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This review focuses on the molecular biology of head and neck squamous cell carcinomas and presents current and emerging biomarkers of the response of patients to induction chemotherapy. The usefulness of genes, proteins, and parameters from diagnostic clinical imaging as well as other clinicopathological parameters is thoroughly discussed. The role of induction chemotherapy before radiotherapy or before chemo-radiotherapy is still debated, as the data on its efficacy are somehow confusing. Despite the constant improvement of treatment protocols and the introduction of new cytostatics, there is still no consensus regarding the use of induction chemotherapy in the treatment of head and neck cancer, with the possible exception of larynx preservation. Such difficulties indicate that potential future treatment strategies should be personalized. Personalized medicine, in which individual tumor genetics drive the selection of targeted therapies and treatment plans for each patient, has recently emerged as the next generation of cancer therapy. Early prediction of treatment outcome or its toxicity may be highly beneficial for those who are at risk of the development of severe toxicities or treatment failure—a different treatment strategy may be applied to these patients, sparing them unnecessary pain. The literature search was carried out in the PubMed and ScienceDirect databases as well as in the selected conference proceedings repositories. Of the 265 articles and abstracts found, only 30 met the following inclusion criteria: human studies, analyzing prediction of induction chemotherapy outcome or toxicity based on the pretreatment (or after the first cycle, if more cycles of induction were administered) data, published after the year 2015. The studies regarding metastatic and recurrent cancers as well as the prognosis of overall survival or the outcome of consecutive treatment were not taken into consideration. As revealed from the systematic inspection of the papers, there are over 100 independent parameters analyzed for their suitability as prognostic markers in HNSCC patients undergoing induction chemotherapy. Some of them are promising, but usually they lack important features such as high specificity and sensitivity, low cost, high positive predictive value, clinical relevance, short turnaround time, etc. Subsequent studies are necessary to confirm the usability of the biomarkers for personal medicine.
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1 Introduction

Head and neck squamous cell carcinomas (HNSCCs) develop in organs that play pivotal roles in respiratory, nutritional, and social functions. Thus, a crucial goal of HNSCC treatment is organ preservation. One of the most important cancer treatment methods is systemic chemotherapy (so-called induction chemotherapy, iCHT) (1, 2). In the advanced stages of the disease (locally advanced head and neck squamous cell carcinoma, LA-HNSCC), it makes a subsequent treatment (such as surgery, radiotherapy, or chemoradiotherapy) more effective and significantly supports organ preservation. LA-HNSCC patients with a high risk of distant failure, multiple involved nodes, or large-volume nodal disease appear to gain certain benefits from this chemotherapy approach (3).

However, iCHT, as any systemic treatment, is burdened with relatively high toxicity (4–6) and there is still room for improvement in its effectiveness. Complete response (CR) to iCHT (disappearance of target lesions) is observed in around 30% of patients. Partial response (PR, a reduction of at least 30% in the sum of the longest diameter of target lesions) usually reaches up to or is slightly more than 60%, while the rest of the patients treated with iCHT present progressive (PD, an increase of at least 20% in the sum of the longest diameter of the target lesions) or stable disease (SD, unqualified to PR or PD) (7–10).

It is still unclear where the individual differences in response to chemotherapy come from, but the effectiveness of this treatment largely depends on giving the patient the full number of cycles, which is often impossible due to high toxicity. Thus, finding predictive markers of toxicity and pathological response to iCHT is of great importance. In 2015, Cosway et al. (11) published an article entitled “Biomarkers predicting chemotherapy response in head and squamous cell carcinoma: a review.” They concluded that: “The role of biomarkers in the induction and neoadjuvant setting is not yet well established. Several biomarkers have been proposed, but no markers are currently in clinical use. Future research should involve collaboration with basic science colleagues for developing novel biomarkers for head and neck cancer.”

The purpose of this review is to evaluate the progress made in the field over the past six years.



2 Methods

This study was designed in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (http://www.prisma-statement.org/). An extensive search for research articles published since 2015 was performed in two search engines: PubMed and ScienceDirect. An additional search included the proceedings of the meetings of the European Society for Medical Oncology (ESMO), European Society for Therapeutic Radiation and Oncology (ESTRO), American Society of Clinical Oncology (ASCO), and American Society for Radiation Oncology (ASTRO) as the most relevant to the subject.


2.1 Search Strategy and Data Extraction

The data search and extraction strategies were based on the criteria that defined the boundaries of this systematic review. The search criteria were developed to narrow the search to academic papers or conference abstracts. The queries included multiple logical operators, nested clauses, and the term “*” with a wildcard character to cover various papers on the topics identified by the inclusion criteria.

The following criteria had to be met for inclusion:

	Peer-reviewed research article or conference abstract. The year of publication was from 2015 to the present.

	Human study.

	Treatment of HNSCC with iCHT.

	Prediction of iCHT outcome or toxicity based on the pretreatment (or after the first iCHT cycle, if more cycles were administered) data.



A PubMed search was carried out in Advanced Search Builder. Two search queries were formulated according to the inclusion criteria and applied:

	(“induction chemotherapy”[Title] OR “induction”[Title] OR “neoadjuvant”[Title] OR “TPF”[Title] OR “chemotherapy”[Title] OR “cisplatin”[Title] OR “PF”[Title] OR “paclitaxel”[Title] OR “5-fluorouracil”[Title] OR “carboplatin”[Title]) AND ((“biomark*”[Title]) OR (“marker*”[Title]) OR (“predict*”[Title]) OR (“predictor*”[Title]) OR (“prognos*”[Title])) AND ((“squamous cell carcinoma of head and neck”[MeSH Terms] OR (“squamous”[All Fields] AND “cell”[All Fields] AND “carcinoma”[All Fields] AND “head”[All Fields] AND “neck”[All Fields]) OR “squamous cell carcinoma of head and neck”[All Fields] OR (“head”[All Fields] AND “neck”[All Fields] AND “squamous”[All Fields] AND “cell”[All Fields] AND “carcinomas”[All Fields]) OR “head and neck squamous cell carcinomas”[All Fields])) NOT (meta-analysis[pt] OR review[pt] OR meta-analysis[ti] OR systematic literature review[ti] OR systematic review[ti] OR literature review[ti]) NOT (“recurrent”[Title] OR “metastatic”[Title] OR “salvage”[Title]).

	(“induction chemotherapy”[tw] OR “induction chemotherapy”[Mesh]) AND (“metabolomics”[tw] OR “metabonomics”[tw] OR “metabolomics”[Mesh]) NOT (meta-analysis[pt] OR review[pt] OR meta-analysis[ti] OR systematic literature review[ti] OR systematic review[ti] OR literature review[ti]) NOT (“recurrent”[Title] OR “metastatic”[Title] OR “salvage”[Title]).



ScienceDirect database was searched using the advanced search form. The search was carried out in the title, abstract and keywords, and in the absence of results, also in the entire manuscript.

The following queries were used:

	(“induction chemotherapy” OR “neoadjuvant chemotherapy”) AND (biomarker OR marker OR predictor OR prediction OR prognostic) AND (head and neck OR HNSCC)

	(“TPF” OR “PF”) AND (biomarker OR marker OR predictor OR prediction OR prognostic) AND (head and neck OR HNSCC)

	(“induction chemotherapy” OR “neoadjuvant chemotherapy”) AND (head and neck OR HNSCC) AND (“metabolomics”).



The conference abstracts were searched in the databases of Annals of Oncology (ESMO), Radiotherapy & Oncology (ESTRO), International Journal of Radiation Oncology, Biology, Physics (ASTRO), and ASCO Meeting Library using the same search queries as in the case of the ScienceDirect database.

The results were manually checked for relevance to the research question; duplicates and those not meeting the inclusion criteria were excluded. The titles and abstracts of all records were appraised to identify eligible studies. When the abstract was not sufficient to determine the relevance, the full texts of the selected papers were assessed.

At this stage, the exclusion criteria were as follows:

	Metastatic or recurrent HNSCC.

	Other types of cancer or different diseases.

	Non-human studies.

	Patients not receiving iCHT.

	No prognosis of iCHT outcome (assessed before the consecutive treatment) or toxicity.

	Review articles, commentaries, etc.






3 Results

The first search of the PubMed database resulted in 80, the latter one in 7 positions. The three search queries in ScienceDirect resulted in 32, 9, and 17 positions, respectively. A total of 120 abstracts were found in the conference databases. After screening the titles, abstracts and the full texts of 265 publications and conference abstracts identified, 235 were excluded because of duplication, obvious irrelevance, and the inconsistency in the inclusion criteria. Finally, 30 papers (and none of the conference abstracts) were analyzed. The flowchart of the process of searching for works related to the defined criteria is illustrated in Figure 1.




Figure 1 | The flow diagram of the selection process.



The eligible studies have been grouped and discussed by the methodology used. The results related to the search for prognostic factors of response to treatment and for toxicity of iCHT are analyzed in the separate sections.


3.1 Identification of Prognostic Factors for Response to iCHT Treatment

The response to iCHT is usually measured as the degree of the primary tumor and/or node shrinkage. Although the scales used by different authors to assess the effectiveness of treatment may vary, the most commonly used is the so-called RECIST (Response Evaluation Criteria in Solid Tumors) scale. Currently, RECIST 1.1 is the gold standard for assessing treatment response in solid tumors (12). Key features of RECIST include the definitions of the minimum size for a measurable lesion, the instructions on how many lesions to follow, and the use of unidimensional, rather than bidimensional, measures for the overall evaluation of tumor burden. If the authors explicitly referred to the RECIST guidelines for assessing the iCHT response, an appropriate annotation is included in Tables 1–4 summarizing the results of genetic, protein-based, diagnostic imaging, and clinicopathological studies.


Table 1 | Summary of genetic studies on predicting iCHT response.




Table 2 | Summary of protein-based studies on predicting iCHT response.




Table 3 | Summary of diagnostic imaging studies on predicting iCHT response.




Table 4 | Summary of studies analyzing clinicopathological parameters in regard of predicting iCHT response.




3.1.1 Genes

Tumors are complex ecosystems that evolve in response to intrinsic and extrinsic perturbations, and gene expression is regulated by both. The extrinsic mechanisms originate from unequal microenvironments, whereas the intrinsic mechanisms include cell-to-cell variability in genotypic alterations and non-genetic or phenotypic variations, which are due to epigenetic modification, plastic gene expression, and signal transduction (17). Recent studies confirm that epithelial tumors, such as HNSCC, can be generated through cell-extrinsic means via the microenvironment (18–20) and that both cell-intrinsic and cell-extrinsic factors generate intra-tumor heterogeneity (21).

Tumor genotype variations among different patients are known as interpatient heterogeneity (IPH), whereas the genetic heterogeneity within a tumor is called intra-tumor heterogeneity (ITH). ITH denotes a substantial variation at the genetic, epigenetic, and phenotypic levels (22). The impact of such diversification on metastatic potential is still unknown. However, there is a growing recognition that heterogeneity and evolution play a significant role in driving treatment failure (23). Clonal mutations are shared by all cancer cells, whereas sub-clonal ones are present only in a subset (24)—tumor progression depends on the balance between the phenotypically and spatially well-defined hierarchies of the tumor clones (25) and can even select for more aggressive clones in advanced and more anaplastic stages of tumor evolution (26–28). From this perspective, the stratification of patients according to their genetic profile constitutes a good example of personalized medicine. Such an approach is already being used successfully in breast cancer and is being extensively studied in other types of cancer, including head and neck cancer.

The results of the studies addressing the question of how the tumor gene expression profiles vary between the patients responsive and unresponsive to induction chemotherapy are collected in Table 1.

Zhong et al. (13) analyzed gene signatures in the pretreatment HNSCC tumor samples of 29 patients with advanced (TNM III or IV) hypopharyngeal cancer. The expression levels of 10 genes (GATS, PRIC285, ARID3B, ASNS, CXCR1, FBN2, INMT, MYOM3, SLC27A5, and STC2) out of 722 genes were identified as important for training the support vector machine model. Six genes (GATS, ARID3B, ASNS, FBN2, SLC27A5, and STC2) were overexpressed in the patients sensitive (defined as tumor volume decrease of approximately 70% after chemotherapy) to iCHT, while four genes (PRIC285, CXCR1, INMT, and MYOM3) were overexpressed in the non-sensitive (defined as the tumor volume decrease by less than approximately 25%) patients and the differences were statistically significant. The data from 21 patients were used as the training dataset, while the remaining 8 patients comprised the validation dataset. The model achieved 75.0% sensitivity and 100% specificity for the chemotherapy response prediction. The overexpression of two genes (CXCR1 and ARID3B) was confirmed by immunohistochemistry.

Hasegava et al. (14) examined the multigene mRNA expression in the pretreatment biopsy specimens from 64 TNM stage II, III, and IV oropharynx and hypopharynx cancer patients. All patients received induction chemotherapy with 5−fluorouracil and cisplatin. The log−transformed expression levels of 22 genes were compared in the complete (32.8% of patients) and non-complete responders using Student’s t-test. High expression levels of ERCC1, XPA, p53, Bcl-2, VEGF, MDR1, and DPD were significantly associated with the increased sensitivity to chemotherapy. Subsequently, the significant gene expressions were subjected to multivariate logistic regression, where the overexpression of ERCC1 (and T stage) was identified as an independent predictor of a favorable response to iCHT.

