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ABSTRACT

The development of antitumor strategies aimed at restoring systemic and local immune regulation is considered one of the most promising
directions. Technologies based on dendritic cell vaccines (DCVs), characterized by minimal toxicity and alignment with fundamental immuno-
logical mechanisms of antitumor resistance, are of particular interest.

Purpose of the study. Is to evaluate the effectiveness of immunotherapeutic approaches for gynecologic malignancies using DCVs and to
outline promising directions for further development.

Materials and methods. A literature search was conducted in the bibliographic registers MEDLINE, ClinicalTrial.gov., eLIBRARY and CyberLeninka,
using the search systems PubMed, Google Scholar. The vast majority of the identified sources are indexed in Scopus and Web of Science. The
review includes more than 60 publications in Russian and English, over 50 % of which were published within the past five years.

Results. The analysis summarizes data on the clinical outcomes of DCV-based therapy in advanced cervical cancer, endometrial cancer, and
ovarian cancer. Reported beneficial effects include temporary disease stabilization, improved overall survival and quality of life in advanced
malignancies, enhanced efficacy of subsequent chemotherapy, and occasional cases of partial or complete remission. The review also addresses
potential reasons for the limited efficacy of DCVs, as well as possible combinations of this technology with other immunotherapeutic modalities
and traditional anticancer treatments. The currently modest therapeutic effectiveness of DCVs in gynecologic cancers may be attributed both
to the insufficient maturity of the technology and to inherent mechanisms of tumor immune evasion.

Conclusion. The therapeutic potential of DCVs has not yet been fully realized. Advances in immunotherapy, molecular biology, nanotechnology,
and strategies for activating systemic and local antitumor resistance mechanisms provide a foundation for defining future research priorities
aimed at improving the efficacy of DCVs as an important component of multimodal treatment for gynecologic malignancies.
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3.1.6. OHKonorus, nyyesas Tepanus

0b30P

Wcnonb3oBaHue MeTo08 NMMyHOTEpanun ¢ npUMEHEHNEM AEHAPUTHOKNETOYHbIX
BAKLIWH B OHKOTMHEKOJI0TUK

I. B. XXykoBa™, E. M. ®paHuusHu, U. B. Kannunesa, T. 1. Mouceenko, A. . MenbweHuHa, A. 0. Winxnsaposa, B. A. baHR0BKMHa,
E. U. Cypukoga, E. B. llanawHas, 10. A. Metpoea, M. C. KayecoBa

HauuoHanbHbIA MegNLUHCKNIA ucenesoBaTeNnbCKuii LIEHTP oHKonorum MunucTepcTBa 3apaBooxpaHenuns Poccuitckoit depepauuu, r. PocToB-Ha-[loHy,
Poccuiickas ®epepaums

M galya_57@mail.ru

PE3IOME

Paspa6oTka MeTof0B NPOTUBOOMYXO/IEBOrO NIEYEHWS], HanpaBieHHbIX Ha BOCCTAHOBNIEHWE CUCTEMHOW M NTOKanbHOW MMMYHHOI perynsiumm,
paccmaTtpuBaeTcs B KayecTBe HauGosiee nepcnekTUBHON CTpaTermn B COBPEMEHHON OHKONOrK. bonbluoit MHTepec NpeACTaBNSOT TEXHO-
NOTUMN € UCNONb30BaAHUEM AEHAPUTHOKIIETOUHbIX BakUMH (AKB), oTnnyatoLmecs oTcyTCTBUEM TOKCUYHOCTU M COOTBETCTBYOWME dyHAa-
MeHTanbHbIM UMMYHHbIM MeXaH13MaM MPOTUBOOMYXOSIEBO PE3UCTEHTHOCTU.

Lienb uccnepoBanus. N3yuntb apdekTMBHOCTb METOAOB MMMYHOTEpPanNuM OHKOTMHEKONIOTMYECKMX 3a6oNieBaHuUii ¢ ucnonb3osaHmem KB
1 NepcrnekTUBHbIe HanpaBeHNUs UX pPa3BUTUA

Marepuanbi u MeToabl. [poBefieH NoWCK NMTepaTypbl B 6ubnuorpaduyeckux peectpax MEDLINE, ClinicalTrial.gov., eLIBRARY v KuéepJlieHuH-
Ka, C UCNonb30BaHUeM NoMckoBbIx cucteM PubMed, Google Scholar. NMopaenstoLyee 601bLUMHCTBO MCTOYHUKOB BK/IHOUYEHbI B 6a3bl JaHHbIX
Scopus 1 WoS. B HacTosiLLeM 0630pe paccMOTpeHo 6onee 60 paboT Ha PyCCKOM M aHIIMIICKOM si3blkax, 6onee 50 % KOTopbix ony6anKoBaHbl
B TeYEHWe NoCNeAHUX NATH NeT.

