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Abstract: Considering what was said about Heat Shock Proteins (HSPs) role in the presentation of tumor anti‑
gens, today, before using tumor cell extracts as antigens in vaccine preparation, researchers try to increase the
efficiency of antigen presentation by APCs via inducing these proteins; however, since different cell lines express
different amounts of HSPs under the influence of different temperatures and different incubation times, discussing
the optimal temperature and post‑temperature incubation for cancer cell lines thatmay cause the next stages of the
production of cancer cell vaccines, will be very useful. Through systematic search in PubMed/Medline using (“Tu‑
mor”[Title/Abstract] OR “Cancer”[Title/Abstract] OR “Neoplasm”[Title/Abstract]) AND (“vaccine”[Title/Abstract]
OR “vaccination”[Title/Abstract]) AND (“heat shock protein”[Title/Abstract] OR “HSP”[Title/Abstract]) from 1980
to 2025. Overall, 18 articleswere selected from a total of 414. The results of clinical trials confirm the use of HSPs in
cancer vaccine therapy. A total of 18 studies, including 1,116 cases with different forms of cancer, were reviewed.
These studies spanned different trial phases (I–III) and utilized a range of HSP‑based vaccines to evaluate their
safety, immunogenicity, and efficacy. HSPPC‑96 was the most commonly investigated vaccine. These results in‑
dicate that the specific tumor‑specific effects of the HSPs' immune response, including cluster of differentiation 4
(CD4+), interferon gamma (IFN‑γ), and CD8+, lead to amuch stronger vaccination. These outcomes underscore the
complexity of the tumor microenvironment and the necessity for tailored approaches to maximize therapeutic suc‑
cess. Advances in vaccine formulation, production, and combination therapies offer promising pathways to address
these challenges.
Keywords: Heat Shock Proteins (HSPs); Immune Responses; Immunotherapy; Cancer; Vaccine

1. Introduction
An adjuvant is a helper, which is capable of enhancing or modulating immune responses, whether humoral

or cellular, against the antigen of interest [1]. Some of the most effective adjuvants used are derived from com‑
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ponents of microorganisms, such as lipopolysaccharides. Studies have shown that endogenous adjuvants exist in
the cell cytoplasm, which enhances the lymphocyte response to specific antigens. Types of endogenous adjuvants
include heat shock proteins (HSPs), bacterial compounds (toxins, lipopolysaccharides, peptidoglycans), acid‑based
adjuvants, and cytokines [2,3].

HSPs are a naturalmeans of protecting cells against environmental and physiological stresses [4]. Stress refers
to any sudden change in a cell's environment that the cell is unprepared to handle. Stressed cells, with the assis‑
tance of heat shock proteins (HSPs), either manage to overcome the stress and survive or ultimately fail and die [5].
HSPs were first identified due to their chaperone role during various environmental stresses, pathological factors,
or physiological stresses [6]. HSPs are present in the cytoplasm, mitochondria, and nucleus of cells and act as chap‑
erones for proteins. Their task as molecular chaperones is in various procedures such as protein folding, assembly,
and antigen processing under both stress and physiological circumstances [7]. HSPs are among the most abundant
cellular proteins, but are present atmuch lower levels under physiological conditions compared to stress conditions.
Since stresses imposed on the cell lead to the induction of HSPs, the proteins are also called stress proteins.

Numerous functions have been described for these proteins, for example, Homeostatic functions include pre‑
venting protein aggregation, restoring the soluble state of loosely assembled proteins, helping in the folding of
freshly produced polypeptide chains or the refolding of misfolded and damaged proteins, targeting severely dam‑
aged proteins to the cellular destruction machinery, segregating damaged proteins into larger complexes in cases
of extensive cellular damage, processes of protein transport between different compartments of the cell, and post‑
translational modifications of messenger proteins [8,9]. Also, HSPs impose functions affecting the body's immune
system, such as induction of maturation in antigen‑presenting cells, influence on antigen‑presenting pathways and
major histocompatibility complex (MHC), especially class I, induction of cell responses to CD8+ T cells, and activa‑
tion of Natural killer (NK) cells [10–12]. Finally, HSPs influence the course of the disease, such as diabetes [13],
neurodegenerative disorders, such as cancer [14], ischemia [15], wound healing [16], and some other diseases
[17]. At the same time, HSPs play key roles in immunity, unlike cancers, by interfering with the function of antigen‑
presenting cells (APCs), NK cells, and T lymphocytes [18].

Many researchers have pointed out the functional role of HSPs when tumor‑specific antigens are present [19].
Both tumor‑derived HSPs, imposing a molecular weight of 70 kDa (HSP70) and GP96 (96 kDa), facilitate the inser‑
tion of antigenic peptides into MHC class I molecules [20,21]. In addition, it has been shown that the binding of
HSP70 and GP96 to their specific receptors affects the phenotypic and functional maturation of APCs [22]. Follow‑
ing such binding leads to an increase in the expression of MHC class II molecules, co‑stimulatory molecules CD83
and CD86, along with the secretion of pro‑inflammatory cytokines such as IL‑12 and TNFα (Tumor necrotizing
factor‑α) [23]. In addition, other studies have shown that the HSP‑peptide complex, either in vivo [24] or in vitro
[25], can cross‑present the cognate peptide and activate CTLs (Cytotoxic T lymphocytes) both in vitro and in vivo
through human APCs. Importantly, it has been shown that in the presentation of antigenic peptide with HSP70,
compatibility between the cell line fromwhich this HSP is derived and the responding T cells is not necessary [26].
Even in the absence of tumor‑derived peptides, HSP70 can stimulate the secretion of pro‑inflammatory cytokines
such as IL‑6, IL‑1β, and TNF‑α by APCs through stimulation of TLR2 and TLR4 receptors [27]. This function of extra‑
cellularmembers of the HSP70 family, such as the extracellular form of HSP72 (eHSP72), in nonspecific stimulation
of innate immunity, is referred to as chaperone function [28,29].

Another effect of HSP70, which is not related to the presence of associated peptides, is the stimulation of NK
cell activity. It has been shown using flow cytometry that the membrane form of HSP70 is present on the surface
of tumor cells but not healthy cells [30]. This will result in specific recognition of tumor cells and not healthy cells
by NK cells. The sensitivity of tumor cells to lysis mediated by these cells is proportional to the presence of HSP70
molecules on the surface of tumor cells. HSPmolecules stimulate both arms of the immune response, namely innate
immunity (activation and maturation of dendritic cells and activation of NK cells) and acquired immunity (antigen
cross‑presentation and activation of CD8+ T cells) [31].

