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Cetuximab-based chemoimmunotherapy has been the standard of care for recurrent or metastatic squamous cell carcinoma of the head and neck (r/m SCCHN) for more than a decade. To date, no predictive or prognostic biomarkers have been established to further guide the systemic treatment with cetuximab-based chemoimmunotherapy in r/m SCCHN. Against this background, we retrospectively analyzed clinical and blood-based parameters from 218 r/m SCCHN patients treated with chemoimmunotherapy including cetuximab. Multivariate Cox-regression models were used to assess their prognostic or predictive value. Eastern Co-operative Oncology Group (ECOG) performance status (≥2), older age (≥61.8 years), anemia (hemoglobin <11.80), and increased neutrophil-to-lymphocyte ratio (NLR ≥5.73) were independently and strongly associated with inferior overall survival (OS). To group patients according to risk profiles we established a prognostic clinical score (PCS) that can easily be used in clinical practice. The PCS stratified the cohort into low, intermediate, poor or very poor risk subgroups with median OS times of 23.4, 12.1, 7.5, and 4.0 months, respectively. Patients with low risk PCS had a prolonged progression-free survival (PFS) and increased overall response rate (ORR) under first-line cetuximab-based therapy. Interestingly, only patients with low and intermediate risk benefitted from the more intensive first-line cisplatin/cetuximab combination compared to carboplatin/cetuximab therapy, whereas the intensity of first-line treatment had no impact in the poor and very poor risk subgroups. Following external validation, particularly in the context of newly established first-line options, the PCS may guide clinical decision making and serve for stratification of patients with r/m SCCHN in future clinical trials.
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Introduction

Squamous cell carcinoma of the head and neck (SCCHN) is the sixth most common cancer worldwide with more than 600,000 death annually. Platinum-based systemic chemotherapy in combination with the monoclonal antibody cetuximab, targeting the epidermal growth factor receptor (EGFR) has been the standard of care for recurrent or metastatic (r/m) SCCHN for over a decade (1, 2). Recently, the immune checkpoint inhibitors (CPIs) nivolumab and pembrolizumab have changed the therapeutic landscape of patients with r/m SCCHN. Nivolumab is considered as therapeutic standard after failure of platinum-based therapy based on the results of the phase III Checkmate-141 trial (3). In addition, pembrolizumab has become the new standard in the first-line setting in combination with platinum/fluorouracil chemotherapy or as monotherapy for patients with programmed cell death ligand 1 (PD-L1) positive tumors based on the data from the phase III Keynote-048 trial (4). However, response rate and progression-free survival upon CPI therapy in patients with r/m SCCHN are still disappointing and most patients will receive cetuximab and/or cytotoxic drugs in further lines (5). So far, no prognostic or predictive biomarkers have been established to stratify the systemic treatment of patients with r/m SCCHN and to identify patients with the highest likelihood of response to cetuximab (6). Ideal biomarkers are easily accessible, cost-effective and can reproducibly discriminate patients with different risks. Clinical and laboratory routine parameters could help to establish nomograms or prognostic clinical scores (PCS) to identify patients with higher chance of response or higher risk of progression upon different therapies. For example, the Eastern Co-operative Oncology Group performance status (ECOG) or the age has been correlated with a poor prognosis in a variety of cancer entities (7–9). In addition, systemic inflammatory response (SIR) parameters like the C-reactive protein (CRP), the neutrophil–lymphocyte ratio (NLR), anemia and others have been correlated with the risk of recurrence and overall survival in curative treated malignancies (9–11). The prognostic impact of these blood based SIR markers was also validated in patient receiving palliative systemic chemo- and immunotherapy (12, 13).

Against this background, we tested whether clinical and blood-based parameters had prognostic and predictive value in patients with r/m SCCHN treated with cetuximab-based therapy. The identified prognostic markers were combined to develop a new prognostic clinical score (PCS), which stratifies patients into four different risk groups. In addition, the PCS characterizes a group of patients with a higher likelihood for response and prolonged survival due to cisplatin/cetuximab-based therapy.