Pesynbratbl. [IpoaHannsnMpoBaHbl CBefieHWs 0 pe3ynbTaTax npuMeHeHust IKB npv Tepanuu pacnpoctpaHeHHbIX hopM paka Lueiku MaTKy,
paKa 9HAOMeTpPUS 1 paka ANYHKUKOB. MonoxuTenbHble addekTbl [JKB BKNtOYatOT BpeMeHHY0 CTabununsauuio 3a6oneBaHus, yBenmyeHe
NPOAOIIKNTENIbHOCTMU U KayeCTBa XWU3HMU NpU pacnpocTpaHeHHOM 3/10Ka4eCTBeHHOM fpoLiecce, NoBbilleHne 3hdeKTUBHOCTM XUMUoTepanmm
nocne JKB, oTaenbHble Criyyan YaCTUYHOM 1 MOJTHOW peMuccun. PaccMaTtpuBatoT NpuYmnHbl HelocTaTouHon addekTnBHocTv [1KB, BapuaHTbl
coueTaHus AaHHON TEXHONOTMK € APYrMMU METOAaMN UMMYHOTEPanuu 1 TpaAMLIMOHHBIM NMPOTUBOOMYXONEBbLIM NeveHneM. HeBbicokas a¢-
ekTMBHOCTL [1KB B OTHOLLEHWUM OHKOTMHEKONOMYECKMX 3a60/1eBaHNII HAa COBPEMEHHOM 3Tarne MOXeT 6bITb 06yCnoBIeHa He,OCTaTOYHOW
pa3paboTaHHOCTbIO TEXHOIOMMU U O6BEKTUBHBIMU CIIOXKHOCTAMM NPEOAONEHUSI MEXaHU3MOB YK/TOHEHUS OMYXONN OT UMMYHHOIO Haj3opa.
3akniovenue. MoTteHumnan KB kak MeTofa NPOTMBOOMYXOIEBOrO IeYEeHNUA B HACTOsLLEee BpeMsa He peann3oBaH. AHann3 cCoBpeMeHHbIX
DOCTUXKEHUI B 061acTU UMMYHOTEParnuu, MoNeKysipHON 6UONOMMK, HAHOTEXHOIOTUI U NOAXOA0B K aKTUBU3aLMN CUCTEMHBIX U JIOKaNbHbIX
MexaHW3MOB MPOTUBOOMYXOIEBOIN PE3NCTEHTHOCTM NO3BONSAET ONPeAeNnnTb HanpaB/ieHne JallbHeNLLNX UCCef0BaHNIA, HaLeNleHHbIX Ha
nosbllweHne apdexkTuBHocTM [IKB Kak BaXXHOro KOMMOHEHTa KOMMIEKCHOTO JIeYEHWUSA OHKOTMHEKONOrMYecKux 3a6osieBaHuit.

KniouyeBble cnoBa: UMMyHOTEpanus, AeHAPUTHOKIETOYHbIE BaKLUHbI, onyxonecneumquect(me WUMMYHHble peaKLuuu, pak LIENKN MaTKK,
pak sHAOMeTpUA, pak AMMHUKOB
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INTRODUCTION

The ability of malignant cell systems to suppress
immune surveillance, together with their unrestrict-
ed proliferative activity, distinct metabolism that
ensures preferential access to the host's energy
and biosynthetic resources, and the loss of contact
inhibition, represents one of the most significant
pathogenetic characteristics of malignant tumors [1].
Despite the widespread introduction and ongoing
refinement of radiation therapy, systemic anticancer
treatments, and the expanding panel of plant-derived
cytotoxic agents (including taxanes and others) [2],
the search for therapeutic approaches aimed at re-
storing systemic and local immune regulation of cel-
lular life cycles and tissue development is increasing-
ly regarded as one of the most promising strategies
in fundamental and clinical oncology. In this context,
the development of novel and effective methods of
tumor immunotherapy continues to generate consid-
erable interest and high expectations.

Purpose of the study is to evaluate the effective-
ness of immunotherapeutic approaches for gyneco-
logic malignancies using dendritic cell vaccines and to
outline promising directions for further development.

General background on dendritic cell vaccines

It is well established that various immune sys-
tem cell types are capable, in one way or another, of
directly damaging malignantly transformed cells.
Such reactions have been described for natural
killer cells [3], B-lymphocytes [4], neutrophils [5],
monocytes [6], and tissue basophils [7]. Activation
of these cells can be achieved not only through cy-
tokines but also through systemic regulatory influ-
ences on the central components of the integrated
neuroendocrine-immune system [8], mediated by
factors of various origins, including phytoimmuno-
modulators [2, 9], weak electromagnetic radiation,
and biologically active fluids [10]. Approaches aimed
at mobilizing these processes are classified as non-
specific immunotherapy and hold significant theoret-
ical and practical value.

