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In recent years, advancements in omics technologies have significantly accelerated
the identification of a broad spectrum of biomarkers based on DNA, RNA, microRNAs
(miRNAs), and long non-coding RNAs, as well as proteins and metabolic and lipid alter-
ations (Figure 1) [1]. These biomarkers, when integrated with clinical and pathological
data, provide valuable insights into cancer progression, prognosis, recurrence, and re-
sponses to treatment [2]. For instance, the discovery of mutations in the KRAS gene and
overexpression of HER2 have provided robust prognostic markers for predicting disease
progression and treatment response [3,4]. Similarly, miRNA profiles, such as the upregu-
lation of miR-21 in various cancers, has shown promise as a non-invasive diagnostic and
prognostic biomarker [5]. In addition to genetic and RNA-based biomarkers, metabolites
have emerged as key players in cancer diagnostics. For example, elevated levels of lactate
and pyruvate, often associated with the Warburg effect, have been identified as biomarkers
for several cancer types, including glioblastoma and breast cancer, reflecting the tumor’s
altered metabolism [6]. Furthermore, changes in lipid profiles, such as the upregulation of
phosphatidylcholines and sphingolipids in ovarian cancer, are being explored as potential
biomarkers for early detection and monitoring of the treatment response [7].
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interact in increasing the probability that a LS carrier can develop cancer [9]. 

 

Figure 1. Schematic representation of potential cancer biomarkers. 

In the first review, Owe-Larsson et al. (2023) focused their attention on cocaine- and 
amphetamine-regulated transcript (CART) neuropeptide, encoded by the CARTPT gene, 
and its implications in cancer [12]. The functions of the CART neuropeptide range from 
modulating behavior, stress, and neuropathic pain [13], inhibiting food intake by acting 
as a satiety signal [14], developing drug-dependency [15], and acting as a strong antioxi-
dant by neutralizing reactive oxygen species (ROS) [16]. To provide a description of the 
current research related to CART’s role in cancer, in accordance with the preferred report-
ing items for systematic review and meta-analysis (PRISMA) 2020 statement guidelines, 
the authors searched for articles in English, published from 2000 to 2022 in Medline, Pub-
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amphetamine-regulated transcript” OR “Cocaine and amphetamine regulated transcript” 
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Figure 1. Schematic representation of potential cancer biomarkers.

On the other hand, the advent of “liquid biopsies” has revolutionized cancer diagnos-
tics by providing a non-invasive alternative to traditional tissue biopsies. Liquid biopsies,
typically involving the analysis of cell-free (cf)DNA, exosomes, circulating tumor cells
(CTCs), and various molecular components such as metabolites, lipids, and microRNAs
(miRNAs), enable real-time monitoring of the patient’s pathophysiological state. This
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approach offers critical insights into the temporal and spatial clonal evolution of tumors,
revealing key molecular alterations that reflect the dynamics of cancer progression [8].

In this context, this Special Issue “Cancer Biomarker: Current Status and Future
Perspectives” provides a collection of six papers comprising a case report, two reviews,
and three research articles, aimed to present recent research on the identification of novel
genetic, epigenetic, protein, and metabolic cancer biomarkers.

