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Abstract

Despite modern treatment approaches, survival of patients with recurrent or metastatic

squamous cell carcinoma of the head and neck (SCCHN) remains low and it is difficult to

identify patients who derive optimal benefit from treatment. We therefore analyzed which

commonly available laboratory and clinical parameters may help improve the prognostica-

tion in this patient group. This retrospective monocenter analysis includes 128 patients with

recurrent or metastatic SCCHN treated with cetuximab alone or in combination with poly-

chemotherapy as first line therapy. Factors with independent prognostic power in the multi-

variate analysis were used to build up a score separating patient groups with different

survival. Patients had a median age of 61 years and 103 patients were treated with polyche-

motherapy plus cetuximab. An ECOG score above 1, high CRP and leukocyte levels, less

intensive treatment and a time below 12 months from primary diagnosis to relapse remained

as independent negative prognostic factors in multivariate analysis.

Patients with 0 to 1 risk factors had a median OS of 13.6 months compared to a median

OS of less than one month for patients 4 to 5 risk factors (p<0.001). This study identifies 5

clinical and serum values that influence survival of patients with recurrent or metastatic

SCCHN treated with cetuximab. By combining these factors to create a score for OS, it is

possible to distinguish a group of patients with significantly improved survival and define

those most likely to have no benefit from cetuximab treatment.

Introduction

Approximately 650.000 new cases of squamous cell carcinoma of the head and neck (SCCHN)

are diagnosed each year worldwide and despite modern treatment approaches more than a
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third of patients with advanced disease experience relapse not suitable for therapy with cura-

tive intent.[1–5] The standard of care for these patients was chemotherapy including platinum

compounds, fluorouracil, methotrexate or taxanes for many years with prognosis still grim.

There is evidence for the activity of monotherapy with the anti-epidermal growth factor recep-

tor (EGFR) antibody cetuximab in recurrent or metastatic SCCHN with a disease control rate

of 46% in platinum resistant patients and acceptable toxicity rates.[6] Platinum-based chemo-

therapy in combination with cetuximab has been advocated as the standard first line therapy

for patients without curative treatment options in international treatment guidelines due to

the results of a phase III trial published in 2008.[7] Only very recently, progress has been made

with the introduction of checkpoint inhibitors in this population.[8, 9]

Several prognostic biomarkers such as human papilloma virus (HPV) infection, p53 and

chemokines have been proposed in SCCHN.[10–14] However, standardized tools to identify

patients with a low probability of benefit from treatment are missing and molecular markers

are often expensive and not routinely available in clinical practice.

Nevertheless, a complete blood count and inflammation markers such as c-reactive protein

(CRP) are usually available in each patient before the start of chemotherapy. The negative

prognostic influence of markers of chronic inflammation was described in different tumor

entities such as renal cancer, non hodgkin lymphoma and pancreatic cancer but the impact of

CRP, leukocytes and hemoglobin levels on the survival of patients with recurrent or metastatic

SCCHN is not known.[15–19]

We set out to define which laboratory and clinical parameters may be suitable to help

improve the prognostication in first line palliative treatment for patients with SCCHN.

Materials and methods

Patients

All patients included in this retrospective analysis were diagnosed with recurrent or metastatic

SCCHN and were considered incurable by a multidisciplinary tumor board at our cancer cen-

ter. Patients were treated with cetuximab alone or in combination with chemotherapy as first

line palliative treatment between September 2006 and March 2016 at the 3rd Medical Depart-

ment of the Paracelsus Medical University Salzburg. If patients were considered suitable for

combination therapy, they received cisplatin or carboplatin, fluorouracil and cetuximab, in

analogy to the study by Vermorken et al published in 2008.[7] Other patients were treated

with single agent chemotherapy and cetuximab or cetuximab alone.

Patient characteristics such as age, performance score, nutritional status, substance abuse

and tumor characteristics were retrospectively analyzed by chart-based review.

Immunohistochemistry for p16 expression with a staining cutoff of 10% was used as a sur-

rogate parameter for HPV infection. The HPV status was available for the majority (74.7%) of

patients with a primary tumor of the oropharynx, the oral cavity or the larynx. Patients with

missing p16 staining were classified as “not available”.

To evaluate the prognostic role of routinely obtained serum values, complete blood count,

CRP and liver enzymes were analyzed within two weeks before the start of therapy. Progres-

sion free Survival (PFS) was defined as the time from the start of palliative treatment to pro-

gression or death from any cause and OS was calculated from the start of treatment to death

from any cause. The last update of the database was made on the 25th of July 2016 and no

patients were lost to follow up.

