated DCs which are
the antigen-loaded are infused back into the circulation which stimulates T-cell
response to cancer cells and kills the tumor cells [14]-[17] (Figure 2). In spite of
many clinical trials, the treatment using the approach of DCs remains to be stand-
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ardized as an adjuvant therapy in many malignant tumors. Moreover, the dosage
also needs to be assimilated. At present, DCs (0.3 x 1 million cells to 200 x million
cells per injection), the vaccination is given every 3 weeks up to 10 injections. The
route of injection varies from accessible intra-tumoral and lymph nodes to achieve
the most robust and immune response. The other routes are subcutaneous and

intravenous [18].
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Figure 2. DCs vaccination is prepared using different methods. One by isolating the monocytes from the peripheral blood samples
using gradient centrifugation. DC differentiation supplement is added on day 1 and placed in culture in polystyrene flasks at 1 x 10°
cells/mL at 37°C, with 5% CO.. On day 3, IL-4 and GM-CS were added to develop immature DCs. On day 5, DC mature supplements
are added. On day 7, DCs are mature and tryptinized and frozen at —80 degrees C till ready for injection.

4. DCs Vaccine as Current Adjuvant Therapy for Cancer
4.1. Prostate Cancer (PC)

The therapy for patients with prostate cancer is surgical removal of the prostate,
irradiation, and chemotherapies like hormone therapy and chemotherapy. Early
diagnosis and anti-androgen therapy give good results, but for advanced prostatic
cancer, the results are usually not favorable. In 2010, the US FDA approved the
first DCs vaccine therapy as Immunotherapy. Immunotherapy using DCs is for
tumors that are asymptomatic or minimally symptomatic metastatic post removal
of testes-resistant prostate cancer. Over 43.0% of all prostatic cancers are diag-
nosed late, once they are at the metastatic stage, making treatment difficult and
palliative. The DC vaccine marketed as Sipuleucel-T works by trigger the patient’s

own immune mechanism to attack prostate cancer cells. Cancer of the prostate is
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the second most common cancer in men with a high morbidity and mortality [19].
It is expected that in South America, prostate cancer will rise by 82.3% by 2040
[20]. The highest incidence of prostate cancers in India is around 11.8 per 100,000
and is on the rise yearly [21]. The standard of care for metastatic prostate cancer
is anti-androgen therapy (ADT), also called androgen ablation therapy or andro-
gen suppression therapy, which reduces the levels of androgen hormones by using
drugs or surgery [22]. With this aggressive therapy, many patients relapse and
become incurable with a bad prognosis [23]. In these patients, there are no other
options but to institute Immunotherapy in the form of DCs. Westdorp et al
(2019) [24] used DCs in patients with post testicular removal resistant prostate
cancer. The primary endpoint was the response to immunotherapy after DC vac-
cination, which was monitored in peripheral blood and in T cell cultures of biop-
sies. The secondary endpoints were safety, feasibility, radiographic progression-
free survival (rPES), and overall survival. Stable disease that persisted for >6 months
was seen in 57%. Median rPFS for all patients was 9.5 months (range: 3.2 - 24.8
months). It was concluded that immune system activation with peripheral blood
derived DCs was safe and feasible to induce T cells response to neutralize cancer
antigens, thereby preventing progression. In 2022, another Phase II study with an
adjuvant dendritic cell vaccine was given 12 weeks post prostatectomy, high-risk
PC, and undetectable PSA received DC vaccinations for 3 years or until biochem-
ical relapse (BCR). DCs were given, including an additional booster dose monthly
during the first year, and every third month for the next 24 months. Fifty-five
percent of patients were BCR-free over a median of 96 months (range: 84 - 99).
Four patients developed BCR during DCs treatment, and five after the vaccination
period. Patients who developed BCR remained stable disease within a median of
99 months [25]. Recently, He et al (2024) [26] found the DC vaccines gave favor-
able safety profiles with good clinical outcomes, BCR (42% - 73%), overall survival
durations (17.7 - 33.8 months), and a reduced two-year mortality rate of 0% -
12.5%.

