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The purpose of this article is two-fold: to help statisticians confronted with the design, implementation and analysis of clinical trials and new to the field of head and neck cancer; but also to sensitize research physicians with the role, the tasks and the challenges faced by the medical statisticians. These two purposes altogether will hopefully encourage and enable fluid communication between the research physician and the medical statistician and the understanding of each other's field and concerns. In particular, the methodological challenges resulting from the heterogeneity of the head and neck cancer, the complexity of the treatments and the associated comorbidities are presented with examples borrowed from medical literature and from the practical experience of the authors in this field.
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INTRODUCTION

Medical research and conduct of clinical trials is inconceivable today without statistical expertise. This is officially acknowledged in Europe since 1990 when the Committee for Proprietary Medicinal Products (CPMP) (1) adopted a Note for Guidance covering the subject of Good Clinical Practice (GCP). This note stated that “access to biostatistical expertise is necessary before and throughout the entire procedure, commencing with designing of the protocol and ending with completion of the final report.”

The purpose of this paper is two-fold: to help statisticians confronted with the design, implementation and analysis of clinical trials and new to the field of head and neck cancer; but also to sensitize research physicians with the role, the tasks and the challenges faced by the medical statisticians. These two purposes altogether will hopefully encourage and enable fluid communication between the research physician and the medical statistician and the understanding of each other's field and concerns.

According to the title of the paper, the first section explains what are the requirements to conduct a rigorous statistical analysis of a clinical trial: in particular the predefined analysis plan, the data, and the software. Then moving to the field of head and neck cancer, we will explain how the heterogeneity of the disease, the multimodality nature of treatments and the associated comorbidities influence the methods used to design and analyze clinical trials in this field. Key methodological and statistical concepts are explained and illustrated with examples borrowed from medical literature and from the practical experience of the authors.



WHAT MAKES A STATISTICAL ANALYSIS A GOOD STATISTICAL ANALYSIS?


Pre-defined Analysis Plan

Different statistical approaches can lead to different numerical results and hence influence the interpretation of the trial. The statistician will need to choose among the different possible statistical methods. The choice will depend on the nature of the data (e.g., continuous, binary, categorical, or time-to-event), the underlying assumptions about the statistical distribution (e.g., non-parametric, semi-parametric, or fully parametric), and the amount of data (e.g., asymptotic methods for large samples or exact methods for small samples). A demonstration of this, although based on observational data outside the medical field, is provided in the confronting article by Silberzahn et al. (2), which reports how different analytical methods can lead to different results. Lack of prespecification may affect the trial's validity by allowing the researchers to consciously or unconsciously select the analysis approach that provides the most favorable results. It is therefore important that these decisions are prespecified before seeing the trial data. This is why, and as stated in International Conference on Harmonization (ICH) E9 guideline (3), the study protocol must include the main features of the data analysis: definition of the analysis populations, timing of interim and final analyses, precise definition of the study endpoints, methods used for estimation, confidence intervals, and hypothesis testing; adjustment of significance and confidence levels; subgroup analyses. In addition, with the pre-specification of the analyses and more specifically of the hypotheses tests, the extent of multiplicity is clearly stated (multiple endpoints, multiple comparisons of treatments, repeated evaluations over time, interim analyses) and measures to control the risk of overall Type I error, i.e., of false positive findings, can be taken. Unplanned analyses are sometimes conducted. For example, when new questions based on the observed data emerge or when heterogeneity of the treatment effect across subgroups of patients needs to be assessed. When reporting and publishing the results of a clinical study, as stated in Consolidated Standards of Reporting Trials (CONSORT) guidelines (4), results from these post-hoc analyses have to be clearly distinguished from the results of the preplanned analyses. As the former cannot lead to firm conclusions, they are solely considered as exploratory and hypothesis generating. To ensure the completeness and the appropriateness of the written statistical analysis plan, a second statistician should ideally validate it.



The Clinical Data

Accuracy, consistency, completeness and reliability of the clinical data is obviously critical for the analysis and interpretation of the study. Data management processing involves several steps and usually a high number of actors. The design of the case report forms and the clinical database are developed by the central data manager. The reporting of each patient data is done by the investigators from source documents. The interactions between the local investigators and the central data manager allows the verification and correction of the data and the traceability of the data flow. Principles established in GCP (5) and the sponsor's standard operating procedures should constitute a safeguard against poor data management.



Computer Software Validity

Based on the statistical analysis plan, the statistician will process the data statistically. He/she will produce a descriptive analysis in the form of tables and graphical displays and an inferential analysis consisting of estimated effect sizes, their precision (such as 95% confidence interval) and significance (p-values). The credibility of the numerical results of the analysis depends on the quality and validity of the softwares used, either externally or internally written (3). A validated software and programming language, such as used in the Statistical Analysis System (SAS®, Cary NC, USA) should be used to produce the statistical analysis outputs. The study statistician should develop the statistical analysis programs specific to his/her study using built-in SAS procedures and in-house programmed SAS macros that automate repetitive data processes. To ensure the correctness of the results, a second, independent statistician should validate the analysis program, by independent programming, at least for the analysis of the primary and key secondary endpoints of the study.



From the Statistical Analysis to the Publication

The role of statistics is to translate information into knowledge, which is, according to the renowned statistician Stephen Senn, the challenge that faces statisticians (6). When browsing the Royal Statistical Society website (7), one can read that the medical statistician will see his/her work “influence clinical practice, help guide public health education and policies, or add to current knowledge, sometimes leading to further research studies.” It is not enough to produce statistical outputs, statistical judgment must also be exercised for the interpretation and presentation of the results. The statistician will make sure that the conclusions are presented or disclosed in a manner that fairly reflects the evidence supported by the results. In this regard, we would like to caution about the use or overuse or even misuse of p-values: not only because the concept of the p-value is often misunderstood but also because it is not a substitute for medical judgement. P-values should not be provided alone but should be accompanied with effect sizes and their precision in order to be able to assess the clinical relevance of the results (8, 9).

All research results should be published, irrespective of the findings (both positive and negative, statistically significant, or not). As stated by Tam et al. (10), “Non publication of clinical trials breaks an implicit contract with trial participants, institutional review boards, and study sponsors and society in general.” As a measure to prevent publication bias, the International Committee of Medical Journal Editors (ICJME) (11) recommends editorial decisions not to be driven by the clinical trial results but by the originality, the quality and the contribution to scientific knowledge. Furthermore, regulatory bodies, Food and Drug Administration (FDA) and European Medicines Agency (EMA), have initiated moves toward greater transparency by requesting that the aggregated results of (drug) clinical trials are disclosed in public domain to US ClinicalTrials.gov (since 2007 and then extended to non-licensed products in 2017) (12) and/or to EMA European Clinical Trials Database—EudraCT (since 2014) (13). Keeping abreast of statistical methodology.

Again quoting the Royal Statistical Society website (7), the medical statistician is also “part of an academic group which develops statistical methodology to be applied to medical research.” Up to the nineties, the methodology for the design and statistical analysis of clinical trials was well-established and statisticians could do their job with a limited number of tools. Since then, parallel developments, such as increased computer power, advances in biology science leading to the emergence of a new class of treatment called “targeted,” brought new opportunities for clinical development and new methodological challenges (14). Some of these methodological challenges are discussed below in the context of head and neck cancer clinical studies.



