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Gastrointestinal cancers represent more than 25% of all diagnosed cancers and more
than 36% of cancer-related deaths worldwide [1]. Unfortunately, screening strategies are
still limited. They are, in fact, available only for colorectal, gastric and esophageal can-
cers [2]. However, despite these early diagnostic opportunities, gastrointestinal cancers,
including pancreatic, hepatobiliary, small bowel carcinomas and other uncommon cancers,
such as anal canal cancer, neuroendocrine tumors of the gastrointestinal tract, primary
gastric and intestinal lymphomas, and gastrointestinal stromal tumors (GISTs), are fre-
quently diagnosed at an advanced stage, when treatment options are limited and cure is not
possible. Moreover, a very high percentage of patients, about 50%, diagnosed with early
potentially curable gastrointestinal cancers, will develop recurrent disease despite surgery,
radiation therapy, and pharmacological treatment during the course of the disease [3].
Taken together, these conditions are responsible for poor prognosis in these tumors. Thus,
despite current available knowledge on molecular determinants involved in the initiation
and progression of cancer [4], there is an urgent clinical need to further improve our biolog-
ical knowledge of gastrointestinal evolutionary processes toward increased dysregulation,
heterogeneity, and the escape from immunosurveillance as well as from pharmacological
treatment control [5,6].

Such complex processes substantially involve all types of molecules (e.g., nucleic acids,
proteins, metabolites) and involve several cell types, such as transformed epithelial or
mesenchymal cells, or other tumor microenvironment cells, including immune cells.

The development and availability of the newest biotechnologies that add knowledge
to the field of cancer research strongly contribute to new cancer achievements aimed at
discovering and validating novel molecular biomarkers predictive of prognosis and drug
response (efficacy/toxicity) in gastrointestinal cancers. A number of cancer biomarkers,
mainly represented by somatic alterations in tumor cells (e.g., in the RAS, RAF, MMR,
HER-2 and KIT genes), have been identified and validated as clinically useful biomarkers to
predict patient prognosis and drug response in gastrointestinal cancers such as colorectal
cancer, gastric cancer and GISTs, thus directly contributing to therapeutic decisions.

However, due to the high level of tumor heterogeneity, not only among patients
but also among tumor sites in the same patient, the possibility of employing effective
personalized medicine for all patients still represents a relevant challenge. Currently,
a plethora of potential biomarkers predictive of prognosis or drug response have been
suggested [7]. Their detection in tissue and/or in bio-fluidic samples has the potential to
improve clinical oncology practice.

In addition, a pharmacogenetic approach, represented by the analysis of germline
polymorphisms in genes that play a main role in the ADME of anticancer drugs, has also
been progressively introduced into clinical practice for the prediction of the risk of toxicity
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related to these drugs. However, few polymorphisms in pharmacogenes have been shown
to be responsible for drug toxicity. Thus, this aspect still represents a major issue in cancer
care.

This Special Issue is designed to provide information on new biomarker research
in the area of gastrointestinal tumors that could be useful for innovative personalized
management and precision medicine modalities for individualized care.

Gastrointestinal cancers are often diagnosed at advanced stages when therapeutic
options are limited. Liquid biopsy, a non-invasive procedure, widely investigated in recent
years and already applied to monitor cancer progression and drug resistance, mainly in
lung cancer, could also be successfully used to diagnose cancers at early stages. Liquid
biopsy, usually performed in blood serum, could be obtained by several different body
fluids [8]. Among gastrointestinal cancers, pancreatic cancer could greatly benefit from this
opportunity. In fact, although it is only the 12th most common cancer, it is the 6th most
common cause of cancer death [1]. Thus, it would be crucial to identify a strategy able
to diagnose pancreatic cancer in advance, before tumor development. The incidence
of pancreatic cysts is about 2% in adults and neoplastic cysts account for 10–15% of all
pancreatic cystic lesions. Although their risk to change in malignant lesions is low, if this
occurs, the patient prognosis will be very poor [9].