Patients and Methods


Study Design

Patients with r/m SCCHN treated with cetuximab-based systemic therapy between October 2006 and February 2018 at the West German Cancer Center (WTZ), University Hospital Essen, were retrospectively enrolled into this study. Follow-up was routinely assessed and documented in the electronic health record (EHR). Clinical and routinely assessed blood-based parameters, administered therapies and radiological response parameters were also retrieved from the EHR. The data cut-off for follow-up was October 1, 2019. Statistical and correlative analyses were performed using SPSS Statistics (V26, IBM, Armonk, NY, USA) and MS Excel 2010 (VS 14.0, Microsoft, Richmond, WA, USA). The study was approved by the local Ethics Committee of the Medical Faculty of the University Duisburg-Essen (Az 13-5486-BO).



Assessments and Statistical Analysis

Routine staging procedures included computed tomography (CT) scan and/or magnetic resonance imaging (MRI) of the head and neck, a thoracic CT and a CT of the abdomen and/or abdominal ultrasound. Initial staging was performed according to the seventh edition (2010) of the International Union Against Cancer (UICC) TNM classification. In the recurrent or metastatic setting patients were radiologically examined routinely every 6–8 weeks during the palliative therapy according to the institutional guidelines of the West German Cancer Center. Overall response rate was evaluated according to the Response Evaluation Criteria in Solid Tumors 1.1 (RECIST 1.1) (14, 15). Response assessment was feasible if at least one baseline CT or MRI and one follow-up imaging was available. Overall survival was defined as time from first administration of systemic treatment to death from any cause. Patients were censored at the time of last follow-up, if time point of death was not evaluable. Progression-free survival (PFS) was defined as time from start of therapy to date of radiologic or clinical progression or death. For survival analyses Kaplan–Meier method and log-rank test were used. For univariate and multivariate analyses of blood-based and clinical parameters a Cox proportional-hazard model with Hazard ratios (HR) and 95% confidence intervals (CI) were applied. Differences in overall response were dissected using the chi-square test. Overall, P-values ≤0.05 were regarded statistically significant.



Clinical- and Blood-Based Parameters

Based on a review of the literature, the following five blood-based parameters including markers of systemic-inflammatory response (SIR) were assessed: C-reactive protein (CRP), neutrophil–lymphocyte ratio (NLR), lymphocyte–monocyte ratio (LMR), platelet–lymphocyte ratio (PLR) and anemia (hemoglobin—HB). The three analyzed clinical markers included age, ECOG performance status and the extent of disease (local disease only vs metastatic disease). All parameters were assessed up to five days before the administration of the first palliative chemotherapy. For explorative analyses, we choose the median as cut-off for all blood-based parameters. We also used the median as cut-off for the clinical parameter age. For ECOG we distinguished between ECOG PS 0–1 and ≥2 and for the extent of disease we differentiated between patients with local disease only or metastatic disease.




Results


Patients’ Characteristics

A total of 218 patients with r/m SCCHN treated with cetuximab-based chemoimmunotherapy were enrolled into this study. Baseline clinical characteristics are listed in Table 1. The median age was 61.8 years (range 26.9–90.2). Notably, 39 patients (17.9%) were older than 70 years at start of the palliative therapy and 69 patients (31.6%) had an ECOG performance status of 2 or higher. Most patients were male (N = 173, 79.4%). One patient had an undifferentiated carcinoma (0.5%), all other had a keratinizing (N = 145, 66.5%) or non-keratinizing squamous cell carcinoma (N = 72, 33.0%). The main primary tumor site was the oropharynx (N = 95, 43.6%) followed by larynx (N = 40, 18.3%), hypopharynx (N = 37, 17.0%) and oral cavity (N = 32, 14.7%), respectively. In total, 42 patients (19.3%) presented with metastases, mostly in the lung at time point of initial diagnosis. At start of palliative therapy, 114 patients (52.3%) had distant metastasis and 104 (47.7%) had local recurrence only.


Table 1 | Baseline clinical characteristics (N = 218).