Yang et al. (15) aimed at the prediction of the chemo-sensitive biomarkers and found a correlation between the gene expression and the clinical staging and pathological grading. They used a real-time quantitative fluorescence PCR (RT-qPCR) to analyze the mRNA expressions of MAPK10, c-Jun, and Itga6 genes in the pretreatment samples of 57 laryngeal squamous cell carcinoma patients. The study group showed the following TNM tumor staging: II (30 patients), III (16 patients), 8 (IVa), and 3 (IVb). All patients received two cycles of TPF induction chemotherapy. Based on the response to iCHT, the patients were divided into the sensitive (a complete or partial response) or resistant (a stable or progressive disease) groups. Itga6 was overexpressed in the resistant group while MAPK10 and c-Jun were overexpressed in the sensitive group. Furthermore, the patients with lymph node metastases (N >0) and high TNM stage (III and IV) showed a lower expression of MAPK10 and an overexpression of Itga6.

As shown by Noman et al. (16) for an early diagnosis and prognosis of HNSCC, it is necessary to validate and explore the prognostic values of the key genes of the cancer. They used The Cancer Genome Atlas (TCGA) database analysis and performed the experimental validation of the widespread expression of Sonic hedgehog (Shh) and Nrf2 genes in HNSCC patients treated with cisplatin. Their goal was to determine whether this gene pair shows combined clinical significance in HNSCC and could be used to predict the response to cisplatin-based chemotherapy. The gene expressions were analyzed in the resected tumor samples and, based on the expression scores, the patients were split into two groups: the high and low expressions for Shh and Nrf2, respectively. From 183 patients in the study, 53 received iCHT (based on cisplatin and 5-fluorouracil); 25 of them showed a complete response, whereas the remaining 28 patients were resistant (the authors provided no details regarding the scoring of the response to iCHT). In the non-responders, a simultaneous upregulation of both genes was observed.



3.1.2 Proteins

Protein expression levels, driven by various genes, bridge the gap between genotype and phenotype. Posttranslational modifications of proteins may result in the development of a disease. However, while a particular disease may be of genetic origin, protein expression reflects the functional consequences of the disease itself as well as the response of the immune system. Proteomic analysis plays an important role in cancer research, judging by the large group of publications analyzing protein expression as a predictor of treatment success. The summary of these protein-based studies on predicting the iCHT response is shown in Table 2.

Wang et al. (29) analyzed the pretreatment tumor tissue samples obtained from 102 hypopharyngeal SCC patients. The patients received TPF iCHT (the number of cycles is not given) and the treatment evaluation was assessed based on the contrast-enhanced CT. The patients who achieved CR or PR were classified as responders (n = 75), and those with SD and PD were the non-responders (n = 27). The expression of transcobalamin 1 (TCN1), a vitamin B12-binding protein, was analyzed and correlated with the iCHT response. The negative and weak immunohistochemical staining categories were grouped together and considered to have low TCN1 expression, whereas the moderate and strong staining categories were considered to have high expression. An overexpressed TCN1 was found in 16 non-responders and 24 responders, while in the group with a low TCN1 expression, there were 11 non-responders and 51 responders, and the difference was statistically significant. The authors confirmed the above findings by qPCR analysis of the isolated mRNA from 10 iCHT responders and 23 non-responders.

Lee et al. (30) investigated the prognostic value of p16 (cyclin-dependent kinase inhibitor 2A, postulated as a surrogate marker for HPV) and the tumor protein P53 expression with respect to the response to iCHT for advanced hypopharyngeal SCC. Forty-five patients with TNM III and IV were treated with three (5 patients received two cycles) cycles of TPF (n = 35) or PF (n = 10) iCHT. Seventeen patients achieved CR and 28 patients had PR. The pretreatment tumor tissue samples were analyzed immunohistochemically. The expressions of p16 and p53 were categorized as high or low (considering the staining intensities and the percentages of the staining areas for p16 and p53, respectively). Eleven patients were p16-positive and 30 patients had high p53 expression. The expressions of p16 and p53 were not correlated with each other. Furthermore, both expressions showed no differences in the iCHT response groups (CR vs. non-CR; PR and CR vs. other).

The immunohistochemical staining results for p16 and p53 proteins were also evaluated by Karpathiou et al. (31). Eighty-one LA HNSCC patients (TNM III and IV) were involved in their study. Sixteen patients had metastatic disease at the time of diagnosis. The patients were treated with up to two cycles of TPF iCHT and the tumor shrinkage was evaluated by CT and MRI as the decrease in the sum of the product of the largest perpendicular diameters of the measurable lesions at the primary tumor site. A good response to the treatment was defined as a decrease of at least 80% of the initial tumor size. According to such criteria, 50 patients were good responders to iCHT. The analyzed samples were binary classified for p16 (positive or negative), while three patterns of expression (overexpression, negative, and normal) were used for p53. The expression of both p16 and p53 showed no correlation with the response to iCHT.

Similarly, Ladányi et al. (32) observed no correlation between the expression of p16 and the response to iCHT evaluated by CT or MRI. They analyzed the pretreatment biopsy samples from 47 patients with locally advanced oropharynx, hypopharynx, larynx, or oral cavity cancer. The patients received two cycles of TPF plus cetuximab induction. There were 33 responders (PR) and 14 non-responders (SD + PD). Although 12 patients were p16 positive and 35 were p16 negative, no information about the distribution of the p16 status between the responders and the non-responders is given. The p16 status was significantly correlated exclusively with the tumor site (all oral cavity and larynx cancers were p16-negative).

The expression of p53 as well as that of pituitary homeobox 1 (PITX1) protein with regard to the iCHT response was analyzed by Takenobu et al. (33). Their study group consisted of 21 laryngeal, 16 hypopharyngeal, 5 oropharyngeal, and 5 oral SCC. Forty-one patients had stage III or IV of the disease, and all patients received one cycle of TPF iCHT. Of the 47 patients, 6 had CR, 21 had PR, and 19 showed SD. PD was observed in 1 patient. Immunohistochemically analyzed expressions of PITX1 and p53 were compared between the three groups of iCHT response: CR, PR, and SD + PD. The p53 expression showed no difference, while the CR patients had a significantly higher PITX1 expression than those with SD and PD. There were no differences in PITX1 expression between CR and PR as well as between PR and SD + PD.

Zhang et al. (34) evaluated the association between Notch1 (single-pass transmembrane protein encoded by the NOTCH gene) expression and clinical response to iCHT. They enrolled 72 patients with stage II (poorly differentiated tumors) or stage III/IV HNSCC. The patients received two cycles of PF (n = 34) or TPF (n = 38) iCHT and were categorized as responders when they achieved CR or PR, whereas those showing SD or PD were denoted as non-responders. There were 14 responders (3 CR and 11 PR) and 20 non-responders (14 SD and 6 PD) in the PF arm, while among the patients treated with TPF, 26 were responders (5 CR and 21 PR) and 12 were non-responders (8 SD and 4 PD); the difference in the response rate between PF and TPF was statistically significant. Notch1 expression in the pretreatment biopsies was quantified and categorized as either positive (strong or moderate staining) or negative (weak or no staining). The responders (in both PF and TPF groups) showed significantly lower Notch1 expression than the non-responders. Furthermore, Notch1 expression was significantly positively correlated with T and N stages.

Altuntaş et al. (35) assessed the usefulness of tumor expression of lysyl oxidase-like 4 (LOXL4) as a prognostic marker in advanced stage (T3 and T4) laryngeal cancer. Twenty-five of the 72 patients under study were treated with iCHT; they received three cycles of TPF induction. Twenty-one patients were responders (≥50% reduction in tumor diameter), and 4 patients had no response (salvage surgery after iCHT). The pretreatment laryngoscopic biopsy specimens underwent immunohistochemical analysis. LOXL4 expression was categorized as positive or negative (considering staining intensity and extent). Positive LOXL4 immunostaining was observed in 10 responders and 2 non-responders, while 11 responders and 2 non-responders were LOXL4 negative. There was no correlation between the LOXL4 expression and the response to iCHT, although a significant positive correlation with the T and TNM stages was observed.

Yang et al. (15), in addition to the mRNA expressions, used immunohistochemistry to detect the protein expression of MAPK10, c-Jun, and Itga6 genes. The immunohistochemically obtained results for MAPK10 and c-Jun were in agreement with the mRNA expression, whereas Itga6 was overexpressed in the responders and this result was inconsistent with the findings by microarray analysis. The authors suppose that this may be attributed to the post-transcriptional modification of mRNA.



3.1.3 Diagnostic Imaging

Several non-invasive imaging techniques are used in cancer diagnostics. They can be divided into two broad categories: the methods that define anatomical details—Computed Tomography (CT) and Magnetic Resonance Imaging (MRI); and those that produce functional or molecular images—Single Photon Emission Computed Tomography (SPECT) and Positron Emission Tomography (PET). As CT is recognized as the “gold standard” for assessing morphological changes in the tissues due to cancer, MRI has been established as a radiation-free alternative to CT. However, it not only offers a superior contrast resolution between different types of soft tissues but also allows physiological (dynamic contrast enhanced MRI), metabolic (MR spectroscopy), and molecular (diffusion weighted imaging) phenomena to be observed. The other two imaging modalities, SPECT and PET, can detect and track the functional processes and metabolic changes due to carcinogenesis. In contemporary practice, contrast‐enhanced CT and MRI constitute the mainstay of imaging for treatment response assessment. However, there are various approaches for measuring the response rate, such as the World Health Organization (WHO) criteria (1979) (36), the European Organization for Research and Treatment of Cancer (EORTC) criteria for PET (1999) (37), the Response Evaluation Criteria in Solid Tumors (RECIST) (2000) (38), the National Cancer Institute guidelines (2006) (39), the RECIST 1.1 (2009) (12), and the PET Response Criteria in Solid Tumors (PERCIST) (2009) (40). These various classifications provide convenient factors useful in clinical practice.

Nowadays, diagnostic imaging is used in oncology to assess the disease spread, stage of advancement, tumor metabolism, radiotherapy planning, and for monitoring the treatment response, including that of iCHT. From a historical perspective, treatment efficacy rates for solid tumors are based on tumor size. However, functional imaging—e.g., FDG‐PET—potentially provides an earlier indication of the response to treatment than conventional imaging techniques. The applicability of the mentioned diagnostic imaging techniques for predicting iCHT response is shown in the papers collected in Table 3.

Gavid et al. (41) correlated the reduction in maximum standard uptake value (SUVmax) and in hypermetabolic tumor volume after the first iCHT cycle (compared to the pretreatment values) with the clinical response at the end of iCHT. Twenty-one T3 and T4 HNSCC patients with significant lymph node involvement (20 patients presented with N2 or N3 stage) were treated with two or three cycles of TPF chemotherapy (2 patients received only one cycle). Thirteen patients responded favorably with iCHT, showing a ≥70% reduction in tumor volume on the control endoscopy. The responders showed a significantly greater SUVmax reduction between the consecutive PET examinations, while the initial (before iCHT) SUVmax was similar in both groups. The difference in the reduction of the hypermetabolic tumor volumes was, however, statistically insignificant.

The lack of differences in the pretreatment values of the SUVmax and the hypermetabolic tumor volumes between the responders and the non-responders to iCHT was confirmed by Šedienė et al. (42). They studied a group of 35 HNSCC patients (mostly with T stage 3 and 4 and N+) treated with the TPF regime. Twenty-two patients had a complete or partial response (responders), whereas the remaining 13 patients demonstrated stable or progressive disease (non-responders). Because the PET/CT examinations were acquired before and after the completion of iCHT, the reduction in the SUVmax values and the metabolic tumor volumes could not be used as predictors of the response to iCHT.

Semrau et al. (43) and Wichman et al. (44) analyzed the PET/CT parameters acquired at baseline and after the first cycle of iCHT in terms of long-term criteria, i.e., tumor-free, laryngectomy-free, and overall survival. Sixty-two and 47 LA-HNSCC patients were involved in these studies, respectively. Both groups adopted an identical criterion for the distinction of the responders and non-responders, i.e., endoscopic tumor surface shrinkage of ≥30%. Based on the results presented, neither the baseline SUVmax nor the metabolic tumor volume was significantly different between the responders and non-responders after the first iCHT cycle.

MRI is another imaging modality offering an insight into the tumor morphology and biology (such as its metabolic activity and cellularity) via the specialized MR techniques, like T1- and T2-weighted imaging, in vivo proton magnetic resonance spectroscopy (in vivo 1H MRS), diffusion-weighted imaging (DW-MRI) or dynamic contrast-enhanced MRI (DCE-MRI). The latter one is based on a serial acquisition of images before, during, and after the introduction of a paramagnetic contrast agent to analyze the temporal enhancement pattern of a tissue. The degree of this enhancement depends, inter alia, on the regional blood flow as well as on the size, number, and permeability of the vessels. Because the changes in tumor metabolism appear early during therapy and precede the reduction in tumor size (49), MRI is useful for monitoring the response to iCHT.