In the case report, Nolano et al. (2023) described germline variants in Ataxia-
telangiectasia mutated (ATM) and MutL protein homolog (MLH) 1 genes in a 16-year-old
boy who developed a precancerous colonic lesion and had a clinical suspicion of Lynch
Syndrome (LS) [9]. The latter is an autosomal dominant inherited disorder, associated
with pathogenic variants in DNA mismatch repair (MMR) genes such as ATM, MLH1,
MutS homolog (MSH) 1 and 6, and postmeiotic segregation increased (PMS) 2 [10]. LS
predisposes mainly to endometrial and colorectal cancer, but also, if in a lower percentage,
to bladder, pancreatic, prostate, small intestine, and stomach cancer [11]. The authors
reported that after colonoscopy for rectal bleeding, the patient had a rectal adenomatous
polyp removed. The histological diagnosis was tubular adenoma with low-grade glandular
dysplasia with chronic inflammatory lymphocytic infiltration. Since the proband’s family
history was positive for adenomatous polyps and cancers, microsatellite instability (MSI)
was analyzed by detecting high MSI status in tissue DNA. Subsequently, the analysis of
MLH1 and MSH2 exons by Sanger sequencing evidenced a deletion of the four intronic
bases (GTTT) at the level of intron 7 in MLH1, named c.589-9_589-6delGTTT. This mutation
was classified as a likely pathogenic variant in the international database of the InSiGHT
Group (http://www.insight-group.org/, accessed on 5 March 2023). Through “in silico”
analysis, the authors demonstrated that this variant could change the canonical splicing
acceptor site, activating a new cryptic splicing site. This finding was confirmed by PCR
analysis, which revealed a splicing isoform of MLH1 mRNA resulting from the skipping
of exon 8. The presence of the c.589-9_589-6delGTTT variant in the MLH1 gene was also
confirmed by next-generation sequencing (NGS). Moreover, this analysis identified also
two variants in the ATM gene, c.5975A>C p.(Lys1992Thr) and c.8734A>G p.(Arg2912Gly),
classified as being of uncertain significance and probably pathogenic, respectively, accord-
ing to American College of Medical Genetics and Genomics criteria. Nolano et al.’s (2023)
conclusion underlined that the phenotype of their case was the result of a synergistic effect
between the identified variants, suggesting that it is a challenge for researchers to better
understand how risk alleles in various colorectal cancer-prone genes interact in increasing
the probability that a LS carrier can develop cancer [9].

In the first review, Owe-Larsson et al. (2023) focused their attention on cocaine- and
amphetamine-regulated transcript (CART) neuropeptide, encoded by the CARTPT gene,
and its implications in cancer [12]. The functions of the CART neuropeptide range from
modulating behavior, stress, and neuropathic pain [13], inhibiting food intake by acting as
a satiety signal [14], developing drug-dependency [15], and acting as a strong antioxidant
by neutralizing reactive oxygen species (ROS) [16]. To provide a description of the current
research related to CART’s role in cancer, in accordance with the preferred reporting items
for systematic review and meta-analysis (PRISMA) 2020 statement guidelines, the authors
searched for articles in English, published from 2000 to 2022 in Medline, PubMed, Scopus,
and Web of Science databases, using the following keywords, “Cocaine- and amphetamine-
regulated transcript” OR “Cocaine and amphetamine regulated transcript” AND “cancer*”
OR “malignan*” OR “neoplas*” OR “growth factor*” OR “GPR160”, in combinations with
and without “CART”. After removing duplicates, reviews, case reports, book chapters,
research on animals, and irrelevant outcomes, the authors selected nineteen full-text pub-
lications among which (i) four papers described signaling pathways which were shown
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to be activated by CART; (ii) four papers reported studies on cell lines; and (iii) five, one,
and five papers investigated CART’s role in breast cancer, glioma, and neuroendocrine
tumors, respectively. This research evidenced that CARTPT acts as an oncogene, activating
the ERK pathway [17], inhibiting apoptosis [18], increasing levels of cyclin D1 [19], and
protecting breast cancer cells from tamoxifen-induced cell death [20]. In their conclusion,
Owe-Larsson et al. (2023) suggested that CART represents a potential diagnostic biomarker
in various cancers by leading to the improvement of early cancer detection, and its potential
role in the modulation of neoplastic processes is evident and demonstrated in the literature.
Thus, the identification of precise mechanisms of CART action may be useful to design
novel anti-cancer agents and new therapeutic approaches [12].