Considering what was said about the role of HSPs in the presentation of tumor antigens, today, before using
tumor cell extracts as antigens in vaccine preparation, researchers try to increase the efficiency of antigen presen‑
tation by APCs via inducing these proteins; however, since different cell lines express different amounts of HSPs
under the influence of different temperatures and different incubation times, discussing the optimal temperature
and post‑temperature incubation for cancer cell lines that can lead to the next stages of the production of cancer
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cell vaccines, will be very useful.

2. Methods
2.1. Cancer Vaccines

Vaccines against cancer are used to either cure present tumors (vaccines with therapeutic objectives) or for
cancer prevention (vaccines with preventive targets). Mutual vaccine types may help reduce the size of the cancer.
Vaccineswith therapeutic objectives areusually prescribed topatientswith cancer andare intended toboost thenat‑
ural defense of the human body against malignancies. These types of vaccines prevent existing cancers from grow‑
ing further, prevent cancers that have been treated from coming back or kill cancer cells that previous treatments
have not killed. On the other hand, both types of prophylactic or preventive vaccines are given to disease‑free or
healthy people and are intended to target cancer‑causing viral agents and prevent virus‑associated infections [32].
Currently, the Food and Drug Administration (FDA) has permitted and approved two vaccines to prevent virus‑
associated infections that may cause malignancies [33]. The first vaccine, the vaccine against hepatitis B, averts
contamination with the hepatitis B virus, an infectious agent that is believed to lead to hepatocellular cancer (HCC).
The other vaccine, the known Gardasil vaccine, is reported to prevent human papillomavirus (HPV16 and HPV18)‑
associated infections, which are responsible for around 70% of cervical malignancies globally. Gardasil vaccine
also prevents HPV types 6 and 11‑associated infections, which it is believed to cause approximately 90% of geni‑
tal warts [34]. So far, there are currently no approved vaccines with therapeutic effects against cancer; however,
several therapeutic vaccines are being tested extensively in humans.

Scientists hope to find a vaccine that includes cancer‑specific antigens, helping the immune system target can‑
cer cells while leaving normal cells unharmed [35]. Researchers have introduced various strategies to stimulate
the immune system's response to tumors [36]. A strategy is to detect uncommon or exclusive antigens on cancer
cells that are rarely found in healthy, normal cells. Other methods include enabling tumor antigens to produce or
be more likely to elicit an immune response, such as (a) making minor variations to its amino acid structure, (b)
introducing the tumor antigen‑related gene in a viral vector, and (c) vector gene‑addition for a larger number of
genes‑associated immune‑stimulatory molecules to the tumor‑specific antigen. Another approach is to attach a
completely foreign (external) substance to the tumor molecule, known as an adjuvant. Sometimes, using an ad‑
juvant as bait, they trick the immune system into attacking the antigen/adjuvant combination (vaccine) and the
patient's tumor.

In addition to detecting and combating tumor cells, the immune system also has other ways to prevent them
from appearing. It protects the body from viral infections that can lead to the development of tumors. It also fights
otherswithhighmutagenic potential,meaning that their infectionmayalter the geneticmaterial of the cells. It fights
by destroying foreign pathogens. When there is an infection, the body reacts by creating inflammation around it.
However, this inflammationmust be effectively resolved, as this environment can sometimes lead to the emergence
of tumors. The immune system recognizes and destroys cancer cells through specific biomarkers. But how does
the immune system recognize cancer cells? The answer lies in certain surface proteins found on all cells, called
surface antigens. The surface antigens of tumor cells aredifferent from thoseof normal cells. Therefore, the immune
systemcells can recognize these antigens and recognize if theymatchamutated cell. The immune system's response
to cancer begins with the recognition of mutated cells, thanks to the aforementioned antigens. These antigens
are examined by T lymphocytes located in the lymph nodes. After this, the T lymphocytes undergo a series of
changes and are then activated. This gives them the ability to travel through the blood vessels. Through them,
the T lymphocytes reach the tumor guided by a concentration gradient of specific signaling molecules. Here, they
recognize tumor cells that have specific proteins on their surface and destroy them. They do this by stimulating
another series of immune system cells, for example, macrophages.

Strengthening the immune system is a simpleway toprotect thebody from infectious andviral diseases. Strength‑
ening the immune system can protect you from cold viruses, flu, and serious diseases such as cancer. The truth is
that our immune system is very complex and is therefore affected by many factors. Eating healthy foods, being ac‑
tive, andmaintaining a healthyweight are some of themost important factors that affect strengthening our immune
system. Following a healthy lifestyle along with consuming some specific foods can greatly help improve the func‑
tioning of the immune system [37]. Cancer vaccines aim to treat existing cancer or prevent cancer from developing.
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Therapeutic cancer vaccines are designed to boost the body's natural defense against cancer that has spread in the
body. They may prevent existing tumors from growing, prevent tumors from coming back after treatment, or kill
cancer cells that have not been killed by previous treatments [38]. Dendritic cells (DC) are important immune cells
that play a key role in shaping the body's immune response. These cells are mainly generated in the bone marrow
and circulate in the blood to reach the sites where they are needed. These cells are capable of inducing a primary
immune response in dormant T lymphocytes. To do this, dendritic cells take up antigens from an invading cell,
process them, and then present them, along with accessory molecules, on their cell surface. Due to this ability to
process and present antigens, dendritic cells are known as antigen‑presenting cells (APCs). The crucial role of these
cells in shaping T‑cell responses makes them popular research targets for the development of immunomodulatory
therapies for conditions such as autoimmune disease, cancer, and various types of transplants. Knowledge and
understanding of dendritic cells have grown significantly over the past three decades. However, the use of these
cells as a form of immunotherapy is still in its infancy [39]. Cancer vaccines are considered a promising approach
in the field of immunotherapy and cancer treatments. The goal of these vaccines is to strengthen and improve the
function of the immune system to identify and destroy cancer cells in the body. Unlike other traditional vaccines
that all humans receive from childhood to adulthood as a barrier to prevent infections, cancer vaccines are designed
to treat the cancers that patients have or to prevent the recurrence of this deadly disease. Cancer vaccines can also
be used in combination with other treatment methods such as surgery, chemotherapy, or radiation therapy [40].
The concept of cancer vaccines stems from the fact that the immune system can identify and destroy cancer cells,
but cancer cells often find ways to escape the immune system. The goal of cancer vaccines is to block these escape
routes and increase the body's ability not only to prevent cancer but also to fight cancer [41].