Therapy

The primary tumor was resected in 126 patients (57.8%) at time point of initial diagnosis, 89 patients of these (70.6%) received an adjuvant or additive radio- or radio-chemotherapy (Table 2). In total, 63 patients (28.9%) underwent definitive radio-chemotherapy. In the recurrent or metastatic setting all patients were treated with a palliative systemic therapy. The majority of patients (N = 114, 52.3%) received second-line systemic therapy and a substantial number of patients (N = 66, 30.3%) underwent at least third- or further line therapies. Cetuximab-based therapy was administered in 172 patients (78.9%) in the first-line setting and in 42 patients (19.3%) in second-line. Nearly all patients (N = 199, 91.3%) received platinum-based therapies (cisplatin or carboplatin) in combination with 5-fluorouracil (N = 182, 83.4%) or a taxane (N = 17, 7.8%) in first-line.


Table 2 | Therapy (N = 218).





Outcome

Median overall survival (OS) from start of first-line therapy was 11.5 month (95% CI 9.9–13.2) (Figure 1). Interestingly, there was no statistically significant difference in OS for patients who received cetuximab in first line compared with those patients who received cetuximab in second or third line (11.0 months vs 12.1 month, HR 1.06, 95% CI 0.73–1.53, P = 0.557) (Figure 2). In total 199 patients (91.3%) were evaluable for response according to RECIST 1.1. Overall response rate (ORR) was 27.1% under first-line therapy, including five patients (2.5%) with complete remission (CR) and the disease control rate (DCR) was 68.3% (Table 3). The first-line progression-free survival (PFS) was 2.6 month (95% CI 2.3–2.9).




Figure 1 | Kaplan–Meier plot for overall survival (OS) in patients with r/m SCCHN from start of first-line therapy. The median overall survival was 11.5 months (95% CI 9.9–13.2 months).






Figure 2 | Kaplan–Meier plot for overall survival (OS) from start of first-line therapy for patients receiving cetuximab in first vs cetuximab in second or third line. The median overall survival was 11.0 months (95% CI 9.0–13.0 months) vs 12.1 months (95% CI 9.8–14.3), P = 0.557.




Table 3 | Efficacy of palliative first-line therapy (N = 199).





Explorative Prognostic Clinical- and Blood-Based Parameters

Based on a review of the literature, eight parameters were evaluated as potential prognostic markers of survival outcomes: the blood-based parameters C-reactive protein (CRP), neutrophil–lymphocyte ratio (NLR), lymphocyte–monocyte ratio (LMR), platelet–lymphocyte ratio (PLR) and anemia (hemoglobin—HB) and the clinical factors age, ECOG performance status and the extent of disease (local disease only vs metastatic disease). For all blood-based parameters, the median was chosen as cut-off, as listed in Table 4.


Table 4 | Laboratory characteristics at start of palliative therapy for r/m SCCHN.



First, the impact of all eight parameters on OS were analyzed in exploratory univariate analyses (Table 5). Here, we identified anemia, CRP, NLR, LMR and ECOG as prognostic factors for overall survival. Afterwards, we performed a multivariate Cox proportional-hazard analysis including all eight parameters to verify the independence of the identified prognostic markers. In this multivariate analysis, only anemia, NLR, age and ECOG status significantly correlated with OS (P < 0.05) and were therefore considered as independent prognostic markers (Figure 3).


Table 5 | Median overall survival from start of first-line therapy and hazard ratio (univariate analysis).






Figure 3 | Forest plot for the multivariate analysis of overall survival from start of first-line therapy, including hemoglobin, C-reactive protein (CRP), neutrophil/lymphocyte ratio (NLR), lymphocyte/monocyte ratio (LMR), platelets/lymphocyte ratio (PLR), age, ECOG performance status and extend of disease (local disease only vs metastatic).





