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ABSTRACT

Human Papilloma Virus (HPV) infection is a prognostic factor in oropharyngeal squamous
cell carcinoma (OPSCC). We developed an updated prognostic model for OPSCC, includ-
ing HPV status, based on a large consecutive series of patients diagnosed and treated
in three international multi-institutional cohorts. An internal- external cross validation
procedure was followed and decision curve analysis (DCA) was performed to evaluate the
reliability of decisions based on predictions derived from the prognostic model. The up-
dated prognostic model, including 8" TNM classification and a separate variable for HPYV,
performs reasonably good and very similar to the original model in terms of calibration
and discrimination. DCA however shows an improved clinical utility in comparison with
the original model. The updated model could therefore be used for counselling patients
about their individual prognosis.
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INTRODUCTION

Over the last decades, rising incidence rates of oropharyngeal squamous cell carcinoma
(OPSCQ) in several geographical areas have been reported. Infection with human papil-
lomavirus (HPV) is the major cause of these rising incidence rates."” The prevalence of
HPV-positive OPSCC varies between studies. Ranges from 20 -70% in Europe and up to
90% in the United States have been reported."** HPV-related OPSCC is a distinct entity
in contrast to tobacco- and alcohol related head and neck cancer, with regard to cellular,
biologic and clinical characteristics.” Patients with HPV related OPSCC have an advanced
N-status, better loco regional control and improved 5-year survival rates after treatment.’
Therefore, HPV status has emerged as the main prognostic factor in OPSCC.

Recently the 8th edition UICC/AJCC TNM staging of OPSCC has been divided into two
different staging systems for both HPV related OPSCC and non-HPV related OPSCC.” The
new staging rules permit a more appropriate depiction of the prognosis of HPV-positive
disease than is supplied by the 7th edition TNM classification. The discrimination of stages
is especially better in HPV related OPSCC patients with smaller tumors and advanced N-
status.?

The 8th edition of the UICC/AJCC TNM staging of OPSCC uses the immunohistochemical
detection of p16 as a surrogate marker for HPV-induced carcinogenic transformation. p16
is a relatively easy, low-cost measurement, which can be easily performed on formaldehyde
fixed and paraffin embedded pretreatment (FFPE) tumor samples and is readily available
in routine histopathology laboratories.”'® However, while the test has a high sensitivity
(94%), there is a moderate specificity (82%), especially in comparison with the ‘gold stan-
dard’ technique of HPV-DNA detection."" Therefore, positive immunostaining of p16 can
occur in the actual absence of HPV. An estimated 10-20% of all OPSCC are p16 positive, but
HPV-DNA negative." Studies have shown that the prognosis of patients with p16 positive
but HPV-DNA negative OPSCC is almost identical to the prognosis of ‘true’ HPV (both p16
and HPV-DNA) negative OPSCC patients.”*'* Several research groups therefore strongly
advise to determine HPV status by a bimodal approach with both p16 immunostaining
and HPV-DNA or mRNA detection.”"

The favorable prognosis of HPV positive OPSCC has lead towards a need for more specific,
or rather individualized, information for both patients and doctors. In general, TNM stage
alone is ineffective for predicting outcomes in individual patients, because other tumor
factors and patient characteristics such as age, gender, tobacco use or comorbidity are not
taken into account in the classification system."” Prognostic models are statistical models
that calculate the cumulative effect of several prognostic variables on survival. Earlier
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studies presented models for HPV related OPSCC designed to stratify patients in to risk
categories, mostly for the purpose of clinical trials.*'*?' However, most of these models
are based on clinical trial populations instead of consecutive patient series, do not include
combined HPV-DNA and p16 status or have not been externally validated in cohorts from
different geographical areas.

In 2010 we presented a prognostic model and internal model validation for patients with
newly diagnosed head and neck cancer.”? This model is based on a Dutch cohort of n=1371
consecutive patients, treated with curative intent between 1981-1999, and externally vali-
dated with data from a large referral center in the USA. The model includes the predictors
age, gender, 7th TNM classification, prior tumors and comorbidity. Discrimination of this
model is good with a Harrel’s C-index of 0.73.