2.2. HSPs in Various Cancers
Early diagnosis of this cancer is crucial in avoiding the progression of the disease. HSPs are a huge group of

extremely conserved proteins that impose a dominant role in cellular processes. They possess antioxidant and
anti‑inflammatory properties [42], protect the nucleus and cell membranes from damage, and prevent cell apopto‑
sis. The HSP family is the most temperature‑sensitive group of these proteins [43]. Increased expression of HSPs
has been shown in many different cancers. For example, increased expression of HSP70 and HSP10 has been re‑
ported as amarker for hepatocarcinoma and lung, pancreatic, ovarian, and colorectal cancers [44–46]. As amarker
in HSP70 immunohistochemistry, increased expression has also been observed in advanced breast cancer. Jagadish
et al. [47] showed that expression of HSP70was increased in 23%of patientswith cancer. They also pointed to a de‑
tection of HSP70 from cancer cells that considerably decreases the enlargement of cells and arrests the replication
of cells in experimental studies on animals, and suggested that HSP70 may lead to oncogene downregulation and
the upregulation of genes responsible for tumor suppression and apoptosis‑promoting molecules. Numerous stud‑
ies have also revealed that higher HSP expression is related to poorer differential diagnosis of cancer, augmented
proliferation, metastasis in lymph nodes, enlarged tumor size, the mutation in p53 genes, and advanced cancer
stages [48–50]. Gunaldi et al. [51] reported significantly higher HSP levels in cancer patients than controls, but
no such difference has existed among diverse forms of cancer. They recommended that HSP could be involved in
the process of signaling, multiplying, passing, and offensive ability of cancer. They also advised that the expression
of HSP may be induced by cancer‑related genes and mutations in genes responsible for tumor suppression, which
inhibit cell death and lead to uncontrolled cancer cell proliferation. Hence, Souza et al. [52] studied the expression
of HspBP1 in primary breast cancer patients after 7‑year follow‑up, and showed that though the expression of this
HSP was elevated in tumor tissue, it is inversely associated with cancer aggressiveness. Also, de Feritas et al. [53]
in an observational study onwomenwith breast cancer assessed the HSPA1A concentration in their serum samples
and compared it with controls. They showed that the expression of HSP70 is not only raised in female cases suffer‑
ing from breast cancer, but also can be considered as a possible biological marker for cancer and its progression.
Research has also exposed that approximately a quarter of patients with breast cancer possess anti‑p53 antibodies
in their circulatory system and a complex of p53‑HSP70, indicating that HSP70 could play a role in p53 antigen
presentation, and ultimately elicit a specific immune response [54,55]. Since some cancers are immersed in the
salivary environment, analysis of salivary proteomes from oral cancer patients is a promising approach to finding
potential biomarkers for this disease. Saliva is a fluid that is easily accessible compared to tissue sampling. There‑
fore, a huge salivary sample could be collected and analyzed, providing a robust study with sufficient statistical
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power to reveal true and characteristic signs of the disease. In addition, the identified protein biomarkers can be
used to diagnose or monitor the disease in body fluids noninvasively. Squamous cell carcinoma antigen 2, calcy‑
cline, cathepsin G, peroxiredoxin II, annexin I, and HSP70 thioredoxin are among the proteins whose salivary levels
have been increased in oral cancer [56]. Saliva HSP70 has been measured in patients with breast cancer, and the
diverse nature of HSP70 presenting in serum and saliva revealed no correlation between these HSPs [57]. Salivary
levels of this protein cannot accurately determine the origin of the cancer. Testing for specific antibodies could be
more specific, and further studies of HSP70 are recommended to clarify this. It is also recommended that further
studies in different types of breast cancer compare HSP70 levels before, during, and after breast cancer treatment.

2.3. Clinical Trial Studies Using HSPs as Vaccine in Cancer Treatment
Through systematic search in PubMed/Medline using (“Tumor” OR “Cancer” OR “Neoplasm” AND (“vaccine”

OR “vaccination”) AND (“heat shock protein” OR “HSP”) from 1980 to 2025 (Table 1). We did not use any language
limits. We also checked the reference list of selected articles to find any relevant articles.

Table 1. Search results using selected keywords.

Search Query Results

#11

Search: ((((Tumor[Title/Abstract]) OR (Cancer[Title/Abstract])) OR (Neo‑
plasm[Title/Abstract])) AND ((vaccine[Title/Abstract]) OR (vaccination[Title/Abstract])))
AND ((heat shock protein[Title/Abstract]) OR (HSP[Title/Abstract])) Sort by:Most Recent

(“Tumor”[Title/Abstract] OR “Cancer”[Title/Abstract] OR “Neoplasm”[Title/Abstract]) AND
(“vaccine”[Title/Abstract] OR “vaccination”[Title/Abstract]) AND (“heat shock

protein”[Title/Abstract] OR “HSP”[Title/Abstract])

414

#10 Search: (heat shock protein[Title/Abstract]) OR (HSP[Title/Abstract]) Sort by:Most Recent 41,957
#9 Search: (vaccine[Title/Abstract]) OR (vaccination[Title/Abstract]) Sort by:Most Recent 378,753
#8 Search: vaccination[Title/Abstract] Sort by:Most Recent 210,923
#7 Search: vaccine[Title/Abstract] Sort by:Most Recent 284,168

#6 Search: ((Tumor[Title/Abstract]) OR (Cancer[Title/Abstract])) OR
(Neoplasm[Title/Abstract]) Sort by:Most Recent 3,304,607

#5 Search: Neoplasm[Title/Abstract] Sort by:Most Recent 100,083
#4 Search: Cancer[Title/Abstract] Sort by:Most Recent 2,391,016
#3 Search: Tumor[Title/Abstract] Sort by:Most Recent 1,544,551
#2 Search: HSP[Title/Abstract] Sort by:Most Recent 16,455

#1 Search: heat shock protein[Title/Abstract] Sort by:Most Recent
“heat shock protein”[Title/Abstract] 32,696

2.4. PICO Used in Study Selection
Potential studies were included if they were designed as clinical studies or clinical trials about vaccine therapy

in patients diagnosed with various cancer types, assessing efficacy, immune response, survival, and safety, as well
as limitations and side‑effects (Table 2).