Bernstein et al. (45) conducted a prospective open study to test the relationship between the response to iCHT and a baseline (three weeks before iCHT) tumor and lymph nodes: plasma flow (Fp), endothelial permeability-surface area product, plasma volume, the volume of extravascular extracellular space (EES), and volume transfer constant. Thirty-seven stage IV HNSCC patients underwent the DCE-MRI examinations—they were defined as the responders or the non-responders according to the change in the aggregate RECIST dimension of the tumors and the lymph nodes. The patients were scheduled to receive three cycles of TPF chemotherapy. A partial response to iCHT was observed in 25 patients, whereas 12 patients presented with stable disease. No cases with complete responses or cases with progressive disease were observed. The baseline median Fp was significantly higher in the responders than in the patients with stable disease. However, while the higher tumor Fp values predicted a response, the lower values did not distinguish the responders from the non-responders. Approximately 25% of the responders presented the Fp values as being lower or comparable to the non-responders, which is reflected in the AUC = 0.73. Furthermore, a significant, yet weak, correlation was observed between the baseline Fp and the decrease in the sum of the linear dimensions of the primary tumor.

Ryoo et al. (46) applied DW-MRI in their studies of the response to iCHT. DW-MRI visualizes the internal physiology via the diffusion of water molecules; the image contrast reflects the difference in the rate of diffusion between the tissues. The study group included 25 HNSCC patients, 15 with T4 stage. All patients underwent two or three cycles of iCHT (TPF, or docetaxel and cisplatin with or without cetuximab). The complete (n = 2) and partial (n = 11) responders composed the responder group, while the non-responding group consisted of the patients with stable (n = 7) and progressive (n = 5) diseases. The response was evaluated approximately two weeks after the second iCHT cycle. The DW-MRI sequences were acquired at both standard (b = 0 and 1,000 s/mm2) and high (b = 0 and 2,000 s/mm2) b-values. The authors analyzed the tumor volumes (the volumetric calculations were performed based on the MRI images) as well as the following parameters derived from the obvious diffusion coefficient (ADC) histograms: mean, kurtosis, and skewness, as well as the tumor volumes, in terms of the favorable response to iCHT. The mean ADC values from the high b-value sequences (ADC2,000) were significantly lower in the responders than in the non-responders, and in the ROC curve analysis, the AUC value of ADC2,000 was 0.769 for predicting a good response to iCHT. The mean tumor volume (cm3) was significantly higher in the non-responders than in the responders. However, the ADC2,000 was the only significant predictor indicated by multiple logistic regression analysis. The remaining ADC parameters and a T stage, were not statistically significant.

Diagnostic imaging techniques join the “omic” cluster via radiomics. Radiomics assumes that biomedical images contain information about disease-specific processes that are imperceptible to the human eye and therefore may escape diagnosis (50, 51). The visual analysis of the tumor medical images is based on some qualitative descriptors (such as tumor tissue heterogeneity) or simple quantitative features (such as maximum diameter or volume)—such features can be extracted from the imaging data automatically with various computational methods. It does not mean the automation of the diagnostic processes, but rather provides clinicians with additional data through advanced mathematical analysis, by identifying the patterns characteristic of the tumor phenotype during and after treatment, and by identifying key predictive information (51).

Zhang et al. (47) used a CT-based radiomics model to predict a lymph node response to iCHT. The study group comprised 27 stage IVa or IVb HPV+ HNSCC patients. The patients were treated with two cycles of iCHT using cisplatin, paclitaxel, and escalating doses of cetuximab and everolimus. The response to iCHT of 41 enlarged (defined as a short axis diameter >15 mm) lymph nodes was measured as a percent change between the pretreated and posttreatment volumes. The median reduction in lymph node volume of 66% was used as the cutoff between a good/poor response. Ninety-three radiomic features were extracted from the regions of interest (ROI) on the pretreatment CT axial slices with the largest lymph node cross-sectional area. Two first-order features (minimum skewness) and one gray-level run length matrix feature (Low Gray level Run Emphasis, LGRE) were selected for further analysis after a three-step feature selection procedure. The logistic regression model showed, as the authors claim, that the minimum pixel intensity and LGRE were positively associated with a good lymph node response while the skewness was associated with a poorer lymph node response. However, these results were not statistically significant. The usefulness of the radiomics model (alone and combined with the clinical model involving age, sex, as well as T and N stages) was validated using a ROC curve analysis on the training (n = 30) and test (n = 11) sets. The combined (radiomics-clinical) modeling performed best, resulting in an AUC of 0.85 and 0.67 for the training and test sets, respectively. In the test set, the model was 100% sensitive and 50% specific.

The usefulness of other imaging modalities, such as the score of liver ultrasonography, in predicting the response to iCHT was evaluated by Wang et al. (48). Forty-seven (TNM stage III to IVB) LA-HNSCC patients underwent the liver ultrasonography examination within four weeks before the iCHT. The severity of hepatic parenchymal damage was assessed based on a scoring system including liver surface, parenchyma, vascular structure, and splenic size. A summed score ranged from 4 (normal liver) to 11 (advanced cirrhosis), and a score of 7 was chosen as the cutoff. All patients were treated with at least one cycle of TPF based iCHT (34 patients received at least three cycles of iCHT). CR and PR were observed in 3 and 22 patients, respectively, while 5 and 8 patients showed SD and PD, respectively. Nine patients died before our evaluation. The CR rate and the overall response rate (CR + PR) showed no significant correlation with a liver ultrasonography score.



3.1.4 Clinicopathological Parameters

Many clinical, histologic, social, and demographic parameters are routinely (and/or as a part of a research project) recorded at diagnosis, treatment planning, and at the start of treatment as the baseline data for monitoring the condition of the patient and treatment response. All these parameters can be analyzed for their utility as prognostic markers. In this review, a list of the clinicopathological parameters effective in predicting iCHT responses is gathered in Table 4.

Besides the expression of p16 and p53 proteins, Karpathiou et al. (31) assessed the usefulness of several clinical and histological parameters in the prediction of the iCHT response. The characteristics of this study group and the evaluation of the iCHT response can be found in the previous section. The following parameters were analyzed: localization, stromal reaction, and histologic type of tumor; lymphocytic host response (LHR); neutrophil; and lymphocyte counts as well as neutrophil to lymphocyte (NLR) and platelet to lymphocyte (PLR) ratios; worst pattern of invasion (WPOI); and Brandwein–Gensler (B–G) risk. The good responders (n = 50 out of 81) were hypopharyngeal cancers (p = 0.01) with a dense LHR (p = 0.009), a lower (<150) PLR ratio (p = 0.03) and with a low/intermediate B–G risk score before the treatment (p = 0.002). The B–G, PLR, and LHR were not correlated with tumor localization.

Sánchez-Canteli et al. (52) analyzed the significance of NLR in peripheral blood and the immune infiltrate profiles (i.e., number of CD8+ and FOXP3+ tumor infiltrating lymphocytes (TIL) and programmed cell death ligand 1 (PD-L1) expressions) in the pretreatment biopsies to establish their potential relationship with the response to iCHT. 64 patients (58 men and 6 women) with stage III or IV larynx and hypopharynx SCC were included. The patients received a single cycle of iCHT with cisplatin and 5-Fluorouracil. A tumor response was defined by a decrease of at least 50% in the largest tumor dimension. Immunohistochemically assessed tumor PD-L1 expression was scored as: negative, low, intermediate or high, while CD8+ and FOXP3+ staining were automatically quantified and the mean values were statistically analyzed. From 58 patients with a partial response, 26 patients (41%) showed a response to iCHT greater than 50% in the larger dimension of the primary tumor—they were considered responders; a progressive and stable disease was observed in 1 and 5 patients, respectively. The rest, 32 patients, were considered partial responders (with a decrease in tumor size below 50%); none showed a complete response. None of the pretreatment hematological parameters (hemoglobin, leucocytes, neutrophils, and lymphocytes) was found to differ between the responders and the non-responders. However, a higher number of neutrophils was observed in the patients responding to iCHT, and a lower number of lymphocytes, and consequently, a higher NLR (calculated by dividing the absolute number of neutrophils by the number of lymphocytes), with a difference reaching a borderline statistical significance (p = 0.058). The PD-L1 tumor proportion score was not correlated with response to iCHT, while the positive combined proportion score (PD-L1 CPS) was significantly associated with a worse response to iCHT. The mean density values of TIL between the responders and the non-responders showed no differences. However, the mean ratio of CD8+ to FOXP3+ was significantly higher in the responders. Furthermore, CD8+ and FOXP3+ TIL showed a significant, yet weak (R ≈ 0.3), correlation with the PD-L1 combined proportion score. In a combined analysis, the patients with a negative PD-L1 CPS and a high CD8+ (n = 5) as well as a negative PD-L1 CPS and a high NLR (n = 9) exhibited the highest response rate (4 of 5 and 7 of 9, respectively, were the responders), whereas among the patients with a positive PD-L1 CPS and a low CD8+ (n = 20) as well as a positive PD-L1 CPS and a low NLR (n = 28), only 4 (20%) and 7 (25%) of the patients were the responders. The results obtained by a combination of PD-L1 CPS and NLR were statistically significant, while multivariate logistic regression identified the high NLR values as the only parameter independently associated with the response to iCHT.

The relationship between the inflammatory markers and chemo-sensitivity to iCHT was also investigated by Sun et al. (53). They analyzed the pretreatment counts of neutrophils (NC), platelets (PC), lymphocytes (LC), and monocytes (MC). The study group consisted of 72 hypopharyngeal SCC patients. Twenty-one patients had TNM stages I–III and 51 had TNM stage IV. Five patients achieved CR, 47 achieved PR, 19 had SD, and 1 had PD. 52 were assigned as the responders (CR + PR), and 20 as the non-responders (SD + PD). A significantly lower LC and higher values of NLR and PLR were reported in the responders compared to the non-responders. An ROC curve analysis showed that these three parameters were the significant predictors of a good response to iCHT also among the stage I–III and stage IV cohorts analyzed separately.

A group from the same hospital evaluated the chemo-sensitivity to iCHT in hypopharyngeal SCC by analyzing the values of different immune cells (54). Forty patients (13 patients with stage I–III disease and 27 patients with TNM stage IV) were treated with three cycles of TPF iCHT. Twenty-six patients were responders (CR + PR), and 14 were non-responders. Four immune cell indicators (CD4+ T cells, CD8+ T cells, Tregs, and NK cells) were defined using multicolor flow cytometry on the pretreated peripheral blood mononuclear cells. The CD4+ T-cell and CD8+ T-cell frequencies were significantly higher in the responders, whereas the Treg frequencies were significantly lower. The CD4+ T-cell frequencies were also significantly lower in the patients with stage IV disease compared to the TNM stage I–III group.

Besides the p16 status, Ladányi et al. (32) evaluated the infiltration levels of various immune cell types in association with the response to iCHT. The characteristics of the study group are available in the Proteins section and Tables 2, 4. Between 35 and 40 pretreatment biopsy samples with a sufficient amount of tumor tissue were available. The immune cell infiltration was assessed using immunohistochemistry. The tumor-associated immune cell types (CD8+ and CD45RO+ T cells, CD20+ B cells, lymphocytes expressing the activation markers CD134, CD137, or PD-1, FOXP3+ regulatory T cells, NKp46+ NK cells, CD68+ macrophages, cells expressing CD16, myeloperoxidase+ neutrophil granulocytes (MPO)), DC-LAMP+ mature dendritic cells were identified in the analyzed samples. A strong and diffuse nuclear and cytoplasmic staining in ≥70% of tumor cells was scored as a positive result. Additionally, the peripheral blood neutrophil and lymphocyte counts were also analyzed. The responders showed a significantly higher incidence of the positive DC-LAMP and PD-1 cells and a higher pretreatment NC compared to the non-responders.

The prognostic role of circulating tumor cells (CTCs) during iCHT was assessed by Inhestern et al. (55). Forty patients with oral or oropharynx SCC were included. The tumor staging was T2 (n = 15), T3 (n = 15), and T4 (n = 10). Thirty-five patients had the N3 stage. The patients were treated with three (n = 24), two (n = 1), and one (n = 15) cycles of TPF iCHT. Eight and 24 patients had complete or partial responses, respectively, whereas 6 patients showed a stable disease and 2 progressed. Although the primary aim of this study was to correlate the CTCs with recurrence-free and overall survival, in the supplementary material the authors showed that the baseline (before the 1st iCHT cycle) CTC levels were noy statistically different (p = 1) between the CR and not-CR patients.

Zhao et al. (56) investigated the role of BMI in the prognosis of TPF iCHT in 109 patients with locally advanced (TNM stage III and IV) oral SCC. The patients were stratified into four BMI groups (the values for Asian population): underweight (BMI <18.5 kg/m2); normoweight (18.5≤ BMI <23.5 kg/m2); overweight (23.5≤ BMI <27.5 kg/m2); and obese (BMI ≥27.5 kg/m2), the measurements were made when the patient initially arrived at the hospital. There were no significant differences in the clinical responses to iCHT between the four BMI groups. However, the study was focused on overall survival, and thus, no detailed information regarding the iCHT response was given.

It has been widely postulated that disease advancement is a negative prognostic factor for iCHT response. However, the results in the reviewed articles are inconsistent on this matter. TNM stage (III, Iva, IVb, and IVc) was found to be of no statistical significance (13), while the higher T stage was significantly correlated with a poorer response in one article (14). However, two studies showed no correlation between T and the response to the treatment (46, 57). In the case of the role of the nodal stage, the results were contradictory: no correlation was found in (14) while in (57) identified the higher N stage (>1) as an important prognostic factor.



3.1.5 Demographic and Social Factors

In some studies, social, demographic, and environmental factors, such as age, gender, smoking, and diet (mainly alcohol consumption), were taken into account in the analyses. However, none of these factors were revealed to be predictive of iCHT efficacy (13, 35, 46, 53). Only betel nut chewing history among the smoking HNSCC patients was reported as a significant predictor for a poorer iCHT response (57).




