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ABstrACt

The purpose of this study was to combine gene expression profiles and clinical factors to 
provide a better prediction model of local control after chemoradiotherapy for advanced 
head and neck cancer. Material and methods: Gene expression data were available 
for a series of 92 advanced stage head and neck cancer patients treated with primary 
chemoradiotherapy. The effect of the Chung high-risk and Slebos HPV expression profiles 
on local control was analyzed in a model with age at diagnosis, gender, tumor site, tumor 
volume, T-stage and N-stage and HPV profile status. Results: Among 75 patients included 
in the study, the only factors significantly predicting local control were tumor site (oral 
cavity vs. Pharynx, hazard ratio 4.2 (95% CI 1.4–12.5)), Chung gene expression status 
(high vs. Low risk profile, hazard ratio 4.4 (95% CI 1.5–13.3)) and HPV profile (negative 
vs. Positive profile, hazard ratio 6.2 (95% CI 1.7–22.5)). Conclusions: Chung high-risk 
expression profile and a negative HPV expression profile were significantly associated 
with increased risk of local recurrence after chemoradiotherapy in advanced pharynx and 
oral cavity tumors, independent of clinical factors.
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IntroduCtIon

Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer world 
wide, with almost 650,000 new cases and 350,000 disease-related deaths annually (1). At 
presentation, around half of these patients have advanced disease (2). In this group there 
is a limited benefit from radiotherapy alone (5 year locoregional control 12.6–37.4%) (3). 
Combined with chemotherapy, higher locoregional control rates of up to 65% can be 
achieved (4–9). However, the obvious benefit due to the addition of chemotherapy comes 
at the cost of higher grade III–IV toxicity. It is therefore essential to predict which patients 
will not benefit from chemoradiotherapy, which patients will become disease free, and 
in this last group, which patients would have been disease free with radiotherapy only.

Currently, clinical factors such as stage, site and tumor volume are used to predict response 
and select treatment (10–19). In the largest series analyzed so far, Knegjens et al. found 
tumor volume to be the most important predictor of outcome after chemoradiotherapy 
(20). Like Knegjens, Chen et al. found a poorer outcome or patients with primary tumors 
above 30 cc (21). However, the predictive power of clinical factors is still limited.

Apart from clinical factors, infection status with high-risk human papilloma virus (HPV) 
should also be taken into account. HPV-associated tumors have a different pathogenesis 
with different and less chromosomal aberrations than tumors caused by alcohol and 
tobacco abuse (22). HPV-positive tumors arise more often in the oropharynx than in other 
sites. Patients with these tumors seem to have a better prognosis than HPV-negative 
patients (23– 26).

In recent years, gene expression profiling has been used to search for gene signatures 
correlating with outcome. These have the potential to provide insight into mechanisms 
and can monitor multiple biological processes. To date, such gene signatures as a single 
factor have shown prognostic potential (27–29).

Chung et al. (30,31) found a gene expression profile containing mostly genes involved in 
epithelial–mesenchymal transition and NFkB pathway activation. This profile was highly 
prognostic for survival in two series of head and neck cancer patients treated with primary 
surgery with or without adjuvant therapy. This signature was subsequently validated in 
an independent dataset by Pramana et al. (32), who tested the signature in a series of 
HNSCC patients treated with combined radiation and cisplatin, with locoregional control 
as the endpoint. It therefore appears to be predictive in this setting, but its independence 
of clinical factors was not evaluated.

In this study, we further investigated whether a HPV profile (published by Slebos et al. 
(33)) and the Chung profile are able to add predictive power to the current prediction of 
local recurrence with just clinical factors.
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materIals and methods

patients
Of 92 advanced HNSCC patients with gene expression data available, patients were 
eligible for analysis in the current series if they had a stage III/IV (M0) tumor and there 
was a good quality MRI or CT scan to measure the primary tumor volume. In the previous 
analysis by Pramana et al. (32), oral cavity and larynx cancer patients were excluded from 
the final analysis because they showed very different survivals after treatment and could 
therefore have confounded the effect of gene expression. For the current analysis, we 
decided to include oral cavity tumors, since we aimed to study whether the effect of gene 
expression was independent of clinical factors. Larynx cancer patients were not deemed 
representative for this study population because according to the Dutch Consensus 
guidelines they do not usually receive chemoradiotherapy (34).