Table 2. PICO used in study selection.

Criteria Description

Population (P) Patient with any type of cancer
Intervention (I) Using any HSP product for vaccine therapy
Comparison (C) Comparing to baseline or before vaccination
Outcome (O) Efficacy, Immune response, survival, and safety
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3. Results
3.1. RCTs on HSPs

Overall, of 414 articles, 18 were selected. The selected studies include 1116 cases diagnosed with various can‑
cer types. The results of clinical trials investigating the use of HSPs in cancer vaccine therapy are summarized in
Table 3. A total of 18 studies, including 1,116 patients with various types of cancer, were reviewed. These studies
spanned different trial phases (I–III) and utilized a range of HSP‑based vaccines to evaluate their safety, immuno‑
genicity, and efficacy. HSPPC‑96was themost commonly investigated vaccine. Bloch et al. [58,59] conducted Phase
II trials on patientswith GBM, reporting vaccine‑related adverse events (VR‑AE) rates of 74%and 68%, respectively.
These studies suggested that HSPPC‑96 could improve survival outcomes in GBMpatients. Ji et al. [60] performed a
Phase I trial of HSPPC‑96 in GBM patients, with VR‑AE observed in 30% of cases. Crane et al. [61] also investigated
HSPPC‑96 in a Phase I trial with 12 GBM patients, reporting a significant immune response but no documented
adverse events. In melanoma, Pilla et al. [62] and Testori et al. [63] assessed the efficacy of HSPPC‑96. Pilla’s Phase
II trial involving 20 patients observed VR‑AE in 80% of participants, whereas Testori’s Phase III trial with 322 pa‑
tients reported a lower VR‑AE rate of 13.6%. Wood et al. [64] investigated the vaccine in RCC patients during a
Phase III trial, documenting a 49.7% VR‑AE rate but no significant improvement in survival outcomes. HSP70 was
studied in CIN by Trimble et al. [65] in a Phase I trial, with a VR‑AE rate of 33%. In CML, Li et al. (2005) foundHSP70
to be feasible and safe, with no adverse events reported. HSP105 was explored by Shimizu et al. [66] in colorectal
and esophageal cancer patients, showing immunological efficacy without any documented adverse events. Other
HSP‑based vaccines, such as HspE7 and Hsp65, were evaluated in CIN and HNC, respectively. Van Doorslaer et al.
[67] and Einstein et al. [68] studied HspE7 in CIN patients, with VR‑AE rates ranging from 0% to 91%, depending
on the study. In HNC, Victora et al. [69] reported immunostimulatory effects in a Phase I trial of Hsp65 without
adverse events.

Table 3. Clinical trials using HSPs as vaccine in cancer treatment.

Study ID, Country HSPs Population Cancer Trial Phase VR‑AE Trial Registration Finding

Shimizu et al., 2019, Japan [66] HSP105 30 patients CRC or EC Phase I None ‑ Induce immunological effects
Ji et al., 2018, China [60] HSPPC‑96 20 patients GBM Phase I 30% (6720 cases) NCT02122822 A safe and effective strategy for treatment
Bloch et al., 2017, USA [59] HSPPC‑96 46 patients GBM Phase II 74% (34746 cases) NCT00905060 May improve survival for patients
Bloch et al., 2014, USA [58] HSPPC‑96 41 patients GBM Phase II 68% (28/41 cases) NCT00293423 A safe and effective treatment
Crane et al., 2013, USA [61] HSPPC‑96 12 patients GBM Phase I None ‑ A significant immune response
Van Doorslaer et al., 2009, USA [67] HspE7 57 patients CIN Phase II None NCT00075569 A significant immune response
Victora et al., 2009, Brazil [69] Hsp65 21 patients HNC Phase I None ‑ Induced some degree of immunostimulation
Trimble et al., 2009, USA [65] HSP70 15 patients CIN Phase I 33% (5/15 cases) NCT00121173 A safe and well tolerated
Wood et al., 2009, USA [64] HSPPC‑96 318 patients RCC Phase III 49.7% (158/318 cases) NCT00033904 No improvement survival for patients
Testori et al., 2008, Italy [63] HSPPC‑96 322 patients Melanoma Phase III 13.6% (44/322 cases) ‑ A significant immune response
Roman et al., 2007, USA [70] HspE7 21 patients CIN Phase II None ‑ A safe and effective strategy for treatment
Einstein et al., 2007, USA [68] HspE7 64 patients CIN Phase II 91% (58/64 cases) NCT00075569 Activity but no safety
Maki et al., 2007, USA [71] HSPPC‑96 10 patients PA Phase I 80% (8/10 cases) ‑ The feasibility of vaccine for PA
Oki et al., 2007, USA [72] HSPPC‑96 20 patients NHL Phase II 15% (3/20 cases) ‑ Was very well tolerated, but it had limited efficacy
Palefsky et al., 2006, USA [73] HspE7 15 patients AIN phase I/I 60% (9/15 cases) ‑ Well tolerated with clinical activity
Pilla et al., 2006, Italy [62] HSPPC‑96 20 patients Melanoma Phase II 80% (16/20 cases) ‑ Feasible with mild local and systemic toxicity
Li et al., 2005, USA [74] HSP70 20 patients CML Phase I None ‑ Feasible and safe
Belli et al., 2002, Italy [75] HSPPC‑96 64 patients Melanoma Phase I None ‑ Feasible with no significant toxicity

Note: Heat shock protein 105 (HSP105); colorectal cancer (CRC) and esophageal cancer (EC); Vaccine related Adverse events (VR ‑AE); Heat shock protein peptide
complex‑96 (HSPPC‑96); glioblastoma multiform (GBM); Cervical intraepithelial neoplasia (CIN); 65‑kDa heat‑shock protein of Mycobacterium leprae (Hsp65);
head and neck carcinoma (HNC); renal cell carcinoma (RCC); Pancreas adenocarcinomas (PA); Anal intraepithelial neoplasia (AIN); Chronic Myelogenous Leukemia
(CML); non‑Hodgkin lymphoma (NHL).

3.2. Variability in Adverse Event Rates HSPs
Bloch et al. [59] reported adverse events (AVs) associated with autologous HSPs in patients with glioblastoma.

