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Abstract

TNM stage is important in treatment decision-making and outcome
predicting. The existing Oropharyngeal Cancer (OPC) TNM stages have not
made distinction of the two sub sites of HPV+ and HPV- diseases. Besides
that, the current TNM stage grouping is generally derived based on literature
review and clinical understanding of the disease processes. It is important to
have quantitative assessment on the prognostic ability and stability of the TNM
stage on HPV-related OPC patients. The current stage evaluation criteria use
non-parametric methods and assess the stage performance on limited time
points. Even though the current stage systems were mostly developed based
on retrospective data, these evaluation criteria don’t consider the important
clinical confounders. We developed novel criteria to assess performance of
the TNM stage grouping schemes based on parametric modeling adjusting
on important clinical factors. These criteria evaluate the TNM stage grouping
scheme in five different measures: hazard consistency, hazard discrimination,
explained variation, likelihood difference, and balance. The novel criteria were
applied to evaluate newly developed TNM stage grouping schemes on HPV+
OPC patients and a few existing TNM stage grouping schemes. The new HPV+

OPC TNM stage outperforms all existing schemes on prognosis and stability.

Keywords: TNM stages; Evaluation criteria; Parametric model; Head and
Neck Cancer; Prognosis

Introduction and Background

T (extent of the primary tumor), N (absence or presence and extent
of regional lymph node metastasis) and M (absence or presence of
distant metastasis) are three components to describe the anatomical
tumor extent. In clinic, the TNM categories are combined to classify
patients into stage groups with similar survival performance. TNM
staging system plays an important role in treatment decision-making
and outcome predicting. The most widely used TNM stage grouping
scheme is proposed by the Union of International Cancer Control
(UICC) and American Joint Committee on Cancer (AJCC) [1].

The TNM staging system is revised periodically to reflect changes
in outcomes (generally based on overall survival) as a result of better
defining anatomic disease extent from new imaging modalities,
improved therapeutic efficacy, and increasing knowledge about
tumor biology. The performance of any new staging on outcome
prediction should be evaluated objectively.

The commonly used evaluation criteria for TNM stage grouping
is proposed by Groome et al. [2] including hazard consistency,
hazard discrimination, outcome prediction, and balance. However,
most of the current TNM stage systems were developed based
on retrospective data; these evaluation criteria don’t consider the
potential clinical confounders, especially treatment, that may strongly
affect the survival outcomes. Ignoring the important clinical factors
in the development and evaluation of stage grouping systems may
lower the accuracy of distinguishing risk groups [3]. Furthermore,
the existing criteria use non-parametric methods to evaluation
hazard consistency and hazard discrimination based on limited time

points (monthly rate over 5 years). The use of complete time to event
information is needed for the performance evaluation to improve
efficiency and accuracy.

We introduced new criteria to assess performance of the TNM
stage grouping schemes based on parametric modeling adjusting for
important clinical factors, using HPV-driven (HPV+) Oropharyngeal
Cancer (OPC), as an example. HPV+ OPC, a fast emerging disease
entity, is different from traditional smoking/alcohol related OPC
in many ways. Many studies have shown that HPV+ OPC patients
tend to have better survival and lower recurrence rates compared
to HPV- OPC patients [4-6]. Currently for OPC, UICC/AJCC stage
grouping scheme has not made distinction of these two diseases and
is derived from the historical data that are comprised of mainly HPV-
OPC patients. Other existing stage grouping schemes were proposed
to improve the prognostic ability of UICC/AJCC, but still paying
little attention on the distinction between HPV+ and HPV- OPC
patients [7-12]. Takes et al. [13] discussed about the shortcomings
of the current TNM classification system (UICC/AJCC) within head
and neck cancer and suggested to improve and expand current TNM
system based on tumor, patient and environment-related factors.

In the present study, we firstly applied Recursive Partitioning
Analysis (RPA) model in non-metastatic HPV+ OPC patients treated
in our institution to derive a new stage grouping scheme using the
same TNM classification. Then, we applied both the current and the
new criteria on the newly developed TNM stage grouping scheme
and a few existing TNM stage grouping schemes including UICC/
AJCC 7% edition [14], TANIS, Synderman, Hart, Berg, Kiricuta, and
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Hall [7-12]. We also evaluated the performance of the new criteria
using bootstrap algorithm and multiple imputations as validation.