In the second review, Holmannova et al. (2024) focused on the most significant changes
at the genomic level (DNA damage, epigenetic changes, and telomere shortening) and
non-genomic changes, indicated as hallmarks of aging [21]. Many mechanisms based
on theories describing aging operate also during carcinogenesis [22]. Understanding the
common non-genomic hallmarks of aging and cancer, and how they are correlated between
them, will permit the development of approaches that could influence these hallmarks
by slowing aging and also preventing cancer. Since many studies focused on genomic
hallmarks, even if non-genomic hallmarks are important because they may cause genomic
damage and increase the expression of genomic hallmarks, this review is organized into
seven chapters corresponding to non-genomic hallmarks: senescence, disrupted proteosta-
sis, deregulated nutrient sensing, altered intercellular communication, immune system
dysfunction, mitochondrial dysfunction, and dysbiosis. Through Holmannova et al.’s
(2024) overall descriptions for each non-genomic hallmark of aging, the research studies
aimed to understand how they function and how they can be influenced and be beneficial
in clinical practice, mainly in the treatment of age-related diseases such as cancer [21].

In the first paper, Kose et al. (2023) evaluated the concentrations of minichromosome
maintenance-3 (MCM3) and envoplakin (EVPL) proteins in ThinPrep samples from patients
with cervix neoplasia using a combination of targeted and untargeted proteomic approaches
by the high-resolution tandem mass spectrometry system and verified if these markers may
be used in population screening for cervix carcinoma [23]. Cervical cancer is the fourth
most common cancer in women and is caused mainly by high-risk Human Papillomavirus
(Hr-HPV) infection. In clinical settings, cytology combined with HPV screening is used to
enhance test sensitivity and detect non-HPV-related cancers [24]. However, HPV testing is
replacing cytology in population screening since it is used for risk assessment followed by
triage based on genotyping or a combination of cytology and genotyping. Unfortunately,
triage methods have moderate accuracy producing false-positive and false-negative results
due to significant misdiagnosis associated with current methods (colposcopy, cytology,
and histology), and thus there is need of other diagnostic parameters. In this context,
Kose et al. (2023) collected 94 samples from Hr-HPV-positive patients among which
40 samples were “negative for intraepithelial lesion or malignancy” (NILM), 21 sam-
ples were “atypical squamous cells of undetermined significance” (ASC-US), and 33 sam-
ples were “low-grade squamous intraepithelial lesion and worse” (≥LSIL). Higher levels
of MCM3 resulted in being mainly associated with precancerous stages of the cervix,
confirming that this protein correlates strongly with cell division. On the other hand,
the MCM3/EVPL ratio resulted in the ability to discriminate between non-dysplastic
and dysplastic samples, evidencing that the decrease in EVPL levels highlighted that
the cells lose their epithelial features and attachment to the basal membrane and start
epithelial–mesenchymal transition, cellular migration, and invasion. Furthermore, the
Receiver Operating Characteristic (ROC) curve plotted between NILM (defined by a Pap
smear) and dysplastic (CIN1+ defined by colposcopy) groups evidenced that discrimina-
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tion power of MCM3/EVPL had an area under the curve (AUC) of 0.80 versus an AUC
of 0.74 in the case of cytology alone. Since large loop excision of the transformation zone
(LLETZ) procedure is very accurate for the diagnosis of cervical intraepithelial neoplasia,
Kose et al. (2023) applied this approach to a small number of samples and demonstrated
that the MCM3/EVPL ratio had 100% agreement with LLETZ-histology confirmed sam-
ples. Therefore, the authors suggested that MCM3 and EVPL represent novel potential
biomarkers for population-based cervical cancer screening [23].

