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Cancer immunotherapy is defined as a type of cancer treatment that helps the im-
mune system recognize and attack cancer cells more effectively. Instead of targeting the
cancer cells directly (like chemotherapy or radiation), immunotherapy boosts or modifies
the body’s natural defenses to fight cancer. Despite its relatively simple definition, im-
munotherapy encompasses a plethora of therapeutic possibilities ranging from cytokine
treatments to antibody therapies, checkpoint inhibitors [1], cancer vaccines, adoptive (T-)
cell therapies [2-5], CAR-cell therapies [6-8], and other therapies [9,10], or combinations
thereof [11-13].

Although cancer immunotherapy has been proven to be effective in patients with a
broad variety of hematological and solid malignancies [14], there is increasing evidence
that its efficacy varies [15]. The therapies themselves should be improved, and investi-
gations should be conducted on the negative influence of the tumor microenvironment
(TME) [16-18], toxicity management, adverse immune-related side effects [19-21], response
prediction, and the use of immunotherapy in special patient populations. This Special Issue
presents a valuable collection of papers on molecular advances in cancer immunotherapy
with a view to understanding how novel and/or improved immunotherapies can be de-
veloped for cancer treatment; it includes up-to-date reviews, original research articles, a
communication, and a perspective, addressing a wide range of subjects—from non-coding
RNAs in cancer cells to glycan structures involved in osteosarcoma.

The first review [22] gives an overview of the current development and applicability
of biomarkers for immune checkpoint inhibitor responses in non-small-cell lung cancer
(NSCLC). At present, programmed death-ligand 1 (PD-L1) expression is the only validated
biomarker used to predict responses to immune checkpoint inhibitors (ICIs) [23]. However,
its reliability and predictive accuracy are often inconsistent [24]. This review highlights
emerging biomarkers that are either in development or undergoing validation, which show
potential for better distinguishing between patients who are likely to respond to ICI therapy
and those who are not. As summarized in Figure 1, several categories of biomarkers are
discussed: (1) PD-L1 expression is analyzed in multiple ways as a biomarker for NSCLC,
namely (a) PD-L1 expression on tumor cells, (b) PD-L1 expression on circulating tumor
cells, (c) plasma soluble PD-L1 (sPD-L1), and (d) PD-L1 polymorphisms (Figure 1 and [22]).
(2) Gene-expression-based biomarkers [25] include (a) HNRNPA2B1, IGF2BP2, NSUN4, and
ALYREF; (b) immune-score; (c) KAT2B; (d) MAP1A/1B/15/4/6/7D1/7D3; and (e) TCR co-
expression (Figure 1 and [22]). (3) Tumor mutation burden (TMB; non-synonymous muta-
tions in the coding regions of the tumor genome [26]) is analyzed. (4) Complete-blood-count
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(CBC)-based biomarkers [27] include (a) absolute eosinophil count (AEC), (b) absolute lym-
phocyte count (ALC), (c) absolute neutrophil count (ANC), (d) ANC:ALC ratio, (e) derived
neutrophil-to-lymphocyte ratio (dNLR), (f) hemoglobin (HGB), (g) myeloid-to-lymphocyte
ratio (M:L), (h) monocyte-to-lymphocyte ratio (MLR), (i) neutrophil-to-lymphocyte ratio
(NLR), and (j) platelet-to-lymphocyte ratio (PLR) (Figure 1 and [22]). (5) Peripheral blood
mononuclear cell (PBMC)-based biomarkers [28] include (a) CCR7~ CD45RA~ CD8* T
cells, (b) (FoxP3*) Treg cells, (c) granulocytic myeloid-derived suppressor cells (Gr-MDSC),
(d) PD-1* CD8 T cells, (e) PD-L1* CD14* monocytes, (f) TIGIT* T cells, (g) TIM-3* T cells,
and (h) the ratio of Tregs to Lox-1" PMN-MDSCs (TMR) (Figure 1 and [22]). (6) Tumor-
infiltrating-immune-cell-based biomarkers [29] include (a) CD8" effectors in TILs, (b) TIL
distribution, and (c) TIL levels (Figure 1 and [22]). (7) Extracellular-vesicles [30] are ana-
lyzed in multiple ways as biomarker for NSCLC, namely (a) CD41a~/CD31*/CD45~ EVs,
(b) EV-miR-625-5p, (c) PD-L1 EVs, (d) PD-1/PD-L1 protein and mRNA EVs, (e) tetraspanin
EVs (CD9, CD81, CD63), and (f) TGF-f3 EVs (Figure 1 and [22]). (8) Imaging-based biomark-
ers include positron emission tomography—computed tomography (PET-CT)[31,32] with
(a) F-FDG to determine the metabolic tumor volume (tMTV), (b) 8°Zr-atezolizumab, and
(c) ¥Zr-durvalumab (Figure 1 and [22]). Finally, (9) the lung microbiome can be used as a
biomarker (Figure 1 and [22,33]).