Prognostic Clinical Score

Based on the four identified independent prognostic markers, we establish a prognostic model (prognostic clinical score—PCS) for survival upon chemoimmunotherapy including cetuximab for r/m SCCHN. Due to a comparable effect size for each marker, one point was allocated for each positive factor. A marker was considered positive if the following condition was met: NLR ≥5.73; hemoglobin <11.80; age ≥61.8; ECOG ≥2. Next, we stratified patients into four groups (0, 1–2, 3, and 4 points) and correlated the different groups with the OS (Figure 4). Thereby, we identified patients with a favorable prognosis (PCS = 0, median OS 23.4 months, 95% CI 12.0 - 34.9), an intermediate prognosis (PCS = 1–2, median OS 12.1 months, 95% CI 10.3–13.8), a poor prognosis (PCS = 3, median OS 7.5 months, 95% CI 6.1–8.9) and a very poor prognosis (PCS = 4, median OS 4.0 months, 95% CI 2.0–6.1 months), P < 0.001. Each risk group hat a statistically significant different prognosis: HR for low vs intermediate risk was 0.434 (95% CI 0.246–0.765; P = 0.004); HR for intermediate vs poor risk was 0.552 (95% CI 0.365–0.834; P = 0.005); and the HR for poor vs very poor risk was 0.471 (95% CI 0.219–0.998; P = 0.046). Next, to exclude potential bias, we evaluated the PCS in the homogenous subgroup of patients which received cetuximab in first line and for whom all clinical-and blood-based parameters where available (N = 146). In this subgroup the prognostic value of the PCS could be confirmed (Figure 5, P < 0.001).




Figure 4 | Kaplan–Meier plot for overall survival (OS) according to the prognostic clinical score (PCS) from start of first-line therapy for low (PCS = 0 points), intermediate (PCS = 1–2 points), high (PCS = 3 points), and very high risk (PCS = 4 points) groups (P < 0.001).






Figure 5 | Kaplan–Meier plot for overall survival (OS) according to the prognostic clinical score (PCS) from start of cetuximab-based first-line therapy for low (PCS = 0 points), intermediate (PCS = 1–2 points), high (PCS = 3 points) and very high risk (PCS = 4 points) groups (P < 0.001).





Impact of Clinical- and Blood-Based Parameters on PFS and ORR Upon Cetuximab

The median progression-free survival (PFS) in patients who received cetuximab-based first-line therapy was 3.5 months (95% CI 2.8–4.2) (Figure 6). Comparable to the OS, median PFS differed significantly between patients with different PCS. Patients in the low risk group had a median PFS of 5.6 months, whereas patients in the very high risk group only had a median PFS of 0.7 months (Figure 7, P = 0.01). In line, patients with low risk PCS had a favorable overall response rate (ORR) of 69.2% and a disease control rate (DCR) of 100%, whereas no objective response was observed in the very high risk group (Figure 8).




Figure 6 | Kaplan–Meier plot for progression-free survival (PFS) for patients with r/m SCCHN from start of first-line cetuximab-based therapy. The median PFS was 3.5 months (95%CI 2.8–4.2).






Figure 7 | Kaplan–Meier plot for progression-free survival (PFS) for patients with r/m SCCHN from start of first-line cetuximab-based therapy according to the prognostic clinical score for low (PCS = 0 points), intermediate (PCS = 1–2 points), high (PCS = 3 points) and very high risk (PCS = 4 points) groups (log-rank P = 0.01).






Figure 8 | Best response to cetuximab-based first-line therapy for all patients and in each risk group of the prognostic clinical score (PCS). Patients with low risk PCS had a favorable overall response rate (ORR) of 69.2% and disease control rate (DCR) of 100%, whereas no objective response was detected in the very high risk group. CR, complete remission; PR, partial remission; SD, stable disease; PD, progressive disease.