treatment
All patients were categorized as anatomically or functionally inoperable and treated with 
curative intent. Treatment consisted of cisplatin-based concomitant chemoradiotherapy 
regimens in phase II/III studies at the Netherlands Cancer Institute. The different schedules 
all included irradiation with 70 Gy in 35 fractions over 6–7weeks. Chemotherapy was 
administered either intra-arterial (i.a.) 150 mg/m2 on treatment days 2, 9, 16 and 23, 
intra-venous (i.v.) daily low dose (6 mg/m2) cisplatin or intra-venous on treatment days 1, 
22 and 43 (100 mg/m2). There was no significant difference in outcome between intra-
arterial and intra-venous chemoradiotherapy (35).

Chung gene expression profile
The methods for generating expression profiles have been described previously (32). 
Briefly, gene expression profiles were measured on pre-treatment biopsies of all patients. 
Different published gene sets were tested, of which a ‘‘high risk” signature published by 
Chung et al. (31) was the most significant predictor of locoregional recurrence. Unigene 
identifiers were used to map the 42 Chung genes to the latest annotations of the NKI 
array. When more than one probe mapped to the same Unigene cluster, the probe with 
the least missing values and with the highest interquartile range (IQR) was used. This 
resulted in 32 genes that could be used for analysis. For each patient, Pearson correlations 
were calculated against the Chung score. Patients were grouped into those who had a 
negative or positive correlation of their gene expression values with the high-risk Chung 
profile, representing a predicted low or high risk, respectively.

hpv profile
Since there was no DNA available to test for infection with HPV, gene expression was 
used to asses HPV infection status. Slebos et al. published a set of 20 genes that were 
upregulated when HPV is transcriptionally active (33). Symbols for these genes were 
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updated from the NCBI Entrez Gene database (www.ncbi.nlm.nih.- gov/sites/entrez), and 
the corresponding probe numbers on the NKI array were selected. In this way, 12 of the 
20 genes could be mapped to the NKI array and were used as the HPV signature (Table 1). 
When more than one probe mapped to the same gene, the probe with the least missing 
expression values across the patient series and with the highest interquartile range (IQR) 
of expression between the patients was used. Since only upregulated genes were used, 
average expression of these genes was calculated for every patient and the median of the 
average expression values was used to divide patients into two groups: the group with 
low HPV gene expression (under the median) being considered HPV negative-like and the 
group with high HPV gene expression being considered HPV positive-like.

table 1. HPV gene signature. The 12 upregulated genes from the Slebos study (33) that could be 
mapped to our microarray platform were used to determine HPV profile status.

gene symbol description
C16orf75 C16orf75 protein

CDKN2A Cyclin-dependent kinase inhibitor 2A

CENPK Centromere protein K

EHHADH Peroxisomal bifunctional enzyme

MCM6 DNA replication licensing factor MCM6

MYNN Myoneurin

NR1D2 Orphan nuclear receptor NR1D2

RFC4 Replication factor C subunit 4

RIBC2 RIB43A-like with coiled-coils protein 2

RPA2 Replication protein A 32 kDa subunit

SYNGR3 Synaptogyrin-3

TAF7L TATA box binding protein-associated factor

tumor volume
The pre-treatment CT or MRI scan was used for primary tumor volume measurement. 
All visible primary tumor was manually delineated on every CT or MRI slice. Pathological 
lymph nodes were not included. Tumor volume was calculated after triangulation of the 
surface of the delineations (20).