In conclusion, alongside PD-L1 expression, a plethora of new biomarker candi-
dates are tested and validated to more accurately predict responses to ICI treatment in
NSCLC patients.

In the second review, Binder et al. [34] describe a small part of existing RNAs, namely
non-coding (nc)RNAs, which perform a range of intracellular regulatory roles. This review
highlights small interfering RNA (siRNA) and microRNA (miRNA), which are molecules
that act like molecular switches, fine-tuning how genes are turned on or off by influencing
how mRNA is translated into proteins. They are essential for the normal functioning of all
cells in the human body, including cancer cells [35,36].

In cancer research, scientists are especially interested in targeting two key players:
cancer cells, which grow uncontrollably, and immune cells, which often fail to fight them
effectively. Understanding how siRNAs and miRNAs regulate cell behavior could open the
door to new kinds of treatments. By using these molecules to “reprogram” cancer cells or
boost the immune system’s ability to recognize and destroy tumors, researchers hope to
develop smarter, more precise cancer therapies. The first part of the review presented in [34]
explores what siRNAs and miRNAs do and how new RNA-based technologies work. The
second part looks at how these innovations might be used to treat cancer—particularly by in-
fluencing immune cells in the tumor environment, such as tumor-associated myeloid cells.

Myeloid cells within the TME play a dual role in anti-tumor immunity. These cells
are key regulators of tumor-specific immune responses and are found in large numbers
within tumors, making their proper pro-inflammatory activity essential for mounting an
effective defense against cancer. Modifying the immune response can be accomplished
by reprogramming these myeloid cells in vivo using siRNA- or miRNA-based therapies,
as demonstrated in mouse models [34]. Nevertheless, additional studies are needed to
better understand the underlying signaling pathways and intricate regulatory networks
that control their behavior.
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Figure 1. Schematic representation of used and emerging biomarkers for ICI treatment efficiency
in NSCLC patients. The categories of biomarkers are as follows: (1) PD-L1 expression, (2) gene-
expression-based biomarkers, (3) tumor mutation burden, (4) complete-blood-count (CBC)-based
biomarkers, (5) peripheral blood mononuclear cell (PBMC)-based biomarkers, (6) tumor-infiltrating-
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immune-cell-based biomarkers, (7) extracellular-vesicles, (8) imaging-based biomarkers, and (9) lung
microbiome. PD-L1: programmed death ligand 1; NSCLC: non-small-cell lung carcinoma; sPD-L1:
soluble PD-L1; TMB: tumor mutation burden; CBC: complete blood count; AEC: absolute eosinophil
count; ALC: absolute lymphocyte count; ANC: absolute neutrophil count; dNLR: derived neutrophil-
to-lymphocyte ratio; HGB: hemoglobin; M:L: myeloid-to-lymphocyte ratio; MLR: monocyte-to-
lymphocyte ratio; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; PBMC:
peripheral blood mononuclear cells; Gr-MDSC: granulocytic myeloid-derived suppressor cells; TMR:
ratio of Tregs to Lox-1+ PMN-MDSCs; TILs: tumor-infiltrating lymphocytes; EV: extracellular vesicle;
PET-CT: positron emission tomography-computed tomography; tMTV: metabolic tumor volume;
CTC: circulating tumor cell. This figure was created with Motifolio.