3.2 Identification of Prognostic Factors for Toxicity of Induction Chemotherapy

The main factor limiting both the dose and the number of cycles in iCHT is treatment-induced toxicity. TPF schedule demonstrates a better response rate than PF, but due to its less favorable toxicity profile, a PF arm is preferred in the patients with poorer performance status or burdened with a severe comorbidity and in age >70 years (58, 59). Standard iCHT protocols involve the administration of 3 to 4 cycles (2, 59), however, it has been recently shown that two cycles of iCHT might be sufficient in case of nasopharyngeal cancer and additional more cycles did not lead to survival benefit (60). The adverse iCHT effects may appear even after the first cycle, having a significant negative impact on the patient’s ability to undergo therapy (61).

In this review, the primary focus is to collect the predictive markers of toxicity and pathological response to iCHT. Accurate judgment of the onset of the iCHT treatment-related acute toxicity seems to be of importance, especially when considering the aggressiveness of iCHT as well as its social and economic costs. The Common Terminology Criteria for Adverse Events (CTCAE) (62), a standardized scoring system for classification toxicity in cancer therapy, was adopted for assessment of the analyzed adverse events due to iCHT in the papers taken into account in this review. Since the same types of toxicity were analyzed in the context of different predictors in the reviewed studies, the results are collected in a single table (Table 5), which makes it much easier to get a broader view of the problem.


Table 5 | Summary of predictive factor for iCHT toxicity.




3.2.1 Genes

De Marchi et al. (63) investigated 366 clinically relevant single-nucleotide polymorphisms (SNPs) on 47 metabolic or transporter genes to find an association between SNPs and toxicity to induction chemotherapy. The study group consisted of 59 LAHNSCC (TNM III and IV) patients treated with three cycles of iCHT with cisplatin and paclitaxel. The toxicities were classified and graded according to the CTCAE v3.0. The following toxicities were investigated: peripheral neuropathy, infectious complications, hematologic toxicity (febrile or afebrile neutropenia or anemia or lymphopenia or thrombocytopenia), and gastrointestinal toxicity (nausea or vomiting or diarrhea or constipation). The incidences of toxicities in ≥grade 2 were correlated with the selected SNPs. Multivariate logistic regression analysis revealed that rs8187710 (gene ABCC2) and rs1801131 (gene MTHFR) were associated with the increased gastrointestinal toxicity, whereas rs3788007 (gene ABCG1) and rs4148943 (gene CHST3) were associated with the decreased risk. The increased risk of hematological toxicity was associated with rs2301159 (gene SLC10A2) and rs2470890 (gene CYP1A2). However, none of these SNPs were significant after adjusting for multiple comparisons. Infectious complications, nephrotoxicity, and neurological toxicity were observed in an insufficient number of patients (two, one, and none, respectively), so no associations with the SNPs were found.



3.2.2 Diagnostic Imaging

Wang et al. (48) evaluated the usefulness of liver ultrasonography in the prediction of iCHT-related anemia, thrombocytopenia, mucositis, neutropenia, and febrile neutropenia. The study group consisted of 47 (TNM stage III to IVB) LA-HNSCC patients who, according to the treatment protocol, were planned to be treated with 3–4 cycles of TPF every 3 weeks. All of them obtained at least one cycle of TPF-based iCHT. The treatment-related adverse events were graded according to CTCAE v4.0. Liver ultrasonography was performed within four weeks before the iCHT and the severity of hepatic parenchymal damage was assessed on the basis of the scoring system, including liver surface, parenchyma, vascular structure, and splenic size. A summed score ranged from 4 (normal liver) to 11 (advanced cirrhosis), and a score of 7 was chosen as the cutoff. Univariate statistics showed that the ultrasonography score of ≥7 as well as the lower white blood cells (WBC) and platelet counts were significantly associated with severe and febrile neutropenia. However, multivariate logistic regression identified only the ultrasonography score of ≥7 as an independent factor that was significantly predictive of severe and febrile neutropenia.



3.2.3 Clinicopathological Parameters

Shimanuki et al. (65) were looking for the predictors of febrile neutropenia development in 50 LA-HNSCC patients (45 patients had TNM stage IV). The patients received from 1 to 4 cycles of TPF chemotherapy as induction (n = 45) or as a first-line treatment for recurrent or metastatic tumors (n = 5). The following pretreatment hematological and biochemical laboratory parameters were analyzed: WBC, NC, LC, MC, NLR, PLR, lymphocyte to monocyte ratio (LMR), aspartate transaminase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH), blood urea nitrogen (BUN), creatinine clearance (CCr), and CRP. The CTCAE scale v4.0 was used to grade the adverse effects (except febrile neutropenia) in the first cycle of TPF chemotherapy, and the incidences of grade 3 or higher febrile neutropenia, neutropenia, anemia, thrombocytopenia, diarrhea, hyponatremia, hypokalemia, hyperkalemia, as well as increased ALT and creatinine levels were observed. However, only the febrile neutropenia, observed in 12 patients, was taken under further investigation. Univariate analyses showed that lower WBC, NC and MC were significantly associated with the incidence of febrile neutropenia, whereas MC was the only independent significant predictor identified by multivariate logistic regression. Furthermore, the authors showed that a prediction model comprising a combination of MC and NC (although NC alone was not correlated with febrile neutropenia) demonstrated superior diagnostic performance in the prediction of the development of febrile neutropenia compared to that of the model using MC alone.

Bernadach et al. (64) studied the TPF induction toxicity in 57 LA-HNSCC patients (39 patients with TNM stage IV, 18 with stage III, and 43 patients had N stage >0). During iCHT, the patients presented with grade 3 or higher anemia (scaled with CTCAE v4.0), neutropenia, febrile neutropenia, thrombocytopenia, infection, nausea, mucositis, diarrhea, and digestive hemorrhage. The following baseline clinical factors were significantly assessed with the increased (grade ≥3) treatment toxicities: age (age ≥57 years or older) with thrombocytopenia and anemia; higher T and N stage with thrombocytopenia; weight loss with infection.

Mikoshiba et al. (67) analyzed the treatment-related side effects after the first cycle of TPF-based iCHT. The study group consisted of 54 oropharyngeal and hypopharyngeal LA-HNSCC cancer patients. The incidences of severe (grade ≥3 according to CTCAE v4.0) leucopenia, neutropenia, febrile neutropenia, anorexia, diarrhea, nausea/vomiting, as well as the increases in creatinine, AST, ALT, hyponatremia, and lung infection were observed during the treatment. The usefulness of baseline CRP to albumin ratio (CAR), NLR, PLR, and modified Glasgow Prognostic Score (mGPS) as the predictors of severe iCHT toxicity was evaluated. The univariate and multivariate statistical analyses revealed that the high CAR and mGPS values were the independent prognostic factors of overall severe side effects (grade 4), febrile neutropenia, and hyponatremia.

An approach based on evaluating the potential factors predictive of the completion of TPF induction treatment (defined as ≥3 cycles administered) was chosen by Nakano et al. (66). Ninety-three LA-HNSCC patients with oropharynx, hypopharynx, larynx, oral cavity, paranasal sinus, nasopharynx, and an unknown primary site were enrolled in the study. The following clinical factors were correlated with TPF completion: sex, smoking history, age, BMI, T stage 4, N stage 3, and origin of the primary lesion. The patients who had their TPF schedule changed or terminated before the accomplishment of the three cycles were defined as having TPF failure. Seventy-three patients achieved therapy completion. Fisher’s exact test and logistic regression analysis revealed that BMI ≥22 was a positive prognostic factor and hypopharyngeal/laryngeal primary tumor site was a negative prognostic factor for TPF completion.





4 Discussion

Clinical management decisions for cancer patients are increasingly being guided by prognostic and predictive markers. A tumor biomarker is a tool that aids the clinician in answering clinically relevant questions regarding cancerous diseases. A more specific definition characterizes a tumor biomarker as a molecule (or a set of molecular compounds), a process, or a substance that is altered quantitatively or qualitatively in pre-cancerous or cancerous conditions (68). To be clinically useful, such biomarkers should be detected by one or more assays or tests should be accurate, reproducible, and reliable. Large (to assess rare events and subgroup effects) and generalizable studies must provide clinically more relevant choices. While the comparative effectiveness studies are based on observational research, randomized trials, and decision analysis (69) and, as such, can summarize and evaluate the evidence, the great majority of the studies are not randomized. Many HNSCC biomarkers have already been suggested to significantly impact diagnosis and prognosis. As revealed from this systematic inspection of the papers published between 2015 and 2021, there are more than one hundred independent parameters analyzed for their suitability as prognostic markers in HNSCC patients undergoing induction chemotherapy. The utility of many of these markers has already been shown in subsequent studies to be questionable or low. Some are promising but have not yet been introduced because they lack important features, such as high specificity and sensitivity, low cost, high positive predictive value, clinical relevance, and short turnaround time (70). The experimental limitations, like small sample sizes or unreliable data, the selective reporting and incomplete reporting literature on tumor markers, make it difficult to distinguish between the weak and strong biomarkers.

A good example of the former group is the tumor suppressor protein p53 (11, 14, 30, 31, 33). The conclusion about the unsuitability of p53 as a prognostic marker of iCHT efficacy appeared already in the mentioned review by Cosway et al. (11)—and six years later, in this review of the papers, it remains valid. The prognostic utility of the p53 gene in iCHT monitoring appeared only once (14); its significance was neither confirmed with multivariate logistic regression (14) nor by other studies (30, 31, 33). This summary of the “state of the art” in the field of iCHT response monitoring in head and neck cancer patients shows even more negative findings reported by multiple authors, e.g., p16 protein (30–32) or FDG PET maximum-standardized uptake value (42–44) as well as inconsistent findings, e.g., primary tumor or nodal stage (14, 46, 57).

Among the limitations of some of the reviewed studies is the rather small (<40) size of the study groups (13, 35, 41, 42, 45–47, 50, 51) or clear disproportion in the size of the compared groups (35, 55). An appropriate sample makes the research more efficient. The main problem with small patient populations is the interpretation of the results, in particular of the confidence intervals and p-values, which are then claimed to show “the trend” (71).

Another type of bias results from a practice designated as “incomplete study reporting.” Such reporting, which omits certain details, may lead to incorrect interpretation of the results, which, in turn, biases the analyses and would prevent other researchers from reproducing the study findings. Henry and Hayes (72) provide an example of how incomplete reporting of specific types of chemotherapy received by patients with breast cancer could lead to different conclusions about the direction of the association between HER2 status and chemotherapy efficacy. In some of the HNSCC studies (45, 46), such “restricted methodology” is also used.

Moreover, all the reviewed studies were retrospective and none of the reviewed studies (except (13, 47)) used an external test group to validate the predictive models. Most of the negative findings relate to the diagnostic imaging methods. Five of the reviewed studies analyzed the output data from FDG PET and/or CT and no significant correlations were found, except one study analyzing the reduction of the maximum standardized uptake value after the first iCHT cycle (thus with limited predictive value). However, it was conducted on an insignificant group of patients (41). However, the positive results were reported with DCE- (45) and DWI- (46) MRI, although the results of the latter study were also obtained in a small group of 25 patients. The high value of plasma flow in tumors as measured by DCE-MRI was observed in the responders, and according to the authors, such a finding suggests that the tumor perfusion could be of importance for the efficient delivery of low molecular weight chemotherapy agents (45). A similar conclusion has been drawn based on DWI-MRI, where the authors state that tumors with high intracellular water components, i.e., with increased cellularity, can show a better response to iCHT (46).

The reviewed protein-based studies were usually conducted on larger groups of patients, and six proteins were reported as important for the prediction of iCHT response. The low or negative expressions of TCN1 and Notch1 as well as the overexpressions of PITX1, MAPK10, c-Jun, and Itga6 were correlated with a better response to iCHT. Each of these proteins is involved in different metabolic and/or signaling pathways, and drawing direct biological conclusions is difficult. TCN1 is important in vitamin B12 homeostasis (29), Notch1 protein has diverse roles including differentiation and regulation of normal and cancer cells (34), PITX1 is essential in organ development processes (33), MAPK10 and c-Jun are involved in c-Jun N-terminal kinase 3 which is assumed to act as an inhibitor on tumor cell proliferation (15) and Itga6 is involved in cell division, migration, and invasion (15). The reviewed studies indicate that, despite being involved in such different processes, most of these proteins show significant correlations with disease advancement. A positive correlation with the severity of the disease was reported for the expressions of TCN1 (histological grade) (29), Notch1 (T and N stage) (34), while a negative correlation was observed for MAPK10, Itga6 (TNM stage, histological grade, and lymph node involvement), and c-Jun (TNM stage, histological grade) (15). PITX1 expression was significantly lower in tumors compared to healthy mucosa as well as it was lower in moderately and poorly differentiated tumors compared to those well differentiated, but the difference was not statistically significant (33). Furthermore, the levels of PITX1 expression were significantly different between the complete responders and those with a stable or progressing disease, while no difference was observed for a partial response (33).

Taking into account that disease advancement may have an impact on clinically observed regression after iCHT, the prognostic value of the presented markers has to be taken with caution.