At present, multiple directions in tumor immuno-
therapy are being developed, focusing on direct or
indirect stimulation of the effector arm of the im-
mune system, whose activity is suppressed under
conditions of malignant growth. Historically, the first
variant of tumor immunotherapy involved bacterial
vaccines [11], initiated over a century ago with Wil-
liam Coley’s vaccine, which was successfully applied
to soft-tissue sarcomas. A widely used contemporary
immunotherapeutic approach is antibody-dependent
cytotoxicity, implemented through monoclonal anti-
body therapy capable of enhancing antitumor cyto-
toxic responses via Fc-receptor interactions of not
only T-lymphocytes but also other immune system
elements [12]. Additional strategies include cytotoxic
lymphocytes activated in vitro through various meth-
ods [13], as well as tumor-infiltrating lymphocytes
extracted from a patient’'s tumor tissue, expanded
ex vivo, and reinfused into the same patient (TIL
therapy) [14].

More recent immunotherapy modalities demon-
strating high clinical efficacy in recent years include
the use of genetically modified T-cells engineered to
express CAR-T or TCR-T receptors, which enhance
their ability to selectively destroy tumor cells [15].
CAR-T therapy is primarily applied in hematologic
malignancies and targets surface antigens, where-
as TCR-T approaches can be effective in selected
solid tumors by recognizing intracellular antigens.
For several cancers, favorable outcomes have been
achieved through the inclusion of immune check-
point inhibitors (ICls) in multimodal treatment reg-
imens [16].

However, the priority goal of tumor immunothera-
py should be the ability to orchestrate robust tumor-
specific immune responses - i.e., the activation of
tumor antigen (TA) recognition and presentation,
generation of highly active tumor-specific cytotoxic
T-cells, and massive destruction of transformed cells
through apoptosis, enabling rapid and economical
clearance of cellular debris without the toxic sequel-
ae characteristic of necrosis [17]. In this context,
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methods employing dendritic cell vaccines (DCVs)
attract particular attention, since dendritic cells
(DCs) are the most effective antigen-presenting
components of the immune system. DCs originate
from bone marrow hematopoietic progenitors, form
reticular cellular networks widely distributed through-
out the organism, and play a key role in immune sur-
veillance [18]. These professional antigen-presenting
cells require minimal amounts of antigen to stimu-
late cytotoxic lymphocyte proliferation and can in-
duce lymphoproliferative responses using antigen
quantities approximately 100-fold lower than those
required for macrophages or B-lymphocytes. Impor-
tantly, DCs can migrate into lymph nodes and initiate
the formation of tumor-specific cytotoxic T-cells [19].

Mobilization of DCs occurs under the influence of
tumor antigens, which are internalized by phagocyto-
sis; DCs then migrate to the lymph nodes, where the
antigens are processed into peptides and presented
in complex with major histocompatibility complex
(HLA) molecules to T-cells.

In addition to their pathogenetic mechanism of
action, personalized DCVs are characterized by low
toxicity and relative technical simplicity of produc-
tion [18, 19]. DCV preparation generally includes: (1)
isolation of precursor cells from blood (monocytes)
or bone marrow (CD34+ hematopoietic stem cells);
(2) stimulation of their maturation and differentiation
into activated DCs using cytokine cocktails and au-
tologous tumor antigens ex vivo; and (3) reinfusion
of mature DCs into the patient. After administration,
activated DCs migrate to lymph nodes and present
tumor antigens to CD4+ and CD8+ T-cells, initiating
an adaptive immune response. A less common ap-
proach involves in vivo expansion of circulating DCs
via hematopoietic growth factors such as FIt3L and
granulocyte colony-stimulating factor (G-CSF).

The use of precursor populations rather than
endogenous mature DCs is explained by the het-
erogeneity and immunosuppressive phenotype of
endogenous DCs in the tumor microenvironment, as
well as the relative ease of obtaining enough mono-

62

cytes and bone-marrow progenitors [20]. A major
challenge is the selection of tumor antigens and mat-
uration cocktails to generate highly immunogenic
DCs optimally targeted toward malignant cells. Ma-
ture DCs differ significantly from immature forms in
their molecular profiles, morphology, and functional
activity [21]. To enhance immunogenicity, a variety
of adjuvants are used, including bacterial and viral
components, gangliosides, recombinant proteins,
immunogenic peptides, anti-idiotype monoclonal
antibodies, mucins (notably MUC1), genetically or
chemically modified tumor cells, tumor lysates, and
others [18-20]. Adjuvant selection depends on tumor
type and localization. Common elements across DCV
protocols include the route and schedule of admin-
istration (intradermal or subcutaneous, at least 3—-4
injections at 1-2-week intervals) and typical dosing
(10%-107 DCs per injection).

Despite the clear objective of achieving complete
tumor regression through DC-based activation of
antitumor immunity, this goal has not yet been real-
ized. Complete responses have been most frequently
observed in melanoma, one of the most aggressive
and highly immunogenic tumors [19, 22], usually ac-
counting for no more than 3-7 % of cases in specific
cohorts. More favorable long-term outcomes — com-
plete remission in one-third of melanoma patients -
were reported with DCV administration after primary
tumor resection and removal of macrometastases,
with follow-up exceeding six years [23]. Studies of
DCV efficacy in cutaneous melanoma have also been
conducted by domestic researchers [24, 25]. Com-
plete tumor regression in other malignancies has
been documented far less frequently [26].