In their perspective, Waaga-Gasser and Boldicke [37] provide an overview of geneti-
cally engineered T cells and recombinant antibodies with the potential to target intracellular
neo-antigens [38]. Several T-cell-based cellular therapies directed against neo-antigens are
listed, namely T cells that express either (a) a recombinant full-length T-cell receptor (TCR)
(TCR-T cells), (b) a chimeric antigen receptor (CAR) incorporating the variable regions of a
neo-epitope-specific TCR as the binding domain (TCR-CAR-T cells), (c) a TCR-like antibody
serving as the binding domain (TCR-like CAR-T cells), (d) a synthetic T-cell receptor and
antigen receptor (STAR), or (e) a heterodimeric TCR-like CAR (T-CAR). The latter two
are designed as dual-chain, TCR«x{3-based receptors in which immunoglobulin variable
regions (VH and VL) are fused to TCR constant domains (TCR-Ca and TCR-Cf3), enabling
TCR-like signaling [37].

Furthermore, several recombinant antibodies with the potential to target intracellular
neo-antigens, such as (a) TCR-like antibodies, (b) bi-specific antibodies, and (c) intrabodies,
are described in [37]. Both T-cell- and antibody-based strategies have advantages and
disadvantages, with specific clinical implications and therapeutic limitations [37], but
together form a plethora of treatment possibilities that have now been tested in vitro,
in vivo, and even in early-phase clinical trials.

Nevertheless, several challenges must be taken into account, including the loss or
alteration of neo-antigens, changes in antigen presentation, tumor heterogeneity, and the
immunosuppressive characteristics of the tumor microenvironment.

In their communication, Qin et al. describe the sequential use of IFN-« and anti-PD1
antibodies to prevent the recurrence of hepatitis B virus (HBV)-related hepatocellular
carcinoma (HCC) [39]. The authors state that it is plausible that anti-PD1 antibodies
help prevent cancer recurrence in patients with HBV-related HCC following surgical
resection. Nonetheless, the adverse effects linked to anti-PD1 therapy at standard clinical
doses, along with the potential risk of HBV reactivation from the remaining viral genome,
may limit its feasibility as a standalone preventive strategy against HCC development.
Furthermore, it is known that IFN-o therapy exerts both anti-cancer and anti-HBV activities,
which might amplify the anti-tumor effects of anti-PD1 treatment and may reduce the
dose of anti-PD1 required to prevent HCC recurrence. The authors hypothesized that a
sequential combination approach could help eliminate residual or newly emerging tumor
cells associated with HBV infection in patients with HBV-related HCC following curative
surgery, which they confirmed in both a mouse model of HBV-related HCC, and a clinical
phase I trial using PEGylated IFN-« and anti-PD1 antibodies in patients with HBV-related
HCC after curative surgery, resulting in HBV suppression or even clearance with mild or
moderate adverse events [39].

The mechanisms by which this treatment works can be divided in two parts (Figure 2).
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Figure 2. Schematic representation of sequential therapy with IFN-« and anti-PD1 antibodies for
inhibiting the recurrence of HBV-related HCC. Shown are possible effects of IFN-« and anti-PD1
treatment. For further explanation see text. This figure was created with Motifolio.

(1) The IFN-« treatment results in (a) an anti-proliferative effect on tumor cells; (b) an
immunostimulatory effect on NK and T cells; (c) inhibition of HBV; (d) an increase in CCL4
secretion by tumor cells, resulting in the attraction of CD8" T cells to the TME, the activity
of which is increased by the anti-PD1 treatment; and (e) a high-glucose microenvironment,
which results in an increase in CD27* /CD8* T effector cells, the activity of which is again
increased by the anti-PD1 treatment (Figure 2 and [39]). (2) The anti-PD1 treatment results
in (a) a decrease in hepatitis B surface antigen (HBsAg), (b) a reversal of T-cell exhaustion,
which inhibits viral infection and cancer cell proliferation; and (c) an enhancement in
IFN-y secretion, causing the proliferation and activation of surrounding PBMCs (Figure 2
and [39]).

Taken together, these results justify further exploration and clinical development of
this combination therapy.