The genetic studies revealed 22 candidates for prognostic markers. There are several cancer-related processes in which these genes are involved, and some of them (e.g., CXCR1) have multiple functions. ARID3B, CXCR1, GATS, Itga6, Shh, SLC27A5, STC2, and VEGF play an important role in cell proliferation and tumor progression or metastasis. The exact functions of these genes are not always obvious, e.g., contrary information about the ARID3B are reported (44). It has been postulated that different cellular localizations of ARID3B may result in different roles of this gene (73). In the study by Zhong et al. (13) ARID3B is overexpressed in the responders but the authors have not explained in detail the presented results. Another controversy is related to the STC2 gene, which is also upregulated in the responders (13), while other studies indicate that STC2 is a positive regulator of metastasis and poorer prognosis in HNSCC (74) and pancreatic cancer (75). The genes known as tumor suppressors or involved in tumor suppression mechanisms (FBN2, MAPK10, c-Jun, and p53), those involved in the nucleotide excision repair pathway (ERCC1, XPA), and the regulatory component of the apoptotic pathway (Bcl-2) were found to be overexpressed in the responders (13–15). The non-responders showed higher expressions of CXCR1 and PRIC285 (13), the genes that activate the inflammatory system and inhibit host immune responses. CXCR1 and its role in cancer is well documented in the literature (76). However the functions of PRIC285 are still not well explained. HNSCC patients with overexpression of DPD and MRP1 are at a lower risk of failure of chemotherapy, and it is not a surprise that these two genes are overexpressed in the responders (14). The responders also showed overexpression of ASNS (13). However, high expression of this gene is indispensable for oral SCC progression (77) and adaptation to nutrient deprivation and hypoxia (78), and may inhibit apoptosis. The other two genes, Nrf2 and Itga6, known to be promoting factors of chemoresistance, are overexpressed in the non-responders (15, 16). The non-responders also showed overexpression of INMT and MYOM3, but their function in HNSCC remains unknown.

Three out of four reviewed genetic studies conducted research on groups of >50 patients (14–16), and one study analyzed a smaller group of <30 patients (13). Nevertheless, the latter study used an external group (n = 8 patients) to validate their model and received approximately 75.0% sensitivity and 100% specificity for an iCHT response prediction.

The last group of the markers analyzed for their predictive usefulness were the clinicopathological parameters. Since such markers appear in many studies, it enables the identification of those that show similar trends and gives an opportunity to evaluate the consistency of the presented results. However, despite the relatively large number of statistically significant findings, the majority of the results were inconclusive. In HNSCC, the induction treatment is almost exclusively administered in advanced stages of the disease, thus the TNM staging was not significant (13). The T and N stages, when analyzed separately, were nonsignificant except in (14) and (57), where, respectively, a higher T and a higher N were observed in the non-responders. Among the standard laboratory blood parameters, platelet and monocyte counts were not significant, while contradictory results were presented for neutrophil and lymphocyte counts as well as the platelet (PLR) and neutrophil (NLR) to lymphocyte ratios (31, 32, 52, 53). Most of the analyzed immune cell types were also nonsignificant, except CD4 and CD8 lymphocytes and the CD8/FOXP3 ratio, which were higher in the responders (52, 54). However, CD4 was analyzed in only one study (54), while two other studies showed that CD8 and FOX3P alone were not significant (32, 52). The remaining parameters were analyzed by individual studies where the responders showed a higher incidence of positive DC-LAMP and PD-1 cells (32) and a higher lymphocytic host response (31) while the non-responders were the patients with a higher PD-L1 combined proportion score, an NLR to PD-L1 CPS ratio (52) and a Brandwein–Gensler risk score (31). One study reported that the hypopharynx is a favorable localization for iCHT response (31).

Six of the reviewed manuscripts aimed to identify the prognostic factors for iCHT toxicity. The following toxic side effects were analyzed: anemia, anorexia, neutropenia, febrile neutropenia, gastrointestinal and hematological toxicity, hyponatremia, infection, nephrotoxicity, and thrombocytopenia. Febrile neutropenia and neutropenia, including hematological toxicities as a whole, were the most frequent side effects and were analyzed in five of the reviewed manuscripts. Side effects as a whole as well as treatment completion were also under investigation. Only 24 out of over 160 analyzed relationships between particular toxicities and candidates for predictive markers were statistically significant (Table 5). Similarly to the treatment response, the clinicopathological factors were mostly nonsignificant or ambiguous (monocyte and neutrophil counts, white blood cells). Despite the insignificance of the CRP and albumin levels, an increased CRP to albumin ratio and a modified Glasgow prognostic score (a score based on levels of CRP and albumin) were positively correlated with the incidences of high grade anorexia, febrile neutropenia, hyponatremia, and the side effects as a whole (67). An older age was correlated with anorexia and thrombocytopenia, with a weight loss before iCHT with infection and a T plus N stage with thrombocytopenia. One of the studies identified single nucleotide polymorphisms of several genes as possible prognostic factors for hematological and gastrointestinal toxicities (63) and a score of liver ultrasonography was positively correlated with febrile neutropenia and neutropenia but not with the response to iCHT (Table 3) (48). Higher BMI was positively correlated with treatment completion, while hypopharyngeal and laryngeal primary tumor sites were negative prognostic factors for treatment completion (66). These findings are in contrast to the studies on response to iCHT where BMI was nonsignificant and hypopharyngeal tumor location was favorable for iCHT response (31). Although the study groups were larger, with around 50 patients, sometimes the high grade toxicities were relatively rare (<10), resulting in significant disproportions between the analyzed subgroups and, thus, statistical inference based on such data must be taken with caution.



5 Summary

The role of iCHT before radiotherapy or before chemo-radiotherapy is still debated, as the data on its efficacy are somehow confusing, but in laryngeal and hypopharyngeal cancer, it is one of the recommended organ preservation strategies. Response assessment after induction chemotherapy is currently probably most valuable if a choice must be made between an organ‐preservation approach (radiotherapy with or without chemotherapy) and surgery, particularly for hypopharyngeal and laryngeal cancer.

Compared to Cosway et al. (11), this review covers a broader spectrum of the parameters assessed for their predictive ability, such as those identified in imaging diagnostics, as well as new genetic and clinicopathological factors. This means constant progress in the search for new prognostic factors for the better prediction of the iCHT response. Nevertheless, the current stage of the research is similar to that outlined by Cosway et al. (11): despite the large number of proposed predictive markers, none is currently in clinical use or validated in a large cohort. Most of the positive results discussed here are from single-study analyses, and no comparative studies are available. Finally, there are no clear conclusions concerning the parameters analyzed by several groups. Therefore, further research is needed to identify the validated parameters that predict the response to induction chemotherapy and can be used to select the final therapy with less toxicity.



Author Contributions

ŁB designed the study, conducted the literature search and extracted relevant publications, prepared and discussed the findings, and wrote the manuscript.



Acknowledgments

The author would like to acknowledge Prof. Maria Sokół and Dr. Agata Bieleń for their substantive assistance in the preparation of the publication and the joint discussion on the results obtained.



References

1. Fayette, J, Fontaine-Delaruelle, C, Ambrun, A, Daveau, C, Poupart, M, Ramade, A, et al. Neoadjuvant Modified TPF (Docetaxel, Cisplatin, Fluorouracil) for Patients Unfit to Standard TPF in Locally Advanced Head and Neck Squamous Cell Carcinoma: A Study of 48 Patients. Oncotarget (2016) 14 7(24):37297–304. doi: 10.18632/oncotarget.8934

2. Haddad, RI, Posner, M, Hitt, R, Cohen, EEW, Schulten, J, Lefebvre, JL, et al. Induction Chemotherapy in Locally Advanced Squamous Cell Carcinoma of the Head and Neck: Role, Controversy, and Future Directions. Ann Oncol (2018) 1 29(5):1130–40. doi: 10.1093/annonc/mdy102

3. Cohen, EE, Karrison, TG, Kocherginsky, M, Mueller, J, Egan, R, Huang, CH, et al. Phase III Randomized Trial of Induction Chemotherapy in Patients With N2 or N3 Locally Advanced Head and Neck Cancer. J Clin Oncol (2014) 32(25):2735–43. doi: 10.1200/JCO.2013.54.6309

4. Albers, AE, Grabow, R, Qian, X, Jumah, MD, Hofmann, VM, Krannich, A, et al. Efficacy and Toxicity of Docetaxel Combination Chemotherapy for Advanced Squamous Cell Cancer of the Head and Neck. Mol Clin Oncol (2017) 7(1):151. doi: 10.3892/mco.2017.1281

5. Rapidis, A, Sarlis, N, Lefebvre, JL, and Kies, M. Docetaxel in the Treatment of Squamous Cell Carcinoma of the Head and Neck. Ther Clin Risk Manage (2008) 4(5):865 – 86. doi: 10.2147/TCRM.S3133

6. Jin, T, Qin, WF, Jiang, F, Jin, QF, Wei, QC, Jia, YS, et al. Cisplatin and Fluorouracil Induction Chemotherapy With or Without Docetaxel in Locoregionally Advanced Nasopharyngeal Carcinoma. Transl Oncol (2019) 12(4):633–9. doi: 10.1016/j.tranon.2019.01.002

7. Peng, H, Chen, L, Zhang, Y, Li, WF, Mao, YP, Liu, X, et al. The Tumour Response to Induction Chemotherapy has Prognostic Value for Long-Term Survival Outcomes After Intensity-Modulated Radiation Therapy in Nasopharyngeal Carcinoma. Sci Rep (2016) 6:24835. doi: 10.1038/srep24835

8. Hsieh, CY, Lein, MY, Yang, SN, Wang, YC, Lin, YJ, Lin, CY, et al. Dose-Dense TPF Induction Chemotherapy for Locally Advanced Head and Neck Cancer: A Phase II Study. BMC cancer (2020) 20(1):1–9. doi: 10.1186/s12885-020-07347-6

9. Matoba, T, Ijichi, K, Yanagi, T, Kabaya, K, Kawakita, D, Beppu, S, et al. Chemo-Selection With Docetaxel, Cisplatin and 5-Fluorouracil (TPF) Regimen Followed by Radiation Therapy or Surgery for Pharyngeal and Laryngeal Carcinoma. Japanese J Clin Oncol (2017) 47(11):1031–7. doi: 10.1093/jjco/hyx115

10. Driessen, CM, de Boer, JP, Gelderblom, H, Rasch, CR, de Jong, MA, Verbist, BM, et al. Induction Chemotherapy With Docetaxel/Cisplatin/5-Fluorouracil Followed by Randomization to Two Cisplatin-Based Concomitant Chemoradiotherapy Schedules in Patients With Locally Advanced Head and Neck Cancer (CONDOR Study) (Dutch Head and Neck Society 08-01): A Randomized Phase II Study. Eur J Cancer (2016) 52:77–84. doi: 10.1016/j.ejca.2015.09.024

11. Cosway, B, Paleri, V, and Wilson, J. Biomarkers Predicting Chemotherapy Response in Head and Neck Squamous Cell Carcinoma: A Review. J Laryngol Otol (2015) 129(11):1046–52. doi: 10.1017/S0022215115002479

12. Eisenhauer, EA, Therasse, P, Bogaerts, J, Schwartz, LH, Sargent, D, Ford, R, et al. New Response Evaluation Criteria in Solid Tumours: Revised RECIST Guideline (Version 1.1). Eur J Cancer (2009) 45(2):228–47. doi: 10.1016/j.ejca.2008.10.026

13. Zhong, Q, Fang, J, Huang, Z, Yang, Y, Lian, M, Liu, H, et al. A Response Prediction Model for Taxane, Cisplatin, and 5-Fluorouracil Chemotherapy in Hypopharyngeal Carcinoma. Sci Rep (2018) 8(1):1–8. doi: 10.1038/s41598-018-31027-y

14. Hasegawa, Y, Goto, M, Hanai, N, Ozawa, T, and Hirakawa, H. Predictive Biomarkers for Combined Chemotherapy With 5-Fluorouracil and Cisplatin in Oro- and Hypopharyngeal Cancers. Mol Clin Oncol (2018) 8(2):378–86. doi: 10.3892/mco.2017.1521

15. Yang, G, Fang, J, Shi, Q, Wang, R, Lian, M, Ma, H, et al. Screening of Molecular Markers of Induced Chemotherapy in Supraglottic Laryngeal Squamouscell Carcinoma. World J Otorhinolaryngol Head Neck Surg (2020) 6(1):34–40. doi: 10.1016/j.wjorl.2019.05.001

16. Noman, A, Parag, RR, Rashid, MI, Rahman, MZ, Chowdhury, AA, Sultana, A, et al. Widespread Expression of Sonic Hedgehog (Shh) and Nrf2 in Patients Treated With Cisplatin Predicts Outcome in Resected Tumors and are Potential Therapeutic Targets for HPV-Negative Head and Neck Cancer. Ther Adv Med Oncol (2020) 12:1758835920911229. doi: 10.1177/1758835920911229

17. Tomasetti, C, Li, L, and Vogelstein, B. Stem Cell Divisions, Somatic Mutations, Cancer Etiology, and Cancer Prevention. Science (2017) 24 355(6331):1330–4. doi: 10.1126/science.aaf9011

18. White, AC, and Lowry, WE. Refining the Role for Adult Stem Cells as Cancer Cells of Origin. Trends Cell Biol (2015) 25(1):11–20. doi: 10.1016/j.tcb.2014.08.008