To date, despite their excellent safety profile and
minimal toxicity, current DCV formulations have not
demonstrated sufficiently strong or consistent anti-
tumor activity [19, 27]. Limited efficacy is attributed
primarily to the low immunogenicity of tumor anti-
gens used for DC stimulation, immunosuppressive
influences of the tumor microenvironment, and neg-
ative selection of cytotoxic T-cells in the thymus.



l0xHo-Poccuitckuii oHkonornyeckuii xypHan 2025. T. 6, N 4. C. 59-74

Xykosa I B.=, OpaHumsHy E. M., Kannuesa W. B., MouceeHko T. U., MeHbLleHnHa A. M., Wuxnsposa A. U., bangoskuHa B. A., Cypukosa E. W., WanawHas E. B.,
MetpoBa 0. A., Kayecosa I1. C. Ucnonb3oBaHne MeTO[0B MMMYHOTEPANUM C NPUMEHEHNEM LEHAPUTHOKNETOUHbIX BaKLWUH B OHKOTMHEKONOrMK

To mitigate these obstacles and improve therapeutic
outcomes, DCVs are increasingly combined with oth-
er immunotherapeutic modalities. Promising combi-
nations include DCVs with ICls, TIL therapy, and TCR/
CAR-T-based cellular therapies [18].

Dendritic cell vaccines in the immunotherapy

of gynecologic malignancies

The question of whether tumor immunotherapy
can be effectively applied to gynecologic cancers
carries considerable scientific and practical signif-
icance. Persistently high incidence and mortality
rates, which have shown little reduction over more
than a decade, together with the limited therapeutic
effectiveness for women with malignant tumors of
the reproductive system, remain among the most
urgent challenges in modern oncology. Although cer-
vical cancer (CC) is the only gynecologic malignancy
with a well-established etiologic factor — oncogenic
human papillomavirus (HPV) subtypes — and despite
the existence of effective screening programs and
primary/secondary prevention strategies, the inci-
dence of CC continues to rise both in Russia and
worldwide. A trend toward a younger age at diag-
nosis has been observed, and first-year mortality
exceeds one-tenth of newly diagnosed cases [28, 29].
This situation is further complicated by insufficiently
optimized protocols for preoperative radiotherapy,
which represents one of the main treatment modal-
ities for patients with advanced CC [30].

Endometrial cancer (EC) is the most prevalent
gynecologic malignancy in developed countries. In
Russia, EC accounted for 8 % of all newly diagnosed
cancers among women in 2023, exceeding the inci-
dence of cervical cancer and ovarian cancer (OC)
by 1.8-fold or more [28]. The incidence of EC contin-
ues to increase due to population aging and obesity-
related factors. The greatest therapeutic challeng-
es arise in advanced-stage disease. Significant
molecular-genetic and histological heterogeneity in
EC results in substantial variations in clinical out-
comes and prognosis, prompting the development

of an additional molecular classification system as
an essential prerequisite for creating algorithms for
personalized treatment — an approach that remains
insufficiently established to date [31].

Mortality associated with OC is the highest among
gynecologic cancers [28, 32]. Platinum resistance -
developing in 75-90 % of patients after repeated
chemotherapy courses - rapid progression of me-
tastases in the omentum and pelvic organs due
to exfoliation of tumor cells into serous fluid, and
the predominance of high-grade serous carcinoma,
the most aggressive OC subtype, severely limit the
chances of achieving even temporary disease con-
trol and account for the high lethality in this patient
population.

Evidence of the immunogenicity of malignant
tumors of the female reproductive system [33, 34]
provides an additional rationale for pursuing effec-
tive immunotherapeutic approaches for gynecolog-
ic cancers, including those based on dendritic cell
vaccines (DCVs).

Cervical cancer

At the present stage, dendritic cell vaccines
(DCVs) are used only as an adjunct modality in the
treatment of malignant tumors localized in the uter-
us, and their clinical application remains limited. In
cervical cancer (CC), considerably more is known
about the integration of passive immunotherapy
approaches — particularly immune checkpoint in-
hibition [35] and TIL therapy [36] — into multimod-
al treatment regimens. These methods may exert
a meaningful therapeutic effect in selected dissem-
inated forms of CC.

In Russia, experimental and clinical studies involv-
ing DCVs for the treatment of CC were conducted at
the National Medical Research Center of Oncology
(Rostov-on-Don). A DCV was developed based on
monocytes derived from the peripheral blood of CC
patients, using GM-CSF, IL-4, and TNF-a for matu-
ration, and loaded with HelLa cell lysate to generate
mature activated DCs [37]. This vaccine was subse-
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quently evaluated as part of a combined treatment
strategy for CC patients with different extents of
disease [38].