With this study we aim to extend, update, improve and validate this prognostic model for
OPSCC patients by incorporating the newly published UICC/AJCC 8th TNM staging system
(cN status), and both p16 and HPV-DNA status. Our goal is to use this model in clinical
practice for counselling of patients.

MATERIALS AND METHODS

This retrospective cohort study was conducted after approval was given by the Medical
Ethical Committee. Tissue samples were used and analyzed according to the FEDERA
guidelines. Data were analyzed with IBM SPSS Statistics 21.0 and R software V 3.1.1 (pack-
ages foreign, mice, rms, survival, Hmisc, stdca). All tests were 2-sided with a significance
level of 0.05.

Study design

Five different centers provided data for this retrospective cohort study. Three were located
in the Netherlands (Leiden University Medical Center, Erasmus University Medical Center
Rotterdam and Amsterdam Medical Center - location VUMC). Two were located in the USA
(The Siteman Cancer Center at Barnes-Jewish Hospital St. Louis, Missouri and Washington
University School of Medicine). All patients with primary OPSCC curatively treated in the
period 1984 — 2011 were deemed eligible for inclusion. The data provided by the five
different centers were aggregated in three independent multi institutional cohorts. The
characteristics of the different cohorts are described below.

Erasmus University Rotterdam Za.{uu.g



Validation of a new prognostic model for OPSCC including HPV | 5

The reference cohort

The prognostic model we presented in 2010 was based on 1371 consecutive patients.
Within the original cohort we used back in 2010 for our prognostic model, 15% (n=204)
patients were diagnosed with OPSCC. The data were retrieved from the hospital-based
cancer registry (ONCDOC) of the Leiden University Medical Center (LUMC). For this study
we expanded our search in ONCDOC for all primary OPSCC, diagnosed between 1981
and 2011. Patients of whom FFPE tumor samples were available in the archives of the
Pathology Department of the LUMC were included. N=341 pretreatment tumor samples
of patients diagnosed with primary OPSCC between 1984 and 2011 were available in the
archives. A senior pathologist with elaborate experience in histologic analysis of OPSCC
analyzed the tumor samples again on the presence of malignant cells. 311 of 341 (91.2%)
tumor samples contained OPSCC.

The external validation cohorts

The Dutch external validation cohort (NL external cohort: Erasmus University Medical
Center Rotterdam and VUMC Amsterdam) comprised n=723 patients, diagnosed with
primary OPSCC between 2000-2006. The patients were identified through the Dutch
Cancer Registries and the data within this cohort were earlier described and used for the
development of a prognostic model.18 The USA external validation cohort (USA External
Cohort: Siteman Cancer Center at Barnes-Jewish Hospital and Washington University
School of Medicine) consisted of N=305 patients with primary OPSCC, diagnosed and
treated between 1996-2009.

Variables

Data of a total of n=1339 consecutive OPSCC patients could be collected from the devel-
opment and validation cohorts. Variables extracted for each patient were gender, age at
diagnosis, date of diagnosis, anatomic subsite of the tumor, cTNM classification (with both
7th and 8th cN classification), comorbidity, prior tumor, smoking behavior, recurrent dis-
ease, last date of follow-up and survival. Comorbidity was classified according to the Adult
Comorbidity Evaluation 27 (ACE27) index calculator. This classification divides comorbidity
into four categories: none, mild, moderate and severe.”” Main study endpoint was overall
survival (OS), calculated from the day of diagnosis. Data were considered right-censored if
patients were still alive at the time of last follow-up.

HPV analysis

In all three cohorts the immunohistochemical (IHC) analysis was performed for p16
INK4A (Roche MTM Laboratories AG, Heidelberg, Germany or MTM Laboratories CINTEC,
Westborough, MA) on 4 um thick FFPE tumor sections, using a fully automated Ventana
BenchMark ULTRA Stainer (Ventana, Tucson Arizona, USA) according to manufacturers'’
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instructions at the pathology department. In all cohorts, stains were reviewed by two
independent observers. Strong and diffuse nuclear and cytoplasmic immunostaining in
more than 70% of the carcinoma tissue was considered as p16 positive. Partial staining of
<70% or no reactivity was considered to be p16 negative. This definition of p16-positivity
is consistent with previously published articles.* In the Dutch cohorts, DNA was extracted
from all p16 positive cases using an automated silica-based extraction system. PCR was
performed using the HR HPV GP 5+/6+ PCR with enzyme-immuno-assay.” Information on
high risk HPV DNA was not available for the USA external cohort.