19. Guasch, G, Schober, M, Pasolli, HA, Conn, EB, Polak, L, and Fuchs, E. Loss of TGFbeta Signaling Destabilizes Homeostasis and Promotes Squamous Cell Carcinomas in Stratified Epithelia. Cancer Cell (2007) 12(4):313–27. doi: 10.1016/j.ccr.2007.08.020

20. Nik, AM, Reyahi, A, Pontén, F, and Carlsson, P. Foxf2 in Intestinal Fibroblasts Reduces Numbers of Lgr5(+) Stem Cells and Adenoma Formation by Inhibiting Wnt Signaling. Gastroenterology (2013) 144(5):1001–11. doi: 10.1053/j.gastro.2013.01.045

21. Guo, M, Peng, Y, Gao, A, Du, C, and Herman, JG. Epigenetic Heterogeneity in Cancer. biomark Res (2019) 7:23. doi: 10.1186/s40364-019-0174-y

22. Nguyen, A, Yoshida, M, Goodarzi, H, and Tavazoie, SF. Highly Variable Cancer Subpopulations That Exhibit Enhanced Transcriptome Variability and Metastatic Fitness. Nat Commun (2016) 3 7:11246. doi: 10.1038/ncomms11246

23. Lugano, R, Ramachandran, M, and Dimberg, A. Tumor Angiogenesis: Causes, Consequences, Challenges and Opportunities. Cell Mol Life Sci (2020) 77(9):1745–70. doi: 10.1007/s00018-019-03351-7

24. Dentro, SC, Leshchiner, I, Haase, K, Tarabichi, M, Wintersinger, J, Deshwar, AG, et al. Characterizing Genetic Intra-Tumor Heterogeneity Across 2,658 Human Cancer Genomes. Cell (2021) 15 184(8):2239–54.e39. doi: 10.1016/j.cell.2021.03.009

25. Marusyk, A, Tabassum, DP, Altrock, PM, Almendro, V, Michor, F, and Polyak, K. Non-Cell-Autonomous Driving of Tumour Growth Supports Sub-Clonal Heterogeneity. Nature (2014) 514:54–8. doi: 10.1038/nature13556

26. Gallaher, JA, Enriquez-Navas, PM, Luddy, KA, Gatenby, RA, and Anderson, ARA. Spatial Heterogeneity and Evolutionary Dynamics Modulate Time to Recurrence in Continuous and Adaptive Cancer Therapies. Cancer Res (2018) 78:2127–39. doi: 10.1158/0008-5472.CAN-17-2649

27. Yuan, Y. Spatial Heterogeneity in the Tumor Microenvironment. Cold Spring Harb Perspect Med (2016) 6:a026583. doi: 10.1101/cshperspect.a026583

28. Loponte, S, Lovisa, S, Deem, AK, Carugo, A, and Viale, A. The Many Facets of Tumor Heterogeneity: Is Metabolism Lagging Behind? Cancers (Basel) (2019) 11(10):1574. doi: 10.3390/cancers11101574

29. Wang, Y, Yue, C, Fang, J, Gong, L, Lian, M, Wang, R, et al. Transcobalamin I: A Novel Prognostic Biomarker of Neoadjuvant Chemotherapy in Locally Advanced Hypopharyngeal Squamous Cell Cancers. Onco Targets Ther (2018) 11:4253–61. doi: 10.2147/OTT.S166514

30. Lee, JK, Lee, KH, Kim, SA, Kweon, SS, Cho, SH, Shim, HJ, et al. P16 as a Prognostic Factor for the Response to Induction Chemotherapy in Advanced Hypopharyngeal Squamous Cell Carcinoma. Oncol Lett (2018) 15(5):6571–7. doi: 10.3892/ol.2018.8138

31. Karpathiou, G, Giroult, JB, Forest, F, Fournel, P, Monaya, A, Froudarakis, M, et al. Clinical and Histologic Predictive Factors of Response to Induction Chemotherapy in Head and Neck Squamous Cell Carcinoma. Am J Clin Pathol (2016) 146(5):546–53. doi: 10.1093/ajcp/aqw145

32. Ladányi, A, Kapuvári, B, Papp, E, Tóth, E, Lövey, J, Horváth, K, et al. Local Immune Parameters as Potential Predictive Markers in Head and Neck Squamous Cell Carcinoma Patients Receiving Induction Chemotherapy and Cetuximab. Head Neck (2019) 41(5):1237–45. doi: 10.1002/hed.25546

33. Takenobu, M, Osaki, M, Fujiwara, K, Fukuhara, T, Kitano, H, Kugoh, H, et al. PITX1 is a Novel Predictor of the Response to Chemotherapy in Head and Neck Squamous Cell Carcinoma. Mol Clin Oncol (2016) 5(1):89–94. doi: 10.3892/mco.2016.880

34. Zhang, Z, Zhou, Z, Zhang, M, Gross, N, Gong, L, Zhang, S, et al. High Notch1 Expression Affects Chemosensitivity of Head and Neck Squamous Cell Carcinoma to Paclitaxel and Cisplatin Treatment. BioMed Pharmacother (2019) 118 109306. doi: 10.1016/j.biopha.2019.109306

35. Altuntaş, OM, Süslü, N, Güler Tezel, YG, Tatlı Doğan, H, and Yılmaz, T. Lysyl Oxidase Like-4 (LOXL4) as a Tumor Marker and Prognosticator in Advanced Stage Laryngeal Cancer. Braz J Otorhinolaryngol (2021), S1808–8694(21)00054-9. doi: 10.1016/j.bjorl.2021.02.009

36. Miller, AB, Hoogstraten, B, Staquet, M, and Winkler, A. Reporting Results of Cancer Treatment. Cancer (1981) 47:207–14. doi: 10.1002/1097-0142(19810101)47:1

37. Young, H, Baum, R, Cremerius, U, Herholz, K, Hoekstra, O, Lammertsma, AA, et al. Measurement of Clinical and Subclinical Tumour Response Using [18F]-Fluorodeoxyglucose and Positron Emission Tomography: Review and 1999 EORTC Recommendations. European Organization for Research and Treatment of Cancer (EORTC) PET Study Group. Eur J Cancer (1999) 35:1773–82. doi: 10.1016/s0959-8049(99)00229-4

38. Therasse, P, Arbuck, SG, Eisenhauer, EA, Wanders, J, Kaplan, RS, Rubinstein, L, et al. New Guidelines to Evaluate the Response to Treatment in Solid Tumors. European Organization for Research and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of Canada. J Natl Cancer Inst (2000) 92:205–16. doi: 10.1093/jnci/92.3.205

39. Shankar, LK, Hoffman, JM, Bacharach, S, Graham, MM, Karp, J, Lammertsma, AA, et al. Consensus Recommendations for the Use of 18F-FDG PET as an Indicator of Therapeutic Response in Patients in National Cancer Institute Trials. J Nucl Med (2006) 47:1059–66.

40. Wahl, RL, Jacene, H, Kasamon, Y, and Lodge, MA. From RECIST to PERCIST: Evolving Considerations for PET Response Criteria in Solid Tumors. J Nucl Med (2009) 50 Suppl 1:122S–50S. doi: 10.2967/jnumed.108.057307

41. Gavid, M, Prevot-Bitot, N, Timoschenko, A, Gallet, P, Martin, C, and Prades, JM. [18f]-FDG PET-CT Prediction of Response to Induction Chemotherapy in Head and Neck Squamous Cell Carcinoma: Preliminary Findings. Eur Ann Otorhinolaryngol Head Neck Dis (2015) 132(1):3–7. doi: 10.1016/j.anorl.2014.01.009

42. Šedienė, S, Kulakienė, I, Rudžianskas, V, and Ambrazienė, R. The Role of 18-Fluoro-2-Deoxy-Glucose Positron Emission Tomography/Computed Tomography as Response and Prognosis Predictive Factor of Concurrent Chemoradiotherapy After Induction Chemotherapy in Head and Neck Squamous Cell Carcinoma: A Prospective Study. Medicina (Kaunas) (2018) 54(2):1–7. doi: 10.3390/medicina54020031

43. Semrau, S, Haderlein, M, Schmidt, D, Lell, M, Wolf, W, Waldfahrer, F, et al. Single-Cycle Induction Chemotherapy Followed by Chemoradiotherapy or Surgery in Patients With Head and Neck Cancer: What are the Best Predictors of Remission and Prognosis? Cancer (2015) 121(8):1214–22. doi: 10.1002/cncr.29188

44. Wichmann, G, Krüger, A, Boehm, A, Kolb, M, Hofer, M, Fischer, M, et al. Induction Chemotherapy Followed by Radiotherapy for Larynx Preservation in Advanced Laryngeal and Hypopharyngeal Cancer: Outcome Prediction After One Cycle Induction Chemotherapy by a Score Based on Clinical Evaluation, Computed Tomography-Based Volumetry and 18F-FDG-PET/Ct. Eur J Cancer (2017) 72:144–55. doi: 10.1016/j.ejca.2016.11.013

45. Bernstein, JM, Kershaw, LE, Withey, SB, Lowe, NM, Homer, JJ, Slevin, NJ, et al. Tumor Plasma Flow Determined by Dynamic Contrast-Enhanced MRI Predicts Response to Induction Chemotherapy in Head and Neck Cancer. Oral Oncol (2015) 51(5):508–13. doi: 10.1016/j.oraloncology.2015.01.013

46. Ryoo, I, Kim, JH, Choi, SH, Sohn, CH, and Kim, SC. Squamous Cell Carcinoma of the Head and Neck: Comparison of Diffusion-Weighted MRI at B-Values of 1,000 and 2,000 s/Mm(2) to Predict Response to Induction Chemotherapy. Magn Reson Med Sci (2015) 14(4):337–45. doi: 10.2463/mrms.2015-0003

47. Zhang, MH, Cao, D, and Ginat, DT. Radiomic Model Predicts Lymph Node Response to Induction Chemotherapy in Locally Advanced Head and Neck Cancer. Diagnostics (Basel) (2021) 11(4):588. doi: 10.3390/diagnostics11040588

48. Wang, TY, Chen, WM, Yang, LY, Chen, CY, Chou, WC, Chen, YY, et al. Score of Liver Ultrasonography Predicts Treatment-Related Severe Neutropenia and Neutropenic Fever in Induction Chemotherapy With Docetaxel for Locally Advanced Head and Neck Cancer Patients With Normal Serum Transamines. Support Care Cancer (2016) 24(11):4697–703. doi: 10.1007/s00520-016-3318-8

49. de Bree, R, Wolf, GT, de Keizer, B, Nixon, IJ, Hartl, DM, Forastiere, AA, et al. Response Assessment After Induction Chemotherapy for Head and Neck Squamous Cell Carcinoma: From Physical Examination to Modern Imaging Techniques and Beyond. Head Neck (2017) 39(11):2329–49. doi: 10.1002/hed.24883

50. Liu, Z, Li, Z, Qu, J, Zhang, R, Zhou, X, Li, L, et al. Radiomics of Multiparametric MRI for Pretreatment Prediction of Pathologic Complete Response to Neoadjuvant Chemotherapy in Breast Cancer: A Multicenter Study. Clin Cancer Res (2019) 25(12):3538–47. doi: 10.1158/1078-0432.CCR-18-3190

51. van Timmeren, JE, Cester, D, Tanadini-Lang, S, Alkadhi, H, and Baessler, B. Radiomics in Medical Imaging-"How-to" Guide and Critical Reflection. Insights Imaging (2020) 11(1):91. doi: 10.1186/s13244-020-00887-2

52. Sánchez-Canteli, M, Juesas, L, Redin, E, Calvo, A, López, F, Astudillo, A, et al. Immune Cell Infiltrates and Neutrophil-To-Lymphocyte Ratio in Relation to Response to Chemotherapy and Prognosis in Laryngeal and Hypopharyngeal Squamous Cell Carcinomas. Cancers (2021) 13(9):2079. doi: 10.3390/cancers13092079

53. Sun, W, Huang, JQ, Chen, L, and Wen, WP. Peripheral Inflammation Markers of Chemosensitivity to Induction Chemotherapy in Hypopharyngeal Cancer Patients. ORL J Otorhinolaryngol Relat Spec (2019) 81(2-3):82–91. doi: 10.1159/000499474

54. Sun, W, Chen, L, Huang, JQ, Li, J, Zhu, XL, Wen, YH, et al. Dynamic Changes in Chemosensitivity Immune Predictors in Patients With Hypopharyngeal Cancer Treated With Induction Chemotherapy. Head Neck (2019) 41(7):2380–8. doi: 10.1002/hed.25699

55. Inhestern, J, Oertel, K, Stemmann, V, Schmalenberg, H, Dietz, A, Rotter, N, et al. Prognostic Role of Circulating Tumor Cells During Induction Chemotherapy Followed by Curative Surgery Combined With Postoperative Radiotherapy in Patients With Locally Advanced Oral and Oropharyngeal Squamous Cell Cancer. PloS One (2015) 10(7):e0132901. doi: 10.1371/journal.pone.0132901

56. Zhao, TC, Liang, SY, Ju, WT, Liu, Y, Tan, YR, Zhu, DW, et al. Normal BMI Predicts the Survival Benefits of Inductive Docetaxel, Cisplatin, and 5-Fluorouracil in Patients With Locally Advanced Oral Squamous Cell Carcinoma. Clin Nutr (2020) 39(9):2751–8. doi: 10.1016/j.clnu.2019.11.037

57. Su, YY, Chien, CY, Luo, SD, Huang, TL, Lin, WC, Fang, FM, et al. Betel Nut Chewing History is an Independent Prognosticator for Smoking Patients With Locally Advanced Stage IV Head and Neck Squamous Cell Carcinoma Receiving Induction Chemotherapy With Docetaxel, Cisplatin, and Fluorouracil. World J Surg Oncol (2016) 14:86. doi: 10.1186/s12957-016-0844-2

58. Ferrari, D, Ghi, MG, Franzese, C, Codeca, C, Gau, M, and Fayette, J. The Slippery Role of Induction Chemotherapy in Head and Neck Cancer: Myth and Reality. Front Oncol (2020) 10:7. doi: 10.3389/fonc.2020.00007

59. Karabajakian, A, Gau, M, Reverdy, T, Neidhardt, EM, and Fayette, J. Induction Chemotherapy in Head and Neck Squamous Cell Carcinoma: A Question of Belief. Cancers (2018) 11(1):15. doi: 10.3390/cancers11010015

60. Jiang, Y, Chen, K, Yang, J, Liang, Z, Qu, S, Li, L, et al. Optimize the Number of Cycles of Induction Chemotherapy for Locoregionally Advanced Nasopharyngeal Carcinoma: A Propensity Score Matching Analysis. J Cancer (2022) 13(2):426–35. doi: 10.7150/jca.65315

61. Fayette, J, Fontaine-Delaruelle, C, Ambrun, A, Daveau, C, Poupart, M, Ramade, A, et al. (Docetaxel, Cisplatin, Fluorouracil) for Patients Unfit to Standard TPF in Locally Advanced Head and Neck Squamous Cell Carcinoma: A Study of 48 Patients. Oncotarget (2016) 7(24):37297–304. doi: 10.18632/oncotarget.8934

62.. Available at: https://evs.nci.nih.gov/ftp1/CTCAE/About.html.