Methods
Refined TNM stage grouping for HPV* OPC

After institutional Ethic Board approval, a retrospective review
was conducted for 573 newly diagnosed p16 confirmed HPV+ OPC
treated in our institution during January 2000 to December 2010.
Patients whose p16 status was unknown or who had metastatic disease
at presentation were excluded. T- and N-classification was based on
UICC/AJCC TNM 7% edition for OPC [1,15]. Median follow up was
3.82 years.

To derive new TNM stage groupings for HPV+ OPC, RPA
method was explored using Overall Survival (OS) as outcome
endpoint. A new stage scheme was derived using ordinal T- (T1/T2/
T3/T4) and N- (NO/N1/N2a/N2b/N2¢/N3) categories objectively.
The RPA algorithm is based on the optimized binary partition of T
or N categories. It results in subgroups with relatively homogeneous
survival performance. The derived stages were termed RPA-stages
[16]. The performance of the newly derived TNM stage grouping
schemes is evaluated against the following existing TNM stage
grouping schemes which were developed for head and neck cancers:

UICC/AJCC 7% edition: It was derived based on clinical
understanding of the disease processes, with an interest in
maintaining the same scheme across as many head and neck cancer
sites as possible. It has been widely used in most head and neck cancer
sites now.

The TANIS scheme: It was proposed by Jones et al. [7] as an easy-
to-remember approach. It was developed based on the observations
that, in head and neck cancers, the corresponding T and N categories
yield similar prognostic effects and that those effects were linear,
thereby allowing the T and N integers to be summed and generating
the TANIS-7 scheme. The investigators showed that three TANIS
groupings (TANIS-3): 1-3, 4, and 5-7 discriminated better than
UICC/AJCC in their study population.

The snyderman scheme: Snyderman and Wagner [8] derived
another staging scheme from the TANIS scheme by identifying
optimal groupings based on visual examination of the TANIS survival
curves. They derived the scheme based on a population consisted of
186 cases of oral cavity carcinoma treated with primary surgery and
they used disease-free survival as primary outcome of interest.

Hart scheme: Hart et al. [9] developed a scheme from an analysis
of disease-specific survival in 640 OPC cases. A stepwise backward
elimination model was applied to determine stage groupings.

Kiricuta scheme: Kiricuta [10] later introduced a scheme with
some modification to the one proposed by Hart.

Berg scheme: The scheme proposed by Berg [11] was based on
observed survival rates and compared with UICC/AJCC by assessing
the degree of discrimination among survival curves.

Hall scheme: Groome and Hall [12] proposed a scheme, which
further separated N2 category into N2a and N2bc in the design of the
stage grouping.

We compared the TNM stage group schemes of UICC/AJCC 7*
edition, TANIS, Synderman, Hart, Kiricuta, Berg, Hall, and the newly
derived stage grouping schemes (RPA-staging scheme). An overview
of the T and N category combinations and distributions within each
of these schemes is provided on Figure 1. We refer to a subgroup as the
patients with a specific combination of T and N categories and group
as the combination of subgroups within a stage grouping scheme. The
terms classification, scheme and system are used interchangeably.

Existing criteria for evaluation of schemes

Groome et al. [2] proposed four criteria to evaluate prognostic
ability of existing stage grouping schemes. “Hazard Consistency”
addresses the issue of the homogeneity of the patients within each
subgroup for all stage groups. They calculated a weighted average
of the survival difference between each stage grouping for a given
scheme and the subgroups that make up that grouping, where the
weights were based on the amount of person time contributed by the
subgroups (Equation 1).
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In Equation 1, pt, refers to the person time at time ¢, for the
whole population, while pt_, refers to the person time at time ¢, for
the subgroup g. s , refers to the survival probability at time ¢, for the
subgroup g, while s, refers to the survival probability at time ¢, for
stage group G, where the subgroup g belongs to the stage group G.
Monthly time points over five years were used in this calculation,
and there were 20 subgroups in total (combination of T1/T2/T3/T4,
and NO/N1/N2a/N2bc/N3). This measure can be directly interpreted
as the average survival rate difference between the subgroups and
the groups for a given staging scheme. Lower scores indicate better
consistency between subgroups that make up the groups and groups
themselves.

