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Objective: The presence of human papillomavirus (HPV) infection in oropharyngeal squamous cell carcinoma (OPSCC) is a major
determinant in prognostic risk modelling. Recently, a prognostic model was proposed in which HPV status, comorbidity and nodal
stage were the most important prognostic factors to determine high-, intermediate- and low-risk survival groups. Here, we report
on the validation of this model using an independent single-institutional cohort.

Methods: A total number of 235 patients curatively treated for OPSCC in the period 2000–2011 at the MUMC (Maastricht
University Medical Center, The Netherlands) were included. The presence of an oncogenic HPV infection was determined by p16
immunostaining, followed by a high-risk HPV DNA PCR on the p16-positive cases. The model variables included were HPV status,
comorbidity and nodal stage. As a measure of model performance, the Harrell’s Concordance index (Harrell’s C-index) was used.

Results: The 5-year overall survival (OS) estimates were 84.6%, 54.5% and 28.7% in the low-, intermediate- and high-risk group,
respectively. The difference between the survival curves was highly significant (Po0.001). The Harrell’s C-index was 0.69 (95%
confidence interval (CI): 0.63–0.75).

Conclusion: In this study a previously developed prognostic risk model was validated. This model will help to personalise
treatment in OPSCC patients. This model is publicly available at www.predictcancer.org.

Over the past three decades, it has become clear that infection with
high-risk human papillomavirus (HPV) is aetiologically linked to
the development of head and neck squamous cell carcinomas,
particularly those that arise in the oropharyngeal region.

Epidemiologic evidence has shown a rapid increase in the
prevalence rates of HPV-induced oropharyngeal squamous cell
carcinomas (OPSCCs) in Europe and the United States
(Chaturvedi et al, 2011; Shaw and Robinson, 2011; Rietbergen
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et al, 2013b). The HPV-associated OPSCCs are considered to be a
different tumour entity, based on biological, epidemiological and
clinical differences, compared with the HPV-negative OPSCCs.
The most important clinical difference between patients with
HPV-positive and HPV-negative OPSCCs is related to the
prognosis. Several retrospective and prospective studies in the
United States, Australia and Western Europe have consistently
demonstrated that HPV-positive OPSCC is associated with a more
favourable prognosis (Fakhry et al, 2008; Ang et al, 2010; Rischin
et al, 2010; Posner et al, 2011). The presence of HPV in OPSCC
now has become a major determinant in prognostic risk modelling
that, in turn, is very important for individualised treatment
(Lambin et al, 2013a,b).

Recently, a recursive partitioning model (RPA) for patients with
OPSCC has been proposed, based on the Radiation Therapy
Oncology Group study (RTOG 0129 study), with HPV as first
stratification parameter next to smoking and stage (Ang et al,
2010). However, this model was based on a clinical trial
population, and patients with severe comorbidity or early stage
of disease were not included. Moreover, cigarette smoking habits
in Europe differ from those in the United States. Therefore, we
generated an adapted prognostic risk model that might be
applicable for the entire population of patients who present with
OPSCC (Rietbergen et al, 2013a). In this prognostic risk model,
HPV status, comorbidity and nodal stage were the most important
prognostic factors. However, it was not validated on an
independent cohort. Here, we report on the validation of this
model using an independent single-institutional cohort and
compared model performance with that of the RTOG 0129 model.

PATIENTS AND METHODS

Study design and HPV testing. The independent external
validation cohort consisted of 235 patients curatively treated for
OPSCC in the period 2000–2011 at Maastricht University Medical
Center, The Netherlands. The presence of HPV was detected using
pretreatment formalin-fixed, paraffin-embedded (FFPE) biopsies.
Eligible samples included histopathologically confirmed invasive
squamous cell carcinoma of the oropharynx (International
classification of diseases for Oncology [ICD-10] codes C019,
C051, C052, C090–C099 and C100–C109). A sample was scored as
HPV-positive based on a positive p16 immunostaining and a
subsequent positive GP 5þ /6þ HPV DNA PCR, according to our
test algorithm that has a validated accuracy of 98% (Smeets et al,
2007; Rietbergen et al, 2013b).

Patient characteristics, information on smoking behaviour (one
pack year¼ 20 cigarettes a day during 1 year) and alcohol
consumption (one unit year¼ one drink a day during 1 year) as
well as clinical outcome were obtained from the patient files.
Comorbidity was classified according to the Adult Comorbidity
Evaluation 27 (ACE-27) index calculator (http://oto2.wustl.edu/
clinepi/calc.html) that divides comorbidity into three categories:
mild, moderate and severe. The ACE-27 index is a comorbidity
classification system based on the Kaplan–Feinstein Comorbidity
index (Kaplan and Feinstein, 1974) and was proven to be of
prognostic value (Kallogjeri et al, 2012).

Patient characteristics of the validation cohort are shown in
Table 1.

Statistical methods. Differences in patient characteristics between
the external validation cohort and the internal data set on which
our prognostic model was based (the VUmc/EMC cohort as
described in Rietbergen et al, 2013a) were assessed using Pearson’s
w2 test or Student’s t-test. Bonferroni correction was used to
compare subgroups for specific variables, and Mantel–Haenszel
test was used to compare both cohorts stratified by HPV status.