4.2. Conclusion

DC vaccines for prostate cancer have shown great promise in improved disease-
free survival. The DC Vaccine has proved to be an efficacious immunotherapy,
demonstrating the safety of the vaccine with minimal side effects. Reports have
shown that in subjects with high risk of PC, the adjuvant DC vaccines after pros-
tatectomy with or without chemotherapy are safe and efficacious in terms of lim-
ited adverse effects, reducing PSA levels by 50%, BCR-free survival, which reduces
the morbidity, and overall survival durations, and reduced mortality rate. Stand-
ardized protocols, doses, and routes are needed to adjust for individual patients,

aiming for a lasting antitumor activity.

5. Breast Cancer (B(C)

Breast cancer is the most common cancer in women worldwide, with approxi-
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mately 2.3 million (11.7%) cases diagnosed in 2022, and it is commoner than lung
(11.4%) and prostate (7.3%). Breast cancer is rising in the World, with cases in
America is expected to reach 400,000 by the year 2040 [26]. The recommended
treatment of BC is excision of the tumor, radiotherapy, and chemotherapy as re-
quired [27]. Breast cancer caused an estimated 670,000 deaths globally in 2022
[28]. In India, the incidence is not low, and it is reaching 14% of all cancer cases
and about 11% of all deaths [29].

Dendritic cell vaccines has been reported to be effective in regulating the im-
mune response of BC. A comparative phase I/II trial was performed with BC pa-
tients treated with neoadjuvant chemotherapy, with one control group, and the
second group received DCs to assess the safety and efficacy of DCs administered
to BC patients [30]. The results showed that the DC vaccine along with chemo-
therapy was effective. Santisteban et al (2021) [31] evaluated all the parameters of
the DC vaccine to Neoadjuvant Chemotherapy (NAC) in HER2-negative BC pa-
tients. The study compared subjects with the DC Vaccine with the control group.
The study confirmed that this combination increases the pathologic complete re-
sponse (pCR) rate. Other relevant studies have confirmed that DC vaccine when
given early can reduce the size of the tumor, thus decreasing the morbidity and
mortality [32]-[36].

Conclusion

In the BC ecology, the internal body habitat inhibits differentiation of DC precur-
sors by factors that are released by tumor cells, preventing the DCs from normally
maturing and becoming active. External mature DC vaccines are the only way to
provide DCs, is a safe and effective Immuno-therapy for BC. Additional treatment

with DCs prolongs the survival of patients.

6. Glioblastoma (GBM)

Glioblastoma, previously called glioblastoma multiforme (GBM), is one of the
most truculent and common malignant tumors of the central nervous system with
a poor prognosis [37]-[39]. The incidence reaches up to 50 per million persons,
and the incidence is increasing in the world [40]. Glioblastomas are thought to
arise from astrocytes [41] and are the commonest malignancy of making up over
50% of all gliomas and 17% of all primary tumors of the central nervous system
[42]. Recommended treatment usually includes all the facets of cancer therapy
[43]. With chemotherapy, many drugs are tried, but the cancer almost always re-
curs as tumor cells are resistant to standard therapies. The average time of survival
after diagnosis is less than a year, and only <10% of patients survive not more than
5 years.

Immunotherapy using DC vaccine brought some change in the morbidity and
mortality of patients with GBM. By March 2023, over 75 studies were performed
using DCs for patients with GBM, and six meta-analyses reported notable recov-

ery in survival due to DC vaccines. Another report of 3619 patients treated with
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recommended care and DCs, found patients living statistically longer [44]-[47].
Moreover, in newly diagnosed glioblastoma, the used of DCs showed better pro-
gression-free survival [48]. These studies represent a new breakthrough in the
management using Immunotherapy in the treatment of GBM, even though more

studies will be required in the future to standardize DC treatment.