M, =

“Hazard Discrimination” addresses the question of the
heterogeneity of patients between each adjacent stage group. It was
measured by evaluating how evenly the group survival curves are
spaced and how large a survival rate difference they span over the
entire observation period (in this case, 60 months) (Equation 2).
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Similar to the measurement of hazard consistency, monthly
data of five years were used in this calculation and N, refers to the
number of stage groups within a given scheme. The evenness of
the survival curves was measured as the ratio of the product terms
of the observed space between adjacent curves and the optimal
spacing obtained when the curves are equidistant. The span of the
survival curves was measured by accumulating the survival distances
between the highest and lowest curves for a given scheme along time.
Averaging these two measurements gives a summary score for hazard
discrimination ranging from 0 to 1 with a higher score indicating
better discrimination between survival curves.

“Outcome Prediction” was measured in two ways. First, the
percent of the variance in the survival rates explained by each stage
grouping scheme (PVE) was calculated using V, previously defined
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TANIS-3: TANIS-7: Hart:

T1 | T2 | T3 | T4 T1 T2 | T3 | T4 T1 | T2 | T3 | T4
NO 1 1 1 2 NO 1 2 3 4 NO 1 1 2 2
N1 1 1 2 3 N1 2 3 4 5 N1 1 1 2 3
N2 1 2 3 3 N2 3 4 5 6 N2 2 2 3 4
N3 2 3 3 3 N3 4 5 6 7 N3 3 3 4 4
Berg: Snyderman: Kiricuta:

T1 | T2 | T3 | T4 T1 T2 | T3 | T4 T1 | T2 | T3 | T4
NO 1 2 3 3 NO 1 1 2 3 NO 1 1 2 3
N1 1 2 3 4 N1 1 2 3 4 N1 2 2 2 3
N2 2 3 3 4 N2 2 3 4 4 N2 2 2 3 4
N3 3 3 4 4 N3 3 4 4 4 N3 3 3 4 4
Hall: UICC: RPA:

T1 | T2 | T3 | T4 T1 T2 | T3 | T4 T1L | T2 | T3 | T4
NO 1 2 3 4 NO 1 2 3 4 NO 1 1 1 3
N1 2 3 4 4 N1 3 3 3 4 N1 1 1 1 3
N2a 2 3 4 4 N2 4 4 4 4 N2a 1 1 1 3
N2b 3 4 4 5 N3 5 5 5 5 N2b 1 1 1 3
N2c 3 4 4 5 N2c 2 2 2 3
N3 3 4 4 5 N3 3 3 3 3

Figure 1: Schematic showing stage grouping schemes.

by Schemper [17]. This approach allows the use of censored data to
address cure prediction [2]. Second, the accuracy of the predictions
of survival and death was estimated by “slope”, which was calculated
by subtracting the mean probability of cure assigned to those who (in
hindsight) were cured, from the mean probability of cure assigned to
those who were not cured [18, 19]. This analysis assumes survival at 3
years captures all who were and were not cured. It used 3-year disease-
free survival probability as the surrogate for prediction of cure. This
measurement requires non-censored follow-up, therefore patients
who died of other causes within 3 years and those whose follow-up
did not reach 3 years had to be excluded from the calculation. For
both measurements, a higher score indicates better prediction power
of the scheme.

“Balance” was quantified by computing the sum of the absolute
differences between the observed proportions of cases in each group
compared with the expected if an equal number of patients were in
each (Equation 3).
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In Equation 3, C refers to the number of total cases in the study
population; while ¢, refers to the number of cases within stage group
G. N, refers to the number of stage groups within a given scheme. This
score expresses the average deviance from a balanced distribution of
cases with a higher score indicating worse scheme.