This analysis was approved the Ethics Committee of the provincial of Salzburg Austria

(415-EP/73/662-2016) and all patients gave their written informed consent.
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Statistical analyses

All statistical analyses were performed using IBM1 SPSS1 statistics software, version 21.

Mann-Whitney-U-test and Pearson’s chi-square test were used for univariate analyses, where

appropriate. Survival was estimated using Kaplan-Meier curve analysis, with statistical compari-

sons using the log-rank statistic. A two-tailed significance level of 0.05 was considered statistically

significant. Cutoff values for serum markers and age of our patients were determined by Receiver

Operating Characteristic (ROC) calculation and Youden Index analysis for OS. Only factors that

had a significant influence on OS in univariate analysis were included in multivariate Cox-regres-

sion analysis. Independent prognostic factors were used to build a score to predict OS.

Results

Patient characteristics

Between 2006 and 2016, 128 patients were treated with cetuximab as first line palliative therapy

for recurrent or metastatic squamous cell carcinoma of the head and neck. 103 (80.5%) of these

patients received combination therapy consisting of a platinum compound, fluorouracil plus

cetuximab. Their clinical characteristics are shown in Table 1. Briefly, the median age of all

patients at the start of palliative treatment was 60.5 years and the majority (84.4%) were male.

As would be expected, patients receiving polychemotherapy plus cetuximab had a better perfor-

mance score and a higher body mass index (BMI) than patients receiving less intensive therapy

(74.8% of patients with ECOG 0 or 1 versus (vs.) 44.0%, p = 0.003 and median BMI of 21.0 vs.

18.9, p = 0.015). The polychemotherapy plus cetuximab group also had a higher tumor stage at

the time of primary diagnosis (93.9% AJCC stage 3 or 4 vs. 77.3%, p = 0.015). Furthermore,

more patients treated with combination therapy had previously received radiotherapy as part of

curative treatment for local disease (82.5% in the polychemotherapy plus cetuximab group vs.

56.0% in the less intensive therapy group, p = 0.004). More than half of all patients (66.4%) had

already received systemic therapy as part of curative treatment before the start of palliative ther-

apy. The smoking status was known for the majority (75.0%) of the patients. Out of these,

85.4% were smokers. Furthermore, we knew of alcohol abuse in 33.6% of our patients. Five out

of 17 patients (29.4%) with oropharynx cancer, 8 out of 22 patients (36.4%) with larynx cancer

and 5 out of 29 patients (17.2%) with a tumor of the oral cavity had p16 positive disease.

Clinical outcome

Median PFS and OS of all patients from the start of palliative systemic therapy were 4.4 and 6.9

months respectively. Acknowledging the differences in patient characteristics, OS was significantly

better for patients receiving polychemotherapy plus cetuximab than for patients treated with a less

intensive regimen (8.4 vs. 4.8 months, p = 0.011, Fig 1). However, differences in PFS between

these two groups of patients did not reach the level of significance (4.8 vs. 3.0 months, p = 0.103,

Fig 2). Analyzing only patients with an ECOG score of 0 to 1 and a systemic therapy free interval

of 6 months before start of palliative treatment similar to the inclusion criteria of the phase III

study by Vermorken et al [7], the median PFS and OS were 5.7 months and 13.1 respectively.

There was no statistically significant difference between survival of patients with p16 posi-

tive tumors compared to patients with p16 negative tumors in this cohort (median OS 9.2 vs.

8.0 months, p = 0.798; median PFS 4.0 vs. 4.8 months, p = 0.755).

Prognostic factors for OS

Cutoff values for CRP, leukocytes, hemoglobin, thrombocytes, gamma-glutamyl transferase

and age determined to be optimal to discriminate the OS were as follows: 8.5 mg/L, 9.25 G/L,

Prognostic score in head and neck cancer
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Table 1. Characteristics of patients with recurrent or metastatic head and neck cancer treated with cetuximab.

all patients polychemotherapy plus cetuximab less intensive therapy p-value

(n = 128) (n = 103) (n = 25)

age at primary diagnosis

median (years) 58.0 58.0 60.0 0.1541

range 32–90 32–74 44–90

age at palliative treatment start

median (years) 60.5 60.0 67.0 0.0811

range 35–90 35–75 46–90

gender

male 84.4% (108) 87.4% (90) 72.0% (18) 0.0572

female 15.6% (20) 12.6% (13) 28% (7)

primary tumor site 0.2642

oral cavity 33.6% (43) 30.1% (31) 48.0% (12)

p16 positive 11.6% (5) 5 (16.1%) n.a.

p16 negative 55.8% (24) 24 (77.4%) n.a.

p16 unknown 32.6% (14) 2 (6.5%) n.a.