Because triple-negative breast cancer (TNBC) typically exhibits more mutations than
other breast cancer subtypes, it tends to be more immunogenic [40]. Hence, Heimes
et al. [41] hypothesized that tumor-infiltrating plasma cells have a prognostic impact in
TNBC patients. To investigate this hypothesis, they analyzed the plasma cell markers CD38
and IgkC via immunohistochemistry on samples of 107 patients. They found that higher
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tumor infiltration with CD38-positive plasma cells was associated with significantly longer
metastasis-free survival (MFS) [41]. Furthermore, CD38 and nodal status were identified as
independent prognostic factors. However, in a validation experiment using gene expression
data from an independent, publicly available TNBC cohort, the CD38 mRNA expression
data did not show a significant effect on MFS [41]. Higher IgkC expression was shown
to be associated with a better outcome (longer MFS) [41], but this was not significant for
protein expression. However, in the validation experiment, higher IgkC mRNA expression
was associated with significantly longer MFS [41]. Additionally, there was a significant
correlation between plasma cell infiltration and BRCA mutation status [41].

In summary, in this retrospective immunohistochemical study, Heimes et al. demon-
strated the prognostic relevance of the humoral immune response in a cohort of 107 patients
with early-stage triple-negative breast cancer.

Prasse et al. presented a new format for a chimeric antigen receptor (CAR), including
a binding domain not based on an scFv, as is usually the case, but on the C-type lectin
domain CD301 [42]. This domain is linked to the CD28 and CD3( intracellular signaling
domains, and the authors introduced this CAR into the NK cell line NK92 through retroviral
transduction. CD301 binds to glycan structures, such as Tn antigen, which is a GalNAc
residue bound to serine or threonine. This structure can then be further modified to a sialyl-
Tn (STn), also recognized by CD301. The authors found that these glycan structures are
expressed by osteosarcoma cells, and their CD301-CAR NK92 cells were able to recognize
several antigen-expressing osteosarcoma cell lines. This resulted in IFN-y production,
degranulation (as measured by CD107a), and lysis of the tumor cells (Figure 3 and [42]).
Additionally, NK92 weakly expressed TIGIT, and therefore, blocking with an anti-TIGIT
antibody only resulted in a slight increase in killing efficiency (Figure 3 and [42]).
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Figure 3. Schematic representation of the functionality of CD301-CAR NKO92 cells. After recognition
of STn or Tn antigens on osteosarcoma cells by CD301-CAR, the NK92 cells respond with exocytosis
of granules loaded with perforin and granzyme B and IFN-y secretion, thereby killing the tumor cells.
Tumor cell lysis can be enhanced by ICI with anti-TIGIT antibodies. Not depicted: the intrinsic lytic
mechanisms of NK cells. This figure was created with Motifolio.

In general, lectin-based CD301-CARs in combination with ICI could be a valid strategy
for osteosarcoma treatment. However, since CD301 ligands can also be detected on normal
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tissues, like the gastrointestinal tract, this strategy first needs to be carefully investigated
before it can be employed to treat patients.

This Special Issue demonstrates the diversity of cancer immunotherapy, and describes
several molecular advances in this area of research, ranging from biomarkers for immune
checkpoint inhibitor responses in NSCLC [22] to the therapeutic potential of non-coding
RNAs [34]; the use of genetically engineered T cells and recombinant antibodies to target
intracellular neo-antigens [37]; the sequential use of IFN-« and anti-PD1 antibodies to
prevent the recurrence of HBV-related HCC [39]; the prognostic impact of CD38- and
IgkC-positive tumor-infiltrating plasma cells in TNBC [41]; and the use of glycan structures
in osteosarcoma as targets for lectin-based chimeric antigen receptor immunotherapy [42].

Acknowledgments: I would like to thank all of the contributing authors for participating in this
Special Issue on molecular advances in cancer immunotherapy.

Conflicts of Interest: The author declares no conflicts of interest.

References

1.  Awadasseid, A.; Wu, M.; Zhang, E; Song, Y.; Wu, Y.; Zhang, W. Novel PD-L1 Small-Molecule Inhibitors Advancing Cancer
Immunotherapy. Anticancer Agents Med. Chem. 2025. [CrossRef]

2. Crowther, M.D.; Sohlin, J.E.; Svane, LM.; Met, O. Tumour-infiltrating lymphocyte therapy comes of age in the era of genetic
engineering. Lancet Oncol. 2025, 26, e577-e585. [CrossRef]

3. Qian, J.; Liu, Y. Recent advances in adoptive cell therapy for cancer immunotherapy. Front. Immunol. 2025, 16, 1665488. [CrossRef]