In five patients with CC stage T4aN1M1 (bladder
and distal ureter invasion), bilateral nephrostomies,
multiple distant metastases, severe endogenous in-
toxication, grade Ill anemia, and cachexia, DCV was
administered with palliative intent as the only avail-
able treatment option. Disease stabilization for 6-12
months was achieved, with a mean overall survival of
14.8 months. Among eleven patients with progres-
sive CC following standard therapy, DCV combined
with palliative polychemotherapy (PCT) resulted in
stabilization in approximately half of the cases. Pro-
gression-free survival and mean overall survival in
this group reached 15.8 and 32 months, respectively.
In three patients with CC T2bN1MO0 whose tumors
remained unresectable after standard chemoradia-
tion, DCV administered alongside second-line PCT
induced complete tumor regression. However, the
authors noted that in 18 % of cases the DCV-based
treatment produced no meaningful effect and failed
to halt disease progression [39].

In incurable and progressive CC, DCV use resulted
in significant improvements in quality of life com-
pared with chemoradiation alone, largely owing to
marked analgesic and anti-inflammatory effects.
Pain relief typically occurred after 2-3 DCV admin-
istrations. Immunologic and biochemical indicators
in DCV-treated patients demonstrated improved
systemic homeostasis after at least six DCV cycles,
including restoration of previously reduced NK-cell
and CD8+ T-cell levels, increased Tm/ThO ratios
(“memory” / “naive” T-cells) among CD4+ and CD8+
subsets, and normalization of albumin functionality,
medium molecular weight molecules, and blood re-
dox parameters [39].

Earlier reports by Santin A. D. and colleagues from
the University of Arkansas for Medical Sciences
similarly described improved therapeutic outcomes
and patient status following DCV administration in
CC [40, 41]. Their work examined DCVs produced
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from monocytes stimulated with GM—-CSF and load-
ed with HPV E6 and E7 oncoproteins — antigens fre-
quently expressed in HPV-associated tumors. These
oncoproteins were considered suitable targets for
therapeutic vaccination against HPV-infected cancer
cells. In a study of 18 patients with advanced CC,
clinical benefit was observed in four cases: disease
stabilization for one year in two patients, and com-
plete tumor regression following PCT administered
after vaccination in another two [40].

In a phase Il study evaluating DCV in 14 patients
with advanced or recurrent CC, stabilization was doc-
umented in five patients for up to eight months after
four DCV administrations, accompanied by immuno-
logic evidence of activated cytotoxic T-cell respons-
es. The same report described a case of widespread
chemoresistant CC with multiple pulmonary mac-
rometastases, where repeated DCV administration
produced prolonged stabilization exceeding one year
and partial regression of a major lung metastasis.
In another setting, DCV combined with low-dose re-
combinant IL-2 produced temporary disease control
in two of four heavily pretreated CC patients with
metastatic or recurrent disease, increasing survival
from 5 to 13 months after treatment initiation.

In many of these studies, clinical responses cor-
related with delayed-type hypersensitivity reactions,
activation of CD8+ cytotoxic T-cells, and other effec-
tor components of the antitumor immune response.
The authors concluded that the limited efficacy of
DCVs in advanced refractory CC is likely related to
immunosuppressive effects of prior chemotherapy
and radiotherapy, creating significant barriers to DCV
effectiveness. They emphasized the need for trials in
earlier stages of CC and earlier treatment windows.

A later trial investigated DCV in patients with CC
stage |b and lla after radical surgery, using escalating
doses of DCV generated through stimulation with
recombinant HPV16/18 E7 antigens and keyhole
limpet hemocyanin (KLH) as an immunologic mark-
er. After five DCV doses administered at three-week
intervals, all participants demonstrated CD4+ T-cell
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and B-cell responses. The authors concluded that
DCV was safe, immunogenic, and potentially ben-
eficial for CC patients with limited tumor burden or
high risk of recurrence [41]. This conclusion was
partly supported by subsequent studies conducted
at Shanghai University Hospital and Suzhou Univer-
sity Hospital [42]. In patients with squamous cell or
adenocarcinoma of the cervix (mostly stage lla or
IIb), postoperative adjuvant treatment consisted of
either cisplatin-based chemotherapy alone or che-
motherapy combined with DCV. In the DCV group,
the vaccine formulation included co-cultured DCs
and T-killers rather than isolated antigens. The com-
bined therapy yielded significantly improved immune
parameters, a two-fold reduction in cumulative three-
year recurrence rate, and an increase in three-year
survival from 56.4 % to 80 %.

Isolated reports of successful treatment of dissem-
inated CC with distant metastases following DCV -
similar to the case reported by Santin A. D. et al. [40] -
have also been documented by other researchers.
One study from the Chennai Cancer Institute (India)
described a complete clinical response after vacci-
nation with DCs loaded with autologous tumor lysate
followed by cisplatin chemotherapy, with no signs of
recurrence for more than six years [43]. The reasons
for such selective responsiveness to DCV-containing
treatment regimens in advanced CC remain unclear.