oropharynx 18.0% (23) 16.5% (17) 24.0% (6)

p16 positive 21.7% (5) 29.4% (5) n.a.

p16 negative 52.2% (12) 70.6% (12) n.a.

p16 unknown 26.1% (6) 0% (0) n.a.

larynx 19.5% (25) 23.3% (24) 4.0% (1)

p16 positive 32.0% (8) 33.3% (8) n.a.

p16 negative 56.0% (14) 58.3% (14) n.a.

p16 unknown 12.0% (3) 8.3% (2) n.a.

hypopharynx 12.5% (16) 13.6% (14) 8.0% (2)

other 16.4% (21) 16.5% (17) 16.0% (4)

AJCC stage at primary diagnosis 0.0152

stage 1–2 5.6% (11) 5.8% (6) 20.0% (5)

stage 3–4 85.2% (109) 89.3% (92) 68.0% (17)

ECOG score 0–1 at palliative treatment start 68.8% (88) 74.8% (77) 44.0% (11) 0.0032

BMI

median 20.8 21.0 18.9 0.0151

range 14.0–32.45 15.0–32.5 14.0–27.3

prior therapy

prior radiotherapy 77.3% (99) 82.5% (85) 56.0% (14) 0.0042

prior chemotherapy 51.6% (66) 55.3% (57) 36.0% (9) 0.0832

prior cetuximab therapy 20.3% (26) 19.4% (20) 24.0% (6) 0.6092

distant metastasis 50.8% (65) 47.6% (49) 64.0% (16) 0.1412

second line palliative therapy 0.1812

yes 51.6% (66) 54.4% (56) 40.0% (10)

no 47.7% (61) 44.7% (46) 60.0% (15)

palliative radiotherapy 31.2% (40) 25.2% (26) 56.0% (14) 0.0032

palliative tumor resection 5.5% (7) 5.8% (6) 4.0% (1) 0.7192

cigarette abuse 0.6932

yes 64.1% (82) 66.0% (68) 56% (14)

no 10.9% (14) 10.7% (11) 12% (3)

(Continued)
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11.25 g/dl, 281 G/L and 30.5 U/L, 60.5years respectively. The median duration of time between

primary diagnosis and the start of palliative cetuximab treatment was 12.1 months. A chemo-

therapy free interval of at least 6 months was an inclusion criterion of the EXTREME trial.

With the addition of surgery and/or radiotherapy this also results in a time span of about a

year between primary diagnosis and recurrence. Therefore, 12 months was considered as a

clinically meaningful cutoff for early disease recurrence. The serum markers as well as clinical

characteristics were tested in univariate analyses for OS. ECOG > 1, high CRP or leukocyte

levels, the treatment regimen and a time below 12 months from primary diagnosis to relapse

not amenable to curative therapy remained as independent prognostic factors in multivariate

Cox-regression analysis (see Table 2).

By attributing one point for each of these 5 values, a prognostic score was generated for all

patients. The median OS was 21.5, 12.7, 6.8, 4.9, 0.7 and 0.6 months for patients with 0, 1, 2, 3,

4 or 5 risk factors respectively (p<0.001). Patients with 0 to 1 risk factors, 2 to 3 and 4 to 5 risk

factors were grouped and the median OS was 13.6, 6.1 and 0.7 months respectively (p<0.001,

see Fig 3). The same score can also be applied for median PFS of all patients (median PFS 0–1

risk factors: 4.9months, 2–3 risk factors: 3.6months, 4–5 risk factors: 0.7 months, p<0.001).

Table 1. (Continued)

all patients polychemotherapy plus cetuximab less intensive therapy p-value

(n = 128) (n = 103) (n = 25)

second malignancy 19.5% (25) 19.4% (20) 20.0% (5) 0.9472

Note. Some values don’t add up to 100% due to missing data, 1 = Mann-Whitney-U-Test, 2 = Pearson’s Chi Square Test, n.a. = not available,

AJCC = American Joint Committee on Cancer, BMI = body mass index

https://doi.org/10.1371/journal.pone.0180995.t001

Fig 1. Overall survival of cetuximab treated patients with recurrent or metastatic head and neck

cancer. Median overall survival (OS) of patients treated with polchemotherapy plus cetuximab was

significantly longer compared to patients treated with less intensive therapy (median OS: 8.4 months

compared to 4.8 months, p = 0.011).

https://doi.org/10.1371/journal.pone.0180995.g001
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Median OS of patients treated with polychemotherapy and cetuximab and 0 to 1 risk factors

was 13.8 months compared to 6.1 months for those with 2 to 4 risk factors (p<0.001, see

Fig 4).