The Medical Statistician: From the Start, in Close Interaction With the Research Physician, the Data Manager and the Clinical Operations Team

A statistical analysis can only be translated into knowledge if the study has been adequately designed to answer the key research questions of the study. The medical statistician develops an appropriate design that will ensure the trial to provide the answer to its objectives within the limits of existing statistical methodology, starting from the rationale, the objectives and the clinical background defined by the research physician. The designs consists of the statistical and methodological setup of the trial, including elements such as randomization, stratification, planning of the statistical testing of primary and secondary endpoints, adjustment of those comparisons for covariates, sample size calculation taking into account type I and type II errors. It is at this point that the statistician and the research physician need to interact closely. Discussions should identify the practical constraints of the study, particularly in terms of potential accrual and overall study duration. With these elements in hand, the statistician will propose a statistical design for the study. Several options are typically discussed before a final design is agreed upon.

In addition, as the statistician is typically concerned by bias and precision, he/she is not only involved in the pure statistical aspects of the study. But he/she will also participate in planning operational aspects that may potentially induce a bias or undesired variability affecting the interpretability of the study results. As such, the statistician carefully reviews the procedures planned for the study such as selection, diagnosis and staging of patients; treatment administration; follow-up assessments; data processing (3). He also pays attention to the potential aspects of the protocol where adherence is more difficult to achieve in order to minimize the incidence of violations of the entry criteria, non-compliance, withdrawals, losses to follow-up, missing data and other deviations from the protocol. Deviations may affect the subsequent analyses and ultimately the interpretation and conclusions of the study.

The medical statistician is thus involved from the start up to the end in a study life cycle. Table 1 provides a synthetic list of his/her responsibilities.



Table 1. Responsibilities of the trial statistician in a study life cycle.
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THE SPECIFICITIES OF HEAD AND NECK CANCER AND STATISTICAL CONSIDERATIONS


Heterogeneity of the Disease

Head and neck cancers are a group of diseases characterized by phenotypic, etiological, biological and clinical heterogeneity. Squamous cell carcinoma is the predominant histology type (15). The complexity of the upper respiratory and gastro-intestinal apparatus creates a number of anatomical subdomains that are apprehended together. Still the prognosis is specific to each localization, correlated to a distinct TNM classification (16). Historically, the most common risk factors are tobacco and alcohol consumption, responsible for up to 75% of head and neck squamous cell carcinoma (HNSCC) (17). The etiologic association of human papillomavirus (HPV) with a distinct subset of HNSCC that occur mostly in oropharynx is increasing, affecting non-smokers in developed countries. HPV positive oropharyngeal tumors have better survival, particularly for locoregionally advanced disease (18). The comprehensive genomic analysis performed by The Cancer Genome Atlas (19) revealed the genomic heterogeneity of this disease with clear differences between HPV negative and positive tumors. This, in the era of personalized medicine, could lead to different treatments depending on the plausible therapeutic targets.

Selection of Patient Population

A clinical research question is intrinsically defined in terms of a specific population. Eligibility criteria, assumptions about the prognosis of patients and the magnitude of the treatment effect in the intended population, stratification of patients within the clinical trial are all fundamental questions when planning a clinical trial (20). These decisive elements of the design can be obtained from expert opinion and a careful review of the medical literature.

Past and currently ongoing clinical studies define their target population based on the anatomical location of the disease, the classical TNM classification and more recently on the distinction between HPV positive and negative nature of the disease. In addition, a search of medical literature reveals an abundance of articles reporting the assessment of prognostic factors in head and neck cancer and the classification of patients according to different risk levels of progression, recurrence, or death. These analyses are useful to circumscribe the population of interest for our research question and when searching Medline for head and neck risk classification (see Supplementary Material for the exact Search query used), one retrieves 404 papers published in the past 10 years, 59 of them in 2018. But are all these analyses conducted adequately from a methodological point of view? Are the conclusions useful from a clinical point of view (21)? How can we separate the wheat from the chaff? The statistician will do his/her best to review these articles with a critical eye to evaluate the methodology used, and to assess how applicable and generalizable these results are. More specifically the statistician scrutinizes multiple aspects of the work, including but not limited to: characteristics of patients included in the modeling; selection and definition of the outcome of interest (locoregional failure, risk of distant metastasis, or survival); treatment received by the patients included in the analysis; set of candidate prognostic factors; data analysis method (statistical model such as Cox model or machine learning tools such as neural networks or random survival forests); model performance measures; internal and external validation procedures (22).

An example of the complexity to define the targeted patient population can be illustrated by the European Organization for Research and Treatment of Cancer (EORTC) trial 22931 (23) and the Radiation Therapy Oncology Group (RTOG) trial 9501 (24). Both trials evaluated post-operative chemoradiation vs. radiation alone in patients at high-risk of recurrence after surgery. The definition of high-risk and therefore the inclusion criteria, although sharing some common criteria, differed between the two studies. While the eligibility criteria common to both trials were the presence of extracapsular extension and/or microscopic-sized tumor involvement of the surgical margins of resection, some differed. The EORTC study included in its selection of risk factors stage III/IV disease, the presence of enlarged lymph node(s) at level IV or V in patients with oral cavity or oropharynx carcinomas, pathological demonstration of vascular embolisms, and/or perineural disease. The RTOG study included in its selection of risk factors the presence of tumor in two or more lymph nodes, as was suggested by the analysis of the RTOG database. In 2004, the publication of the two studies established, with level I evidence, that concurrent chemoradiation was more efficacious than radiation alone as adjuvant postoperative treatment, in terms of local-regional control and disease-free survival. Because of the difference in the definition of “high risk” features between the two trials, additional analyses were conducted to identify precisely which patients were more suitable for such intense treatment (25). The findings suggested that microscopically involved resection margins and extracapsular spread of tumor from neck nodes were significant prognostic factors for poor outcome. Despite the limitations inherent to a retrospective subgroup analyses, their results are now the basis for the selection of patients in clinical trials in the postoperative setting (e.g., EORTC study 1735: NCT03673735).

Another example of clinical trials based on a risk classification is given by an ongoing Canadian Cancer Trials Group study (NCT03410615), testing the effect of immunotherapy in intermediate-risk, HPV-positive, locoregionally advanced, oropharyngeal squamous cell cancer. Here the definition of intermediate-risk is based on data showing that HPV-related oropharyngeal cancer patients with limited neck disease (N0-N1) have a favorable prognosis, even without chemotherapy (26, 27).

Favorable Prognosis and Non-inferiority Designs

The majority of studies test novel treatments or combination of treatments in order to improve disease outcome and survival in patients with unfavorable prognosis, with intermediate or high risk of progression, recurrence or death. Some trials are also designed and conducted in patients with a favorable prognosis, in order to assess whether treatments reduce acute and late toxicity while preserving a similar disease outcome and survival.