4. Tuhin, L],; Zhu, H.J.; Monty, M.A,; Tan, JW.; Xu, N.; Ye, J.; Yu, L. From innate power to intelligent design: The evolution of NK
cell-based cancer immunotherapy. Crit. Rev. Oncol. Hematol. 2025, 216, 104972. [CrossRef]

5. Burén, M.; Etxebarria, A.; Alvarez, M.; Romayor, I.; Eguizabal, C. Natural killer cells in adoptive cell therapy: Current landscape
of genetic engineering strategies. Oncoimmunology 2025, 14, 2563099. [CrossRef] [PubMed]

6. Jing, J.; Chen, Y,; Chi, E; Li, S;; He, Y.; Wang, B.; Shen, H.; Fan, L.; Wang, J.; Shangguan, T.; et al. New power in cancer
immunotherapy: The rise of chimeric antigen receptor macrophage (CAR-M). |. Transl. Med. 2025, 23, 1182. [CrossRef] [PubMed]

7. Li],;Liu, C; Zhang, P; Shen, L.; Qi, C. Optimizing CAR T cell therapy for solid tumours: A clinical perspective. Nat. Rev. Clin.
Oncol. 2025. [CrossRef] [PubMed]

8. Schaft, N. The Landscape of CAR-T Cell Clinical Trials against Solid Tumors-A Comprehensive Overview. Cancers 2020, 12, 2567.
[CrossRef]

9.  Prazeres, P; Costa da Silva, G.H.; Azevedo, G.V.; Alves da Silva, N.]J.; Carvalho Costa, P.A.; Da Silva, W.N.; Lobo, A.O.; Guimaraes,
PP.G. Advancing Cancer Immunotherapy Using Lipid Nanoparticle-Based Approaches. Int. ]. Nanomed. 2025, 20, 12283-12305.
[CrossRef]

10. Yang, H.; Liu, D.; Qiu, L.; Wang, R.; Zhang, C.; Yu, D.; Zhong, Q.; Yuki, N.; Song, Z.; Zhu, T.; et al. Reprogramming cellular
senescence and aging clocks for advanced cancer immunotherapy. Mol. Cancer 2025, 24, 237. [CrossRef]

11.  Upadhyay, S.; Upmanyu, K.; Gabr, M.T. Designing immunity with cytokines: A logic-based framework for programmable CAR
therapies. Cytokine Growth Factor. Rev. 2025, 86, 40-55. [CrossRef]

12.  Mandal, K,; Barik, G.K.; Santra, M.K. Overcoming resistance to anti-PD-L1 immunotherapy: Mechanisms, combination strategies,
and future directions. Mol. Cancer 2025, 24, 246. [CrossRef]

13.  Wang, Y,; Jiang, C.; Zhou, H.; Han, R. Transforming cancer immunotherapy: Integration of distinct immune-based approaches as
redefined dual immunotherapy with potential third-sensitizer. Exp. Hematol. Oncol. 2025, 14, 114. [CrossRef]

14. Jandovéd, M.; Lanska, M.; Sykorova, A.; Gregor, J.; Rozsivalova, P.; Bekov4, L.; Duchd¢ova, Z.W.; Radocha, J.; Stacey, G.N.; Méficka,
P; et al. Current Role of CAR-T Therapy in Haematological Care. Adv. Exp. Med. Biol. 2025, 1486, 193-216. [CrossRef] [PubMed]

15. Park, H.; Robinson, J.; Flanagan, C.; Pawlyn, C.; Jackson, G.; Jones, J.R. The risk of second primary malignancies in patients
receiving T-cell directed therapies for multiple myeloma: A systematic review. Leuk. Lymphoma 2025, 1-10. [CrossRef] [PubMed]

16. Premchandani, T.; Qutub, M.; Tatode, A.; Umekar, M.; Taksande, J.; Hussain, U.M.; Khidkikar, S.R. Engineering CAR-T cells for
solid tumors: Bispecific antigen targeting, tumor microenvironment modulation, and toxicity control. Immunol. Res. 2025, 73, 135.
[CrossRef]

17.  Andreou, T.; Neophytou, C.; Kalli, M.; Mpekris, E; Stylianopoulos, T. Breaking barriers: Enhancing CAR-armored T cell therapy
for solid tumors through microenvironment remodeling. Front. Immunol. 2025, 16, 1638186. [CrossRef] [PubMed]