Recent studies on DCVs for CC have focused on
strategies to enhance their therapeutic efficacy, in-
cluding identification of highly immunogenic CC an-
tigens or methods to improve their presentation [44],
development of nanoscale technologies to improve
immune effector targeting within tumor tissue, and
optimization of the CC tumor microenvironment [45].
At present, these investigations remain predominant-
ly experimental.

Endometrial cancer

The use of dendritic cell vaccines (DCVSs) in pa-
tients with endometrial cancer (EC) is currently even
less common than in cervical cancer. Much more

frequently, passive immunotherapy with immune
checkpoint inhibitors (ICIs) is considered a prom-
ising treatment option for EC [35, 46], owing to the
relatively high effectiveness of ICls in this setting.
It has been shown that EC with microsatellite insta-
bility (MSl-positive subtype) is highly sensitive to
ICls, with objective response rates to pembrolizumab
exceeding 50 %. Even in MSI-negative EC, the use
of pembrolizumab is considered appropriate when
combined with the multikinase inhibitor lenvatinib.
The focus of active immunotherapy using DCVs
on restoring fundamental defense mechanisms of
immune surveillance, the high efficacy of tumor
antigen (TA)-dependent cytotoxic T-cell responses
(where preserved), and the favorable safety profile of
DCVs have naturally attracted considerable interest
among researchers developing antitumor strategies
for EC. This interest has also been driven in part by
the limited treatment options for uterine sarcomas
and recurrent carcinomas of the uterus, particular-
ly serous endometrial carcinoma [47, 48]. By 2014,
fewer than ten studies on DCVs in EC had been pub-
lished, each including only 1-6 patients [47]. The
most systematic work in this area was conducted
by Santin A. D. and colleagues at the University of
Arkansas for Medical Sciences. In one study, the
authors reported outcomes in a 65-year-old patient
with progressive, chemoresistant serous endometrial
carcinoma and hepatic metastases that increased
significantly in size over the three weeks preceding
treatment initiation [49]. After three DCV administra-
tions at 3—4-week intervals, immunologic monitoring
revealed signs of T-cell cytotoxic responses, while
computed tomography demonstrated stabilization of
liver metastases. The authors attributed this relative-
ly modest effect to the inability of activated T-cells to
adequately penetrate a bulky tumor mass.
Subsequently, the same group published data on
the immunogenic effects of autologous DCs stim-
ulated with tumor lysate, showing that DCVs were
capable of inducing tumor-specific T-cell responses
against autologous uterine cancer in three EC pa-
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tients, although clinical efficacy was not evaluated
in that study [50].

In work by Coosemans A. and colleagues from
the Leuven Cancer Institute (Belgium), which used
the Wilms’ tumor gene 1 (WT1) product — a known
immunogenic antigen in EC — as a TA, emphasis
was likewise placed on the feasibility and safety of
DCV use in EC rather than on clearly demonstrated
clinical benefit [51, 52]. In a 46-year-old patient with
terminal-stage serous EC, four weekly DCV injec-
tions were well tolerated, accompanied by a 2.5-fold
increase in WT1-specific T-cells and a reduction in
CA-125 levels. In a comprehensive review published
in 2014 [47], the authors concluded that DCV-based
immunotherapy in EC remained in its infancy due to
insufficient knowledge of local and systemic immune
features in this disease. At the same time, recogniz-
ing the evident negative impact of immunosuppres-
sive elements within the tumor microenvironment on
DCV efficacy, they proposed that the most promising
immunotherapeutic strategy for EC might involve
combining DCVs with ICls.

It must be acknowledged that the deficit of knowl-
edge regarding local and systemic immune process-
es in EC has not yet been overcome. This situation
is further complicated by considerable molecular-
genetic and histological heterogeneity, which under-
lies substantial variability in prognosis and hampers
the development of personalized treatment algo-
rithms [31, 33]. Analysis of the available literature
suggests minimal progress in DCV-based immuno-
therapy for EC. International treatment guidelines for
EC do not currently mention active immunotherapy
as a therapeutic option [53]. At the same time, isolat-
ed reports have emerged describing combinations of
chemotherapy (CT) and DCVs in EC. For example, in-
vestigators at the Radboud University Medical Center
in Nijmegen (Netherlands) conducted an exploratory
study evaluating carboplatin/paclitaxel combined
with DCVs loaded with MUC1 and survivin in patients
with metastatic EC [54]. Given the severity of dis-
ease, the primary positive endpoint was the ability to
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complete the full treatment schedule without severe
complications. This endpoint was achieved in five of
seven patients. Antigen-specific immune responses
were documented in only two cases.

These findings indicate that DCVs may be a prom-
ising component of multimodal therapy in EC and
support the need for further development of effective
algorithms for their use.