Since the identification of HPV positive patients as a separate disease entity with a more favorable prognosis, a number of studies have been developed to de-intensify treatment in these patients. This is the case of RTOG 1016 study (NCT01302834) (28) and De-Escalate study (NCT01874171) (29). Both studies attempt to replace cisplatin by the epidermal growth factor receptor (EGFR) inhibitor cetuximab in patients with HPV positive oropharyngeal cancer. The objective of these studies is to maintain a similar patient survival while reducing toxicity, and as such they require a different type of design. RTOG 1016 was designed as a classical non-inferiority trial with overall survival as primary endpoint. One point of consideration for non-inferiority studies is the value of the non-inferiority margin that is considered as an acceptable loss, in disease outcome or survival in view of the gain in toxicity. It has to be put in perspective with the prognosis of patients since a loss of 10% does not mean the same when survival rate with the standard of care is at the level of 70 or 90%. This non-inferiority margin needs to be small enough to be considered as non-clinically relevant and certainly substantially lower than differences targeted in superiority trials (30). Defining the non-inferiority margin is an essential part of a non-inferiority design just as the difference is essential to the design of a superiority or difference trial. Both have to be pre-defined based on clinical and statistical considerations and both have a strong impact on the sample size, the trial duration and its cost. The primary endpoint of RTOG 1016 was overall survival and the study was designed to reject the null hypothesis of inferiority, with a non-inferiority margin of 9%, meaning that a decrease of 9% in 5 years overall survival was considered, by the RTOG 1016 team, acceptable. By contrast, the primary endpoint of De-Escalate study was overall severe (grade 3–5) toxicity events at 24 months from the end of treatment and the study was powered to detect a reduction in the rate of severe toxicities in cetuximab arm compared to cisplatin arm. Equivalent disease control and survival between treatment arms were hypothesized but the study was not formally powered to show non-inferiority. Interestingly, overall survival and time to recurrence were planned to be compared between the two arms using the log-rank test, which is a test aiming at detecting differences, not aiming at showing non-inferiority or equivalence; now, failing to detect a difference does not mean there is no difference as “absence of evidence is not evidence of absence.”

Designs for Studies in Rare Cancers and Accrual Issues in Randomized Trials

With a heterogeneous disease, distinct subtypes, in terms of tumor localization and biological characteristics, need to be investigated separately in small groups of patients. In case of a rare population, a classical design may just not be feasible and we need to reflect on the level of evidence we still wish to reach (31). One possible solution is to allow more uncertainty, that is to allow a Type I error higher than the traditional 5% two-sided that is required to reach scientific evidence for a superiority trial and/or to allow a Type II higher than the classical 10 or 20% which is equivalent to say that the study is only powered to detect large differences. In these cases, we need to be careful with the consequences of relaxing the errors/power, given that it is unlikely that another trial will be conducted to confirm the results. EORTC study 1206 (NCT01969578) aims to assess the superiority of androgen deprivation therapy (ADT) over standard chemotherapy (CT) in patients with recurrent/metastatic salivary gland cancer. It has been designed with a one-sided Type I error of 10% and with a power of 80% to detect an ambitious difference between ADT and CT in progression-free survival with a hazard ratio HR = 0.56. Because our predictions indicate that the study will likely fail to recruit the total planned number of patients in a reasonable timeframe, the design has been revised recently. An analysis of the primary endpoint from a non-inferiority perspective has been added, by pre-specifying a non-inferiority margin, in case the study fails to meet the criteria of superiority. This non-inferiority test has adequate statistical power under the hypothesis of the superiority of ADT over CT. If the objective of non-inferiority is met, this is considered valuable from a clinical point of view given the favorable safety profile of ADT compared to CT, except for sexual dysfunction, and the dismal prognosis of these patients.

EORTC study 1206 is one of the studies developed within the International Rare Cancers Initiative (IRCI) (32), a strategic collaboration between several academic organizations, including EORTC. IRCI's aim is to stimulate and facilitate the development of international clinical trials for patients with rare cancers. Some of the studies from the IRCI portfolio, focusing on rare cancers, are designed using Bayesian methodology. With this methodology, the conclusion of the study is based on the combination of the study data itself together with prior knowledge based on literature review, previous studies, meta-analyses or the elicitation of expert's opinion. Contrary to the classical (frequentist) approach, the focus of the Bayesian approach is on estimation rather than testing hypotheses, with data being used to reduce uncertainty about the size of the treatment effect. However, we remain unsure regarding the advantages of this methodology as in a small trial the choice of the prior may carry heavy weight thus influencing the final results. Moreover, in rare cancers only weak prior evidence might be available. In addition, in absence of prior information, Bayesian designs do not immediately add value over equivalent classical (frequentist) designs in terms of the statistical properties (type I error rate, type II error rate, power, sample size). However, this does not prevent that a trial designed in a frequentist setting is analyzed using Bayesian methods, and the results interpreted using the posterior distribution of the treatment effect which is obtained from the combination of prior knowledge with currently observed trial data. To our knowledge, only one prospective clinical trial in head and neck cancer is designed using a Bayesian methodology: this is two-stage phase II design of Magnetic Resonance-guided radiotherapy dose adaptation in patients with HPV positive oropharyngeal cancer. This study uses Bayesian decision rules applied to loco regional control and toxicity to make the go/no-go decision for each stage (33).

Beyond the specific case of a rare disease, accrual of patients in the clinical trial may be slower than initially expected as a result of strict eligibility criteria, over-optimism of participating institutions at the start of the study; lengthy approval of the study by competent authorities and ethic committees; patients reluctant to enter the study or to be assigned a treatment at random. Slow accrual leads to longer study duration and therefore delayed availability of the study results, possibly when the main research question posed by the study is no longer relevant given the evolution of clinical research in the field. In order to speed up accrual, some actions are envisaged such as broadening the eligibility criteria of the study; opening the study to additional treating institutions, countries, or other research organizations. In some other cases, the ultimate decision is to close the study definitely before having reached the targeted sample size. It is then necessary to evaluate to which extent the available data can be used to assess the objectives of the trial. Sometimes the available study data allows to conduct the initially planned analyses with a decreased but still acceptable statistical power, say 70% instead of the initially stated 80%. When data are scarcer, only a mere descriptive analysis of the study data is feasible. In other cases, it is possible to rescue the study through a substantial revision of the statistical analysis plan. To ensure the validity of such a revision, it should be done before any of the data is revealed.

Treatment Allocation

These considerations about the heterogeneity of the disease are at the basis of the selection of the study population but also of the stratification of patients within the randomized clinical trial. This stratification is to be taken into account not only in the process of randomization, in order to produce comparable treatment arms in terms of factors that affect the course of the disease, but also at the data analysis levels. Due to the association between these factors and the outcome variable, adjustment for such factors generally improves the efficiency of the analysis.

Randomization tends to produce treatment arms in which the distributions of prognostic factors, known and unknown, are similar (3). Achieving a balanced allocation overall and for important prognostic factors allows to attribute differences in outcomes to differences in efficacy of the treatments under study; this is the concept of causality. In randomized studies, the most relevant factors for stratification need to be identified, bearing in mind that too many stratification factors are detrimental to a balanced allocation. The number of stratification factors and which ones to select is discussed between the research physician and the medical statistician until a compromise is found. It is particularly important to consider institution as a stratification factor in order to account for the differences across treating sites in terms of patient selection, treatment and care, assessments, and data reporting. In EORTC study 1420 “Best-of” (NCT02984410), a randomized phase III study the main objective is to assess the patient-reported swallowing function over the first year after treatment start with either Intensity-Modulated Radiation Therapy (IMRT) or Trans Oral Surgery (TOS) among patients with early stage oropharyngeal, supraglottic, or hypopharyngeal carcinoma. In this study, the eight disease localizations were classified into two strata, lateral vs. central lesions, thought to be an appropriate classification taking into account that the primary endpoint was the swallowing function. Two other clinical stratification factors were considered, N stage and the swallowing function score at baseline. Because of the relative small size of the study, 170 patients potentially accrued in more than 30 treating institutions from 8 countries, stratifying by treating institution would have resulted in too many small strata and in this study the decision was made to group them by country.