Hermoso-Durán et al. [10] investigated cyst liquid samples from patients, and the
proteomic differences between pancreatic benign and premalignant cysts. To perform
such an evaluation the authors used an approach previously used on serum or plasma,
named “thermal liquid biopsy” (TLB), which they adapted to cyst liquid samples. Based
on the TLB thermograms, cyst profiles were clustered according to their clinical assessment.
The authors also elaborated a new TLB serum score based on the specific parameters
reflecting differences between cysts. Results were encouraging although the number of
analyzed samples was small. The availability of a dedicated TLB as a diagnostic tool for
serum samples from patients with pancreatic cysts of which the nature is unknown could
represent a relevant advantage in the diagnosis of premalignant lesions of pancreatic cancer.

The prognosis of patients affected by colorectal cancer, one of the most incident and
lethal cancers worldwide [1], is highly variable, mainly dependent on the stage at diagno-
sis. Through the years, many efforts have been made to identify and validate molecular
biomarkers predictive of prognosis and/or drug response in this neoplasm. In recent years,
interesting examples of predictors of prognosis concern the colorectal cancer molecular
subtypes that have been obtained by unsupervised transcriptomic approaches, i.e., con-
sensus colorectal cancer molecular subtypes (CMSs) [11] and colorectal cancer intrinsic
subtypes (CRIS) [12]. However, the clinical utility of such classifications for the single
patient has yet to be established. Potential biomarkers predictive of response to adjuvant
chemotherapy in the early colorectal cancer stages (i.e., stage II-III) have been suggested,
for instance from validated transcriptomic [13–15] or genetic [16] analyses. However, to
date, biomarkers predictive of drug response represented by actionable oncogenic drivers
(i.e., RAS wild-type and MSI-H status for anti-EGFR and anti-PD-1 monoclonal antibodies,
BRAF V600E mutations, NTRK gene fusions and more recently KRAS G12C mutations for
targeted agents) are used only in the metastatic setting [17].

In this framework, the review of Del Buono et al. [18] contextualized the role of the
DNA mismatch repair (MMR) system in colorectal cancer precision medicine. Today, the
knowledge of the MSI status provides several advantages by satisfying a number of clinical
queries. In fact, MSI, due to an impaired MMR system, plays a role in the inherited pre-
disposition to gastrointestinal cancers, and identifies a subset of colorectal cancer patients
who show a substantial better prognosis and who do not obtain an advantage from adju-
vant chemotherapy (i.e., low-risk stage II patients). More recently, MSI has become a key
biomarker for the treatment of several tumors, including colorectal cancer, with immune
checkpoint inhibitors. Thus, the evaluation of MMR/MSI is becoming part of standard care
in colorectal cancer, as recommended by major oncological international societies [17].
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Overall, therapeutic options in colorectal cancer are related to the cancer stage and, as
mentioned above, differ from metastatic and nonmetastatic settings. Stage I and low-risk
stage II patients are treated with surgery alone. High-risk stage II, stage III and stage IV
(oligometastatic disease) patients are instead treated with pharmacological therapy in addi-
tion to surgery, with positive results. However, neoplastic progression due to additional
dysregulated molecular events occurs in a substantial percentage of patients, limiting the
efficacy of the available drugs administered as adjuvant or neoadjuvant therapies. This
occurrence stimulates the search for biomarkers able to predict colorectal cancer prognosis
in order to plan preventative pharmacological strategies for patients at high risk of dis-
ease progression as well as biomarkers predictive of drug response, in order to avoid the
administration of inactive drugs to resistant patients. Immunoscore is a further example
of tumor biomarker able to predict disease prognosis in early-stage colorectal cancer [19].
Instead, tumor mutational burden is not yet a recommended biomarker for the prediction
of pembrolizumab efficacy in colorectal cancer due to the limited data available in this
patient population [17].