7. Lung Cancer (LC)

Lung cancer is a crucial healthcare in India, with increasing incidence, delay in
diagnosis, and a high mortality rate. It appears the incidence of LC is on the rise
in India from 63,708 cases (2015) to 81,219 cases (2025) [49]. The compounding
factors are driven by the same factors as smoking tobacco. (cigarettes, bidis, hook-
ahs), air pollution, household smoke from biomass fuel, and occupational expo-
sure to substances like asbestos. For non-smokers, the risk is significantly in-
creased by passive smoking as well. In India, patients present with LC usually with
metastasis in 44% of males and 47.6% of women [50]. In US it is estimated that
lung cancer for 2025 are about quarter a million new cases of lung cancer with
similar frequency in both sexes and approximately mortality of (64,000 in men
and 60,000 in women). Lung cancer treatment options are usually multi-modality
which include from surgery, chemo, cyotherapy to electrotherapy.

The mortality rate for lung cancer with metastasis is abysmal, with a 30-month
chance of survival of 27% for Stage IV (distant metastasis) lung cancer patients
[51]. At present the poor survival rates, is due to different methods of treatment
practiced. Dendritic cell vaccines have appeared as an emerging therapy for ad-
vanced non-small cell lung cancer (NSCLC). With present improvements in the
treatment, the prognosis remains bleak. Some chemotherapy drugs do induce im-
mune induced cell death and cause lymphoablation, decrease immune suppressor
cells, thereby increasing T-cell response to the tumor cells. Drugs like immune
checkpoint inhibitors, such as pembrolizumab, nivolumab, bevacizumab, and tar-
latamab, help the body’s innate immunity to fight cancer cells. Even with these
drugs in use, the long-term survival is dismal. At present, DC vaccines are recom-
mended as adjuvant treatment of NSCLC [52]-[54].

Hu et al. (2014) [55] studied all the parameters of DCs isolated from patients as
salvage therapy with adenocarcinoma and showed promising results of overall
survival. Takahashi ef al (2016) [56] reported after a multi-site clinical trial in
which they administered subcutaneous DCs every two weeks, at multiple sites of
adenopathy and DC vaccines provided clinical benefit for patients with breast car-
cinoma. Zemanova et al. (2021) [57] DCVAC/LuCa was given intradermally at 21
- 40 days gap, with a maximal of fifteen injections. The combination of car-
boplatin, paclitaxel, and DCVAC/LuCa exhibited an overall survival of 16 months,
compared to 12 months in the carboplatin, paclitaxel arm. Zhong et al (2022) [58]
after evaluating the safety and efficacy of dendritic cell vaccines for lung cancer
(DCVAC/LuCa), human non-small cell lung cancer cells, derived from a lung

cancer obtained from a patient prior to therapy (H522 cell lines), combined with
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chemotherapy for advanced non-squamous cell carcinoma. After receiving 2
doses of chemotherapy, patients received 15 injections by subcutaneous route of
DCs. At 2 years, 52.57% patients survived and disease-free survival was 8.0 months,

suggesting encouraging effectiveness.

Conclusion

In the past decade DC vaccines has positioned itself as an important treatment
modality in malignancies and current immunotherapy approaches support DC
vaccines as an important way of giving supportive therapy to standard of care in
improving clinical performance of DC-based treatments and providing increased
overall survival patients. The future of cancer therapy using DCs depends on im-
proving patients survival by combining the standard of care. DC vaccine based
treatment has already been integrated with other methods of cancer treatments,

such as chemotherapy, radiotherapy, and immune checkpoint inhibitors.