For each study, the statistician evaluates which treatment allocation method is most appropriate. The two most common methods are the static permuted blocks method and the dynamic minimization algorithm (34). While the minimization method is often discouraged by Regulatory Authorities due to theoretical concerns, a cancer-specific review published in 2010 (35), indicated that it becomes more common over time and is used more frequently when an academic cooperative group is involved. For both methods, it is recommended to perform computer simulations to assess the performance of the chosen method and the stratification design, in terms of the balance of the stratification factors over the treatment arms.

Subgroup Analyses

It is tempting to conduct multiple subgroup analyses in large studies of patients with heterogeneous characteristics. However, as indicated in ICH E9 and often reiterated in medical and statistical literature, such analyses carry the risks of generating false positive findings due to statistical testing in multiple subgroups. It also runs the risks of false negative findings due to the small size of the subgroups. The appropriateness of the use and interpretation of subgroup analyses on the basis of the CONSORT statement requirements (4) was investigated in 188 phase III randomized controlled trials in solid tumors, published between 2011 and 2013 (36). When focusing on the 102 articles claiming a subgroup difference, for 24% of them it was unclear whether the subgroup analyses were prespecified or post-hoc, and subgroup analyses of 36% of these trials were post-hoc only. Eighty-four percentage of these trials reported more than five subgroup analyses but only 6% cautioned about multiplicity. This review shows that despite recommendations from the CONSORT statement published more than a decade ago, the reporting of subgroup analyses is generally not adequate to provide valuable information in guiding clinical decisions.

It is worth emphasizing that comparing outcomes in patients subgroups defined by some other outcomes or variables measured after treatment start, such as dose intensity, compliance to treatment or adverse events require non-standard analysis methods, as these variables are themselves affected by treatment (37, 38). In particular, standard analysis methods of comparing survival between responders with non-responders are wrong and lead to biased estimates and misleading conclusions. This bias results from the fact that responders must live long enough for a response to be observed and that patients who die early without observing a response are automatically classified as non-responders. A better approach, proposed by Anderson et al. (37), is the landmark method, where each patient's response is determined at some fixed time point after treatment start and the survival estimates are calculated from that time point. This method has for example been applied in the analysis of a study of induction treatment followed by chemoradiation in advanced stage in head and neck cancer. An 8 weeks landmark analysis was carried out to compare survival between patients with positive vs. negative biopsy of the primary site done after induction. A 4 months landmark analysis was also performed to evaluate the effect of maintenance therapy on survival. Survival was computed from the landmark (39). Similarly an analysis of the predictive value of cetuximab-induced skin toxicity in recurrent or metastatic head and neck cancer was conducted using the landmark method applied to PFS and OS counted from 90 days after the start of therapy (40).

When dealing with subgroup of patients, and especially in the era of personalized medicine, the question whether some patient characteristics or some biomarkers are predictive of treatment benefit is of interest. To determine whether a biomarker is potentially predictive, a formal and adequately powered statistical test of the treatment-by-biomarker interaction needs to be performed (41). For more detailed considerations on the statistical methodology required to establish predictive biomarkers, readers are referred elsewhere (42). To date, in the field of head and neck cancer, no biological marker has been proven to be predictive (43).



Complexity of the Treatments—Multimodality

Treatment for head and neck cancer is complex and is based on different levels of evidence as stated in the National Comprehensive Cancer Network guidelines (44). Treatment options depend on the stage of the disease: early, locally advanced or recurrent/metastatic. Surgery, radiotherapy, chemotherapy and targeted therapy are all front line options, alone or in combination, depending on the tumor characteristics and stage of the disease. New categories of treatment have been evaluated in head and neck cancer, check point inhibitors have been approved in the metastatic settings with improved survival in first [pembrolizumab (45)] and second line [nivolumab (46)]. With new treatments available, new combinations are being tested. Still multimodality remains key.

Selection of Activity/Efficacy Endpoints of Interest

The therapeutic effect of a new treatment or combination of treatments is assessed by means of endpoints selected according to the study objectives.

In early phase studies, the main endpoint is usually selected to capture the effect of the treatment on the tumor, that is whether the treatment is expected to induce a complete disappearance of the tumor, shrinkage of the tumor or a stabilization of the disease. Complete response (CR) or response (complete response CR or partial response PR), has long been selected as primary endpoint of early phase studies. However, other endpoints may be preferred, such as disease control (complete response CR or partial response PR or stable disease SD) to evaluate treatments with a mechanism of action different from chemotherapy, such as targeted or immunotherapy, or where the response to treatment is difficult to assess. Progression free survival (PFS) rate or another time to event endpoint (TTE) evaluated at a fixed point in time after randomization or start of treatment may also be used so the timing of the final analysis is fixed and not dependent on a pre-specified number of events to be observed. When designing a study to evaluate treatments that induce disease stabilization rather than disease reduction, it is recommended that the study includes an internal control arm to make sure the effect of treatment is not confounded with the natural course of the disease. This is especially important if historical information on the control treatment is lacking or limited due to differences in patient population (e.g., biomarker selected population), in staging system, in imaging / diagnostic tools for assessing outcome, etc. The EORTC study 1559 [NCT03088059 (47)] is an umbrella trial (48) with a platform for enrollment, screening and central profiling of patients who are subsequently allocated to one of the molecularly defined sub studies and treated with a matched experimental treatment. Different designs are used across the study, reflecting differences in study objectives and in the mechanism of action of the investigated treatment among the sub studies: in particular, a single arm design with response as primary endpoint is chosen for some sub studies, while others are designed as a randomized two-arm trial, with physician choice as control treatment and with progression-free survival assessed 4 months after randomization as primary endpoint.

Some early phase studies are designed with the objective to assess the feasibility of the treatment, in which case the main endpoints may be defined as the proportion of patients completing therapy, the rate of patients without severe toxicity, the rate of patients compliant with protocol treatment or similar endpoints. This is the case of the EORTC study 24061 (49), a randomized phase II feasibility study of cetuximab combined with 4 cycles of Docetaxel, cisplatin, and fluorouracil (TPF)followed by chemoradiation with platinum. The main objective of this study was to select the platinum compound, cisplatin or carboplatin, for the chemoradiation regimen to be evaluated in a future Phase III study. Unfortunately, the study was closed prematurely for safety reasons.

In phase III studies, overall survival (OS) remains the gold standard for the demonstration of clinical benefit, as it is an objective and accurate measure, its importance is unquestioned and it addresses both safety and efficacy. Because overall survival analysis requires a large sample size and may require long follow-up, the investigators may power the study for an alternative endpoint. Doing so, it reduces study timeframe, and improves study feasibility while still capturing a clinical benefit relevant for the patient. Alternative endpoint may be time to local or loco-regional recurrence/progression for early stage disease or to evaluate a local therapy (e.g., EORTC study 1219, NCT01880359); disease free survival in the adjuvant setting [e.g., EORTC study 1735, NCT03673735 or LUX-Head & Neck 2 (50)]; or progression-free survival in the advanced setting [e.g., LUX-Head & Neck 1 (51)]. In 2009, Michiels et al. (52) showed that progression-free survival, defined as the time from randomization to locoregional relapse, distant recurrence, or death whichever comes first, can be used as a surrogate endpoint for overall survival to assess the treatment effect of radiotherapy and chemotherapy in randomized trials of locally advanced HNSCC. The surrogacy has been established based on [1] the individual-level correlation between Event Free Survival (EFS) and OS, and [2] the correlation between treatment effects on EFS and OS following the methodology developed by Buyse et al. (53). However, we need to remember that, as pointed out by Michiels et al., EFS is a surrogate endpoint for OS only for chemotherapy or radiotherapy, but cannot be assumed for immunotherapy and for targeted agents, which have a different mode of action. We will come back later on this matter.