63. De Marchi, P, Melendez, ME, Laus, AC, Kuhlmann, PA, de Carvalho, AC, Arantes, L, et al. The Role of Single-Nucleotide Polymorphism (SNPs) in Toxicity of Induction Chemotherapy Based on Cisplatin and Paclitaxel in Patients With Advanced Head and Neck Cancer. Oral Oncol (2019) 98:48–52. doi: 10.1016/j.oraloncology.2019.09.013

64. Bernadach, M, Lapeyre, M, Dillies, AF, Miroir, J, Moreau, J, Kwiatkowski, F, et al. Toxicité De La Chimiothérapie D’induction Par Docétaxel, Platine, 5-Fluorouracile (TPF) Pour Les Cancers Des Voies Aérodigestives Supérieures Localement Évolués En Routine Clinique : Importance Du Statut Nutritionnel [Toxicity of Docetaxel, Platine, 5-Fluorouracil-Based Induction Chemotherapy for Locally Advanced Head and Neck Cancer: The Importance of Nutritional Status]. Cancer Radiother (2019) 23(4):273–80. doi: 10.1016/j.canrad.2018.08.003

65. Shimanuki, M, Imanishi, Y, Sato, Y, Nakahara, N, Totsuka, D, Sato, E, et al. Pretreatment Monocyte Counts and Neutrophil Counts Predict the Risk for Febrile Neutropenia in Patients Undergoing TPF Chemotherapy for Head and Neck Squamous Cell Carcinoma. Oncotarget (2018) 9(27):18970–84. doi: 10.18632/oncotarget.24863

66. Nakano, K, Seto, A, Sasaki, T, Shimbashi, W, Fukushima, H, Yonekawa, H, et al. Predictive Factors for Completion of TPF Induction Chemotherapy in Patients With Locally Advanced Head and Neck Cancer. Anticancer Res (2019) 39(8):4337–42. doi: 10.21873/anticanres.13601

67. Mikoshiba, T, Ozawa, H, Saito, S, Ikari, Y, Nakahara, N, Ito, F, et al. Usefulness of Hematological Inflammatory Markers in Predicting Severe Side-Effects From Induction Chemotherapy in Head and Neck Cancer Patients. Anticancer Res (2019) 39(6):3059–65. doi: 10.21873/anticanres.13440

68. Brünner, N, Holten-Andersen, M, Sweep, F, Foekens, J, Schmitt, M, and Duffy, MJ. New Tumor Biomarkers. In:  SS Daoud, editor. Cancer Proteomics. Cancer Drug Discovery and Development. Humana Press, Totowa, NJ, USA. (2008). doi: 10.1007/978-1-59745-169-7_9

69. Sox, HC, Greenfield, S, Cassel, CK, Dickersin, K, Garber, A, Gatsonis, C, et al Institute of Medicine. In: Initial National Priorities for Comparative Effectiveness Research. Washington, DC: The National Academies Press. doi: 10.17226/12648

70. Economopoulou, P, de Bree, R, Kotsantis, I, and Psyrri, A. Diagnostic Tumor Markers in Head and Neck Squamous Cell Carcinoma (HNSCC) in the Clinical Setting. Front Oncol (2019) 29 9:827. doi: 10.3389/fonc.2019.00827

71. McShane, LM, and Hayes, DF. Publication of Tumor Marker Research Results: The Necessity for Complete and Transparent Reporting. J Clin Oncol (2012) 30(34):4223–32. doi: 10.1200/JCO.2012.42.6858

72. Henry, NL, and Hayes, DF. Uses and Abuses of Tumor Markers in the Diagnosis, Monitoring, and Treatment of Primary and Metastatic Breast Cancer. Oncologist (2006) 11:541–52. doi: 10.1634/theoncologist.11-6-541

73. Lin, C, Song, W, Bi, X, Zhao, J, Huang, Z, Li, Z, et al. Recent Advances in the ARID Family: Focusing on Roles in Human Cancer. Onco Targets Ther (2014) 7:315–24. doi: 10.2147/OTT.S57023

74. Yang, S, Ji, Q, Chang, B, Wang, Y, Zhu, Y, Li, D, et al. STC2 Promotes Head and Neck Squamous Cell Carcinoma Metastasis Through Modulating the PI3K/AKT/Snail Signaling. Oncotarget (2017) 8(4):5976–91. doi: 10.18632/oncotarget.13355

75. Lin, C, Sun, L, Huang, S, Weng, X, and Wu, Z. STC2 Is a Potential Prognostic Biomarker for Pancreatic Cancer and Promotes Migration and Invasion by Inducing Epithelial-Mesenchymal Transition. BioMed Res Int (2019) 2019:8042489. doi: 10.1155/2019/8042489

76. Ha, H, Debnath, B, and Neamati, N. Role of the CXCL8-CXCR1/2 Axis in Cancer and Inflammatory Diseases. Theranostics (2017) 7(6):1543–88. doi: 10.7150/thno.15625

77. Fu, Y, Ding, L, Yang, X, Ding, Z, Huang, X, Zhang, L, et al. Asparagine Synthetase-Mediated L-Asparagine Metabolism Disorder Promotes the Perineural Invasion of Oral Squamous Cell Carcinoma. Front Oncol (2021) 11:637226. doi: 10.3389/fonc.2021.637226

78. Ghias, K, Rehmani, SS, Razzak, SA, Madhani, S, Azim, MK, Ahmed, R, et al. Mutational Landscape of Head and Neck Squamous Cell Carcinomas in a South Asian Population. Genet Mol Biol (2019) 4242(3):526–42. doi: 10.1590/1678-4685-GMB-2018-0005




Conflict of Interest: The authors declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Boguszewicz. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-12-900903-g001.jpg
265 articles reviewed by title screening

67 articles were excluded

- 14 were duplicates

- 11 esophagus cancer studies

- 10 lung cancer studies

- 9 metastatic or recurrent cancer studies
- 6 were review articles

- 4 breast cancer studies

- 2 lupus nephritis studies

- 2 leukemia studies

- 2 pancreatic cancer studies

- 1 ewing sarcoma study

- 1 colorectal cancer study

- 1 crohn disease study

- 1 peripheral neuropathy study
- 1 ovarian cancer study

- 1 cystic carcinoma study

- 1 neuroblastoma study

198 articles reviewed by abstract

127 articles were excluded

- 76 were articles on different subject

- 25 prediction of overall survival

- 20 were articles on prediction of CHRT response
- 3 were non-human studies

- 1 prediction of hearing loss

- 1 commentary article

- 1 breast cancer

71 articles reviewed by full text

41 articles were excluded
- 23 prediction of overall survival

- 11 were articles on prediction of CHRT response
- 6 articles where patients not received induction chemotherapy
- 1 non-human study

30 eligible articles published since January 2015 were included






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Predictive Biomarkers for Response and Toxicity of Induction Chemotherapy in Head and Neck Cancers

      

        		

          1 Introduction

        



        		

          2 Methods

        

          		

            2.1 Search Strategy and Data Extraction

          



        



        



        		

          3 Results

        

          		

            3.1 Identification of Prognostic Factors for Response to iCHT Treatment

          

            		

              3.1.1 Genes

            



            		

              3.1.2 Proteins

            



            		

              3.1.3 Diagnostic Imaging

            



            		

              3.1.4 Clinicopathological Parameters

            



            		

              3.1.5 Demographic and Social Factors

            



          



          



          		

            3.2 Identification of Prognostic Factors for Toxicity of Induction Chemotherapy

          

            		

              3.2.1 Genes

            



            		

              3.2.2 Diagnostic Imaging

            



            		

              3.2.3 Clinicopathological Parameters

            



          



          



        



        



        		

          4 Discussion

        



        		

          5 Summary

        



        		

          Author Contributions

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Ref. Protein Protein name RS N-RS Tumor localization No. of Assessment of iCHT
patients response

(29) TCN1 Transcobalamin | 1 Hypopharynx (n = 102) 102 Responders (n = 75):
CR +PR.
Non-responders (n = 27):
SD + PD.

(30) p16 p16 Hypopharynx (n = 45) 45 Responders

p53 p53 (n=17): CRor (n=41):

CR +PR.
Non-responders
(n = 28): Non-CR or (n = 4):

Non-CR + PR.
(31) p16 p16 Oropharynx (n = 33) 81 Responders* (n = 50):
p53 p53 Hypopharynx (n = 37) >80% decrease of initial
Larynx (n = 11) tumor size.

Non-responders (n = 31):
<80% decrease of initial

tumor size.

(32) p16 p16 Oropharynx (n = 19) 47" Responders (n = 33): PR.
Hypopharynx (n = 15) Non-responders (n = 14):
Larynx (n = 6) SD + PD.
Oral cavity (n = 10)

(33) PITX1 pituitary homeobox 1 12 Larynx (n = 21), 47 CR* (n=6), PR (n =21),

p53 p53 Hypopharynx (n = 16) SD + PD (n =20)

Oropharynx (n = 5),
Oral (n=5)

(34) Notch1  single-pass transmembrane protein encoded by the T Larynx (n = 41) 72 Responders* (n = 40):

NOTCH gene Hypopharynx (n = 13) CR + PR.

Oropharynx (n = 8) Non-responders (n = 32):
Tongue, gingiva, nasal sinuses SD + PD.
(n=8)

(35) LOXL4  lysyl oxidase-like 4 No data® 25 Responders (n = 21):
>50% reduction in tumor
diameter.
Non-responders (n = 4):
<50% reduction in tumor
diameter.

(15) MAPK10 mitogen-activated protein kinase 10 1 Larynx (n = 57) 57 Responders* (n = 21):

c-Jun c-Jun 1 CR + PR.
ltgab integrin alpha-6 1 Non-responders (n = 36):
SD + PD.

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. *Response to iCHT assessed using RECIST guidelines.

"Response to induction chemotherapy was available in 47 of 50 patients. RS - responders, N-RS - non-responders.

2PITX1 was higher in CR compared to SD + PD, no differences in PR were observed.

3Clinical characteristic was given for the entire study group, while patients treated with induction chemotherapy constituted a small subset. 1 higher value predicts better (when in RS
column) or worse (when in N-RS column) response.
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(31)

(52)

(53)

(54)

(55)

(56)
(13)

(14)

(46)

(57)

Parameter

Localization
SR

HTT

LHR

NC

LC

NLR

PLR
WPOI
B-G risk
CD8
CD16
CD20
CD68
CD134
CD137
DC-LAMP

FOXP3
MPO

NKp46
PD-1

NC

Lc

NLR

cbs
FOXP3
cDe/
FOXp3
PD-L1 TPS

PD-L1
CPS
NLR/PD-L1
CPS
NC

PC

LC

MC
PLR
NLR
CDh4
cb8
Tregs
NK cells
CTCs

BMI
TNM

2—!