Impact of Cisplatin- or Carboplatin-Based First-Line Therapy

To address the question, if the poor prognosis of patients with a high PCS could be overcome by a more intensive chemotherapy, we performed a subgroup analysis in patients which received cisplatin/cetuximab or carboplatin/cetuximab in first line. Patients who received cisplatin/cetuximab-based therapy had a significant prolonged OS compared to patients treated with carboplatin/cetuximab (13.7 months vs 9.5 months, HR 0.487, 95% CI 0.329–0.720, P < 0.001). However, only patients in the good and intermediate prognosis group (PCS 0-2) benefitted from the more intensive cisplatin-based therapy (28.1 vs 16.3 months for PCS 0, P = 0.034 and 13.7 vs 10.2 months for PCS 1-2, P = 0.005). In contrast, patients in the poor and very poor prognosis group had a dramatically shorter median OS irrespectively of cisplatin- or carboplatin-based first-line therapy (Figure 9).




Figure 9 | Kaplan–Meier plot for overall survival (OS) from start of cisplatin/cetuximab- vs carboplatin/cetuximab-based first-line therapy in low (A), intermediate (B), high (C) and very high risk (D) sub-groups. (A) Patients with low (PCS = 0) or (B) intermediate risk (PCS = 1–2) who were treated with cisplatin/cetuximab had a statistically significant prolonged overall survival compared to carboplatin/cetuximab (P = 0.034 and P = 0.005, respectively). (C) In high risk (PCS = 3) and (D) very high risk subgroups (PCS = 4) the prognosis remained poor regardless whether cisplatin or carboplatin was administered (P = 0.716 and P = 0.954, respectively).






Discussion

Cetuximab-based chemotherapy has been the standard first-line therapy for patients with r/m SCCHN for the last decade and it is still a standard option for patients who progressed on or are not candidates for immunotherapy with checkpoint inhibitors (1). However, prognostic or predictive biomarkers for patients treated with cetuximab are still missing. In this study, we aimed to identify clinical and routinely assessed blood-based and clinical biomarkers for the efficacy of cetuximab-based chemoimmunotherapies in recurrent or metastatic disease. We focused on markers on inflammation and immune response, which are two essential hallmarks of cancer (3, 4, 16, 17). In our retrospective study, 218 patients with r/m SCCHN were included who received at least one cycle of palliative chemotherapy in combination with cetuximab, irrespectively of ECOG performance status, comorbidities, age, abnormal blood values or previous therapy. The median OS in our unselected patient population was 11.5 months which were highly comparable with the results of the pivotal EXTREME trial (median OS 10.1 months) or the patients population treated with the EXTREME regimen in the recently published KEYNOTE-048 study (median OS 10.7 months) (1, 4). Although our cohort represents a real-world population with nearly 20% of patients being older than 70 years and one third of patients with an ECOG performance status ≥2, the median OS was markedly longer than those reported in comparable retrospective studies like the GLANCE H&N (5). This finding could possibly be explained by the relative high number of patients receiving second and further lines therapies at our center.

Absolute neutrophil, monocyte and platelet counts, CRP, and anemia are easily accessible blood-based biomarkers to assess the systemic inflammation. In addition, lower lymphocyte count may be associated with immunodeficiency and could have an impact on the efficacy of immunomodulating agents like the monoclonal antibody cetuximab, which has the capability to mediate antibody dependent cellular cytotoxicity (ADCC) (18). By using ratios of these different blood parameters like the neutrophil–lymphocyte ratio (NLR) or the lymphocyte–monocyte ratio (LMR) the extent of the systemic inflammation and the competence of the immune system could be easily assessed. The NLR has been previously linked to a higher risk of recurrence after curative resection in locally SCCHN (19). Moreover, it has been described as a prognostic marker for a wide variety of other malignancies treated with palliative immunotherapy or chemotherapy (12, 13). In our patient population, a higher NLR was an independent prognostic marker for OS in the recurrent or metastatic disease upon palliative treatment. Here, we chose the median NLR of 5.73 as a cut-off. In previous published studies in patients with early and advanced stage SCCHN, cut-offs between 1.29 and 6.0 have been proposed (20). We additionally tested NLR cut-offs of 4, 5 and 6, which all discriminated patients with good and poor prognosis (data not shown). This is in line with a large meta-analysis published by Cho et al., 2018 (20). Thus, the NLR seems to be a continues instead of a simple dichotomous biomarker (21).