Definition of Endpoints

It is not enough to select the endpoint of interest but we also need to state how exactly it is defined and how it is assessed.

International standards are available for measuring response in clinical trials, the most common being the Response Evaluation Criteria in Solid Tumors (RECIST) (http://www.eortc.org/investigators-area/recist). Because of the loss of information inherent to categorizing a continuous measure of tumor shrinkage into categories (progression, stable, response), more and more often waterfall plots are used to display graphically the individual numerical change in tumor size for all patients.

Time to event endpoints need to be defined very clearly and it is very useful that their exact definition is accurately provided in the scientific publications, as there is considerable heterogeneity in the literature regarding these definitions (54). The methodology section should describe which events are of interest for the selected endpoint, which events constitute competing risks, which events are censored and which events are ignored. In a complex disease such as head and neck cancer with multimodal treatments, for each time-to-event endpoint other than overall survival, and depending on the setting, the following events need to be considered: residual disease after curative treatment, local, regional or distant progression, second primary cancer, death due reasons other than progression. To date there is no consensus on how these and other events such as elective neck dissection and salvage surgery (with residual disease detected or not, depending on the timing of these procedures) are taken into account in the definition of endpoints. It is the purpose of the Definition for the Assessment of Time-to-event Endpoints in CANcer trials (DATECAN) project (55) to reach, by consensus among experts, a standardization of the definitions of commonly used time-to-event endpoints in cancer clinical trials. In addition, events such as treatment stop or switch before the event of interest being reported are not handled the same way by all methodologists, as some recommend ignoring the treatment switch while others recommend censoring these cases (56). The latter approach is highly problematic since it ignores the issue of informative censoring and is not recommended by the EMA (57) while it is proposed in FDA guidelines (58, 59).

In EORTC study 1219 (NCT01880359), a blind randomized multicenter study of accelerated fractionated chemo-radiotherapy with or without the hypoxic cell radiosensitizer nimorazole, the primary efficacy endpoint is time to locoregional recurrence. This is counted from the day of randomization to the day of first record of appearance of local or regional progression, assessed via clinical, imaging or pathological exam. Distant recurrence/progression and second cancers diagnosed before locoregional recurrence and death in absence of locoregional recurrence are not considered events of interest. But these events are considered as competing risk events in the analysis of the primary endpoint, because they may alter or even preclude the onset of locoregional progression. Therefore, during the design phase, the statistician together with the research physician needs to make assumptions, not only regarding the risk of locoregional progressions but also the risk of distant recurrence/progression, second cancers and death in absence of locoregional recurrence. It is also recommended to monitor these assumptions regularly as they have the potential to directly impact the sample size of the trial, the timelines for the analyses and possibly the statistical power. When a marked departure from the original statistical design assumptions, such as the ones described above, is observed, the consequences need to be evaluated as well as the need for a modification of the study design. In order to maintain trial integrity, an Independent Data Monitoring Committee (IDMC) is consulted and the study design is revised, based on the IDMC recommendations, by a statistician not directly involved in the conduct of the study.

Schedule of disease assessments plays a critical role in the evaluation of endpoints. The assessments should ideally match standard practice but for the purpose of the clinical trial they should be planned adequately to capture the effect of treatment. In a multi-arm study, there should also be symmetry between treatment arms in order not to introduce a bias in the comparison of the treatments. With time-to-event endpoint other than overall survival, such as progression-free survival, the exact time of progression is unknown and progressions that occur in between visits are commonly assigned to the visit at which progression was detected. This leads to an over-estimation of the time to progression and a loss of statistical power (56). The analysis may become problematic and biases may arise when clinic visits are missed or delayed. In some cases, it is a challenge to reach a common schedule of assessment across arms because of the intrinsic difference between treatments: surgery vs. radiotherapy as in EORTC study 1420 “Best-of”
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Technical advance and image impact

Digital silicon photomultiplier (SiPM)

+ Increased sensitivity results in better statistics and less noise in the image. Equivalent image quality can be achieved with less activity administered to the patient,
without increasing the scan time.

+ The increased sensitivity allows the use of smaler voxels without significant increase in noise refated to limited statistics. This results in an increased spatial resolution
and signal-to-noise ratio and thus smalllesion detectabilty.

* Improved timing resolution, see Time-of-flight (TOF) below.

Time-of-flight (TOF)

+ Including the position of the annihilation on the line of response (LOR) allows for better discrimination between random and true coincidence events. Random events
with TOF detection will often result in placement of the event outside the imaged body, which will not contribute to the noise inside the body and reduce the noise in the
image. Thus increasing the signal-to-noise ratio.

« The higher peak noise equivalent count rate resuts in a better and more uniform convergence of the reconstruction algorithm. This improves the quantitative
accuracy and the lesion detectabilty, especially in obese patients.

Point-spread function modeling

« Point-spread function modeling includes the physical processes that cause image degradation, including positron range, photon non-collinearity, and detector-related
effects (including crystal widths, intercrystal scattering, and intercrystal penetration). This results in noise reduction and spatial resolution uniformity.

Bayesian penalized likelihood reconstruction

+ The reconstruction introduces a term which penalizes noisy solutions that increase the variation between neighboring vorels. Therefore, the algorithm can run until ful
convergence, which leads to a better quantitative accuracy.
+ By penalizing noisy solutions the signal-to-noise ratio is decreased, which improves image contrast in particular for small lesions.

The bold words summarize the key benefits of a particular technical breakthrough.
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1s0
standard

16189

17020

17025

20387

Description

Specifies requirements for quality and competence in medical
laboratories.

Can be used by medical laboratories in developing their quality
management systems and assessing their own competence. It can
also be used for confirming or recognizing the competence of
medical laboratories by laboratory customers, regulating authorities,
and acoreditation bodies.
hitps://wwwiso.org/standard/56115.htmi

Specifies requirements for the competence of bodies performing
inspection and for the impartialty and consistency of their inspection
activities. Professional bodies may seek accreditation from ISO
under this standard and then use their own guidelines for laboratory
accreditation.

hittps://www.iso.org/standard/52994. html

Specifies the general requirements for the competence, impartiality
and consistent operation of laboratories. It is applicable to all
organizations performing laboratory activities, regardless of the
number of personnel. Laboratory customers, regulatory authorities,
organizations and schemes using peer-assessment, accreditation
bodies, and others use this standard in confiring or recognizing
the competence of laboratories.
https://www.iso.org/standard/66912.html

Specifies general requirements for the competence, impartiaiity and
consistent operation of biobanks including quality control
reqirements to ensure biological material and data collections of
appropriate quality.

This document is applicable to al organizations performing
biobanking, including biobanking of biological material from
multicellular organisms (e.g., human, animal, fungus, and plant) and
microorganisms for research and development.

Biobank users, regulatory authorities, organizations and schemes
using peer-assessment, accreditation bodies, and others can also
use this document in confirming or recognizing the competence of
biobanks.