-

Definition

Primary tumor localization
Stromal reaction

Histologic type of tumor
Lymphocytic host response
Neutrophil count
Lymphocyte count
Neutrophil to lymphocyte ratio
Platelet to lymphocyte ratio
Worst pattern of invasion
Brandwein-Gensler risk

CD8 T lymphocytes

Fey receptor Il

CD20 B cells

CD68 macrophages

CD134 T lymphocytes
CD137 T lymphocytes
DC-LAMP mature dendritic
cells

FOXP3 lymphocytes
myeloperoxidase+ neutrophil
granulocytes

NKp46 natural killer cells
PD-1 lymphocytes
Neutrophil count
Lymphocyte count
Neutrophil to lymphocyte ratio
CD8 T lymphocytes

FOXP3 lymphocytes

Programmed cell death ligand
1 tumor proportion score

Programmed cell death ligand
1 combined proportion score

Neutrophil count

Platelet count

Lymphocyte count
Monocyte count

Platelet to lymphocyte ratio
Neutrophil to lymphocyte ratio
CD4 T lymphocytes

CD8 T lymphocytes
Regulatory T cells

Natural killer cells

Tumor circulating cells

Body mass index
Clinical stage

Primary tumor stage

Nodal stage

Primary tumor stage
Tumor volume in cm3

Primary tumor stage
Nodal stage

RS N-RS Tumor localization

7

1

- oo

Oropharynx (n = 33)
Hypopharynx (n = 37)
Larynx (n = 11)

Oropharynx (n = 19)
Hypopharynx (n = 15)
Larynx (n = 6)

Oral cavity (n = 10)

Larynx (n = 36)
Hypopharynx (n = 28)

Hypopharynx (n = 72)

Hypopharynx (n = 40)

Oropharynx (n = 40)

Hypopharynx (n = 29)

Oropharynx (n = 30)
Hypopharynx (n = 34)

Oral cavity (n = 8)
Oropharynx (n = 10)
Nasopharynx (n = 5)
Larynx, Maxillary
sinus (n = 2)
Hypopharynx (n = 19)
Oropharynx (n = 60)
Oral cavity (n = 62)
Larynx (n = 17),
Unknown (n = 4)

No. of

patients

81

35-40°

64

72

40

40

109

25

162

Assessment of iCHT response

Responders* (n = 50):

>80% decrease of initial tumor size.
Non-responders (n = 31):

<80% decrease of initial tumor size.

Responders (n = 33):

PR.

Non-responders (n = 14):
SD + PD.

Responders* (n = 26):

>50% decrease in the larger dimension of the primary tumor.
Non-responders (n = 38):

<50% decrease in the larger dimension of the primary tumor.

Responders* (n = 52):
CR +PR.
Non-responders (n = 20):
SD + PD.

Responders* (n = 26):

CR + PR.

Non-responders (n = 14):

SD + PD.

Responders* (n = 8):

CR.

Non-responders (n = 32):

Non-CR.

No data

Responders* (n = 16):

tumor volume decreased approx. 70%.
Non-responders (n = 13):

tumor volume decreased less than approx. 25%.Tumor volume
decreased between 25 and 75% was excluded from the study.
Responders* (n = 21:

CR.

Non-responders (n = 43):

other.

Responders* (n = 13):C

R+ PR.

Non-responders (n = 12):

8D + PD.

Responders* (n = 99):
CR +PR.
Non-responders (n = 63):
SD + PD.

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. RS - responders, N-RS - non-responders.

"Responders were mostly patients with hypopharynx cancer.

2Number of biopsy samples with sufficient amount of tumor tissue was lower than the number of patients.
*Response to iICHT assessed using RECIST guidelines. 1 higher value predicts better (when in RS column) or worse (when in N-RS column) response.
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zation patients response
(41)  SUVmax reduction after Reduction of maximum standardized uptake value (FDG Piriform sinus 21 Responders (n = 13):
one iCHT cycle PET) n=15) tumor volume decreased
Oropharynx (n >70%.
=6) Non-responders (n = 8):
tumor volume decreased
<70%.
(42)  SUVmax Maximum standardized uptake value (FDG PET) Oropharynx 35 Responders (n = 22):
MTV Metabolic tumor volume (FDG PET) Hypopharynx CR + PR.
Oral cavity Non-responders (n = 13):
SD + PD.
(43) SUVmax Maximum standardized uptake value (FDG PET) Larynx 62 Responders* (n = 48):
preCT maximum axial tumor diameter (CT) tumor surface shrinkage
>30%.
Non-responders (n = 14):
tumor surface shrinkage
<30%.
(44)  SUVmax Maximum standardized uptake value (FDG PET) Larynx 49 Responders (n = 39):

SUVmean Mean standardized uptake value (FDG PET) Hypopharynx tumor surface shrinkage

MTV Metabolic tumor volume (FDG PET) >30%.

VT Volume of the primary tumor (CT) Non-responders (n = 10):

VN Volume of the lymph nodes (CT) tumor surface shrinkage

\ VT + VN (CT) <380%.

(45)  Tumor Fp Plasma flow in tumor (DCE-MRI) ¥ Tonsil 37 Responders* (n = 25):

Tumor PS Permeability-surface area product in tumor (DCE-MRI) (n=15) PR.

Tumor vp Plasma volume in tumor (DCE-MRI) Base of tongue Non-responders (n = 12):

Tumor ve Volume of extravascular extracellular space in tumor n=11) SD.

(DCE-MRI) Hypopharynx

Tumor K=" K™ in tumor (DCE-MRI) n=6)

Nodes Fp Plasma flow in lymph nodes (DCE-MRI) Oral tongue

Nodes PS Permeability-surface area product in lymph nodes (DCE- n=2)

MRI) Naspoharynx

Nodes vp Plasma volume in lymph nodes (DCE-MRI) n=2)

Nodes ve Volume of extravascular extracellular space in lymph Glottic larynx

nodes (DCE-MRI) n=1)

Nodes K K" in lymph nodes (DCE-MRI)

(46) Mean ADC Mean apparent diffusion coefficientin tumor (DW- MRI) 1 Oral cavity 25 Responders* (n = 13):

Kurtosis The degree of peakedness of ADC distribution in tumor n=8) CR + PR.

(DW-MRI) Oropharynx Non-responders (n = 12):

Skweness A measure of the degree of assymetry of ADC (n=10) SD + PD.

distribution in tumor (DW-MRI) Nasopharynx
(n=5)
Larynx(n = 1)
Maxillary sinus
(=1
(47)  MPI Minimum pixel intensity in lymph nodes (CT) No data 27 (41')  Responders (n = 20):

Skewness A measure of the degree of assymetry of intensity Reduction in lymph node

distribution in lymph nodes (CT) volume >66%.

LGRE Low Gray Level Run Emphasis in lymph nodes (CT) Non-responders (n = 21):
Reduction in lymph node
volume <66%.

(48) SLU Score of liver ultrasonography Oropharynx 47 Responders* (n = 25):
(n=16) CR+PR.
Hypopharynx Non-responders (n = 13):
(n=16) SD + PD.
Larynx 9 patients died before the
n=3) evaluation.
Oral cavity
n=12)

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. RS - responders, N-RS - non-responders.
'41 enlarged lymph nodes from 27 patients were studied.
*Response to iICHT assessed using RECIST guidelines.

1 higher value predicts better (when in RS column) or worse (when in N-RS column) response.
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Ref. Gene

(13 GATS

PRIC285
ARID3B

ASNS
CXCR1

FBN2
INMT

MYOM3
SLC27A5

STC2
TS
DPD

(14)

OPRT

™
MDR1

MRP1

COx2
EGFR

HER2
VEGF

Bel-2
Rb1

E2F1
GST-pi

ERCCH1

XPA
ENT1

B-tubulin
P53
Bel-xL

PIK3CA

PTEN
(15) MAPK10
c-Jun
ltga6
SHH
Nrf2

(16)

Gene name

stromal antigen 3 opposite
strand

helicase with zinc finger 2
AT-rich interaction domain
3B

asparagine synthetase
(glutaminehydrolyzing)
G-X-C motif chemokine
receptor 1

fibrillin

indolethylamine N-
methyltransferase
myomesin 3

solute carrier family 27
(fatty acid transporter),
member 5

stanniocalcin 2
thymidylate synthase
dihydropyrimidine
dehydrogenase

orotate
phosphoribosyltransferase
tymidine phosphorylase
multidrug resistance gene
1

multidrug resistance
—associated protein 1
cyclooxygenase-2
epidermal growth factor
receptor

human epidermal growth
factor receptor 2

vascular endothelial
growth factor

b-cell lymphoma 2

RB Transcriptional
Corepressor 1

E2F Transcription Factor 1
glutathione S-transferase
—pi

excision repair cross
—complementing 1
xeroderma pigmentosum
equilibrative nucleoside
transporter 1

B-tubulin

P53

b-cell lymphoma-extra
large

phosphoinositide 3-kinase
phosphatase and tensin
homolog
mitogen-activated protein
kinase 10

c-Jun

integrin alpha-6

sonic hedgehog

nuclear factor erythroid 2-
related factor 2

RS N-RS

Tumor No. of
localization patients

Assessment of iCHT response

Hypopharynx 29 Responders* (n = 16): Tumor volume decreasedapprox. 70%.

(n=29) Non-responders (n = 13): Tumor volume decreased less than approx.
25%.Tumor volume decreasedbetween 25 and 75% was excluded from the
study.

Oropharynx 64 Responders* (n = 21): CR.

(n=30) Non-responders (n = 43): other.

Hypopharynx

(n=34

Larynx 57 Responders* (n = 21): CR + PR.

(n=57) Non-responders (n = 36): SD + PD.

No data 53 Responders: CR.

Non-responders: other.

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease. RS - responders, N-RS - non-responders.

"Clinical characteristic was given for the entire study group, while patients treated with induction chemotherapy constituted a small subset.
*Response to iICHT assessed using RECIST guidelines.
thigher value predicts better (when in RS column) or worse (when in N-RS column) response.
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Predictive factor

58187710  SNP of ABCC2
gene

51801131 SNP of MTHFR
gene

53788007  SNP of ABCG1
gene

54148943  SNP of CHST3
gene

52301159 SNP of
SLC10A2 gene

52470890  SNP of CYP1A2
gene

SLU Score of liver
ultrasonography

sl Spleen index

Older age

Sex

BMI Body mass
index

Localization  Primary tumor
localization

T Primary tumor
stage

N Nodal stage

T+N

TNM Clinical disease
stage

ALT Anine
aminotransferase

ALB Albumin

AST Aspartate
transaminase

BUN Blood urea
nitrogen

cor Creatinine
clearance

CAR G-reactive
protein to
albumin ratio

CRP G-reactive
protein

Lc Lymphocyte
count

LDH Lactate
dehydrogenase

LMR Lymphocyte to
monocyte ratio

mGPS Modified
Glasgow
prognostic score

MG Monocyte count

NG Neutrophil count

PC Platelet count

NLR Neutrophil to
lymphocyte ratio

PLR Platelet to
lymphocyte ratio

WBC White blood
cells

Weight loss ~ Weight loss
before ICHT

General

condition

Diabetes

Tobacco/

Alcohol

Hepatopathy

Arterial

hypertension

Heart

disease

COPD Chronic:
abstructive
pulmonary
disease

Feeding Tube nutrition

tube

ns, non-significant; 1, higher value predicts increased toxicty; 41, higher value predicts lower toxicity; , reference.

Toxicity

Anemia Anorexia

164

ns (64)

ns (64)

ns (64)

ns (64)

ns (64)
ns (67)
167
ns (67)
1(67)
ns (67)
ns (67)
ns (67)
ns (67)

ns (64)

ns (64)

ns(64) ns(67)
ns (64)

ns (64)
ns (64)

ns(64) ns(67)

ns (64)

ns (64)

Febrile
neutropenia

131

ns (64, 65)
ns (64, 65)
ns (65)
ns (64, 65)
ns (64, 65)
ns (64, 65)
ns (64)
ns (65)
ns (65)

ns (65, 67)
ns (65)

ns (65)
ns (65)

1(67)

ns (65, 67)
ns (65)

ns (65)

ns (65)
167)

1t (65)

ns (67)

It (65)

ns (67)

ns (65, 67)
ns (65)

ns (65)

11 (65)

ns (67)

ns (64)

ns (64)

ns (64, 65,
67)

ns (64)

ns (64)
ns (64)

ns (64, 67)

ns (64)

ns (64, 65)

Gastrointestinal

toxicity

1(63)
1(69)
1(63)

1(63)

Hematological

toxicity

1(63)

1(63)

*Hypopharyngealllaryngeal primary tumor site was a negative prognostic factor for treatment completion.

Hyponatremia Infection Nephrotoxicity Neutropenia Thrombocytopenia Whole ~Treatment

ns (67)

1(67)

ns (67)

167

ns (67)
ns (67)

ns (67)

ns (67)

ns (67)

ns (67)

ns (64)
ns (64)
ns (64)
ns (64)

ns (64)
ns (64)

1(64)

ns (64)
ns (64)
ns (64)

ns (64)
ns (64)

ns (64)

ns (64)

ns (64)

ns (64)
ns (64)
ns (64)
ns (64)

ns (64)
ns (64)

ns (64)
ns (64)
ns (64)
ns (64)

ns (64)
ns (64)

ns (64)

ns (64)

ns (64)

1(48)

ns (48)

ns (48, 64)
ns (64)

ns (48)

ns (48, 64)
ns (64)

ns (64)

ns (64)
ns (48)

ns (48)

ns (48)

ns (48)
ns (48)

ns (48)
ns (64)
ns (64)
ns (64)
ns (64)

ns (64)
ns (64)

ns (64)

ns (64)

ns (64)

1(64)

ns (64)
ns (64)
ns (64)

ns (64)
1(64)

ns (64)
ns (64)
ns (64)
ns (64)

ns (64)
ns (64)

ns (64)

ns (64)

ns (64)

side
effects

ns (67)

1(67)

ns (67)

1(67)

ns (67)
ns (67)

ns (67)

ns (67)

ns (67)

ns (67)

completion

ns (66)
ns (66)
1 (66)
* (66)
ns (66)

ns (66)

ns (66)