18. Huang, Q.; Tong, F; Chen, J.; Kayumov, M.; Lv, Y.; Shi, Y.; Ye, B.; Gao, H. Tumor Microenvironment-Responsive Nanomedicines

for Potentiating Cancer Immunotherapy. Adv. Sci. 2025, 12, e13567. [CrossRef]


https://doi.org/10.2174/0118715206393267250912114756
https://doi.org/10.1016/S1470-2045(25)00434-6
https://doi.org/10.3389/fimmu.2025.1665488
https://doi.org/10.1016/j.critrevonc.2025.104972
https://doi.org/10.1080/2162402X.2025.2563099
https://www.ncbi.nlm.nih.gov/pubmed/40996824
https://doi.org/10.1186/s12967-025-07115-9
https://www.ncbi.nlm.nih.gov/pubmed/41152907
https://doi.org/10.1038/s41571-025-01075-1
https://www.ncbi.nlm.nih.gov/pubmed/41039013
https://doi.org/10.3390/cancers12092567
https://doi.org/10.2147/IJN.S541061
https://doi.org/10.1186/s12943-025-02459-8
https://doi.org/10.1016/j.cytogfr.2025.09.004
https://doi.org/10.1186/s12943-025-02400-z
https://doi.org/10.1186/s40164-025-00705-9
https://doi.org/10.1007/978-3-031-97297-3_16
https://www.ncbi.nlm.nih.gov/pubmed/41136842
https://doi.org/10.1080/10428194.2025.2560085
https://www.ncbi.nlm.nih.gov/pubmed/41020434
https://doi.org/10.1007/s12026-025-09687-6
https://doi.org/10.3389/fimmu.2025.1638186
https://www.ncbi.nlm.nih.gov/pubmed/40969762
https://doi.org/10.1002/advs.202513567

Int. J. Mol. Sci. 2025, 26, 10839 80of9

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Lashkajani, S.Z.; Azad, Y.S.; Nami, M.T.; Darzi, A.; Shokouhfar, M.; Faizabadi, S.N.; Diansaei, M.; Aghazadeh-Habashi, K.; Tabrizi,
Z.A.; Vanan, A.G. Neurologic complications of immune checkpoint inhibitors: A comprehensive review. Biomed. Pharmacother.
2025, 192, 118669. [CrossRef]

Kungwankiattichai, S.; Desai, A.; Koppinger, S.; Maziarz, R.T. Inmune-related adverse events associated with cancer immunother-
apy. Med 2025, 6, 100800. [CrossRef]

Zhang, X.; Zhang, B.; Li, D.; Yang, Y.; Lin, S.; Zhao, R.; Li, Y; Peng, L. Peripheral blood cell counts as predictors of immune-related
adverse events in cancer patients receiving immune checkpoint inhibitors: A systematic review and meta-analysis. Front. Immunol.
2025, 16, 1528084. [CrossRef] [PubMed]

Tostes, K.; Siqueira, A.P.; Reis, R-M.; Leal, L.F,; Arantes, L. Biomarkers for Inmune Checkpoint Inhibitor Response in NSCLC:
Current Developments and Applicability. Int. . Mol. Sci. 2023, 24, 11887. [CrossRef]

Jeanson, A.; Tomasini, P.; Souquet-Bressand, M.; Brandone, N.; Boucekine, M.; Grangeon, M.; Chaleat, S.; Khobta, N.; Milia, J.;
Mhanna, L.; et al. Efficacy of Inmune Checkpoint Inhibitors in KRAS-Mutant Non-Small Cell Lung Cancer (NSCLC). . Thorac.
Oncol. 2019, 14, 1095-1101. [CrossRef] [PubMed]

Zou, Y.; Hu, X.; Zheng, S.; Yang, A.; Li, X.; Tang, H.; Kong, Y.; Xie, X. Discordance of immunotherapy response predictive
biomarkers between primary lesions and paired metastases in tumours: A systematic review and meta-analysis. eBioMedicine
2021, 63, 103137. [CrossRef]