For entities handling human materials procured and used for
diagnostic and treatment purposes ISO 15189 and other clinical
standards are intended to apply first and foremost.
hitps://www.iso.org/standard/67888. htrml
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Treatment Supportive care
issues

Surgery Prevention of SSI

Perioperative pain
management

Nutritional rehabilitation
after surgery on the
upper aerodigestive
tract
Radio(chemojtherapy  Nutritional assessment
before and during
radio(chemoltherapy
Nutritional
enteral/parenteral
support
Prevention of
swallowing problems.
related to RT

Treatment of
RT-induced pain

Prevention and
treatment of mucositis

Prevention of major
infections during
chemotherapy and/or
RT

Psychological distress
during treatment

Paliative care Early approach with
simultaneous care in
the RM phase of
disease

Avoiding active
oncological treatments
in the end-of-lfe period

Quality metrics.

Presence of evidence-based
guidelines on
antibiotic-prophylaxis based on
prevalence of Sl and
resistances to antibiotics

Standardized assessment of
pain and its characteristics for
every pt

Pre, intra, and postoperative
analgesic protocols

Rate of pts with oral diet within
the 5th postoperative day

Rate of pts receiving validated
nutritional screening tools (e.g..
NRS-2002, MNA, MST, MUST)

Adherence to International
guidelines (e.., ESPEN
quidelines)

Presence of a swallowing
program

Involvement of
physiatrists/speech therapist in
the MDT

Continuous assessment of pain
during RT

Protocol of treatment for
background and breakihrough
cancer pain

Adherence to intemational
guidelines (e.g., MASCC
guidelines)

Rate of major infections during
treatments Knowledge about
pathogenic microorganisms and
patterns of antibioic resistance

Rate of pts receiving screening
for distress

Involvement of
psycho-oncologists in the MDT
(as needed)

Qualty of lfe and pt's satisfaction
Rate of unplanned access to
emergency services

Rate of pts dying in hospice or
with a home care

Rate of pts receiving anew
treatment in the last 3 months of
life

Rate of pts receiving any
systemic treatment in the last
month of ife

8SI, surgical site infections; Pt, patient; RT, radiation; MDT, multidisciplinary team;
MASCC, Multinational Association of Supportive Care in Cancer; RM, recurrent

and/or metastatic.
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Preadmission education, aimed at preparing both the patient and the family to
the expected recovery course

Preoperative nutritional evaluation, and implementation of a nutritional plan to
correct a malnourishment status (with possible placement of a nasogastric tube,
or gastrostomy tube)

Reduction of preoperative fasting and administration of a carbohydrate-enriched
drink to reduce catabolism and insulin resistance

Thromboembolic and antibiotic prophylaxis.

Correct anesthesiologic management, which includes prevention of hypothermia
and adequate perioperative fluid load (near zero balance, or goal-directed fluid
therapy)

Postoperative nausea and vomit prophylaxis, and pain managerment
Mobilization within the first 24 h and postoperative pulmonary physical therapy
Early postoperative nutition (within 24 h) and early oral feeding

Restricted indications to tracheotomy and timely decannulation with surgical
closure, which can speed up swallowing recovery and shorten hospitalization
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Marker Mechanism Prognostic role Predictive role Diagnostic role Limitations Validated

HPV Oncogenesis-driverin  Yes No (2 clinical trials negative, Yes (Cancer of unknown  Lack of specificity, Yes
0sce other trials still ongoing)  primary presenting with  applicable only in OSCC
cervical LNs)
PET imaging - Yes (high pretreatment Yes (indication of residual ~ Yes (stage, treatment  Appropriate interval Yes
suv) disease for performing LN response) between treatment
dissection) completion and PET
unclear, not always
available
Tobacco Inflammation and Yes (inferior treatment  No No Demographic parameter  Yes
tobacco outcomes)
carcinogen-induced
DNA damage
Immunoscore Quantification of CD3+ Yes (high number of  No (oeing assessedfor  No Not always available Yes
and CD8+ TiLsinthe  TiLs improve sunvival)  response to
tumor core and the immunotherapy)

invasive margin of
resected tumors

PD-L1 Mediates the inhibition Yes (conflicting) Yes (response to No Technical issues in Yes
of T cell activity immunotherapy) measurement
Skeletal muscle mass  Abnormal body Yes (poor survival)  Yes (wound complication,  No No
composition fistula after laryngectomy,
chemotherapy toxicity)
Next generation Oncogenesis drivers ~ Yes (TP53, NOTCH1,  No No Cost, Not always avalaible No
sequencing CCDKN2A mutations)

HPV, Human Papilloma Virus; LN, lymphnode; OSCC, Oropharyngeal Squamous Cell Carcinoma; PD-L1, Programmed Death-Ligand-1; SUV, Standardized Uptake Value; TiLs, Tumor
Infiltrating Lymphocytes.
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Diagnostic management

Country Indicator 1. Percentage of patients with a defined stage at diagnosis
Larynx Other sites
N %L %A % M+ % Missing N %L %A % M+ % Missing
Ireland 449 40 35 3 22 874 17 55 4 24
Italy 308 50 30 4 16 530 24 49 8 19
Netherlands 2,102 58 37 1 4 4,083 38 55 2 4
Slovenia 219 54 a1 1 4

Indicator 1: Number () of cases overall and percentage (%) of patients diagnosed with localized (L), advanced (A), and metastatic (M+) disease together with % of cases with information
on stage missing, by country.
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Country

Ireland

Italy
Netherlands
Sloveria

Indicator 2. Time to start RT or
surgery

Ntreated % starting surgery
with surgery or RT <1 month
or RT from diagnosis
1,085 41
595 61
4,741 39
198 41

Time to start treatment and treatment adherence to clinical practice guidelines

Indicator 3. Time in starting

adjuvant therapy
N with 9% starting adjuvant
adjuvant
therapy
202 33
% 52
900 79
69 57

therapy <8 weeks
from the surgery

Indicator 4% of patients with L
disease stage treated with

surgery or RT
Nwith L % treated Mm%
disease with surgery
alone or RT
alone
332 72 8
327 75 13
2792 79 10
119 72 3

Indicator 5% of patients with A
disease stage treated with multi
therapy

N with A % treated
disease with mul
therapy
640 43
380 19
3,005 21
% ”

M%

5
15
22

3

Indicator 2: Number (N) of head and neck cancer patients treated with surgery or radiotherapy (RT), percentage (%) of patients treated with surgery or RT starting surgery or RT <1 month from dlagnosis. Indicator 3: Number (N) of head
and neck cancer patients treated with adjuvant therapy* percentage (%) of head and neck patients starting adjuvant therapy <8 weeks from the surgery. Indicator 4: Number (N) of head and neck cancer patients with localized disease
(L), percentage (%) of head and neck cancer patients with localized (L) disease treated with surgery alone or RT alone and percentage (%) of missing (M) information for this indicator. Indicator 5: Number (N) of head and neck cancer
patients with advanced disease (4), percentage (%) of head and neck cancer patients with advanced (A) disease treated with mult therapy** and percentage (%) of missing (M) information for this indlicator. *Adjuvant therapy: post-operative
radiotherapy or post-operative concomitant chemo-radiotherapy. **Multi therapy: surgery plus post-operative radiotherapy or post-operative chemo-radiotherapy or concomitant chemo-radiotherapy alone.
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Quality of surgery and of the pathological report after surgery

Country Indicator 6% of complete tumor Indicator 11% of pathology reports
resection with all core data
N treated with surgery % of RO M% N surgically % of post-surgery M%
with curative intent treated pathological report with

all core data

Ireland 602 56 27 NA NA

Italy 516 62 13 474 24 2
Netherlands 2,728 74 13 128" 16 0
Slovenia 88 75 9 87 1 29

Indicator 6: Number (N) of head and neck patients treated with surgery with curative intent’, percentage (%) of head and neck patients treated with surgery with negative resection margins
(R0) and percentage (%) of missing (M) information for this indicator. Indlicator 11: Number (N) of head and neck patients treated with surgery (excluding cryotherapy photodynamic
therapy or electrocautery procedure, cryosurgery o laser therapy or thermo-ablation), percentage (%) of pathologicalreport after surgery with al the information available and percentage
(%) of missing (M) information for this indicator. *Surgery with curative intent: surgery alone or surgery + adjuvant treatment.