Cancer-related anemia is common in a wide variety of malignancies. Up to 60% of SCCHN patients present with reduced hemoglobin levels at initial diagnosis (22). Cytokine-mediated systemic inflammation with increased interleukin-1 and -6 levels and nutritional and metabolic alterations contribute to this multifactorial paraneoplastic syndrome (23). The prognostic significance of pre-treatment cancer related anemia has been demonstrated for curative treated SCCHN patients (9, 24, 25). In our cohort of palliative treated r/m SCCHN patients, we chose the median hemoglobin level (11.8 mg/dl) as cut-off for further analyses. We could clearly demonstrate that anemia was independently associated with a reduced OS in our cohort. This is in contrast to a previous study published by Magnes et al. in a smaller cohort of r/m SCCHN patients (26). However, a different cut-off and heterogeneous patient’s characteristics or therapeutic strategies could have affected the results.

Recently, pembrolizumab has been approved as monotherapy and in combination with platinum-based chemotherapy in first-line treatment of PD-L1 positive r/m SCCHN (4). Moreover, the TPEx protocol with cisplatin, docetaxel and cetuximab has emerged as a highly effective and less toxic regiment than the EXTREME protocol (27). These new options result in a broader therapeutic armamentarium in the first-line setting. However, predictive or prognostic biomarkers for the first-line treatment in r/m SCCHN are still missing and are urgently needed to identify the best therapeutic option for each patient. To this end, we developed an easy-to-use prognostic clinical scoring (PCS) system based on our identified independent clinical- and blood-based biomarkers. In the EXTREME trial, sub-group analysis suggested a benefit in median OS only for cetuximab in combination with cisplatin, but not for the combination with carboplatin (1). In line, we found a significant higher OS in patients treated with cisplatin/cetuximab compared to carboplatin/cetuximab in our real-world cohort. Interestingly, only patients in our new established good and intermediate PCS benefited from a cisplatin/cetuximab-based therapy compared to carboplatin/cetuximab. In contrast, patients with a poor (PCS = 3) and very poor prognosis (PCS = 4) had a dramatic reduced OS irrespectively of the type of first-line therapy.

Our analysis has some important limitations. The data were collected retrospectively and all patients were treated at a single institution. The decision of first- and further line therapies were made individually by the clinicians and/or patients and not according to a pre-specified protocol. This real-world scenario resulted in a more heterogeneous treatment selection with cetuximab given not always in first-line and not always in combination with platin/5-fluorouracil. We adapted to this specific limitation by testing the established PCS in the subset of patients who received cetuximab in the first-line setting.

In conclusion, we identified age, ECOG, NLR and anemia as independent prognostic factors for patients with r/m SCCHN treated with cetuximab-based therapy. By combining these four independent parameters we established a new prognostic clinical score (PCS) which could discriminate patients in groups with good (PCS = 0), intermediate (PCS = 1–2), poor (PCS = 3) and very poor (PCS = 4) prognosis. With the PCS we characterize a subgroup of patients who were most likely to respond to cetuximab-based first-line therapy, and a subgroup of patients without any response to this chemoimmunotherapy in the first-line setting. Furthermore, the PCS enables to distinguish between patients who benefit from an intensive cisplatin/cetuximab-based first-line therapy (patients with good and intermediate PCS) and those patients with poor outcome irrespectively of the selected first-line therapy (patients with poor and very poor PCS). Based on this findings, the PCS will help to guide treatment selection for patients with PD-L1 negative r/m SCCHN, patients with contraindications for CPI and patients who progressed on CPI. Cisplatin/cetuximab-based therapy should be considered as the standard first-line option for patients with a PCS of 0 or 1–2, for patients with a PCS of 3 carboplatin/cetuximab is an adequate option due to a better toxicity profile and comparable efficacy in this subgroup, and best supportive care should be considered in patients with a PCS of 4.

As a next step, we plan an external and subsequently prospective validation of the PCS in an independent patient cohort. Finally, the new proposed PCS may help in the design of risk-adapted treatment strategies in future clinical trials.
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