Discussion

This report of patients treated with cetuximab alone or as part of first line palliative therapy,

represents one of the largest cohorts treated outside of a clinical study.

Despite the fact that SCCHN is the sixth most common cancer type, literature on palliative

patient cohorts and prognostic factors is scarce.[1] Systemic treatment of patients with

SCCHN in Salzburg and surrounding regions is centralized at our department due to the char-

acteristics of the Austrian health care system, where there are no oncologic practitioners and

radiation oncologist in private practice. This means that our analysis is likely to be less biased

regarding insurance status or other socioeconomic factors than international randomized clin-

ical trials.

The survival data for patients receiving a platinum compound, fluorouracil and cetuximab

with a median PFS of 4.8 months and a median OS of 8.4 months are somewhat lower in this

study than in the phase III clinical trial by Vermorken et al where the median PFS and OS

were 5.6 and 10.1 months, respectively. This may reflect differences in patient characteristics

and comorbidities of cohorts seen in daily practice compared to those treated in clinical stud-

ies. Importantly, patients with a Karnofsky performance score lower than 70 and patients that

had received chemotherapy as part of treatment for locally advanced disease during the last 6

months were primarily excluded from the phase III trial by Vermorken et al. If more stringent

inclusion criteria regarding ECOG and systemic treatment free interval of at least 6 months

are applied to our patients, results are in line with previously published data.[7, 20–22] Fur-

thermore, patients with a Karnofsky score below 80 did not benefit from the addition of

Fig 2. Progression free survival of cetuximab treated patients with recurrent or metastatic head and

neck cancer. Median progression free survival (PFS) of patients treated polychemotherapy plus cetuximab

was 4.8 months compared to a median PFS of 3.0 months for patients treated with less therapy (p = 0.103).

https://doi.org/10.1371/journal.pone.0180995.g002
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cetuximab to chemotherapy in the study published by Vermorken et al.[7] This suggests, that

patient selection is very important to avoid intensive and potentially toxic treatment in patients

with little chance for benefit. However, a standardized tool to identify these patients was not

available so far. We therefore set out to find prognostic variables that would aid such a

selection.

The performance score is a known prognostic factor in patients with recurrent or metastatic

SCCHN treated with EGFR-antibodies in combination with chemotherapy or chemotherapy

alone.[7, 23, 24] Furthermore, in the SPECTRUM trial, in which patients were treated with cis-

platin, fluoruracil and panitumuab, weight loss of more than 5% during the last 6 months and

prior platinum chemotherapy were identified as independent negative prognostic factors.

However, the presence of distant metastasis does not seem to influence OS of patients with

recurrent or metastatic SCCHN.[7, 23] Argiris et al described the influence of tumor differen-

tiation and tumor site on the survival of patients treated with cisplatin doublets. Well or mod-

erate tumor differentiation and a primary tumor in the oral cavity or the hypopharynx were

determined as unfavorable prognostic factors for OS.[24]

Table 2. Prognostic factors for overall survival of patients with recurrent or metastatic head and neck cancer.

univariate Analysis multivariate Analysis

Variable Hazard Ratio

(95% CI)

p1 n Hazard Ratio

(95% CI)

p1 n

ECOG score high (2–3) vs. low (0–1) 2.175(1.463–

3.235)

<0.001 128 2.048(1.319–

3.179)

0.001 122

c-reactive protein above 8.5 mg/L vs. below 1.955(1.296–

2.950)

0.001 123 1.651(1.058–

2.575)

0.027 122

leucocytes above 9.25G/L vs. below 2.351(1.564–

3.533)

<0.001 126 2.224(1.416–

3.495)

0.001 122

time from primary diagnosis to

palliative therapy

below 12 months vs. above 12 months 1.561(1.080–

2.256)

0.018 128 1.830(1.185–

2.824)

0.006 122

thrombocytes above 281 G/L vs. below 1.725(1.189–

2.503)

0.004 126 1.215(0.784–

1.881)

0.383 122

first line palliative treatment less intensive therapy vs. polychemotherapy

plus cetuximab

1.811(1.140–

2.878)

0.012 128 2.560(1.510–

4.341)

<0.001 122

prior radiotherapy yes vs. no 0.590(0.384–

0.905)

0.016 128 1.039(0.621–

1.738)

0.884 122

hemoglobin above 11.25g/dl vs. below 0.800(0.547–

1.169)

0.249 126 n.a.

gamma-glutamyl transferase above 30.5 U/L vs. below 1.315(0.888–

1.949)

0.172 124 n.a.

age above 65 vs. below 1.219(0.834–

1.781)

0.307 128 n.a.

prior chemotherapy yes vs. no 0.950(0.660–

1.366)

0.780 128 n.a.

prior cetuximab yes vs. no 0.933(0.584–

1.489)

0.770 128 n.a.

tumor site other vs. oropharynx 1.138(0.695–

1.862)

0.608 128 n.a.

grading G3 vs. G2/G1 0.843(0.569–

1.250)

0.396 124 n.a.

distant metastasis yes vs. no 1.002(0.697–

1.440)

0.993 128 n.a.