8. Leukemias

Leukemia is a serious global malignant condition, with over 474,000 new patients
in 2020 and approximately 311,000 deaths worldwide, making it the within the
top 15 most common cancer globally. The World frequency of leukemia is rising,
It is the most prevalent cancer in children under five but also affects adults, par-
ticularly in their 60s and 70s [59]. Leukemia is a significant healthcare issue in
India, ranking as the country’s most common type of blood cancer, with an esti-
mated 100,000 people diagnosed annually. In the United States, leukemia became
the 6™ most common cause of cancer deaths in males between 2018 and 2022 and
in the last 30 years, making up around seven percent of all cancers [60]. The man-
agement of leukemia depends on leukemia type, stage, patient’s age, and overall
health. Leukemia management involves a multidisciplinary approach and in-
cludes treatments such as therapy, targeted therato radiation and bone marrow
transplants, often in combination. In the context of achieving complete hemato-
logic remission (CR), in the last 40 years, the prognosis for this traditional upfront
treatment has remained distressing, even though many new drugs have been stud-
ied in clinical trials. The current treatment includes regular chemotherapy, an-
thracyclines, and cytarabine [61]. Currently, drug induced immunotherapy in
vogue but the main disadvantage of these targeted therapies is that they cause he-
matological toxicity, thereby terminating the treatment [62] [63].

Lau et al (2016) [64] reported that maturation of cDC is inhibited in active
AML due to cytogenetic aberrations, which may induce an MDSC-like phenotype
in DC precursors and prevent the DCs to mature. Some other studies confirmed
this dysfunction of DCs in CML in vitro studies [65] [66]. But providing externally
mature DCs will override the maturation of the circulating immature DCs. Clini-
cal trials have shown that in vitro activation of DCs and injection have improved

the survival of patients [67].
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Conclusion

Twenty-five years ago, Fujii et al (1999) [68] injected a DC vaccine in a leukemic
patient, and reported autologous leukemic DCs, isolated from peripheral blood
was successful in treating CML. Since that case, clinical trials have given strong
evidence that in patients with leukemia, DC vaccination can avert or hinder re-
lapse in AML [69]-[71], and Immunotherapy using DC vaccine has emerged as
an potent modality to stimulate patients’ own immune systems, which is inhibited
due to cancer antigens [72]-[74]. At present, DC vaccines have assumed an im-
portant role in stopping disease p rogression in advanced stages [75]. DCs have
been recommended a favourable way to treat as DCs stimulate CD8+ T lympho-
cytes, NK, and NKT cells, which are responsible for the elimination of cancer cells
and as an adjunct to boost T cells in AML [70] [76]-[78]. Another recommenda-
tion is to combine DCs with CAR-T cell therapy. We need clinical trials to confirm
this double strategy, as the evidence suggests that DCs improves the prognosis of
these patients in the prevention of relapses and overall survival.

9. Cervical Cancer

Cervical cancer remains in the top 5 common malignancy to affect women uni-
versally and in India, ranking as the second most common cancer among women.
The reported incidence of cervical cancer is 11.2 per 100,000 which is higher than
the rest of the world [79]. Human Papillomavirus (HPV) vaccination and enthu-
siastic screening programs are required to decrease the occurrence of cervical can-
cer. However, challenges remain in determining whether the benefits of the avail-
able HPV vaccines outweigh the risks. Many physicians and healthcare profes-
sionals are concerned with the safety [80]. The standard of care for cervical cancer
treatment varies depending on the stage at which the patients present. The prin-
ciple is that surgery is the option in early stages, and chemotherapy and radiation
will follow patients who present late. Immunotherapy offers hope in advanced re-
current disease or metastatic disease. With the recent treatment recommendations
in the treatment of cervical cancer in patients with locally advanced stage, 50%
present with recurrence within the 1st two years [81]. Added to that, the prognosis
of node-positive cervical cancers is poor and requires aggressive management,
which may improve the outcome. Even after successful surgery, cervical cancer
can return in 20% of patients within five years when lymph nodes appear clear,
rising to 50% when cancer has spread to distant lymph nodes.