Soliman, H.; Shah, V.; Srkalovic, G.; Mahtani, R.; Levine, E.; Mavromatis, B.; Srinivasiah, J.; Kassar, M.; Gabordi, R.; Qamar, R.;
et al. MammaPrint guides treatment decisions in breast Cancer: Results of the IMPACt trial. BMC Cancer 2020, 20, 81. [CrossRef]
[PubMed]

Snyder, A.; Makarov, V.; Merghoub, T.; Yuan, J.; Zaretsky, ]. M.; Desrichard, A.; Walsh, L.A.; Postow, M.A.; Wong, P.; Ho, T.S; et al.
Genetic basis for clinical response to CTLA-4 blockade in melanoma. N. Engl. . Med. 2014, 371, 2189-2199. Correction in N. Engl.
J. Med. 2018, 379, 2185. [CrossRef]

Laza-Briviesca, R.; Cruz-Bermudez, A.; Nadal, E.; Insa, A.; Garcia-Campelo, M.d.R.; Huidobro, G.; Démine, M.; Majem, M.;
Rodriguez-Abreu, D.; Martinez-Marti, A.; et al. Blood biomarkers associated to complete pathological response on NSCLC
patients treated with neoadjuvant chemoimmunotherapy included in NADIM clinical trial. Clin. Transl. Med. 2021, 11, e491.
[CrossRef]

Rotunno, M.; Hu, N.; Su, H.; Wang, C.; Goldstein, A.M.; Bergen, A.W.; Consonni, D.; Pesatori, A.C.; Bertazzi, P.A.; Wacholder,
S.; et al. A gene expression signature from peripheral whole blood for stage I lung adenocarcinoma. Cancer Prev. Res. 2011, 4,
1599-1608. [CrossRef]

Chen, F; Zhuang, X,; Lin, L.; Yu, P; Wang, Y.; Shi, Y.; Hu, G.; Sun, Y. New horizons in tumor microenvironment biology:
Challenges and opportunities. BMC Med. 2015, 13, 45. [CrossRef]

Becker, A.; Thakur, B.K.; Weiss, ]. M.; Kim, H.S.; Peinado, H.; Lyden, D. Extracellular Vesicles in Cancer: Cell-to-Cell Mediators of
Metastasis. Cancer Cell 2016, 30, 836-848. [CrossRef]

Bensch, F.; van der Veen, E.L.; Lub-de Hooge, M.N.; Jorritsma-Smit, A.; Boellaard, R.; Kok, I.C.; Oosting, S.E.; Schroder, C.P;
Hiltermann, TJ.N.; van der Wekken, A.J.; et al. 8 Zr-atezolizumab imaging as a non-invasive approach to assess clinical response
to PD-L1 blockade in cancer. Nat. Med. 2018, 24, 1852-1858. [CrossRef]

Dall’Olio, F.G.; Calabro, D.; Conci, N.; Argalia, G.; Marchese, P.V.; Fabbri, F.; Fragomeno, B.; Ricci, D.; Fanti, S.; Ambrosini, V.;
et al. Baseline total metabolic tumour volume on 2-deoxy-2-[18F]fluoro-d-glucose positron emission tomography-computed
tomography as a promising biomarker in patients with advanced non-small cell lung cancer treated with first-line pembrolizumab.
Eur. J. Cancer 2021, 150, 99-107. [CrossRef] [PubMed]

Masubhiro, K.; Tamiya, M.; Fujimoto, K.; Koyama, S.; Naito, Y.; Osa, A.; Hirai, T.; Suzuki, H.; Okamoto, N.; Shiroyama, T,
et al. Bronchoalveolar lavage fluid reveals factors contributing to the efficacy of PD-1 blockade in lung cancer. JCI Insight 2022,
7,€157915. [CrossRef]

Binder, A.K,; Bremm, F; Dorrie, ].; Schaft, N. Non-Coding RNA in Tumor Cells and Tumor-Associated Myeloid Cells-Function
and Therapeutic Potential. Int. J. Mol. Sci. 2024, 25, 7275. [CrossRef] [PubMed]

Zhang, Z.; Mao, C.; Wu, Y,; Wang, Y.; Cong, H. Application of non-coding RNAs in tumors (Review). Mol. Med. Rep. 2025, 31, 164.
[CrossRef] [PubMed]