The study of Rhyner Agocs et al. [20] evaluated the predictive role of the expression
of the lymphocyte-activation gene 3 (LAG-3) in the outcome of 143 stage II colon cancer.
LAG-3 is an inhibitory immune-related molecule mainly expressed on T cells, but also on
B cells and dendritic cells. LAG-3 may synergize with the PD-1/PD-L1 pathway and is
closely related to CD4. The upregulation of LAG-3 on immune cells downregulates T cell
expansion and cytokine secretion, and thus contributes to an immunosuppressive microen-
vironment. In particular, the presence of LAG-3 was evaluated by immunohistochemistry
in formalin-fixed paraffin-embedded (FFPE) tissues on tumor-infiltrating lymphocytes
(TILs) in the tumor center and tumor front to assess its impact on the survival of stage
II colon cancer patients. The authors found no correlations between LAG-3 expression
and clinical/pathological characteristics, although they observed a higher percentage of
MMR-deficient colon cancers when LAG-3-positive TILS were present. In relation to the
primary study end-point, i.e., disease-free survival, the authors found a significant associa-
tion between the presence of LAG-3 in the tumor front and prolonged disease-free survival.
This significant correlation was maintained even when only MMR-proficient colon cancer,
(i.e., the majority of the analyzed tumors), were considered. Moreover, in this case, such a
correlation was limited to TILs localized at the tumor front. Thus, this manuscript identified
LAG-3 as a biomarker potentially useful in predicting patient prognosis in stage II colon
cancer, including MMR-proficient tumors.

Similarly, Peyravian et al. [21] analyzed a panel of candidate genes (i.e., 20 genes)
whose expression was potentially involved in the development of lymph node metastases
in 100 colorectal cancer patients. The selected genes were chosen according to their role in
key cancer processes such as carcinogenesis, tumor growth, tumor invasion and metastasis.
Overall, about 60% of patients initially diagnosed as stage I-III, were lymph nodes negative.
Hierarchical clustering analysis showed that VANGL1, PCSK7, and ANXA3 genes were
the most expressed among the study genes at mRNA level in the majority of colorectal
cancer samples. However, only VANGL1 was shown to significantly vary between lymph
node-negative and -positive patients. The mRNA expression levels of VANGL1 were also
confirmed at protein level. The study also provided associations between two other study
genes, NOTCH1 and ILR2B, and overall survival. In particular, the high expression of
NOTCH1 and the low expression of ILR2B were associated with prolonged overall survival.

In metastatic colorectal cancer, Taghizadeh et al. [22] provided a molecular profile of
a real-world cohort of drug refractory patients for whom no further standard treatment
option was available. The molecular profile was performed by a precision medicine
platform developed at the author’s institution, i.e., the Comprehensive Cancer Centre of
the Medical University of Vienna. Based on the biomolecular characteristics of tumors,
this study was aimed at providing information on potential further options of targeted
therapy. Overall, by exploiting next-generation sequencing panels of mutation hotspots,
microsatellite instability testing, and immunohistochemistry, 60 metastatic colorectal cancer
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samples were characterized. The analysis revealed 166 mutations in 53 patients, the
five most frequent being TP53, KRAS, APC, PIK3CA, and PTEN. All patients had previously
received cytotoxic chemotherapy combined with anti-EGFR or anti-VEGF(R) monoclonal
antibodies. The study showed that, in 47% of patients, a molecularly targeted therapy could
be recommended whereas the remaining were not suitable for targeted therapy due to the
lack of actionable molecular targets. Overall, 20% of the study patients underwent the
recommended targeted therapy. In particular, pembrolizumab was offered to four MSI-H
patients, consequently obtaining control of disease in all patients and objective response in
75%. Stable disease was observed in two further patients treated with everolimus combined
with raltitrexed, and with trastuzumab combined with lapatinib, respectively, according
to their specific immunohistochemical and mutational characteristics (i.e., strong m-TOR
expression associated with the loss of PTEN and HER2+ overexpression, respectively).
Overall, this study highlights how at least a portion of heavily pretreated patients without
further standard treatment options may benefit from a molecular-based treatment approach.

Interestingly, by a rationale based on the role that the immune response and inflam-
mation play in tumor growth and in the metastatic process, Fülöp et al. [23] evaluated the
prognostic impact of the neutrophil-to-lymphocyte and lymphocyte-to-monocyte ratios
(i.e., NLR and LMR) in over 1000 rectal cancer patients. The overall survival was signifi-
cantly associated with increased NLR and decreased LMR, and no relationship was found
between the study ratios and tumor stage, thus potentially suggesting that these markers
are independent from cancer stage, even if this occurrence is controversial [24]. Moreover,
NLR and LMR were also found to predict response to the neoadjuvant chemoradiotherapy
to which patients underwent. In particular, the identification of a cut-off for NLR value
(i.e., ≥3.11) allowed the authors to discriminate between chemoradiotherapy responsive
and non-responsive rectal cancer patients, although the responsive ones had a low chance
of sphincter preservation, or to obtain a complete total mesorectal excision. Although the
study ratios may also be affected by factors independent of the neoplastic disease, these
data warrant attention due to the high number of patients included in this analysis and
deserve further investigation.