The initial study of Cervical cancer and DCs using patients’ monocyte-derived
DCs were pulsed with recombinant HPV16 E7 or HPV18 E7 oncoproteins [82].
The treatment was well-tolerated in all patients, and seventy-five percent of pa-
tients were found to be significantly immunocompromised. In patients in the
early stage of cervical cancer (stages 1B and ITA) after surgery and chemotherapy,
the DC vaccine can prevent recurrence and protect patients for the long term by
increasing the body’s immune mechanism against cancer antigens. The im-

portance of DC vaccines is that they are safe with no untoward effects. Satin et al.
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(2008) [83] reported after a Phase I trial in subjects who received mature autolo-
gous DCs treated with human papillomavirus 16/18 E7 oncoprotein. Patients who
received Dendritic cell vaccines after radical surgery remained cancer-free during
follow-up. They concluded that HPV E7-loaded DC vaccine is safe for early stages
of cervical cancer sufferers and should be used in patients who are at serious risk
of relapse.

At present, the management of cervical cancer depends on which stage the pa-
tients present. Based on surgery, radiotherapy/and chemotherapy, the recurrence
of advanced tumors with present protocols of management reaches over 20%. The
combination chemotherapy currently practiced for advanced cervical cancer, is
only used for remission purposes [84]-[86]. Many immunomodulatory therapies
are undergoing clinical trials [87]-[89]. Under this conundrum new therapies are
required for all types and stages of cervical cancer. At this point, the DC vaccine
enters the management of cervical cancer which shows improved outcome. DC
vaccines are effective in all stages and also could stop the recurrences in the ad-

vanced stage of cervical cancer [90].

Conclusion

The DC-based HPV vaccine has surfaced as a prospective agent for cancer caused
by HPV. DC vaccines work as natural adjuvants to increase the potency of specific
therapies against all malignancies, but they also activate T-cells to counteract the
cancer antigens. Autologous DC vaccines have emerged as a major breakthrough
in the era of personalized medicine, where an individualized procedure is used to
neutralize cancer cells by activating tumor-infiltrating lymphocytes (TILs) that
penetrate all malignant tissues thereby stopping further tumor growth. With the
new era of using immune therapy in cancer, DC vaccines have proved to be pow-
erful method of treating cervical cancer, with long period of patient progression-
free survival. DC vaccines are ideal for use in cervical cancer in stages 0 to 4. Large
number of patients with advanced cervical cancer fail to respond to the combina-
tion therapy of surgery and chemotherapy or have limited benefits; such patients

need to further enhance the survival by using DC vaccines.

10. Colorectal Cancer

Colorectal cancer (CRCQ)is a cancer of the colon and rectum that starts as uncon-
trolled cell growth, often from non-cancerous polyps, and can spread to other
parts of the body. Early cases can begin as non-cancerous polyps. It is suggested
that about 80% of colorectal cancer occur in people without genetic risk [91] [92].
Older age, male sex, lifestyle, a diet high in fats, elevated levels of bile acids, alcohol
consumption, obesity, and smoking, which have been reported to increase the
risk. It was reported that a family history of first-degree relatives has an increased
risk of this malignancy. People suffering from inflammatory diseases like Crohn’s
disease and Ulcerative colitis are at heightened risk of developing colon cancer
[93] [94]. CRC is the third leading cause of cancer death in the world, and its
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incidence appears on the rise in industrialized nations. In India in 2022, 64,863
patients were diagnosed with CRC, with more than 50% of mortality, and it was
suggested that the incidence of CRC is on the rise [95]. The mortality in developed
countries is reported to be 12.8/100,000 among males and about 8.5/100,000 in
females [96].

Surgery remains the first line of treatment in patients presenting at an early
stage, but 25% of patients present when they already have metastasis [97]. Once
metastasis is present, the treatment becomes multidisciplinary, with chemother-
apy, targeted therapies, and radiotherapy [98]. Although cures are out of the or-
dinary in metastatic CRC, less than 20% beyond 5 years from diagnosis [99]. DC
therapy is an emerging immunotherapy for colon cancer, as the DCs target and
destroy cancer cells. DCs have a two-way action on the progression of CRC by
acting as facilitators of T-cell commencement of immune responses against the
tumour cells while also stopping cancer antigens, in the progression of the disease
[100].