Moeinafshar, A.; Nouri, M.; Shokrollahi, N.; Masrour, M.; Behnam, A.; Tehrani Fateh, S.; Sadeghi, H.; Miryounesi, M.; Ghasemi,
M.R. Non-coding RNAs as potential therapeutic targets for receptor tyrosine kinase signaling in solid tumors: Current status and
future directions. Cancer Cell Int. 2024, 24, 26. [CrossRef]

Waaga-Gasser, A.M.; Boldicke, T. Genetically Engineered T Cells and Recombinant Antibodies to Target Intracellular Neoantigens:
Current Status and Future Directions. Int. . Mol. Sci. 2024, 25, 13504. [CrossRef]

Haus-Cohen, M.; Reiter, Y. Harnessing antibody-mediated recognition of the intracellular proteome with T cell receptor-like
specificity. Front. Immunol. 2024, 15, 1486721. [CrossRef]


https://doi.org/10.1016/j.biopha.2025.118669
https://doi.org/10.1016/j.medj.2025.100800
https://doi.org/10.3389/fimmu.2025.1528084
https://www.ncbi.nlm.nih.gov/pubmed/39949762
https://doi.org/10.3390/ijms241511887
https://doi.org/10.1016/j.jtho.2019.01.011
https://www.ncbi.nlm.nih.gov/pubmed/30738221
https://doi.org/10.1016/j.ebiom.2020.103137
https://doi.org/10.1186/s12885-020-6534-z
https://www.ncbi.nlm.nih.gov/pubmed/32005181
https://doi.org/10.1056/NEJMoa1406498
https://doi.org/10.1002/ctm2.491
https://doi.org/10.1158/1940-6207.CAPR-10-0170
https://doi.org/10.1186/s12916-015-0278-7
https://doi.org/10.1016/j.ccell.2016.10.009
https://doi.org/10.1038/s41591-018-0255-8
https://doi.org/10.1016/j.ejca.2021.03.020
https://www.ncbi.nlm.nih.gov/pubmed/33892411
https://doi.org/10.1172/jci.insight.157915
https://doi.org/10.3390/ijms25137275
https://www.ncbi.nlm.nih.gov/pubmed/39000381
https://doi.org/10.3892/mmr.2025.13529
https://www.ncbi.nlm.nih.gov/pubmed/40211701
https://doi.org/10.1186/s12935-023-03203-2
https://doi.org/10.3390/ijms252413504
https://doi.org/10.3389/fimmu.2024.1486721

Int. J. Mol. Sci. 2025, 26, 10839 90f9

39.

40.

41.

42.

Qin, A.; Wu, CR;; Ho, M.C,; Tsai, C.Y.; Chen, PJ. Sequential Therapy with Ropeginterferon Alfa-2b and Anti-Programmed Cell
Death 1 Antibody for Inhibiting the Recurrence of Hepatitis B-Related Hepatocellular Carcinoma: From Animal Modeling to
Phase I Clinical Results. Int. J. Mol. Sci. 2023, 25, 433. [CrossRef]

Michaels, E.; Chen, N.; Nanda, R. The Role of Immunotherapy in Triple-Negative Breast Cancer (TNBC). Clin. Breast Cancer 2024,
24,263-270. [CrossRef]

Heimes, A.S,; Riedel, N.; Almstedt, K.; Krajnak, S.; Schwab, R.; Stewen, K.; Lebrecht, A.; Battista, M.].; Brenner, W.; Hasenburg, A.;
et al. Prognostic Impact of CD38- and IgkC-Positive Tumor-Infiltrating Plasma Cells in Triple-Negative Breast Cancer. Int. J. Mol.
Sci. 2023, 24, 15219. [CrossRef] [PubMed]

Prasse, N.; Wessolowski, C.; Miiller, I.; Cornils, K.; Franke, A K. Glycan Structures in Osteosarcoma as Targets for Lectin-Based
Chimeric Antigen Receptor Immunotherapy. Int. . Mol. Sci. 2024, 25, 5344. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/ijms25010433
https://doi.org/10.1016/j.clbc.2024.03.001
https://doi.org/10.3390/ijms242015219
https://www.ncbi.nlm.nih.gov/pubmed/37894900
https://doi.org/10.3390/ijms25105344
https://www.ncbi.nlm.nih.gov/pubmed/38791381

	References