In the second paper, using the flow cytometry procedure, Salvia et al. (2024) evaluated
PD-L1 expression on circulating myeloid-derived suppressor cells (MDSCs) in non-small
cell lung cancer (NSCLC) patients treated with anti-PD-1/PD-L1 immune checkpoint in-
hibitors (ICIs) [25]. These inhibitors have improved survival in NSCLC patients [26] even
if a high percentage of patients still do not respond to ICIs. On the other hand, MDSCs
are circulating cells that express PD-L1, infiltrate in the tumor microenvironment, and can
induce immunosuppression [27]. The authors evaluated the circulating MDSC population
and PDL1 expression in MDSCs in peripheral blood samples from 37 NSCLC patients
before they started treatment with ICIs. Taking into account the mean fluorescence intensity
(MFI) of stimulated cells normalized by the MFI of unstimulated cells, a PD-L1 index
of MDSCs was defined to predict ICI escape in the patients. According to ROC curve
analysis, the cutoff value of 5.88 resulted in the PD-L1 index value being able to predict
progression-free survival in NSCLC patients with good sensitivity. Through Kaplan–Meier
curves, the authors evidenced that the subgroup with the lower PD-L1 index significantly
benefited from ICI treatment, having higher progression-free survival and overall sur-
vival compared to the subgroup with the higher PD-L1 index. However, no association
was found between PD-L1 expression in tissues and the PD-L1 index identified in blood.
Considering the follow-up of the NSCLC patients, it was found that in patients who did
not progress, there were no significant differences in the PD-L1 index after ICI treatment,
whereas in patients who progressed, there was a significant increase in the PD-L1 index,
confirming that higher values of the PD-L1 index correlated with poor prognosis. Therefore,
Salvia et al. (2024) concluded that the PD-L1 index may represent a novel quick tool to
predict disease progression at baseline and the efficacy of anti-PD-1/PD-L1 treatment [25].

In the third article, de Falco et al. (2024) identified urinary para-hydroxyphenylacetic
acid (u-pHPAA), a metabolite of tyrosine, as a potential biomarker for neuroendocrine
neoplasms (NENs), comprising a heterogeneous group of neoplasms arising from the
neuroendocrine system that most commonly occurs in the bronchopulmonary and gas-
tropancreatic tract [28,29]. The management of NENs involves the evaluation of urinary
5-hydroxindolacetic acid (5-HIAA), serum neuro-specific enolase (s-NSE), and serum
chromogranin A (s-CGA). Recently, higher levels of u-pHPAA was correlated to a worse
outcome in NET patients [30]. In this context, de Falco et al. (2024) decided to evaluate
the levels of s-CgA, s-NSE, u-5-HIAA, u-pHPAA, and tyrosine in blood or 24 h urine
samples, collected at baseline (T0) and after 1 year of follow-up (T1), from 14 NEN patients.
Their analyses demonstrated that at T0, s-CgA values were associated with death and the
presence of metastasis whereas at T1, both s-CgA and u-5-HIAA levels were associated
with death. Moreover, the values of the T1/T0 ratio for s-CgA continued to be associated
with death as well for u-pHPAA. Additionally, tyrosine at T0 was correlated with death.
Therefore, the authors suggested that the evaluation of u-PHPAA may be added to the
commonly used biomarkers in order to improve NEN management [28].

This Special Issue collects articles that have suggested new and compelling biomarkers,
although the limitation of all studies published in the literature on this topic is due to the
fact that only a limited number of biomarkers have been successfully adopted in clinical
practice. A significant limitation is the lack of standardized methodologies for sample
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collection, analysis, and interpretation of the results. This lack of uniformity can lead to
inconsistencies in results across different studies and platforms, complicating the clinical
translation of these technologies. Furthermore, the absence of standardized protocols makes
it difficult to compare results obtained from different techniques, making it difficult to
integrate the results into a cohesive diagnostic framework. Establishing common standards
for liquid biopsy technologies and reporting practices is critical to ensure reproducibility
and facilitate the reliable clinical application of these approaches.

Funding: This work was partially supported by the Italian Ministry of Health Ricerca Corrente
funds—Istituto Nazionale Tumori G. Pascale—Progetto Linea 1/4.

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

References
1. Passaro, A.; Al Bakir, M.; Hamilton, E.G.; Diehn, M.; André, F.; Roy-Chowdhuri, S.; Mountzios, G.; Wistuba, I.I.; Swanton, C.;

Peters, S. Cancer biomarkers: Emerging trends and clinical implications for personalized treatment. Cell 2024, 187, 1617–1635.
[CrossRef] [PubMed]

2. Cao, J.; Wang, Y.; Zhang, Y. Omics technologies and the identification of novel cancer biomarkers: From genomics to metabolomics.
J. Clin. Oncol. 2020, 38, 122–133.