Ovarian cancer

In ovarian cancer (OC), the gynecologic malig-
nancy with the highest mortality and a pronounced
tendency toward chemoresistance - the search for
new strategies to inhibit tumor growth and induce
regression is of particular urgency. As in CC and
EC, ICls are the most widely used immunothera-
peutic agents in OC [35, 55]. Tumor sensitivity to
PD-1/PD-L1 pathway inhibition is tightly linked to
the presence of microsatellite instability; however,
MSI-positive advanced OC accounts for less than
10 % of cases, a considerably lower proportion than
in CC and EC [35]. This highlights the pressing need
to explore additional immunotherapeutic approaches
for OC.

A positive correlation between intratumoral den-
sities of mature DCs and CD8+ cytotoxic T-lympho-
cytes and survival in advanced OC [34, 56] further
strengthens interest in DCV-based strategies in this
disease. Indeed, more DCV-related studies have been
conducted in OC than in CC or EC.

As in most solid tumors, a complete characteri-
zation of the OC-associated TA repertoire is not yet
available, but several antigens with significant immu-
nogenic potential have been identified. These include
cdr2, HER-2/neu, mesothelin, cancer—testis antigens
such as NY-ESO-1, melanoma-associated antigens
of the MAGE family expressed in OC, the surface
protein Sp17, mucins (MUC16 and MUC1), the cancer
antigen CA-125, and universal tumor antigens such
as survivin [56]. In a randomized open-label phase
I/11 trial conducted at the Ovarian Cancer Research
Center, University of Pennsylvania (USA), DCs loaded
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with Her2/neu, hTERT, and PADRE peptides were
administered to 11 patients with advanced OC who
were in remission following standard therapy. DCVs
were delivered either alone or in combination with
low-dose intravenous cyclophosphamide; all patients
also received pneumococcal vaccination [57]. The
DCVs containing immunogenic peptides produced
heterogeneous outcomes: two patients experienced
relapse during the vaccination course; nine com-
pleted all four DCV injections. Among these nine,
three developed recurrences at 6, 17, and 26 months,
whereas six remained disease-free for at least three
years after treatment. Overall three-year survival
reached 90 %, which was interpreted as a favorable
result. Slight improvements in survival were observed
in the cyclophosphamide group compared with con-
trols. However, immunologic analyses revealed only
weak peptide-specific immune responses and a sub-
stantial immunosuppressive effect of pneumococcal
vaccination, underscoring the need to optimize the
combinatorial treatment strategy.

In a study by the Dendritic Cell Vaccine Working
Group of the Japanese Society of Innovative Cell
Therapy (J-SICT), 56 patients with advanced OC,
previously treated with standard therapy, received
DCs loaded with synthetic peptides [58]. The inves-
tigators confirmed DCV safety and immunogenicity
but reported only modest clinical benefit. Similar-
ly modest results were obtained in another study
using WT1 peptide-loaded DCVs [59], where only
one of three patients with chemoresistant recurrent
OC experienced disease stabilization and improved
quality of life.

More pronounced clinical effects were observed
with autologous tumor lysate—based DCVs and com-
binations of DCVs with other antitumor modalities.
Chemical modification of tumor lysates has been
explored as a means of increasing TA immunoge-
nicity and, consequently, overall DCV effectiveness.
A notable example is a single-center phase | trial
in 22 patients with recurrent OC, in which DCVs
were generated from DCs stimulated with lysates

of autologous tumor cells oxidized by hypochlor-
ous acid (HOCI) [60]. The resulting DCVs were ad-
ministered intranodally over extended periods, until
disease progression or exhaustion of the immune
response, in three regimens: DCV alone, DCV plus
bevacizumab, or DCV plus bevacizumab and low-
dose cyclophosphamide. Half of the patients mount-
ed T-cell responses to autologous tumor antigens
(as indicated by increased IFN-y production); these
patients experienced the most pronounced clinical
benefits. Two patients achieved partial responses,
and 13 experienced disease stabilization, with a me-
dian duration of 14 months. Two-year survival was
100 % in patients with detectable immune responses
to DCVs, compared with only 25 % in those without
such responses. The best outcomes were obtained
with the combination of DCVs, bevacizumab, and
cyclophosphamide.

These examples illustrate the principal results
of DCV-based therapy in OC. Unfortunately, the ob-
served benefits are not clearly superior to those
achieved with other immunotherapeutic approaches
in advanced OC - including cytokine therapy [56, 61],
ICIs [35, 55, 58], TIL therapy, and TCR/CAR-T-based
cellular therapies [56]. Nonetheless, the pathogenetic
alignment of DCVs with fundamental mechanisms
of antitumor resistance, together with isolated re-
ports of robust tumor-specific immune responses
and complete remission of advanced OC under DCV-
based regimens [62], indicate that the therapeutic
potential of DCVs in OC remains largely unrealized.