Oxaliplatin, widely used in the treatment of gastrointestinal cancers, is a highly
neurotoxic agent. Acute or chronic peripheral neuropathy develops in about 90% and 40%
of patients, respectively, and the latter form may strongly affect the quality of life of patients
and cancer survivors. Unfortunately, to date, no remedy or antidote is available to reverse
this side effect. Thus, it would be very important to identify patients susceptible to develop
peripheral neuropathy before starting the oxaliplatin treatment, even though, despite the
efforts of many researchers, no predictive biomarker has yet been identified.

The review of Velasco et al. [25] discusses the status of the art of strategies that may be
implemented pre-emptively to evaluate the risk of developing neurotoxicity. In particular,
neurological monitoring through the evaluation of neurophysiological signs of oxaliplatin-
induced neuropathy may be performed by mechanical strategies (e.g., nerve conduction
tests, electromyography). However, this procedure is not part of the common clinical
practice. Less invasive blood biomarkers have also been widely investigated. Genetic
biomarkers, mainly represented by single-nucleotide polymorphisms in genes encoding
detoxification enzymes (e.g., proteins belonging to the glutathione detoxification system),
drug transporters (e.g., ATP binding proteins), proteins involved in the mechanism of
action of oxaliplatin, as well as proteins implicated in neuronal functions, have drawn
attention. In addition, proteins released in blood when nerve damage occurs (e.g., the
protein neurofilament light chain (NfL) and nerve growth factor (NGF)) have also been
suggested as predictive biomarkers of neurotoxicity. Neuroimaging strategies have also
been studied as potential tools for the early detection of neurotoxicity onset.

Overall, the manuscripts included in this Special Issue highlight the need to identify
and validate molecular biomarkers predictive of prognosis and drug response in gastroin-
testinal cancers. To satisfy this goal, biomarkers identified in retrospective studies will
need to be validated in large-scale prospective clinical trials. Moreover, the availability of
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new and highly predictive biomarkers implies that the discovery of new anticancer drugs,
specifically inhibiting these targets, can be accomplished to effectively treat patients who
are potentially unresponsive to standard therapies.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Baraniskin, A.; Van Laethem, J.L.; Wyrwicz, L.; Guller, U.; Wasan, H.S.; Matysiak-Budnik, T.; Gruenberger, T.; Ducreux, M.;

Carneiro, F.; Van Cutsem, E.; et al. Clinical relevance of molecular diagnostics in gastrointestinal (GI) cancer: European Society
of Digestive Oncology (ESDO) expert discussion and recommendations from the 17th European Society for Medical Oncology
(ESMO)/World Congress on Gastrointestinal Cancer, Barcelona. Eur. J. Cancer 2017, 86, 305–317. [CrossRef]

3. Sonnenberg, W.R. Gastrointestinal Malignancies. Prim. Care 2017, 44, 721–732. [CrossRef]
4. Vogelstein, B.; Papadopoulos, N.; Velculescu, V.E.; Zhou, S.; Diaz, L.A., Jr.; Kinzler, K.W. Cancer genome landscapes. Science 2013,

339, 1546–1558. [CrossRef]
5. Alison, M.R. The cellular origins of cancer with particular reference to the gastrointestinal tract. Int. J. Exp. Pathol. 2020, 101,

132–151. [CrossRef]
6. Koessler, T.; Alsina, M.; Arnold, D.; Ben-Aharon, I.; Lutz, M.P.; Obermannova, R.; Peeters, M.; Sclafani, F.; Smyth, E.; Valle, J.W.;

et al. Highlights from ASCO-GI 2021 from EORTC Gastrointestinal tract cancer group. Br. J. Cancer 2021, 125, 911–919. [CrossRef]
7. Pal, M.; Muinao, T.; Boruah, H.P.D.; Mahindroo, N. Current advances in prognostic and diagnostic biomarkers for solid cancers:

Detection techniques and future challenges. Biomed. Pharmacother. 2022, 146, 112488. [CrossRef]
8. Santos, V.; Freitas, C.; Fernandes, M.G.; Sousa, C.; Reboredo, C.; Cruz-Martins, N.; Mosquera, J.; Hespanhol, V.; Campelo, R.