Statistical methods

Differences in patient characteristics between the three cohorts were assessed using Pear-
son’s x° test and ANOVA with Bonferroni correction. Missing data were handled following
the missing at random assumption (MAR). Multiple imputation (MI) was performed with
n=30 imputations based on the percentage of incomplete cases. The pooled imputed data
were used in all analyses.

The significance of 8th TNM classification (cN status), p16 and HPV-DNA as a marker of
prognosis in OPSCC was estimated by the Kaplan-Meier approach in the combined devel-
opment and validation cohorts and all three cohorts separately. With these data a new Cox
proportional hazards regression model was fitted. This model included the same predic-
tors as the previously defined model. The following variables were used in the previously
published model: age at diagnosis, gender, cTNM, comorbidity and subsite of the tumor.?

The incremental value of adding 8th TNM and HPV status (tested by p16 or PCR) to the
previously defined model variables was tested in all cohorts using Wald-test in a nested
models analysis. Based on literature, smoking was assumed to be an effect modifier of the
incremental prognostic value of HPV.? Therefore, adding smoking as an interaction term
to the model was also tested using Wald-test.

Cox proportional hazards regression analysis was used to evaluate the effects of all covari-
ates on OS in an internal - external cross validation design. In prognostic modelling, the
use of the maximal sample size is preferred. When multiple small datasets are available, an
internal — external cross validation design is advised to combine the strength of external
validation with the strength of prediction model development on all available data.” In
an internal-external cross validation design one cohort is non-randomly left out at the
time to cross-validate the model developed in the other cohorts. Because the split is not at
random, this qualifies as external validation.
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In this study different full models were developed by adding one new variable (8th TNM
classification, p16, HPV-DNA or smoking) at a time. For each full model, three performance
assessments of cross-validation were done based on the three (development and valida-
tion) cohorts. Calibration plots and ROC curves for 5 year survival probability were made
for all cross-validated models. The area under the ROC curve (AUC) was calculated to
evaluate the concordance between predicted and observed responses of individual sub-
jects separately in all nine different cross-validated models. We tested for heterogeneity in
baseline risk and performed interaction tests across the different cohorts.

Decision curve analysis (DCA) was performed in order to evaluate the clinical usefulness
of the model for decision making. Although the AUC has been the standard for evaluating
the discriminating ability of a prognostic model, it has been increasingly recognized that
changes in AUC are not sensitive when a new prognostic factor (such as a biomarker) is
added to a model that already comprises standard prognostic factors.”® The AUC typically
shows only a small improvement, but the clinical utility of a model including this new
prognostic factor may be large. To overcome this limitation, DCA as described by Vickers
et al. can be used to summarize the performance of the model in supporting decision

making.”*

In this study we used DCA to examine the theoretical relationship between the threshold
survival probability at 5 years after diagnosis (for example 5-year survival probability of
65%) and the relative value of benefits (predicting a true positive case) and harms (predict-
ing a false positive case) associated with the different full prognostic models.

The final model was fitted on all data (n=1339). The extent of any overfitting was estimated
in an internal validation procedure using 500 bootstrap samples. A shrinkage factor was
calculated and used to shrink the regression coefficients to obtain well-calibrated predic-
tions of prognosis for new patients. The bootstrap procedure also yielded an optimism-
corrected Harrell's Concordance Index.

RESULTS

Patient characteristics

Patient characteristics of all three cohorts are shown in Table 1. The baseline patient and
tumor characteristics differed significantly between the USA cohort and both Dutch
cohorts. Especially regarding cT status, cM status, tobacco use and p16 analysis, large dif-
ferences are shown between the Dutch cohorts and the USA cohort. Over 70% of patients
in the USA cohort were p16 positive, in comparison with approximately 30% of patients in
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Table 1. Demographic characteristics