Critical analyses of accumulated clinical
data [63, 64] suggest that objective response rates
to DCVs in OC and other tumor types do not ex-
ceed 15 %. Phase lll trials of DCVs are lacking, and
most information on clinical activity derives from
phase I/1l studies employing short-term endpoints.
Moreover, antitumor vaccine trials frequently enroll
patients with stage IV disease and prior failure of
standard therapy, i.e., the most challenging patient
population, which substantially limits assessment
of DCV potential. Objective comparisons are also
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complicated by marked variation in DCV strategies —
including DC subtype, manufacturing processes, anti-
gen source, route of administration, and concomitant
treatments — hindering robust cross-trial evaluation.
Further difficulties arise from the absence of reliable
predictive biomarkers for assessing true therapeutic
effectiveness of DCVs. Some authors also point to
experimental evidence suggesting functional supe-
riority of DCs derived from bone-marrow progenitors
over those generated from peripheral blood mono-
cytes, which are far more commonly used in clinical
trials [65].

Recent comprehensive reviews on DCV use in OC
have focused on analyzing the existing experimental
and clinical data and exploring strategies to enhance
DCV efficacy. Particular attention has been devoted
to the immunogenicity of TAs used for DC activa-
tion, methods to obtain TA sets that best represent
the mutanome (i.e., the specific pattern of somatic
mutations defining the antigenic landscape of an
individual tumor), and selection of rational combi-
nations of DCVs with other immunotherapies, with
emphasis on pairing DCVs with ICls to alleviate the
immunosuppressive tumor microenvironment and,
where appropriate, integrating CT and targeted ther-
apy [64, 65].

Prospects for the Use of Dendritic Cell

Vaccines in the Treatment of Gynecologic

Malignancies

The main strategies for improving DCV effective-
ness in gynecologic cancers largely parallel those
pursued for tumors of other localizations. As re-
peatedly noted, key issues include the generation of
personalized, highly immunogenic TA sets; in-depth
comparative evaluation of DCVs based on peripheral
blood monocytes versus bone-marrow progenitors;
selection of optimal adjuvants to enhance TA and
DC properties; methods to overcome the immuno-
suppressive tumor microenvironment that attenu-
ates tumor-specific cytotoxic T-cell activity; rational
design of combination regimens incorporating DCVs
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with other immunotherapies, targeted agents, and
chemoradiotherapy; identification of biomarkers
predictive of DCV efficacy; optimization of the im-
mune microenvironment; and criteria for appropriate
patient selection and timing of DCV administration
within multimodal treatment algorithms to maximize
therapeutic benefit [15, 19, 64].

In recent years, several next-generation DCV plat-
forms have been developed, including biomaterial-
based DC vaccines that employ implantable bio-
compatible scaffolds for localized antigen delivery
and DC activation; immunogenic cell death—in-
ducing DC vaccines loaded with fragments of
tumor cells undergoing immune-mediated death;
mRNA-pulsed DC vaccines encoding tumor anti-
gens; DC small extracellular vesicle (sEV)-based
vaccines; tumor sEV-based DC vaccines derived
from cancer stem cell exosomes; and other DCV
formats [18, 20]. In addressing the challenge of
combining DCVs with other modalities to coun-
teract tumor heterogeneity, suboptimal activity of
ex vivo—matured DCs, the immunosuppressive tu-
mor microenvironment, cytokine therapy-related
toxicities, and additional obstacles, it is logical to
consider the rapidly evolving field of nanotechnol-
ogy [66]. Nanoparticulate liposomal RNA vaccines
encoding highly immunogenic neoantigens and
adjuvants may enable precise targeting of effec-
tor immune cells, the tumor microenvironment,
and distinct tumor subregions characterized by
marked molecular-genetic and proliferative hetero-
geneity. Such approaches also offer the possibility
of modulating DCs in vivo under near-physiologic
conditions, thus supporting the initiation of tumor-
specific immune responses through controlled,
sustained release of active components.

In our view, another promising avenue involves
combining DCVs with strategies that activate non-
specific immune mechanisms via neuroendocrine-
immune regulatory centers or through interactions
between tumor-specific processes and innate lym-
phoid cell systems [10, 67].
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CONCLUSION

Active tumor immunotherapy based on dendritic
cell vaccines remains a field whose therapeutic po-
tential has not yet been fully realized. The absence of
systemic toxicity and the pathogenetic congruence
of this technology with fundamental mechanisms
of antitumor resistance support its consideration as
a promising and safe approach to cancer treatment.
The high prevalence of gynecologic malignancies,
their substantial incidence and mortality, rapid as-
ymptomatic progression and metastasis, high rates
of recurrence and drug resistance, and the inherent
immunogenicity of tumors of the female reproduc-
tive system all underscore the need to develop novel

treatment modalities incorporating immunothera-
peutic strategies.

The currently modest efficacy of DCVs in gyne-
cologic cancers reflects both the limited maturity
of the technology and the objective difficulties as-
sociated with overcoming tumor immune evasion.
Critical analysis of DCV use in cervical, endometrial,
and ovarian cancers, together with current advances
in immunotherapy, molecular-genetic technologies,
nanotechnology, and strategies for activating sys-
temic and local antitumor resistance mechanisms,
provides a foundation for future research aimed at
enhancing the effectiveness of DCVs as an important
component of multimodal treatment for gynecologic
malignancies.
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