NA, not available. **Evaluated on a sample of 200 randomiy selected case.
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References Organization
Pajak et al. (17) RTOG 7913

RTOG 7915
Eisbruch et al. (18)  RTOG 0022
Petersetal. (19)  TROG 0202
Wuthrick et al. (20)  RTOG 0121
Naghavi et al. (21)

os,

N

210
306

69

861

471

1,390

Main outcome and QA issue

3-year OS 13% if unacceptable
deviation vs. 26% if acceptable (o
=001)

2/4 cases with major deviations.
(PTV dose) had LRR vs. 3/49 if no
major deviation in PTV dose
(p=0.04)

2-year OS 50% if major deviation
(= 87) vs. 70% if protocol
compliant (n = 502) (o < 0.001)
5-year OS 51% in low-accruing
centers vs. 69.1% in high-accruing
centers (p = 0.002)

3-year OS 57% in low-accruing
centers vs. 72% in high-accruing
centers (o < 0.001)

werall survival; PTV, planning target volume; LRR, locoregional relapse; RTOG,

Radiation Therapy Oncology Group; TROG, Trans Tasman Radiation Oncology Group.
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Number  Quality indicator

a Proportion of non-metastatic HNSCC patients who underwent MRI and/or contrast-enhanced
CT of the primary site and draining lymph nodes before treatment with curative intent
a2 Proportion of HNSCC patients who underwent FDG-PET(/CT) within 6 weeks before start
of treatment Stage -1l
Stage lI-V
Q3 A. Proportion of HNSCC patients whose cTNM stage was reported
B. Proportion of HNSCC patients who had surgery, whose pTNM stage was reported
Q4 A. Median time between incidence date and start of first treatment with curative intent

N

6,630/8,039"

544/2,372"

2,198/4,619"
7,444/9,245
2,758/3,518

(N'=8040")

Result (%)

825
229

476
80.5
784

32 days
(IQR: 19-46)

Target (%)

90

388

ND, not defined; *328 patients with distant metastases and 878 patients who did ot receive treatment with curative intent within six months of the incidence date were excluded from
the analyses; **1801 patients with missing cTNM information were excluded from the analyses; ***327 patients with distant metastases and 878 patients who did not receive treatment

with curative intent within six months of the incidence date were excluded from the analyses.
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Quality indicator Hazard ratio*
[95% CI]

Proportion of non-metastatic HNSCC patients who 1.10(0.99, 1.22)
underwent MRI and/or contrast-enhanced CT of the primary

site and draining lymph nodes before treatment with

curative intent

Proportion of HNSCC patients who underwent FOG-PET/CT) 1.0 [0.92, 1.09]
within 6 weeks before start of treatment —Stage IV

Proportion of HNSCC patients whose cTNM stage 1.12(099, 1.27)
was reported

Proportion of HNSCC patients who had surgery, whose 086 (0.73,1.01)
PTNM stage was reported

*Hazard Ratios for all-cause death (yes vs. no) were corrected for baseline patient case
mixvariables: gender, age group at diagnosis, WHO performance status, combined stage,
anatomic site, the Charison Comorbidity score and the number of previous inpatient
bed days.
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Study life cycle

Study design

During the study
conduct

At each interim,
final or long-term
data analysis

Responsibilities of the trial statistician

Contributes to the definition of the study objectives and
tothe selection of the primary and secondary endpoints
Proposes one or several statistical designs unti final
selection

Computes the sample size and the study duration

For randomized studies, specifies the method and
parameters of the randormization procedure

Defines accurately the trial endpoints and the methods
of assessment

Designs the early stopping rules and interim monitoring
plan

Writes the statistical analysis plan

Monitors the assumptions underlying the statistical
design

Interacts with the Independent Data Monitoring
Committee, when pre-specified in the study protocol
orin case of unanticipated issues

Contributes to the amendment of the study protocol in
case of major changes to the statistical considerations
of the trial

Assesses the quality of the ciinical database for
the intended analysis, in terms of completeness and
consistency

Develops the analysis programs to produce the
required tables, graphical displays and inferential
analyses

Writes the statistical analysis report

Contributes 1o the presentation and publication of the
study reslts

Submits the final study results to EMA European
Ciinical Trials Database (EudraCT) and to US
ClinicalTrials.gov public websites
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Diagnostic management

1. Percentage of patients with a defined stage at diagnosis

Time to start treatment (12) and treatment adherence to clinical guidelines (13)

2. Time to start treatment (time between defintive pathological diagnosis and beginning of surgery or radiotherapy <1 month)

8. Time in starting post-operative radiotherapy or concomitant chemo-radiotherapy (<8 weeks from surgery)

4. Percentage of patients with early stage | and Il referred for either surgery or radiotherapy

5. Percentage of patients with locally advanced stage Il and IV referred for surgery plus post-operative radiotherapy or post-operative chemo-radiotherapy or
concomitant chemo-radiotherapy

Quality of surgery and radiotherapy

6. Percentage of complete tumor resection (histological veriication of tumor free margins after surgery)

7. Percentage of re-operation within 30 days from main surgery*

8. Percentage of grade =3 late toxicities (>3 months after radiotherapy)*

9. Percentage of patients receiving intensity-modulated radiation therapy vs. % receiving 3D conformal radiation therapy

10. Percentage of patients receiving the appropriate surgery for its stage (e.g., minimal invasive, reconstructive surgery)”

Quality of pathology reports after surgery

11. Percentage of pathology reports after surgery with a full set of core data items recorded. According to the Royal College of Pathologists (https:/www.rcpath.org/

profession/publications/cancer-datasets.htm): site and laterality of the carcinoma, maximum diameter of tumor, maximurm depth of invasion, histological type of
carcinoma, degree of differentiation (grade), patter of invasion, margin status, lymph node involvement.

Availability of formalized multi
Participation in clinical and translational research*

ciplinary decision (with member experts on head and neck cancers)*

*Indicators agreed by consensus within the expert panel only.
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Cancer Number

Total reland  ltaly*  Netherlands Slovenia
HNCs 8655 1328 928 6,185 219
Hypopharynx 790 121 54 615 0
Larynx 3168 449 398 2,102 219
Oral cavity 2076 428 258 2,290 0
Oropharynx 1722 325 218 1,178 0
Years of diagnosis 2009-2011 2009-2010 2009-2011 20092010

“Italy inclucied nine population based cancer registries: Registro Tumori Integrato (Catania
and Messina), Palermo, Ragusa, and Siracusa (Sicily-south of Italy); Modena, Parma,
Reggio Emilia, and Romagna (Emilia Romegna-centre of ltaly); Friuli Venezia Giulia (Friui
Venezia Giulia-north est of ltaly).
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Setting  Regimen (reference)

Induction chemotherapy
TPF (7)

TPF(8,9)

Dosing schedule

Docetaxel 75 mg/m? + cisplatin 100 mg/m? on day 1 followed by
continuous infusion of SFU 1,000 mg/m?/day for 4 days every 3 weeks
for three cycles