statistics
The primary endpoint for this study was local control. A local recurrence was defined as a 
pathologically proven recurrence at the site of the primary tumor. Time to local recurrence 
was calculated from the date of diagnosis until local recurrence, death, loss to follow-up 
or end of follow-up, whichever occurred first. Events other than local recurrence resulted 
in censoring of time to local recurrence. The association with local control was evaluated 
for gender, age at diagnosis, primary tumor site, T and N-stages, primary tumor volume, 
Slebos HPV expression status and Chung gene expression status by Kaplan–Meier plots 
and corresponding log-rank tests as well as by hazard ratios (HR) and 95% confidence 
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intervals (CI) based on Cox regression. Age at diagnosis was dichotomized at the median 
among patients with a recurrence; tumor volume was dichotomized using a 30 cc cut 
off. Trend tests were based on the slope of the continuous variable. Variables with a 
HR > 1.5 or < 0.5 or a p-value < 0.05 for at least one category in univariate analyses 
were included in a multivariate model. Kaplan–Meier curves were generated in GraphPad 
PRISM 5.01. All other analyses were performed using SPSS 15.0. Based on the results 
of the multivariate analysis, patients were grouped according to their total number of 
independent risk factors for local recurrence.

Comparison with a larger series
The present dataset was limited to patients who had available gene expression data. To 
assess reproducibility of the results found for clinical factors, we compared our results to 
the results of a series of 360 patients also treated with radiation plus cisplatin and from 
which 75% of the present study patients were taken (20).

results

patient inclusion
Of the 92 patients, 75 were eligible for analysis in the current series. A total of 17 patients 
were excluded from further analysis for the following reasons: 10 patients had a T1–2 or 
larynx tumor; 1 patient was a double entry; 1 patient had a volume of nearly 400 cc, more 
than four times higher than the next largest tumor, and was therefore not considered to 
be representative of the group; and 5 patients had a poor quality CT scan and therefore 
no volume data could be obtained. Tumor volume was measured on MRI scans for 64 
patients and on CT-scans for 11 patients.

patient characteristics
The characteristics of the patients are shown in Table 2. The study population was 
predominantly male (69%) with a mean age at diagnosis of 58 years. Patients had a 
pharynx tumor (oropharynx and hypopharynx combined) in 85% and a tumor of the 
oral cavity in 15%. The mean primary tumor volume was 30.9 cc, ranging from 4.3 cc 
to 96.7 cc. Patients received radiotherapy with i.a. cisplatin (34 patients), high dose i.v. 
(18 patients) or low dose i.v. (23 patients) cisplatin treatment. For the Chung status, 64% 
of the patients were predicted to be at low risk and 36% at high risk. Since the median 
average expression for the Slebos HPV genes was used to generate two groups, half 
of the patients had a positive profile. Median follow-up time was 93 weeks. A total of 
17 local recurrences occurred during follow-up, with a median time to recurrence of 24 
weeks.
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table 2. Patient characteristics. Baseline characteristics of the 75 patients that were included in this 
study. 

Characteristics Categories n %
Gender Male 52 69

Female 23 31

Age at diagnosis (years) Mean 57.5

Range 29.1-77.3

Tumor site Oropharynx 47 63

Hypopharynx 17 23

Oral cavity 11 15

T stage T3 28 37

T4 47 63

N stage N0 17 23

N1 10 13

N2 43 57

N3 5 7

Primary tumor volume (cc) Mean 30.9

Range 4.3-96.7

Chung risk profile Low risk 48 64

High risk 27 36

Slebos HPV-profile Positive 37 49

Negative 38 51

univariate analysis
Of all factors included in the univariate analysis, significant predictors of local recurrence 
were Chung status, tumor site and HPV profile (Table 3). Kaplan–Meier curves for local 
recurrence for these factors are shown in Figure 1. There was no significant difference 
between hypo- and oropharynx tumors, and so these were combined into one group of 
pharyngeal carcinomas. Associations with age at diagnosis, T-stage and tumor volume 
were suggestive, but did not reach statistical significance (p<0.05). Oral cavity tumors, 
a Chung high-risk profile and a negative HPV profile were significantly associated with a 
higher risk of local recurrence.
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table 3. Univariate and multivariate analyses – local recurrence. Results of the univariate Cox 
proportional hazards analysis for all factors. The hazard ratio (HR) between the two categories of 
each factor is given, together with the p-value and, if applicable, a p-value for the trend of the 
corresponding continuous variable. Results of the multivariate Cox proportional hazards analysis for 
the five factors with a HR > 1.5 or < 0.5 or a p-value < 0.05 in the univariate model.