All 235 patients were stratified into three risk groups according
to the prognostic model described by Rietbergen et al (2013a)
(i.e., HPV status, comorbidity, nodal stage and tumour stage).
With the purpose of externally validating our prognostic model,
the Kaplan–Meier group-stratified overall survival (OS) and
progression-free survival (PFS) curves were estimated. Comparison
between the curves was carried out using the log-rank test. Overall
survival was defined as the time from date of incidence (defined as
the date on which the squamous cell carcinoma was histologically
confirmed) to death (any cause). Progression-free survival was
defined as the time period from date of incidence to death or the
first documented relapse that was categorised as local–regional
recurrence or distant metastases. Patients who developed a second
primary tumour were censored at the incidence date of the second
primary tumour.

As a measure of model performance, the Harrell’s Concordance
index (Harrell’s C-index) was used (Harrell et al, 1996). The
maximum value of the Harrell’s C-index is 1.0, indicating a perfect
prediction model. A value of 0.5 indicates that 50% of the patients

Table 1. Patient characteristics

Cohort
VUmc/EMC

Validation
cohort

P-value

Number (%) Number (%)

Patient characteristics
No. of cases 723 235

Age at diagnosis P¼ 0.93a

Mean 60.54 60.24

Median 60.0 58.96

Gender P¼ 0.047b

Male 482 (66.7%) 173 (73.6%)
Female 241 (33.3%) 62 (26.4%)

HPV P¼ 0.004b

Positive 152 (21.0%) 71 (30.2%)
Negative 571 (79.0) 164 (69.8%)

Comorbidity (ACE score) P¼ 0.18b

0–1 511 (70.7%) 169 (71.9%)
2–3 210 (29.0%) 57 (24.2%)
Unknown 2 (0.3%) 9 (3.8%)

Smoking P¼ 0.03b P¼ 0.33c

0–10 Pack years 92 (12.7%) 44 (18.7%)
410 Pack years 625 (86.4%) 191 (81.3%)
Unknown 6 (0.8%) 0

T-stage P¼ 0.44b

T1–2 344 (47.6%) 121 (51.5%)
T3–4 377 (52.1%) 114 (48.5%)
Tx 2 (0.3%) 0

N-stage P¼ 0.03b P¼ 0.05c

N0–N2a 416 (57.5%) 113 (48.1%)
N2b–N3 306 (42.3%) 122 (51.9%)
Nx 1 (0.1%) 0

Stage of disease P¼ 0.29b

I–II 171 (23.8%) 48 (20.4%)
III–IV 549 (76.2%) 187 (79.6%)

Treatment modalities Po0.001b

SURG±RT 215 (29.9%) 71 (30.2%)
RT 208 (28.9%) 108 (46.0%)
CRT 202 (28.1%) 45 (19.1%)
Other 94 (13.1%) 11 (4.7%)

Abbreviations: ACE¼Adult Comorbidity Evaluation; CRT¼ chemoradiotherapy; EMC¼
Erasmus University Medical Center; HPV¼ human papillomavirus; RT¼ radiotherapy;
SURG¼ surgery; VUmc¼VU University Medical Center.
aAs defined by the independent t-test.
bAs defined by the w2 test.
cAs defined by the Mantel–Haenszel test.
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are correctly classified (i.e., as good as a chance). The RPA model
based on the RTOG 0129 study (the RTOG RPA model) (Ang et al,
2010) was independently validated as well, including model
performance analysis using the Harrell’s C-index.

RESULTS

The baseline patient and tumour characteristics of the independent
external validation cohort compared with the VUmc/EMC cohort
are shown in Table 1. The groups differed significantly regarding
the proportion of HPV-positive cases (P¼ 0.004), smoking and
nodal stage (both P¼ 0.03). However, after stratification for HPV
status (HPV-positive fraction was higher in the independent
validation series; 30.2% vs 21.0%), the smoking distribution did not
differ significantly, and comorbidity distribution remained only
slightly significant (P¼ 0.049). There was no significant difference
in survival between the different treatment groups for either HPV-
negative patients (P¼ 0.37) or HPV-positive patients (P¼ 0.1).

Figure 1 shows the distribution of the external validation cohort
according to our prognostic risk model (Rietbergen et al, 2013a).
Survival curves of the low-risk group (n¼ 78), intermediate-risk
group (n¼ 86) and high-risk group (n¼ 103) are depicted. Group-
stratified Kaplan–Meier OS and PFS curves were estimated and
compared using the log-rank test. The 5-year OS estimates were
84.6%, 54.3% and 28.7%, respectively. The difference between the
survival curves was highly significant (Po0.001). The Harrell’s
C-index was 0.69 (95% confidence interval (CI): 0.63–0.75). For
comparison, the Harrell’s C-index as measurement of model
performance when using HPV status as single variable was 0.37
(95% CI: 0.32–0.42) and for nodal stage was 0.55 (95% CI: 0.49–
0.60). The 5-year PFS estimates were 86.9%, 78.0% and 56.1%,
respectively, with the Harrell’s C-index of 0.66 (95% CI: 0.59–0.74).