Dooetaxel 75 mg/m? + cisplatin 75 mg/m? on day 1 followed by
continuous infusion of SFU 750 mg/m? for 5 days, every 3 weeks for
three cycles

Primary concomitant chemoradiotherapy/bioradiotherapy

Cisplatin (4, 6, 10-12)

Carboplatin/5FU (1)

Cetuximab (14)

Postoperative chemoradiotherapy
Gisplatin (15-18)

Cisplatin 100 mg/m? on day 1, 22, and 43 during standard
fractionated RT (or on day 1 and 22 during accelerated RT)

Carboplatin 70 mg/m? on day 14, continuous infusion of 5FU 600
mg/m2/day on day 1-4 in week 1, 4, and 7 during RT

Cetuximab 400 mg/m? 1 week before start of RT and weekly 250
mg/m? during RT

Cisplatin 100 mg/m? on day 1, 22, and 43 during RT
Cisplatin 50mg flat dose weekly

Recurrent/metastatic palliative setting, 1st line

Pembrolizumab (19)

Platinum, 6FU and
pembrolizumab (19)

EXTREME (20)

Pembrolizumab 200 mg every 3 weeks

Cisplatin 100 mg/m? or carboplatin AUC 6 on day 1, plus 5FU 1,000
mg/m2/day on day 1-4, every 3 weeks for a maximum of six cycles
plus pembrolizumab 200 mg every 3 weeks until progression

Cisplatin 100 mg/m? or carboplatin AUG 5 on day 1, plus 5FU 1,000
mg/m?/day on day 1-4, every 3 weeks for a maximum of six cycles
plus cetuximab 400 mg/m? at first dose, then 250 mg/m? weekly until
disease progression

Recurrent/metastatic palliative setting, 2nd line

Nivolumab (21)

Pembrolizumab (22)

Nivolumab 8 mg/kg (can be replaced by 240mg flat dose) every 2
wesks

Pembrolizumab 200 mg every 3 weeks

Remarks

Benefit over CRT is unclear
US regimen

European regimen

Preferred CRT regimen
Accelerated RT plus 2 cycles cisplatin was not
superior to standard fractionated RT plus three
cycles cisplatin

Has not been compared head to head with cisplatin

Inferior to cisplatin (for HPV related oropharyngeal
cancer)

Inferior LRC with weekly 30 mg/m? cisplatin
compared to 3-weekly 100 mg/m?2

Superior LRC, OS and DFS with weekly 50mg
cisplatin compared to radiotherapy alone but has
not been compared to 3-weekly 100 mg/m?

Approved by FDA but not (yet) by EMA
Superior OS compared to EXTREME in patients
with CPS =20 and in patients with GPS 1
Approved by FDA but not (yet) by EMA
Superior OS compared to EXTREME

After platinum containing chemotherapy

After platinum containing chemotherapy
Europe: restricted to patients with PD-L1 TPS
>50%

*Based on at least one randomized phase Il study. SFU, 5-fluoroureci; AUC, area under the curve in mg per millter per minute; CPS, combined positive score for PD-L1 expression on
tumor and immune cells; GRT, chemoradiotherapy; DFS, disease free survival; EMA, European Medicines Agency; FDA, US Food and Drug Administration; LRC, locoregional control;
0S, overall survival; PD-L1, programmed death receptor ligandi 1; RT, radiotherapy; TPF, docetaxel (Taxotere?), cisplatin (platinum), and 5FU; TPS, tumor proportion score (percentage
of tumor cells with membranous PD-L1 staining).
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Total Oral cavity Oropharynx Hypopharynx Larynx

(N =9,245) (N =2,665) (N =2,745) (N =1,137) (N =2,698)
N % N % N % N % N %
Gender
Male 7,017 759 1,770 66.4 1,998 728 974 86.7 2,275 84.3
Female 2228 24.1 895 336 747 272 163 143 423 143
Age group
<50 years 930 10.4 339 12.7 319 116 84 7.4 188 70
50-59 years 3,058 331 869 326 1,018 369 437 38.4 739 274
60-69 years 3,047 33.0 772 290 916 334 41 36.2 948 351
70-79 years 1,481 16.0 410 154 364 183 146 12.8 561 208
>80 years 729 79 275 103 133 49 59 52 262 97
Adapted charlson comorbidity index
o 5,359 608 1,548 618 1,508 616 609 565.4 1,604 613
12 2,747 312 777 310 769 207 393 358 808 309
34 557 63 145 58 183 7.4 69 63 160 6.1
>4 149 1.7 35 1.4 43 1.7 28 25 43 1.6
No data available 433 160 152 33 83

*The % for the adapted CCl were calculated excluding the missing data.
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Category

Imaging
RX thorax
RX swallow mechanism /esophagus
RX larynx
CT neck
CT skull
MRI neck
MRI head
PET(/CT)
Ultrasound neck
Uttrasound abdomen
Endoscopy
Tracheoscopy/laryngoscopy
Bronchoscopy
Nasal endoscopy
Screening digestive tract
Histopathology
Biopsy of primary tumor
Lymph node biopsy

inary team meeting

Total
(N =9,245)
N %
6,772 733
682 74
108 12
8548 %5
1,700 184
2,783 3014
589 6.4
4,425 479
1,763 19.1
3,178 34.4
7,844 849
1,874 203
745 8.1
5,445 589
9127 987
320 35
1,746 189
7,608 823

HNSCC, head and neck squamous cell carcinoma.

Oral cavity

(N =2,665)
N %
2,086 783
45 LT
12 0.5
2,289 859
494 185
920 345
274 103
1,098 410
428 16.1
991 372
1,598 60.0
465 176
147 55
1,345 505
2,640 9.1
68 26
354 18.3
2,071 777

Oropharynx
(N =2,745)
N %
1,921 700
162 59
15 06
2,644 %3
554 202
1,035 377
188 6.9
1,653 60.2
726 26.5
1,005 366
2,478 23
582 21.2
275 100
1,786 65.1
2,697 983
156 57
711 259
2,358 85.9

Hypopharynx

(N =1,137)

N %
892 785
171 15.0
31 27

1,111 97.7
272 239
307 27.0

48 42
708 623
304 26.7
426 375

1,108 975
312 27.4

121 106

885 7738
1,110 976

46 44

303 267
1,009 837

Larynx
(N =2,698)
N %

1873 69.4
304 1.3
50 19
25504 %28
380 14.4
521 193
79 29
974 360
305 1.3
756 280
2,660 986
515 191
202 75
1,429 530
2,680 %93
50 1.9
378 140
2,170 804
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Affected structures Potential outcomes

Skin radiation Dermatiis
Oral mucosa Mucositis
Infections: fungal, viral, bacterial
Pain
Teeth Caries caused by hyposalivation or
direct effect of RT
Jaws/bone Osteoradionecrosis
Mastication difficulties
Salivary glands. Hyposalivation/xerostomia
Muscles and soft issues Fibrosis and trismus
Dysphagia
Speech difficulties
Terporomandibular joint Fibrosis and trismus
Tongue and taste buds Taste dysfunction
Alteration of smell Anosmia, cacosmia
Others Pain

Altered quality of life

Modified from Villa and Akintoye (12).
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Before

Check the medical history
carefully

Teach good oral hygiene
habits

Repair all possible teeth
and remove compromised
ones.

Remove removable
prosthodontics

Explain treatment
Evaluate pre-treatment life

quality
Fluorine supplementation

During

Hydration, alkaline
mouthwashes, orl
mucosa protection.
Control oral mucosa, with
a