Conclusion

Present evidence supports the view that when matured DCs are injected in CRC
causes increase in the 5-year survival rates [101]. Recently, Immune checkpoint
inhibitors (ICI) came on the horizon, which is a type of immunotherapy. ICI
blocks off signals on checkpoint proteins on T-cells, which enables T-cells to more
efficaciously identify tumor cells and neutralize them. ICI drugs like Atezoli-
zumab, Avelumab, Durvalumab, Ipilimumab, Nivolumab, and Relatlimab act by
blocking signals that suppress the immune system and enhance the activity of DC
vaccines and T-Cells to effectively eliminate cancer cells, thus improving the re-
sponse to tumor tissue, thereby triggering a robust clinical outcome [71]. It is par-
amount to consider the timing of ICI infusions, as this can modify actions of DC
vaccines. Santos et al (2020) [102] showed that ICIs given prior to DC vaccination
did not improve the expected cytotoxic T cell responses. Hence, DC vaccines

should be given before any ICI treatment to get optimum results.

11. Tumor Microenvironment on DC Efficacy

Tumors have their own microenvironment (TME) made up of many cellular types
such as fibroblasts, endothelial cells, and infiltrating leukocytes. Recent studies
have shown that DCs can inhibit tumor growth and improve the quality of life
and life span but on the other side tumor-associated leukocytes such as regulatory
T cells or myeloid-derived suppressor cells (MDSCs), inhibitory molecules (PD-
L1), promotes tumor growth by three known methods one by promoting angio-
gensis, second by inhibiting innate antitumor immune response and lastly by re-
leasing immunosuppressive cytokines (IL-10) and metabolic factors which im-
pairs DC function and prevents effective antigen presentation to T cells. The effi-
cacy of DCs is also hindered by TME by suppressing the recruitment and matu-

ration of the immature DCs released by the bone marrow, hence external sources
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of mature DCs are more viable in suppressing the tumor growth and spread.

To overcome the TME effect of the DCs actions it was recommended that DC
vaccines should be an adjuvant to the chemotherapy, radio, or targeted therapies
which decreases the tumor buden and also to eliminate TME’s immunosuppres-
sive shield which act on DCs. Another recommended method is to modify DCs to
resist cells of the TME.

This review has limitations, as we have looked into the most common tumors
in the Indian subcontinent, but we have put forward the benefits of the DC vac-
cines in these common malignancies. DC vaccines are now available to be used in
many cancers, which improve the disease-free survival and improve the quality of
life. In conclusion, during the present era, cancer immunotherapies have increas-
ingly become vital treatment options in support of the standard of care of surgery,
chemotherapy, and radiotherapy treatment. DC cancer vaccines are an encourag-
ing treatment method, using the patients’ own immune system to fight tumors.
These vaccines have the propensity to convey tumor-associated antigens to T cells,
and in turn, T-cells can kill the cancer antigens. Infused DCs also stimulate Nat-
ural Killer (NK) cells, and the immune response is further enhanced. NK cells
which are activated exudate cytokines that promote DCs” maturation, and ma-
tured DCs draw further DC progenitors and stimulate NK cells further, which in
turn recruit naive T cells to act on cancer cells. The DC vaccine development has
passed through different stages of development and reached the present stage
where blood-derived DCs show stronger and better immune response, easier to
isolate and culture with less toxicity than traditional cytotoxic therapies. To get
better responses to DC vaccines, combining DC vaccines with ICIs has shown
great promise in responses and improving clinical outcomes. While the results are
promising, the application of DC-based vaccines should be a personalized, pa-

tient-based, and customized immunotherapy.
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