variable Categories n (no. of 
events)

Cox proportional 
hazard model
univariate multivariate
hr (95% CI) p-value p 

value 
trend

hr (95% CI) p-value

Gender Male 52 (11) 1.0

Female 23 (6) 1.2 (0.4-3.3) 0.7 -

Age at 
diagnosis 
(years)

<62 52 (9) 1.0 1.0

>62 23(8) 2.5 (1.0-6.6) 0.06 0.08 2.7 (0.8-9.0) 0.1

Tumor site Oro-and 
hypopharynx 64(10) 1.0 1.0

Oral cavity 11(7) 6.3 (2.4-16.8) <0.001 - 4.2 (1.4-12.5) 0.009

T stage T3 28(3) 1.0 1.0

T4 47(14) 3.1 (0.9-10.7) 0.08 - 1.8 (0.5-6.9) 0.4

N stage N0-1 27(6) 1.0

N2-3 48(11) 1.0 (0.4-2.8) 0.9 -

Primary 
tumor 
volume (cc)

<30 46(8) 1.0 1.0

>30 29(9) 1.9 (0.7-4.8) 0.2 0.1 1.4 (0.5-3.9) 0.6

Chung risk 
profile Low risk 48(5) 1.0 1.0

High risk 27(12) 5.2 (1.8-14.7) 0.002 0.002 4.4 (1.5-13.3 0.008

Slebos HPV 
profile Positive 37(4) 1.0 1.0

Negative 38(13) 3.6 (1.2-11.1) 0.03 0.06 6.2 (1.7-22.5) 0.006

multivariate analysis
Of the six factors entered in a multivariate Cox regression, tumor site, Chung status and 
HPV status were significantly associated with local control (Table 3). Patients with oral 
cavity tumors were four times as likely to get a local recurrence compared to patients with 
a pharynx tumor (HR 4.2, 95% CI 1.4–12.5). Risk for local recurrence was increased at a 
similar magnitude for patients with a Chung high-risk signature compared with the low 
risk group (HR 4.4, 95% CI 1.5–13.3). Patients with a HPV-negative profile were 6 times 
more likely to get a local recurrence than patients with a HPV-positive profile (HR 6.2, 95% 
CI 1.7–22.5).
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figure 1. Site, Chung and HPV profile. Kaplan–Meier curves for all 75 patients grouped based on 
site (A), Chung risk group (B) and HPV profile status (C). The given pvalues were calculated with a 
log-rank test

local recurrence by number of risk factors
Figure 2 shows a Kaplan–Meier curve for a combined model of site, Chung status and 
HPV status. The number of unfavorable features (an oral cavity tumor, a Chung high-risk 
profile and a HPV-negative profile) was added up for every patient. For example, a patient 
with a tumor of the pharynx with a Chung low risk profile and a HPV- positive profile has 
0 high-risk features. From this figure, it can be seen that in the group of 22 patients with 
just favorable factors (0) there were no recurrences during follow-up and the 4 patients 
with three unfavorable factors had recurrences.
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figure 2. Local recurrence by number of risk factors. Kaplan–Meier curve for all 75 patients organized 
into groups based on the number of high-risk features (Chung high-risk profile, HPV profile negative 
and oral cavity). The given p-value was calculated with a log-rank test

Comparison with a larger series
In line with the results for the series of 360 patients (21), site and, to a lesser degree, 
T-stage were important predictors of local control. Tumor volume was not significantly 
associated with local control in the univariate analysis in the current study, whereas the 
association was highly significant in the earlier published larger series of 360 patients (p < 
0.001) (21) from which the present patient population was taken. However, the magnitude 
of the association was approximately similar, but was attenuated in the multivariate 
analysis of the current data. We explored the dependence of the strength of association 
on sample size by drawing ten random samples of 75 patients from the series of 360 
patients (Table 4). Tumor volume was significantly associated with local control in 5 of the 
10 samples, and 3 of the 10 corresponding p-values exceeded the one observed in the 
current smaller series. The differences observed for tumor volume are therefore likely due 
to the smaller size of our current series. In addition, it is possible that the Chung or HPV 
profiles partly capture the tumor volume signal in the multivariate analysis.