Not only were all types of AVs reported in almost all patients (44 of 46, 96%), but also vaccine‑related AVs in ap‑
proximately 75% of patients, but with no serious types. However, the most common and predominant AV was the
reaction in minor injection sites. Ji et al. [60] also reported several slight dose‑related AVs, but the most predomi‑
nant onewas fatigue in 20%of patients. They reported only one serious AV in the formof a focal neurological deficit.
Wood et al. [64] reported AVs with a high frequency of 95%mostly mild to moderate, with no serious AV. The most
frequent AVwas the reaction inminor injection sites at a frequency of 50%. Testori et al. [63] reported pyrexia and
fatigue as themost commonAVs. Trimble et al. [65] reportedwell‑toleration results related to the HSP vaccinewith
fewer AVs, mostly mild to moderate, and no serious AV. They also reported the reaction in minor injection sites as
the most frequent AV. Other clinical trials reported some degrees of immunostimulation, but without pathological
autoimmunity. Despite the aforementioned AVs, the HSP vaccine showed promising results in overall survival and
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was well‑tolerated.

3.3. Using HSPs as Adjuvants Against Cancer
These results indicate that the specific tumor‑specific effects of the HSPs' immune response, including CD4+,

INF γ, and CD8+, lead to a much stronger vaccination (Table 4). In summary, HSPs and tumor cells together can
enhance immunogenicity. It can be concluded that the simultaneous use of HSPs and tumor‑specific peptide com‑
plexes has a synergistic effect in generating a stronger immune response in tumor cells, and the use of HSPs as an
active carrier for antigen presentation (CD4+ and CD8+) can be a suitable strategy for tumor immunotherapy. Fur‑
ther studies in identifying themechanism and other immune cells involved in this type of response are of particular
importance.

Table 4. HSPs as adjuvants for cancer when stimulating immune response.

Heat Shock Proteins
(HSPs) Reference Immunogenes Tumor Models Immune Response

GP96 [76] GP96 15‑mer peptide BALB/c mouse model Specific antibody against CD4+ and
CD8+

HSP110/Grp170 [77] TRP2 peptide complex C57BL/6 mouse model CD8+ T cell

HSP70 [78] TGF‑beta Non‑immunogenic rat
carcinoma

Suppressing expression of active
TGF‑beta

HSP70 [79] DC&HSP70 peptide complex Cell line INF γ and T cell
HSP70 [80] MOSEC/luc and HSP70 C57BL/6 mouse model CD4+, CD8+ T& NK cell
HSP90 [81] p485 and p527 MMTV neu‑transgenic mice higher rearrangement of TCRβ

4. Discussion
The use of heat shock proteins HSPs as cancer vaccine adjuvants represents a significant development in im‑

munotherapy, primarily due to their dual role in stress responses and immune modulation. Unlike conventional
adjuvants derived from microorganisms or synthetic compounds, HSPs naturally enhance antigen presentation by
binding and stabilizing tumor‑derived peptides, facilitating their recognition by APCs. This intrinsic ability to ac‑
tivate both innate and adaptive immunity positions HSPs as unique and versatile tools in cancer immunotherapy.
These molecules—originally discovered for their role in stress responses—have demonstrated the ability to act
as molecular chaperones, facilitating tumor antigen presentation and stimulating robust immune responses. The
results of clinical trials summarized in Table 3 illustrate their potential and underscore critical areas for further
exploration.

The evaluation of HSPPC‑96, themost extensively studied HSP‑based vaccine, highlights its application in GBM.
This vaccine demonstrates unique effectiveness in GBM due to the tumor’s high immunogenicity and the ability of
HSPPC‑96 to chaperone a wide range of tumor‑specific antigens. GBM’s immunosuppressive microenvironment,
characterized by regulatory T cells and immunosuppressive cytokines, makes antigen‑specific therapies particu‑
larly challenging, yet HSPPC‑96 has shown promise in overcoming these barriers by promoting robust cytotoxic T
lymphocyte activation and modulating immune checkpoints. Bloch et al. [58,59] and Ji et al. [60] observed high
rates of vaccine‑related immune activation. The capacity of HSPPC‑96 to chaperone tumor antigens and promote
cytotoxic T lymphocyte responses aligns with preclinical evidence supporting its efficacy. However, the variation
in adverse event rates between studies suggests a need for optimizing vaccine administration. For example, tailor‑
ing patient selection based on immune profiles may enhance outcomes, particularly in immunosuppressive tumor
microenvironments such as GBM.

Inmelanoma, the efficacy of HSPPC‑96was further supported by trials conducted by Pilla et al. [62] andTestori
et al. [63]. The observed reduction in vaccine‑related adverse events between Phase II and III trials points to im‑
provements in vaccine formulation and dosing. This trend underscores the importance of iterative clinical testing in
refining therapeutic approaches. Melanoma, characterized by its high mutational burden, offers an ideal model for
antigen‑rich vaccines like HSPPC‑96. These results affirm the value of HSP‑based vaccines in tumorswith abundant
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antigenic targets.
Conversely, limited efficacy in RCC trials, as reported byWood et al. [64], highlights challenges in addressing tu‑

mors with “cold” immune microenvironments. RCC’s resistance to immunotherapy is attributed to several factors,
including low baseline T cell infiltration, an abundance of immunosuppressive cytokines such as IL‑10 and TGF‑β,
and the presence of regulatory T cells that dampen immune responses. Additionally, the metabolic characteristics
of RCC, such as reliance on aerobic glycolysis, create a hypoxic and acidic tumor microenvironment that further
hinders T‑cell activity and antigen presentation. Overcoming these barriers may require innovative strategies such
as combining HSP‑based vaccines with immune checkpoint inhibitors or metabolic modulators, which could re‑
program the tumor microenvironment to support a more robust anti‑tumor immune response. RCC’s resistance to
immunotherapymay stem from lowbaseline T cell infiltration and an immunosuppressive cytokinemilieu. Combin‑
ing HSP‑based vaccines with checkpoint inhibitors, which modulate immune checkpoints like PD‑1/PD‑L1, could
help overcome these barriers. Preclinical studies have already shown synergistic effects between these modalities,
warranting their inclusion in future RCC vaccine trials.

In CIN, Trimble et al. [65] demonstratedmoderate adverse event rates and promising safety profiles for HSP70.
Differences in vaccine efficacy across CIN trials—as seen in the higher adverse event rates in studies by Einstein
et al. [68] may reflect heterogeneity in patient populations, including variations in HPV genotypes. These findings
emphasize the need for personalized vaccine strategies that account for underlying etiological factors.