1 = cox regression analysis, CI = confidence interval, vs. = versus, mg/L = milligram per liter, G/L = giga per liter, g/dl = gram per deciliter, U/L = unit per liter,

n.a. = not available

https://doi.org/10.1371/journal.pone.0180995.t002
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In this study, an ECOG score above 1, the palliative treatment regimen and a time below 12

months from primary diagnosis to relapse not amenable to curative therapy were determined

as independent prognostic factors for OS. However, the tumor site, age, presence of distant

metastasis and prior therapy did not influence survival.

The critical role of inflammation on tumor progression has been described in different enti-

ties and there are several reports on the unfavorable influence of increased CRP levels and

other markers of chronic inflammation on the prognosis of different types of tumors such as

prostate cancer, ovarian cancer and diffuse large B-cell lymphoma.[15–19] Published data also

show that elevated CRP values and neutrophil to lymphocyte ratios have adverse effects on the

survival of patients with localized head and neck cancer, treated with curative intent.[25–30]

The calculated cutoff values for leukocytes and CRP in this study were 9.25 G/L and 8.5 mg/L

respectively, which is close to the upper normal limits. High CRP and high leukocytes, which

may reflect inflammation caused by the tumor as well as individual comorbidities, were also

poor prognostic factors for patients in this cohort.

By combining all 5 independent prognostic factors found in this study to build a score for

OS, it is possible to distinguish a group of patients with significantly improved survival.

Patients with good performance score, treatment with polychemotherapy and cetuximab low

CRP and leukocyte values and longer time between primary diagnosis and relapse not amena-

ble for curative therapies (0 risk factors) had a favorable median OS of 21.5 months compared

to a median OS of less than a month for patients with 4 or 5 risk factors. The median OS for

patients with 0 or 1 risk factors is 13.6 months which is 4 months longer than the median OS

of patients receiving a platinum compound, fluorouracil and cetuximab in the EXTREME

Fig 3. Overall survival score for all patients with recurrent or metastatic head and neck cancer. 103

patients were treated with polychemotherapy and cetuximab and 25 patients were treated with cetuximab

alone or in combination with single agent chemotherapy. An ECOG score above 1, high CRP and leukocyte

levels, less intensive treatment and a time below 12 months from primary diagnosis to relapse were found to

be independent prognostic factors for overall survival (OS). Patients with 0 to 1 risk factors had a median OS

of 13.6 months compared to 6.1 and 0.7 months for patients with 2 to 3 and 4 to 5 risk factors, respectively

(p<0.001).

https://doi.org/10.1371/journal.pone.0180995.g003
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study, which mainly selected patients with a good performance status and normal organ func-

tion.[7] The same score was also applicable to the subgroup of patients treated with polyche-

motherapy plus cetuximab in this cohort. To the best of our knowledge, this is the first

prognostic score for cetuximab treated patients with SCCHN.

Our work has several limitations. The smoking status is known in the majority of patients.

However, detailed information on alcohol abuse would have been desirable but was not avail-

able for all patients due to the lack of a standard assessment tool used in clinical practice. How-

ever, immunohistochemistry for p16 expression was available for a large number of patients

and while it might overestimate the rate of HPV-positivity especially in non-oropharynx can-

cer, p16 is similarly associated with improved survival.[10, 31, 32]

As this is a retrospective analysis of a large cohort of patients treated at a single institution,

we are currently not able to validate our results in a second group of patients due to the scarcity of

such cohorts. However, we would still like to share our findings with the scientific community, as

they could be helpful for the guidance and management of patients seen in daily practice.

Conclusions

In summary, we were able to find 5 independent clinical and serum factors that influence sur-

vival of patients with recurrent or metastatic SCCHN treated with cetuximab alone or as part

of first line palliative therapy. By combining the factors to create a score that predicts OS, it is

possible to distinguish a group of patients with favorable prognosis.
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Fig 4. Overall survival score for patients treated with polychemotherapy plus cetuximab. 103 patients

were treated with polychemotherapy and cetuximab. Among these patients, an ECOG score above 1, high

CRP and leukocyte levels and a time below 12 months from primary diagnosis to relapse were found to be
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