Reference cohort External cohort  External cohort p- value
(Dutch, NLREF) (Dutch, NLEXT) (USA, USEXT)
1984-2011 2000-2006 1996-2009
N=311 Table N=723 Table N=305 Table
Total % Total % Total %
Age Mean (SD) 59.7 (49.5-69.9) 60.2(50.8-69.6) 55.6(46.4-64.8) p<0.001*
Gender male 206 66.2% 482 66.7% 266 87.2% p<0.001**
female 105 33.8% 241 33.3% 39 12.8%
cT 1 58 18.6% 114 15.8% 78 25.6%
2 96 30.9% 230 31.8% 110 36.1%
3 81 26.0% 243 33.6% 51 16.7% p<0.001**
4 76 24.4% 134 18.5% 57 18.7%
NA 0 0% 2 0.3% 9 3.0%
cN (7thTNM) 0 122 39.2% 271 37.5% 39 12.8%
1 49 15.8% 101 14.0% 48 15.7%
2 119 38.3% 317 43.8% 194 63.6% p<0.001**
3 21 6.8% 33 4.6% 21 6.9%
NA 0 0% 1 0.1% 3 1.0%
cN (8thTNM) 0 122 39.2% 271 37.5% 39 12.8%
1 60 19.3% 120 16.6% 81 26.6%
2 108 34.7% 298 41.2% 157 51.5% p<0.001**
21 6.8% 33 4.6% 20 6.6%
NA 0 0% 1 0.1% 8 2.6%
cM 0 302 97,1% 714 98.8% 300 100.0%
1 9 2,9% 4 0.6% 0 0% p=0.054%**
NA 0 0% 5 0.7% 0 0%
Comorbidity None 133 42.8% 292 40.4% 123 40.3%
(ACE27) Mild 63 203% 219 303% 113 37.0%
Moderate 72 23.2% 176 24.3% 42 13.8% p<0.001**
Severe 39 12.5% 34 4.7% 22 7,2%
NA 4 1.3% 2 0.3% 5 1.7%
Smoking never 36 11.6% 64 8.9% 81 26.6%
ever 126 40.5% 653 90.3% 212 69.5% p<0.001**
NA 149 47.9% 6 0.8% 12 3.9%
Death No 123 39.5% 274 37.9% 208 68.2% p<0.001**
Yes 188 60.5% 449 62.1% 97 31.8%
Recurrent No 199  63.9% 385  53.2% 243 79.6% p<0.001**
dlszase Yes 112 361% 338 467% 62  213%
P16 analysis  <70% 213 68.5% 544 75.2% 70 23.0%
immunostaining
>70% 98 31.5% 179 24.8% 230 754% p<0.001**
immunostaining
NA 0 0% 0 0% 5 1.6%
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Table 1. Demographic characteristics (continued)

Reference cohort External cohort  External cohort p- value
(Dutch, NLREF)  (Dutch, NLEXT) (USA, USEXT)
1984-2011 2000-2006 1996-2009
N=311 Table N=723 Table N=305 Table
Total % Total % Total %
HPV DNA negative 241 77.5% 571 79.0% NA NA
analysis positive 70 22.5% 152 21.0% NA NA p=0.652%**
NA 0 0% 0 0% 305 100%

*as defined by one way ANOVA using bonferroni p-value adjustment, ** as defined by the x2 test, *** no data for USA avail-
able therefore x2 test was performed between NL reference and NL external cohort.

the Dutch cohorts. The characteristics of both Dutch cohorts were nearly comparable. The
5-year OS estimates were 70.7% in the p16 positive group and 38.7% in the p16 negative
group.

In the Dutch reference cohort, 28.6% (n=28) of patients were p16 positive but HPV-DNA
negative. In the Dutch external validation cohort, 15.1% (n=27) of patients were p16 posi-
tive but HPV-DNA negative. Since HPV-DNA analysis was not available in the USA external
validation cohort, the percentage of true positive HPV cases could not be defined. Figure 1
shows OS as estimated by the Kaplan Meier approach for the significance of p16 and HPV-
DNA as a marker for prognosis in all 3 cohorts separately. Log-rank test showed for both
factors a significant result regarding the non-equality of survival distributions (p<0.001).

In Table 2 the univariate hazard ratio’s (HR’s) of all new possible prognostic factors are
outlined. The differences in HR in cN status between the Dutch and USA cohorts can be
explained by the higher percentage of p16 positive patients in the USA cohort, and thus
a different distribution of N-stages. The differences in HR between p16 and HPV-DNA can
be explained by the percentage of ‘false-positive’ p16 cases (p16 positive, but HPV-DNA
negative).