HSP105, studied in colorectal and esophageal cancer patients [66], demonstrated immunological efficacywith‑
out significant adverse events. This molecule engages immunological pathways by promoting dendritic cell matu‑
ration and enhancing antigen cross‑presentation to T cells. Thesemechanisms are particularly relevant in gastroin‑
testinal cancers, where immune evasion is often driven by suboptimal antigen presentation. HSP105’s ability to
activate cytotoxic T lymphocytes and induce robust immune responses highlights its therapeutic potential. More‑
over, its favorable safety profile reinforces its applicability in combination with strategies aimed at overcoming
tumor‑driven immunosuppression. This outcome reinforces HSP105’s ability to induce dendritic cell maturation
and antigen cross‑presentation. Its favorable safety profile suggests the potential for broader application across
gastrointestinal malignancies. Future trials should investigate its use in combination with other immunomodula‑
tory agents to further enhance therapeutic efficacy.

Notably, HspE7andHsp65vaccinesdemonstratedwidevariability in safety andefficacyoutcomes. VanDoorslaer
et al. [67] reported consistent immunostimulatory effects in CIN patients, whereas Einstein et al. [68] observed
higher adverse event rates. This discrepancy may arise from differences in vaccine formulations or patient selec‑
tion. In HNC, Victora et al. [69] documented immunostimulatory effects with Hsp65, emphasizing its potential in
cancers with localized antigen expression.

An important fact aboutHSPs as a groupof homologous protein families is that they are encodedby amultigene
family that plays important roles in homeostasis, regulation of apoptosis, protein folding, andmaintenance of other
physiological processes, including spermatogenesis [82]. Therefore, tumor cell‑isolated HSPs are hypothetically
tumor antigen‑rich proteins. Considering HSP‑peptide complexes' role in the stimulation and development of APCs,
they can activate a polyclonal response of T lymphocytes in response to tumor antigens. In these circumstances,
even if the tumor loses some of its antigens under the selective pressure of the immune system, numerous T‑cell
clones will be available to destroy tumor cells [83].

According to the danger theory, activation of the immune system is dependent on the recognition by the innate
immune system of danger molecules released from stressed and damaged cells or danger molecules derived from
the pathogen [84]. Both membrane and soluble forms of HSP will raise alarm bells for the immune system [85].
Induction of maturation in dendritic cells, along with antigen cross‑presentation, will prevent unresponsiveness of
the immune system. Using this approachwill require us to identify individual tumor‑specific antigens. HSP‑peptide
complexes from an individual's tumor will ensure the presence of maximum tumor‑specific and unique antigens
[86]. Heat stress is the most important method used to induce HSP in cells. Typically, non‑lethal heat at tempera‑
tures above 40°C for one hour is used to induce HSP in cell culture medium [87].

gp96 and HSP70 are among the most important tumor‑derived HSPs that facilitate the entry of antigenic pep‑
tides into MHC class I molecules [88]. Of course, the distribution of HSP molecules within the cell is different. Nor‑
mally, gp96molecules are present in the endoplasmic reticulum, andHSP70 is present in the endoplasmic reticulum.
Thus, it seems that in order to obtain the maximum potential of tumor antigens together with HSPs, it is necessary
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to evaluate the optimal conditions that cause the maximum induction of both molecules simultaneously [89]. In
the past, not many studies have been conducted to determine the best temperature and incubation time for HSP
induction. However, in a study conducted on hepatocellular carcinoma, the best conditions for each tumor strain
were identified.

The variability in immunological responses across trials underscores the importance of context‑specific vac‑
cine design. Factors such as tumor antigenicity, microenvironmental conditions, and expression of HSP molecules
were determined to be 42°C for half an hour to one hour, followed by 5 to 18 hours of incubation at 37°C [90,91].
These results indicate that before designing anti‑tumor vaccines based on HSP, it is better to find the optimal tem‑
perature and incubation times, and patient immune status plays a critical role in determining vaccine efficacy. Stan‑
dardizing trial methodologies and incorporating biomarker‑driven approaches could address these challenges, en‑
abling more accurate assessments of vaccine performance.

Beyond efficacy and safety, the scalability and feasibility of HSP‑based vaccine productionmerit consideration.
Recent advances in recombinant protein technology have significantly lowered production costs by streamlining
purificationprocesses and improving yield. For example, the use ofmicrobial expression systems, such asE. coli, has
enabled the cost‑effective production of HSP‑based vaccines without compromising their immunogenic properties.
Additionally, synthetic biology approaches have facilitated the design of highly stable HSP constructs that require
less stringent storage conditions, enhancing accessibility in low‑resource settings. These innovations have made
HSP vaccines more viable for widespread clinical use and expanded their potential application in global cancer
immunotherapy efforts. Advances in recombinant protein technology and synthetic biology have streamlined HSP
vaccinemanufacturing, reducing costs and increasing accessibility. These innovations position HSP‑based vaccines
as viable options for widespread clinical use, particularly in resource‑limited settings.

Lastly, combination therapies integrating HSP vaccines with emerging immunotherapeutic modalities repre‑
sent a promising avenue for future research. The synergistic potential of HSPswith checkpoint inhibitors, oncolytic
viruses, and adoptive T‑cell therapies could enhance tumor‑specific immune responses while mitigating resistance
mechanisms. Investigating these combinations in preclinical and clinical settings will be essential to unlocking
the full therapeutic potential of HSP‑based cancer vaccines. Though combining HSP‑based vaccines with other im‑
munotherapies could be a promising treatmentmodality, exploring this issue in depth through large‑scale research
will be beneficial. Identifying specific combination strategies that show the most promise and understanding the
potential risks or challenges could help in better decision‑making about the best vaccine‑based intervention for
people suffering from various malignancies.