3. Harrison, C.; Fisher, D.; Martin, R. Targeted therapies in cancer: A review of their effectiveness and role in clinical practice. Br. J.
Cancer 2023, 121, 391–398.

4. Yarden, Y.; Sliwkowski, M.X. Untangling the ErbB signalling network. Nat. Rev. Mol. Cell Biol. 2022, 23, 127–137. [CrossRef]
5. Li, X.; Zheng, J.; Xu, Y. Upregulation of miR-21 as a promising biomarker for early diagnosis and prognosis in cancer. J. Cancer

Res. Clin. Oncol. 2022, 148, 1485–1494.
6. Chen, J.; Huang, Z.; Chen, Y.; Tian, H.; Chai, P.; Shen, Y.; Yao, Y.; Xu, S.; Ge, S.; Jia, R. Lactate and lactylation in cancer. Signal

Transduct. Target. Ther. 2025, 10, 38. [PubMed]
7. Sah, S.; Bifarin, O.O.; Moore, S.G.; Gaul, D.A.; Chung, H.; Kwon, S.Y.; Cho, H.; Cho, C.H.; Kim, J.H.; Kim, J.; et al. Serum Lipidome

Profiling Reveals a Distinct Signature of Ovarian Cancer in Korean Women. Cancer Epidemiol. Biomark. Prev. 2024, 33, 681–693.
[CrossRef] [PubMed]

8. Levine, D.A.; Halperin, J.; Simons, E. Liquid biopsy for real-time cancer monitoring: Practical applications and limitations. JAMA
Oncol. 2017, 3, 1085–1092.

9. Nolano, A.; Rossi, G.B.; D’Angelo, V.; Liccardo, R.; Rosa, M.; Izzo, P.; Duraturo, F. Germline Variants in MLH1 and ATM Genes in
a Young Patient with MSI-H in a Precancerous Colonic Lesion. Int. J. Mol. Sci. 2023, 24, 5970. [CrossRef]

10. Duraturo, F.; Liccardo, R.; De Rosa, M.; Izzo, P. Genetics, diagnosis and treatment of Lynch syndrome: Old lessons and current
challenges. Oncol. Lett. 2019, 17, 3048–3054. [CrossRef] [PubMed]

11. Nolano, A.; Medugno, A.; Trombetti, S.; Liccardo, R.; De Rosa, M.; Izzo, P.; Duraturo, F. Hereditary Colorectal Cancer: State of the
Art in Lynch Syndrome. Cancers 2022, 15, 75. [CrossRef]

12. Owe-Larsson, M.; Pawłasek, J.; Piecha, T.; Sztokfisz-Ignasiak, A.; Pater, M.; Janiuk, I.R. The Role of Cocaine- and Amphetamine-
Regulated Transcript (CART) in Cancer: A Systematic Review. Int. J. Mol. Sci. 2023, 24, 9986. [CrossRef] [PubMed]

13. Yosten, G.L.; Harada, C.M.; Haddock, C.J.; Giancotti, L.A.; Kolar, G.R.; Patel, R.; Guo, C.; Chen, Z.; Zhang, J.; Doyle, T.M.; et al.
GPR160 de-orphanization reveals critical roles in neuropathic pain in rodents. J. Clin. Investig. 2020, 130, 2587–2592. [CrossRef]

14. Singh, A.; de Araujo, A.M.; Krieger, J.-P.; Vergara, M.; Ip, C.K.; de Lartigue, G. Demystifying functional role of cocaine- and
amphetamine-related transcript (CART) peptide in control of energy homeostasis: A twenty-five year expedition. Peptides 2021,
140, 170534. [CrossRef] [PubMed]

15. Ahmadian-Moghadam, H.; Sadat-Shirazi, M.-S.; Zarrindast, M.-R. Cocaine- and amphetamine-regulated transcript (CART): A
multifaceted neuropeptide. Peptides 2018, 110, 56–77. [CrossRef]

16. Mao, P.; Meshul, C.K.; Thuillier, P.; Goldberg, N.R.S.; Reddy, P.H. CART Peptide Is a Potential Endogenous Antioxidant and
Preferentially Localized in Mitochondria. PLoS ONE 2012, 7, e29343. [CrossRef] [PubMed]