The incremental value of adding 8th TNM and HPV status (tested by p16 or PCR) to the
previously defined model variables was tested in all cohorts using Wald test in a nested
models analysis. Both in the Dutch reference cohort as in the combined internal - external
cohort, the Wald test revealed significant results for adding HPV to the previously defined
model (p<0.001). This was the case for p16 and HPV-DNA-analysis. Testing for interaction
between smoking and HPV positivity did not show significant interaction (p=0.09).

Erasmus University Rotterdam



10 Erasmus Medical Center Rotterdam

Figure 1. Overall survival in all 3 cohorts
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Table 2. Univariate analysis showing unadjusted Hazard Ratio’s (HR) for prognostic value of new
model variables.

Dutch reference cohort Dutch external cohort USA external cohort

(LUMC) (EMC/VUMC) (USA)

HR (95% Cl) p-value HR (95% Cl) p-value HR (95% Cl) p-value
cN (8™ NO - - - - - -
TNM)

N1 0.93(0.61-1.43) 0.74 0.91(0.68-1.22) 0.519 0.87 (0.44-1.72) 0.685

N2 1.696 (1.22 - 2.37) 0.002 1.48(1.20-1.83) 0.000 1.02 (0.55 - 1.89) 0.954

N3 2.33(1.41-3.87) 0.001 2.83(1.91-4.25) 0.000 2.72(1.21-6.14) 0.016
P16 Negative - - - - - -

Positive  0.48 (0.34-0.69) 0.000  0.417(0.32-0.54) 0.000  0.247 (0.164 - 0.37) 0.000
HPV-DNA Negative - - - - NA

Positive  0.303 (0.19 - 0.48) 0.000 0.390 (0.29-0.52) 0.000 NA

Following these results, four different prognostic models were fitted:

age + gender + comorbidity + 7th cTNM (original model)

age + gender + comorbidity + 8th cTNM classification

age + gender + comorbidity + 8th cTNM classification + P16

age + gender + comorbidity + 8th cTNM classification + HPV DNA

N LN =
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The four different prognostic models were cross-validated over the three cohorts using
Cox proportional hazards regression analysis, leading to a total of 11 performance assess-
ments. Since HPV-DNA analysis was not available in the USA external validation cohort,
a model with HPV DNA could not be validated for this cohort. The calibration of the 11
different models was assessed graphically with a calibration plot. (Figure 2a). The results of
11 model performance assessments (HR's and 95% Cl) are presented in Table 3a-c. The Har-
rell's Concordance Indices of all models differed between 0.64 and 0.74. Models containing
8th TNM and a separate variable for HPV as a prognostic factor performed better than
models without HPV.

To summarize the performance of the model in supporting decision making, DCA was
performed. Decision curves of 11 model performance assessments for the relationship
between threshold survival probability at 5 years after diagnosis and the relative value
of benefits and harms are displayed in Figure 2b. Interpretation of the decision curve de-
pends on comparing the net benefit of the different models with that of a strategy of “treat
all” (the thin grey line) and “treat none” (parallel to the x axis at net benefit of zero). “Treat-
ing” in this setting means any treatment decision that could be made for OPSCC patients
dependent on expected survival rate, such as adjuvant chemotherapy, or dose-escalating
radiotherapy. The strategy with the highest net benefit at a particular point is optimal,
irrespective of the size of the difference. Net benefits of all models were superior at wide
range of “decision to treat” thresholds. Across all threshold probabilities, models with a
variable for HPV (either p16 or HPV DNA) performed better than models with only the
8th TNM classification. The HPV DNA prognostic model had a slightly greater net benefit
compared with the HPV p16 prognostic model.