Liquid biopsy: The value of different bodily fluids. Biomark. Med. 2022, 16, 127–145. [CrossRef]
9. Buerlein, R.C.D.; Shami, V.M. Management of pancreatic cysts and guidelines: What the gastroenterologist needs to know. Ther.

Adv. Gastrointest. Endosc. 2021, 14, 26317745211045769. [CrossRef]
10. Hermoso-Durán, S.; García-Rayado, G.; Ceballos-Laita, L.; Sostres, C.; Vega, S.; Millastre, J.; Sánchez-Gracia, O.; Ojeda, J.L.; Lanas,

Á.; Velázquez-Campoy, A.; et al. Thermal Liquid Biopsy (TLB) Focused on Benign and Premalignant Pancreatic Cyst Diagnosis. J.
Pers. Med. 2020, 11, 25. [CrossRef]

11. Guinney, J.; Dienstmann, R.; Wang, X.; de Reyniès, A.; Schlicker, A.; Soneson, C.; Marisa, L.; Roepman, P.; Nyamundanda, G.;
Angelino, P.; et al. The consensus molecular subtypes of colorectal cancer. Nat. Med. 2015, 21, 1350–1356. [CrossRef]

12. Isella, C.; Brundu, F.; Bellomo, S.E.; Galimi, F.; Zanella, E.; Porporato, R.; Petti, C.; Fiori, A.; Orzan, F.; Senetta, R.; et al. Selective
analysis of cancer-cell intrinsic transcriptional traits defines novel clinically relevant subtypes of colorectal cancer. Nat. Commun.
2017, 8, 15107. [CrossRef]

13. Allen, W.L.; Dunne, P.D.; McDade, S.; Scanlon, E.; Loughrey, M.; Coleman, H.; McCann, C.; McLaughlin, K.; Nemeth, Z.; Syed, N.;
et al. Transcriptional subtyping and CD8 immunohistochemistry identifies poor prognosis stage II/III colorectal cancer patients
who benefit from adjuvant chemotherapy. JCO Precis. Oncol. 2018, 2018, PO.17.00241. [CrossRef]

14. Mini, E.; Lapucci, A.; Perrone, G.; D’Aurizio, R.; Napoli, C.; Brugia, M.; Landini, I.; Tassi, R.; Picariello, L.; Simi, L.; et al. RNA
sequencing reveals PNN and KCNQ1OT1 as predictive biomarkers of clinical outcome in stage III colorectal cancer patients
treated with adjuvant chemotherapy. Int. J. Cancer 2019, 145, 2580–2593. [CrossRef]

15. Lapucci, A.; Perrone, G.; Di Paolo, A.; Napoli, C.; Landini, I.; Roviello, G.; Calosi, L.; Naccarato, A.G.; Falcone, A.; Bani, D.; et al.
PNN and KCNQ1OT1 Can Predict the Efficacy of Adjuvant Fluoropyrimidine-Based Chemotherapy in Colorectal Cancer Patients.
Oncol. Res. 2021, 28, 631–644. [CrossRef]

16. Park, H.A.; Seibold, P.; Edelmann, D.; Benner, A.; Canzian, F.; Alwers, E.; Jansen, L.; Schneider, M.; Hoffmeister, M.; Brenner,
H.; et al. Validation of Genetic Markers Associated with Survival in Colorectal Cancer Patients Treated with Oxaliplatin-Based
Chemotherapy. Cancer Epidemiol. Biomark. Prev. 2022, 31, 352–361. [CrossRef]

17. NCCN. Clinical Practice Guidelines in Oncology—Colon Cancer—V. 3.2021. Available online: https://www.nccn.org/
professionals/physician_gls/pdf/colon.pdf (accessed on 14 February 2022).