table 4 Random series of N = 75 from N = 360. Ten series of 75 patients, all randomly selected from 
a larger series of 360 patients. Five of the ten randomly generated series had a pvalue < 0.05 for 
tumor volume in a cox proportional hazards model.

series 1 2 3 4 5 6 7 8 9 10 no. of 
series with 
p < 0.05

p value for 
volume

0.004 0.3 0.02 0.08 0.002 0.008 0.04 0.2 0.07 0.2 5
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dIsCussIon

Our aim was to study the independence of a high-risk and a HPV gene expression profile 
for predicting local recurrence, when analyzed in a model with known clinical predictors 
in advanced HNSCC patients treated with chemoradiotherapy. A gene expression profile 
designed by Chung et al. (31) was previously validated to predict locoregional recurrence 
after chemoradiotherapy on a series of 92 advanced HNSCC patients by Pramana et 
al. (32). From this series we analyzed 75 patients to test association of clinical factors 
and gene expression with local control. The main finding of this study was that the two 
gene expression profiles had an independent effect on local recurrence in a model with 
clinical factors and were the most important independent factors in a multivariate model, 
together with tumor site. This implies that they could in the future be a valuable addition 
to the clinical factors that are currently used for the prediction of local recurrence.

In this study, it was not possible to test the presence of HPV in DNA and therefore, 
gene expression was used to identify patients with a HPV-like profile. As shown in studies 
that used DNA tests for HPV, patients with a HPV-positive profile had a better cure rate 
(24,25). Lassen et al. and van den Broek et al. showed that high p16INK4A expression 
(immunohistochemistry) independently predicted good treatment response and survival 
in patients with head and neck cancer treated with conventional (chemo-) radiotherapy 
(23,36). In their most recent paper, Lassen et al. showed that p16-positive patients do not 
seem to react to hypoxic modification during radiotherapy (37). P16 (CDKN2A) was also 
one of the genes we analyzed with the Slebos HPV profile. To our knowledge, our study 
is the first to show that a HPV gene set can predict local recurrence.

We are not aware of any other externally validated gene expression signature predicting 
local recurrence in head and neck cancer patients treated with (chemo-) radiotherapy. 
Other authors have searched for profiles that are able to predict recurrence in head and 
neck cancer (27-29). Ginos et al. studied 41 surgically treated patients, in which they 
found genes that correlated with recurrent disease. None of those genes correlated with 
site, grade or stage (28). Ganly et al. found 2 genes predictive of locoregional recurrence 
after chemoradiotherapy in 35 patients, using a 277-gene cDNA array (29). Dumur et 
al. found 142 genes predictive of locoregional recurrence in 19 patients treated with 
radiotherapy with or without chemotherapy (27). The clinical factors they studied (age, 
gender, stage and location) were not significant in a univariate analysis and therefore no 
multivariate analysis was performed.

The Chung and HPV profiles are therefore, to date, the only validated signatures for the 
prediction of local recurrence in HNSCC patients. In addition, the present series is the 
first to be large enough to test the independence of validated signatures from clinical 
factors in a multivariate model. As can be seen in Figure 2, a combination of site, Chung 
expression profile and HPV profile, leads to a subgrouping of patients, where the best 
group has no local recurrences and the worst group has no cures in it. Although the  
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number of patients was not very high, these kinds of subgroups could be very useful to 
select patients for therapy. The value and robustness of this combination will need to be 
confirmed in independent studies.

The present study indicates that gene expression signatures can add valuable additional 
information to current clinical predictors. In future randomized trials, expression profile 
measurements can thus be useful in indicating which patients benefit most from the 
treatment being tested, and thus lead to more rationale and effective application of new 
therapies.

ConClusIon

Gene expression profiles can be useful for predicting local control, independent of 
clinical factors, after chemoradiotherapy in advanced pharynx and oral cavity tumors. 
Together with tumor site, the Chung-high risk signature and HPV profile status were the 
most important predictors of local control.
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