Efficacy and safety of vaccines, unlike the effectiveness of treatment, depends on various factors, including
adherence to the vaccine schedule, type of disease, vaccine strain (some vaccine strains are more effective than
others), non‑responsiveness (some people do not respond at all to certain vaccines, the reason may be in the per‑
son's race, ethnicity, or genetics) [92]. Currently, a large number of potential vaccines are being studied for cancer.
Knowing the genetic predisposition to certain diseases, such as cancer, is very important because, as studies and
research progress, it will become necessary to conduct genetic tests on the population to determine who should be
vaccinated against certain diseases [93]. Vaccine effectiveness is bestmeasured by double‑blind clinical trials, espe‑
cially phase III [94]. These examine the best‑case scenarios of vaccine protection under controlled conditions and
are typically required before a new vaccine can be licensed by the Food and Drug Administration (FDA) and other
global regulatory authorities. Given that, we showed that most of the conducted trials on using the HSP vaccine
against cancer were in phase 1 or II. So, conducting more advanced phase III trials could better help to overcome
such limitations. Moreover, the current trials, including patients with various diseases, could be another source.

4.1. Patient‑Specific Factors Influence the Efficacy of HSP‑Based Vaccines
In evaluating the effectiveness of vaccines, several factors are influential, including the age of the individuals,

the health status of the participants, the type of strain circulating in the country under study, the type of vaccine
under study and the availability of vaccines, compliance with the demographic characteristics of the vaccinated in‑
dividuals such as genetic and ethnicity, as well as the disease‑protocols in the population under study and the time
of the study [95]. However, the vaccines used in the countries were of different types, affecting the effectiveness
of vaccines, such as changes in the cold chain during transportation and storage, the way vaccines are adminis‑
tered, the age of individuals, the type of strain circulating in a country, and the presence of medical conditions and
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underlying and previous diseases such as heart disease, are among the factors that can affect the effectiveness of
vaccines.

4.2. The Challenges of Scaling Up HSP‑Based Vaccine Production and Possible Barriers
The human immune system is delicately balanced, and this is one of the challenges associated with HSP vac‑

cines. On the one hand, it needs to recognize carcinogens and other organisms. On the other hand, the immune
response must not overreact to healthy tissues in the body. Another feature of the immune system is that it can
fight and protect against many types of cancers [96]. For example, the lymphocytes that help in immune responses,
called helper T cells, come in different types. The first (Th1) is expressed in response to some cancer cells, while
the second (Th2) controls other types [97,98]. Activating thewrong pathway can increase the level of inflammation
andworsen the disease. As part of normal immune responses, lymphocytes and other cells produce immune signal‑
ing chemicals called cytokines [99]. These coordinate and stimulate immune responses, but if these responses are
excessive, they can cause inflammation, which in severe cases can lead to the shutdown of vital organs, including
the lungs, heart, and kidneys [100]. Another challenge with these vaccines is the lack of suitable animal models
for testing. Mice make antibodies in response to disease or infection, and their immune systems are well‑known
[101]. However, mice do not naturally develop various symptoms alongside disease or infection, so it is impossible
to test whether a vaccine protects against the disease. This issue can be overcome to some extent by using older or
genetically modified mice or other animals.

Commercialization and the length of the processes are organizational factors making barriers to large‑scale
production, along with issues such as assessing the safety, efficacy, and safety of a new drug throughout extensive
and long preclinical and clinical studies [102], and emphasizing compliance with intellectual property rights, pric‑
ing, and contract negotiation, amongother issues [103]. Commercialization involves a variety of activities, including
important technical and commercial processes, that transform a new technology into a useful product or service.
This process includes market assessment, product design, manufacturing engineering, intellectual property rights
management, market development and management, capital raising, and personnel training. These challenges can
be addressed by explaining scientific advances and redefining safety markers, reducing clinical trial time, facilitat‑
ing licensing, and reducing costs.

5. Recommendations
Identifying barriers to vaccine design and production and analyzing the relationships between them provides

the basis for sound decision‑making and policy‑making by military health system managers. Causal factors in vac‑
cine production have been identified, and efforts are being made to eliminate them in military health systems. Con‑
sidering the production of two vaccines in the armed forces, it is necessary to pay attention to vaccine production
infrastructure as a key strategy. Despite the obstacles, vaccine production strengthened the self‑confidence of pol‑
icymakers and, with their support, a courageous decision was made with great risk.

6. Future Perspective
One of the latest advances in cancer research is the development of personalized vaccines for cancer patients.

Thousands of peoplewith cancerwill soonbe able to takepart in a trial of a newcancer vaccine [104]. The treatment
is designed to prime the body's immune system to target cancer cells and reduce the risk of the disease coming back.
Experts also hope that the vaccines will have fewer side effects than standard chemotherapy. Precision oncology
is the best weapon to defeat cancer, which involves studying the genetic makeup and molecular characteristics of
cancer tumors in each patient [105]. Precision oncology identifies changes in cells thatmay cause cancer to develop
and spread. After applying this method, personalized treatments can be developed. Unlike general treatments
such as chemotherapy, precision oncology‑based treatments are targeted and target specific tissues and cells. This
means they damage fewer healthy cells and therefore have fewer side effects. Comparative analysis of HSP‑based
vaccines versus other immunotherapies (e.g., checkpoint inhibitors, CAR‑T cells), in terms of the efficacy, safety, and
limitations of HSP‑based vaccines with other immunotherapies, will be worthwhile in near‑future studies.
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7. Conclusions
HSP‑based cancer vaccines represent a transformative step in immunotherapy, leveraging their unique capac‑

ity to chaperone tumor‑specific antigens and activate both innate and adaptive immune responses. The clinical tri‑
als reviewed demonstrate significant potential across various cancers, with promising efficacy in GBM, melanoma,
and gastrointestinal malignancies, albeit with variability in outcomes for RCC, CIN, and HNC. These findings under‑
score the complexity of tumor microenvironments and the need for tailored approaches to maximize therapeutic
success. Advances in vaccine formulation, production, and combination therapies offer promising pathways to ad‑
dress these challenges. Identifying predictive biomarkers can help identify patients who are most likely to benefit
from cancer vaccines; biomarkers can also be useful in monitoring treatment response and making the best treat‑
ment decisions for the patient [106]. In a new study, researchers have presented a model that could help improve
cancer treatment using a type of biomarker [107]. The scientists also found new features that indicate which can‑
cer markers are most likely to trigger an immune response [108]. While the safety profiles of HSP‑based vaccines
are largely favorable, optimizing administration protocols and integrating biomarkers for patient stratification re‑
mains critical. Recent breakthroughs in recombinant protein technology and synthetic biology have enhanced the
scalability and accessibility of these vaccines, laying the groundwork for their broader application, particularly in
resource‑limited settings. Future researchmust prioritize the integration of HSP‑based vaccines with emerging im‑
munotherapeutic strategies, including immune checkpoint inhibitors and oncolytic therapies, to overcome immune
resistance and improve clinical outcomes. By addressing current limitations and leveraging ongoing innovations,
HSP‑based vaccines hold the potential to redefine cancer immunotherapy, offering hope for more effective and ac‑
cessible treatments for diverse patient populations.
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89. Horváth, I.; Multhoff, G.; Sonnleitner, A.; et al. Membrane‑Associated Stress Proteins: More Than Simply Chap‑
erones. Biochim. Biophys. Acta Biomembr. 2008, 1778, 1653–1664. [CrossRef]