18. Dal Buono, A.; Gaiani, F.; Poliani, L.; Correale, C.; Laghi, L. Defects in MMR Genes as a Seminal Example of Personalized
Medicine: From Diagnosis to Therapy. J. Pers. Med. 2021, 11, 1333. [CrossRef]

19. Mini, E.; Landini, I.; Di Paolo, A.; Ravegnini, G.; Saponara, S.; Frosini, M.; Lapucci, A.; Nobili, S. Predictive ‘Omic’ biomarkers of
drug response: Colorectal cancer as a model. In Anti-Angiogenic Drugs as Chemosensitizers in Cancer Therapy; Morbidelli, L., Ed.;
Cancer Sensitizing Agents for Chemotherapy Series; Elsevier Inc.: Academic Press, London, UK, 2022; Volume 18, pp. 199–240.
[CrossRef]

20. Rhyner Agocs, G.; Assarzadegan, N.; Kirsch, R.; Dawson, H.; Galván, J.A.; Lugli, A.; Zlobec, I.; Berger, M.D. LAG-3 Expression
Predicts Outcome in Stage II Colon Cancer. J. Pers. Med. 2021, 11, 749. [CrossRef]

21. Peyravian, N.; Nobili, S.; Pezeshkian, Z.; Olfatifar, M.; Moradi, A.; Baghaei, K.; Anaraki, F.; Nazari, K.; Asadzadeh Aghdaei, H.;
Zali, M.R.; et al. Increased Expression of VANGL1 is Predictive of Lymph Node Metastasis in Colorectal Cancer: Results from a
20-Gene Expression Signature. J. Pers. Med. 2021, 11, 126. [CrossRef]

http://doi.org/10.3322/caac.21660
http://doi.org/10.1016/j.ejca.2017.09.021
http://doi.org/10.1016/j.pop.2017.07.013
http://doi.org/10.1126/science.1235122
http://doi.org/10.1111/iep.12364
http://doi.org/10.1038/s41416-021-01474-y
http://doi.org/10.1016/j.biopha.2021.112488
http://doi.org/10.2217/bmm-2021-0370
http://doi.org/10.1177/26317745211045769
http://doi.org/10.3390/jpm11010025
http://doi.org/10.1038/nm.3967
http://doi.org/10.1038/ncomms15107
http://doi.org/10.1200/PO.17.00241
http://doi.org/10.1002/ijc.32326
http://doi.org/10.3727/096504020X16056983169118
http://doi.org/10.1158/1055-9965.EPI-21-0814
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
https://www.nccn.org/professionals/physician_gls/pdf/colon.pdf
http://doi.org/10.3390/jpm11121333
http://doi.org/10.1016/B978-0-323-90190-1.00002-0
http://doi.org/10.3390/jpm11080749
http://doi.org/10.3390/jpm11020126


J. Pers. Med. 2022, 12, 338 6 of 6

22. Taghizadeh, H.; Mader, R.M.; Müllauer, L.; Erhart, F.; Kautzky-Willer, A.; Prager, G.W. Precision Medicine for the Management of
Therapy Refractory Colorectal Cancer. J. Pers. Med. 2020, 10, 272. [CrossRef]

23. Fülöp, Z.Z.; Gurzu, S.; Fülöp, R.L.; Bara, T., Jr.; Tímár, J.; Drágus, E.; Jung, I. Prognostic Impact of the Neutrophil-to-Lymphocyte
and Lymphocyte-to-Monocyte Ratio.; in Patients with Rectal Cancer: A Retrospective Study of 1052 Patients. J. Pers. Med. 2020,
10, 173. [CrossRef]

24. Howard, R.; Kanetsky, P.A.; Egan, K.M. Exploring the prognostic value of the neutrophil-to-lymphocyte ratio in cancer. Sci. Rep.
2019, 9, 19673. [CrossRef]

25. Velasco, R.; Alemany, M.; Villagrán, M.; Argyriou, A.A. Predictive Biomarkers of Oxaliplatin-Induced Peripheral Neurotoxicity. J.
Pers. Med. 2021, 11, 669. [CrossRef]

http://doi.org/10.3390/jpm10040272
http://doi.org/10.3390/jpm10040173
http://doi.org/10.1038/s41598-019-56218-z
http://doi.org/10.3390/jpm11070669

	References