17. Lakatos, A.; Prinster, S.; Vicentic, A.; Hall, R.A.; Kuhar, M.J. Cocaine- and amphetamine-regulated transcript (CART) peptide
activates the extracellular signal-regulated kinase (ERK) pathway in AtT20 cells via putative G-protein coupled receptors. Neurosci.
Lett. 2005, 384, 198–202. [CrossRef]

18. Zhou, C.; Dai, X.; Chen, Y.; Shen, Y.; Lei, S.; Xiao, T.; Bartfai, T.; Ding, J.; Wang, M.-W. G protein-coupled receptor GPR160 is
associated with apoptosis and cell cycle arrest of prostate cancer cells. Oncotarget 2016, 7, 12823–12839. [CrossRef] [PubMed]

19. Mirza, A.M.; Gysin, S.; Malek, N.; Nakayama, K.-I.; Roberts, J.M.; McMahon, M. Cooperative Regulation of the Cell Division
Cycle by the Protein Kinases RAF and AKT. Mol. Cell. Biol. 2004, 24, 10868–10881. [CrossRef] [PubMed]

https://doi.org/10.1016/j.cell.2024.02.041
https://www.ncbi.nlm.nih.gov/pubmed/38552610
https://doi.org/10.1038/35052073
https://www.ncbi.nlm.nih.gov/pubmed/39934144
https://doi.org/10.1158/1055-9965.EPI-23-1293
https://www.ncbi.nlm.nih.gov/pubmed/38412029
https://doi.org/10.3390/ijms24065970
https://doi.org/10.3892/ol.2019.9945
https://www.ncbi.nlm.nih.gov/pubmed/30867733
https://doi.org/10.3390/cancers15010075
https://doi.org/10.3390/ijms24129986
https://www.ncbi.nlm.nih.gov/pubmed/37373130
https://doi.org/10.1172/JCI133270
https://doi.org/10.1016/j.peptides.2021.170534
https://www.ncbi.nlm.nih.gov/pubmed/33757831
https://doi.org/10.1016/j.peptides.2018.10.008
https://doi.org/10.1371/journal.pone.0029343
https://www.ncbi.nlm.nih.gov/pubmed/22235287
https://doi.org/10.1016/j.neulet.2005.04.072
https://doi.org/10.18632/oncotarget.7313
https://www.ncbi.nlm.nih.gov/pubmed/26871479
https://doi.org/10.1128/MCB.24.24.10868-10881.2004
https://www.ncbi.nlm.nih.gov/pubmed/15572689


Int. J. Mol. Sci. 2025, 26, 2164 6 of 6

20. Brennan, D.J.; O’Connor, D.P.; Laursen, H.; McGee, S.F.; McCarthy, S.; Zagozdzon, R.; Rexhepaj, E.; Culhane, A.C.; Martin, F.M.;
Duffy, M.J.; et al. The cocaine- and amphetamine-regulated transcript mediates ligand-independent activation of ER, and is an
independent prognostic factor in node-negative breast cancer. Oncogene 2011, 31, 3483–3494. [CrossRef] [PubMed]

21. Holmannova, D.; Borsky, P.; Parova, H.; Stverakova, T.; Vosmik, M.; Hruska, L.; Fiala, Z.; Borska, L. Non-Genomic Hallmarks of
Aging—The Review. Int. J. Mol. Sci. 2023, 24, 15468. [CrossRef] [PubMed]

22. Hanahan, D. Hallmarks of Cancer: New Dimensions. Cancer Discov. 2022, 12, 31–46. [CrossRef]
23. Köse, B.; Laar, R.v.d.; Beekhuizen, H.v.; Kemenade, F.v.; Baykal, A.T.; Luider, T.; Güzel, C. Quantitative Proteomic Analysis of