90. Linderoth, N.A.; Popowicz, A.; Sastry, S. Identification of the Peptide‑Binding Site in the Heat Shock Chaper‑
one/Tumor Rejection Antigen gp96 (Grp94). J. Biol. Chem. 2000, 275, 5472–5477. [CrossRef]

91. Schueller, G.; Stift, A.; Friedl, J.; et al. Hyperthermia Improves Cellular Immune Response to Human Hepato‑
cellular Carcinoma Subsequent to Co‑Culture With Tumor Lysate Pulsed Dendritic Cells. Int. J. Oncol. 2003,
22, 1397–1402. [CrossRef]

92. Falahi, S.; Kenarkoohi, A. Host Factors and Vaccine Efficacy: Implications for COVID‑19 Vaccines. J. Med. Virol.
2022, 94, 1330–1335. [CrossRef]

93. Singh, D.N.; Daripelli, S.; Bushara, M.O.E.; et al. Genetic Testing for Successful Cancer Treatment. Cureus 2023,
15, e49889. [CrossRef]

94. Coutinho, F.A.B.; Amaku, M.; Boulos, F.C.; et al. Analysing Vaccine Efficacy Evaluated in Phase 3 Clinical Trials
Carried Out During Outbreaks. Infect. Dis. Model. 2024, 9, 1027–1044. [CrossRef]

95. Pollard, A.J.; Bijker, E.M. A Guide to Vaccinology: From Basic Principles to New Developments. Nat. Rev. Im‑
munol. 2021, 21, 83–100. [CrossRef]

96. Corthay, A. Does the Immune SystemNaturally Protect Against Cancer? Front. Immunol. 2014, 5, 197. [Cross‑
Ref]

97. Yamaguchi, H.; Hiroi, M.; Mori, K.; et al. Simultaneous Expression of Th1‑ and Treg‑Associated Chemokine
Genes and CD4(+), CD8(+), and Foxp3(+) Cells in the Premalignant Lesions of 4NQO‑Induced Mouse Tongue
Tumorigenesis. Cancers 2021, 13, 1988. [CrossRef]

98. Kogame, M.; Nagai, H.; Shinohara, M.; et al. Th2 Dominance Might Induce Carcinogenesis in Patients With
HCV‑Related Liver Cirrhosis. Anticancer Res. 2016, 36, 4529–4536. [CrossRef]

99. Kany, S.; Vollrath, J.T.; Relja, B. Cytokines in Inflammatory Disease. Int. J. Mol. Sci. 2019, 20, 6008. [CrossRef]
100. Chen, L.; Deng, H.; Cui, H.; et al. Inflammatory Responses and Inflammation‑Associated Diseases in Organs.

Oncotarget 2018, 9, 7204–7218. [CrossRef]
101. Kiros, T.G.; Levast, B.; Auray, G.; et al. The Importance of Animal Models in the Development of Vaccines:

Innovation in Vaccinology. In The Science and Practice of Vaccinology; Gerdts, V., Ed.; Springer: Dordrecht,
Netherlands, 2012; pp. 251–264. [CrossRef]

144

https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6


Trends in Immunotherapy | Volume 09 | Issue 04

102. Beheshtizadeh, N.; Gharibshahian, M.; Pazhouhnia, Z.; et al. Commercialization and Regulation of Regen‑
erative Medicine Products: Promises, Advances and Challenges. Biomed. Pharmacother. 2022, 153, 113431.
[CrossRef]

103. Sampathkumar, K.; Kerwin, B.A. Roadmap for Drug Product Development and Manufacturing of Biologics. J.
Pharm. Sci. 2024, 113, 314–331. [CrossRef]

104. Srivastava, S.; Singh, D.; Verma, S.K.; et al. Recent Advancements in Cancer Vaccines: A Systematic Review.
Vacunas 2024, 25, 97–108. [CrossRef]

105. Rulten, S.L.; Grose, R.P.; Gatz, S.A.; et al. The Future of Precision Oncology. Int. J. Mol. Sci. 2023, 24, 9110.
[CrossRef]

106. Harrop, R. Cancer Vaccines: Identification of Biomarkers Predictive of Clinical Efficacy. Hum. Vaccin. Im‑
munother. 2013, 9, 800–804. [CrossRef]

107. Alum, E.U. AI‑Driven Biomarker Discovery: Enhancing Precision in Cancer Diagnosis and Prognosis. Discov.
Oncol. 2025, 16, 313. [CrossRef]

108. Passaro, A.; Al Bakir, M.; Hamilton, E.G.; et al. CancerBiomarkers: EmergingTrends andClinical Implications
for Personalized Treatment. Cell 2024, 187, 1617–1635. [CrossRef]

Copyright© 2025 by the author(s). Published by UK Scientific Publishing Limited. This is an open access article
under the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).

Publisher’s Note: The views, opinions, and information presented in all publications are the sole responsibility of the respective
authors and contributors, and do not necessarily reflect the views of UK Scientific Publishing Limited and/or its editors. UK
Scientific Publishing Limited and/or its editors hereby disclaim any liability for any harm or damage to individuals or property
arising from the implementation of ideas, methods, instructions, or products mentioned in the content.

145

https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6
https://doi.org/10.1016/S0098-1354(02)00160-6

	Introduction
	Methods
	Cancer Vaccines
	HSPs in Various Cancers
	Clinical Trial Studies Using HSPs as Vaccine in Cancer Treatment
	PICO Used in Study Selection

	Results
	RCTs on HSPs
	Variability in Adverse Event Rates HSPs
	Using HSPs as Adjuvants Against Cancer

	Discussion
	Patient-Specific Factors Influence the Efficacy of HSP-Based Vaccines
	The Challenges of Scaling Up HSP-Based Vaccine Production and Possible Barriers

	Recommendations
	Future Perspective
	Conclusions