The patients in the external validation cohort were also stratified
according to the RPA model based on the RTOG 0129 study
(Figure 2). This yielded Harrell’s C-index of 0.65 (95% CI: 0.59–
0.70) for OS and 0.61 (95% CI: 0.54–0.68) for PFS. The shift in
distribution of case numbers in the different risk groups is
remarkable (see also Figure 2); 43 of 235 (18%) patients belonged
to the low-risk group according to the RTOG 0129 model as
compared with 73 of 235 (31%) patients according to our
prognostic model. The patient shift between the RTOG 0129
model and our prognostic model is depicted in Table 2. The group
of HPV-positive patients having a low ACE-27 score but smoking
more than 10 pack years (n¼ 21) would have belonged to the

‘intermediate’ risk group according to the RTOG 0129 model,
while they actually had a favorable 5-year survival rate (89.7%).

DISCUSSION

The survival of patients with OPSCC may differ significantly
between individuals, mainly related to HPV status (Ang et al, 2010;
Rietbergen et al, 2013a). Consequently, the ability to estimate
survival probability of OPSCC patients before any type of
treatment would be very valuable for decision making, especially
for patients who might be enrolled in treatment de-escalation trials
(the ‘low-risk’ group). The prognostic model we previously
developed and validated in this study seems to be applicable for
the entire patient population who presents in daily practice, also
including patients with early stage of disease and severe
comorbidity. Moreover, this model might be very suitable for a
patient population with a high percentage of heavy smokers, as is
the case in most European patient populations. This is partially
shown by the shift in distribution between the two low-risk groups
in the RTOG 0129 model and our prognostic model; the group of
HPV-positive patients with a low comorbidity score but smoking
more than 10 pack years would have belonged to the ‘intermediate’
risk group according to the RTOG 0129 model, while they actually
had a good 5-year survival rate. This finding also demonstrates that
eventually more patients could be included in clinical de-escalation
trials (i.e., HPV patients who smoked 410 pack years but without
comorbidity). The difference between the models and the shift in
case distribution also poses a warning when using these models in
clinical trial designs. The population on which the model has been
developed should be more or less identical with the population that
is enrolled in clinical trials, or the model should be separately
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Figure 1. Kaplan–Meier overall survival curves with 95% CIs of the
three risk groups according to our prognostic model.
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Figure 2. Kaplan–Meier overall survival curves with 95% CIs of the
three risk groups of the RTOG 0129 study.

Table 2. Number of cases in the three risk catergories
according to the RTOG 0129 model and the prognostic
model as defined by Rietbergen et al (2013a)

Rietbergen et al prognostic model

RTOG 0129 Low risk Intermediate risk High risk
Low risk 37 6 0
Intermediate risk 21 16 3
High risk 15 58 79

Abbreviation: RTOG¼Radiation Therapy Oncology Group study.
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validated. Whether our model or the RTOG 0129 model is most
suited for patient selection in clinical de-escalation trials remains to
be determined. Patients selected for these trials are typically stage
III/IV, scheduled for chemoradiation and with good performance
status. The current group of 235 patients was not large enough to
focus analyses on these specific cases.

Moreover, in the context of broadening the HPV-positive
population suitable for de-escalation trials, the group of HPV-
positive patients with N2c nodal stage should also be considered.
O’Sullivan et al (2013) showed that this group of patients have a
reduced distant control when treated with radiotherapy alone
and seem less suited for deintensification strategies that omit
chemotherapy. As the number of HPV-positive patients with a
high nodal stage in this study was small (n¼ 9) and most patients
received chemoradiotherapy, we cannot draw definite conclusions
on this. In future studies we hope to further evaluate this important
group of HPV-positive patients.

The difference in proportion of HPV-positive cases between the
two Dutch cohorts might relate to the time period from which
cases have been selected; the patients of the independent validation
cohort were selected from the period 2000–2011, whereas the
patients of the previous VUmc/EMC cohort were selected from
the period 2000–2006. HPV prevalence rates in oropharyngeal
tumours have been increasing significantly in the past two decades.
We showed a continuous increase in the proportion of HPV-
positive OPSCC from 5% in 1990 to 29% in 2010 at our institute
(Rietbergen et al, 2013b).

This study has certain limitations. First, the retrospective data
collection might have caused a possible lack of accuracy in the
smoking and comorbidity data. Second, the heterogeneity of the
treatment given, and the high proportion of patients treated with
radiation alone, might have affected outcomes. However, there was
no significant difference in survival between the different treatment
groups for either HPV-negative patients (P¼ 0.37) or HPV-
positive patients (P¼ 0.1).

In conclusion, we validated our previously defined prognostic
model with an independent series of patients. The group consisted
of patients with all different stages of disease and patients with a
low comorbidity as well as a high comorbidity score. This model
could be used for stratification in clinical trials, especially in patient
populations with a high percentage of heavy smokers. The model
will be publicly available on the website www.predictcancer.org
after publication.
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