Regarding the results of internal — external cross validation and the decision curve analy-
sis, we chose to fit the final model in the combined data (n=1339), based on the following
variables: gender, age at diagnosis, 8th cTNM classification, comorbidity (ACE27) and p16
analysis. The choice for p16 analysis as a measurement of HPV positivity was also empha-
sized because of the easy accessibility of this surrogate marker in routine histopathological
laboratories. We tested for heterogeneity in baseline risk and performed interaction tests
across the different cohorts for the final model. Wald test showed a significant result for
comparing the final model with and without an interaction term for the three different co-
horts (p=0.021). Therefore, the interaction term for cohorts was also fitted in the updated
final model. Harrell’s Concordance Index for this model was 0.72. The extent of overfit-
ting was estimated in an internal validation procedure using 500 bootstrap samples. The
bootstrap procedure yielded an optimism-corrected Harrell’s Concordance Index of 0.70.
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DISCUSSION

This study describes the update, improvement and validation of an existing prognostic
model for OPSCC patients by incorporating the newly published UICC/AJCC 8th TNM
staging system (cN sta-tus), and both p16 and HPV-DNA status. Three independent multi-
institutional cohorts with OPSCC patients from Western Europe and the USA (period 1984
—2011) were used in an internal-external cross validation design. In all cohorts HPV, either
detected by p16 or PCR DNA, was an independent prognostic factor for overall survival in
OPSCC patients. Models with 8th TNM and a separate variable for HPV (PCR DNA or p16)
as a prognostic factor performed better than models without HPV. Harrell's Concordance
Indices were reasonably good. The final updated prognostic model, including 8th TNM
classification and a separate variable for HPV, performs very similar to the original model
in terms of calibration and discrimination. Decision curve analysis (DCA) however showed
an improved clinical utility in comparison with the original model. To our knowledge, this
study is first to report on DCA in prognostic models for head and neck cancer patients.
Models with a separate variable for HPV (either p16 or HPV DNA) performed better in
terms of supporting decision making, than models with only the 8th TNM classification,
despite the incorporation of p16 in this classification system. This statistical method for
summarization of model performance in supporting decision making is very interesting
given the ongoing studies on de-escalation therapies and other treatment modifications
for patients with HPV positive OPSCC.*' The updated model could be used for counselling
patients about their individual prognosis and treatment options. Besides de-escalation
therapies for HPV positive patients, tailor-made treatment proposals based on the pre-
dicted overall survival for HPV negative patients (with a likely unfavorable prognosis) are
of interest.

This study shows that with the introduction of the 8th TNM classification, predictions
based only on TNM are improved, but not precise enough for individual patients. Also
comorbidity, age, gender and HPV-DNA status should be taken into account. One of the
strengths of this study is the joint use of PCR DNA and p16 for scoring HPV positivity in
OPSCC patients. The large sizes of the development and validation cohorts, the heteroge-
neity due to different geographical areas, and the consecutive population based aspect
diminishes the risk of selection bias. The same heterogeneity however is a limitation of
this study, and is shown best in de USA cohort. The USA cohort might perform better due
to several factors: a higher HPV prevalence, lower smoking and a lower share of patients
in advanced stage (no M1 disease). Furthermore, there was no information on PCR DNA in
this cohort and therefore false-positive (e.g. p16 positive but HPV DNA negative) tumors
could have affected the results. This kind of heterogeneity in patient populations can lead
to poor calibration in comparison to the derivation cohort. However, internal validation
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of the full model corrected for optimism using bootstrapping showed reasonably well
performance of the model with Harrell's Concordance Index of 0.70.

There was a slight difference in favor of the performance of models with HPV positivity
measured by PCR DNA in comparison with the surrogate biomarker p16. Positive immu-
nostaining for p16 can occur in the actual absence of HPV."? And since the prognosis of
p16 positive but HPV-DNA negative OPSCC is almost identical to the prognosis of double
negative patients, a bimodal approach of p16 and HPV-DNA detection is advised for most
accurate determination of HPV status.””"® The results of our study, and especially the
calibration and AUCs of the different models, are in alignment with this recommendation.
Alternatively, in terms of DCA and clinical applicability of prognostic models in a decision
making process, p16 is a very representative prognostic marker. P16 is readily available
in routine histopathology laboratories and not expensive to measure. The easy access
to p16 measurements, the reasonably good performance of a model with p16 and the
more imprecise prediction of individual prognosis using only 8th TNM classification are
arguments to use our proposed updated model with p16 as a marker of HPV positivity.
We recommend the use of our model in a clinical setting, especially when counselling
patients about their individual prognosis. This could facilitate a shared decision making
process. Evidently, when considering de-escalation therapies, one should be sure about
HPV positivity and also perform an HPV-DNA analysis.
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