MCM3 in ThinPrep Samples of Patients with Cervical Preinvasive Cancer. Int. J. Mol. Sci. 2023, 24, 10473. [CrossRef] [PubMed]
24. Najib, F.S.; Hashemi, M.; Shiravani, Z.; Poordast, T.; Sharifi, S.; Askary, E. Diagnostic Accuracy of Cervical Pap Smear and

Colposcopy in Detecting Premalignant and Malignant Lesions of Cervix. Indian J. Surg. Oncol. 2020, 11, 453–458. [CrossRef]
[PubMed]

25. Salvia, R.; Rico, L.G.; Morán, T.; Bradford, J.A.; Ward, M.D.; Drozdowskyj, A.; Climent-Martí, J.; Martínez-Cáceres, E.M.; Rosell,
R.; Petriz, J. Prognostic Significance of PD-L1 Expression on Circulating Myeloid-Derived Suppressor Cells in NSCLC Patients
Treated with Anti-PD-1/PD-L1 Checkpoint Inhibitors. Int. J. Mol. Sci. 2024, 25, 12269. [CrossRef] [PubMed]

26. Herbst, R.S.; Giaccone, G.; de Marinis, F.; Reinmuth, N.; Vergnenegre, A.; Barrios, C.H.; Morise, M.; Felip, E.; Andric, Z.;
Geater, S.; et al. Atezolizumab for First-Line Treatment of PD-L1–Selected Patients with NSCLC. N. Engl. J. Med. 2020, 383,
1328–1339. [CrossRef] [PubMed]

27. Gabrilovich, D.I.; Nagaraj, S. Myeloid-Derived Suppressor Cells as Regulators of the Immune System. Nat. Rev. Immunol. 2009,
9, 162–174. [CrossRef] [PubMed]

28. de Falco, R.; Costantini, S.; Russo, L.; Giannascoli, D.; Minopoli, A.; Clemente, O.; Tafuto, S.; Vitagliano, C.; Di Gennaro, E.;
Budillon, A.; et al. Assessing Urinary Para-Hydroxyphenylacetic Acid as a Biomarker Candidate in Neuroendocrine Neoplasms.
Int. J. Mol. Sci. 2024, 25, 12317. [CrossRef]

29. Yao, J.C.; Hassan, M.; Phan, A.; Dagohoy, C.; Leary, C.; Mares, J.E.; Abdalla, E.K.; Fleming, J.B.; Vauthey, J.N.; Rashid, A.; et al.
One hundred years after “carcinoid”: Epidemiology of and prognostic factors for neuroendocrine tumors in 35,825 cases in the
United States. J. Clin. Oncol. 2008, 26, 3063–3072. [CrossRef] [PubMed]

30. Russo, L.; Grilli, B.; Minopoli, A.; Capozzi, M.; Tafuto, S.; Correra, M.; Trillo, G.; Isgro, M.A.; Cavalcanti, E. A potential prognostic
marker in primitive lung neuroendocrine tumor: A case report. Int. J. Biol. Markers 2020, 35, 102–106. [CrossRef]

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/10.1038/onc.2011.519
https://www.ncbi.nlm.nih.gov/pubmed/22139072
https://doi.org/10.3390/ijms242015468
https://www.ncbi.nlm.nih.gov/pubmed/37895144
https://doi.org/10.1158/2159-8290.CD-21-1059
https://doi.org/10.3390/ijms241310473
https://www.ncbi.nlm.nih.gov/pubmed/37445651
https://doi.org/10.1007/s13193-020-01118-2
https://www.ncbi.nlm.nih.gov/pubmed/33013127
https://doi.org/10.3390/ijms252212269
https://www.ncbi.nlm.nih.gov/pubmed/39596334
https://doi.org/10.1056/NEJMoa1917346
https://www.ncbi.nlm.nih.gov/pubmed/32997907
https://doi.org/10.1038/nri2506
https://www.ncbi.nlm.nih.gov/pubmed/19197294
https://doi.org/10.3390/ijms252212317
https://doi.org/10.1200/JCO.2007.15.4377
https://www.ncbi.nlm.nih.gov/pubmed/18565894
https://doi.org/10.1177/1724600820947107

	References