The actual score for each criterion for each of the scheme was
normalized and then summarized by using a weighted sum of the
component scores, which puts equal weights on hazard consistency,
hazard discrimination, PVE and slope, with less weight on balance as

it is of more statistical than clinical relevance. Finally, stage grouping
schemes were ranked based on the summary scores with the lowest
summary score ranking first.

New evaluation criteria

Currently, the evaluation methodology proposed by Groome
et al. [2] was acknowledged to be the standard for the testing and
reporting of prognostic stage grouping schemes in head and
neck oncology [20]. However, there are some limitations in this
method. First, since current staging systems were mostly developed
based on historical data, indicating that clinical factors, especially
treatment, may strongly affect the survival outcome, the evaluation
criteria should not ignore these potential clinical factors. With such
consideration, we proposed new criteria for evaluating performance
of current stage grouping schemes. We applied parametric approach
to evaluate hazard consistency and hazard discrimination by using
the likelihood ratio statistics from multivariate Cox proportional
hazards regression model [21] with multiple adjusted clinical
covariates. Second, the criterion of “outcome prediction” was
evaluated in two different ways (Explained Variation and “Slope”) in
Groome’s criteria. In the calculation of “slope”, patients who were
censored or dead before 3 years follow-up were excluded from the
analysis, which may introduce a bias in the evaluation of prediction
power. In our new scheme, we used the percent of the variance in
the survival rates explained by a given grouping scheme to evaluate
the prediction ability. Furthermore, limited time points (monthly rate
over 5 years) were used in both “Hazard Consistency” and “Hazard
Discrimination” calculation. We proposed to use the complete follow
up information for the evaluation.

Our new scheme was based on five evaluation criteria including
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hazard consistency, hazard discrimination, likelihood difference,
explained variance, and balance. Preliminary analysis was conducted
separately for HPV+ and HPV- cohort to determine key clinical
predictors for overall survival.

Hazard consistency: We compared the log-likelihood statistic of
the following two models:

(1) Cox proportional hazards model for overall survival, adjusted
for significant clinical variables from preliminary analysis and an
indicator variable for each of the 24 TN subgroups;

(2) Cox proportional hazards model for overall survival, adjusted
for significant clinical variables from preliminary analysis and an
indicator variable for each of the stage groups of a given scheme

Breslow’s method [22] (Equation 4) was used for the estimation
of likelihood function since it is the most efficient method when
there are no ties on event times. Likelihood ratio test was used to
compare model (1) and (2). Asymptotically, the test statistic (-2 times
the difference of log-likelihood of the two models) is distributed as a
chi-squared random variable, with degrees of freedom equal to the
difference in the number of parameters between the two models.

; N O JREAO
(A)=I1. [stm‘ eﬁ'z,(t,)T' (4)

In Equation 4, t, <t,<...<t, denote the k distinct, ordered event
times. R, denote risk set just before the i* ordered event time t.. f is the
vector of model parameters, while Zj(t) denote the vector of covariates
for the j* individual at time t. d, denote the number of event at time
t. Since there are no ties on event times for our dataset, d, = 1 for all i,
Equation 4 can be simplified to

‘ eﬂ'z jew; Z5(6)
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(:B) H.:l ngg{i #7il0)

Since different schemes may have different number of stage
groups, the score of hazard consistency was then calculated by
normalizing the likelihood ratio test statistic for each scheme
(Equation 5), therefore allowing the direct comparison of schemes.

o= ~2x(log(£,) ~log(£))
24— N, (5

In Equation 5, L, and L, denote the likelihood of model 1 and
2 respectively. N, is the number of stage groups for the scheme.
By normalizing the test statistic, the score of hazard consistency
approximately follows a chi-square distribution with 1 degree of
freedom. The score can be interpreted as how well can the stage
groups represent subgroups, with a lower score indicating better
hazard consistency.

H

Hazard discrimination: We compared the log-likelihood statistic
of the following two models:

(2) Cox proportional hazard model for overall survival, adjusted
for significant clinical variables from preliminary analysis and an
indicator variable for each of the stage groups of a given scheme;

(3) Cox proportional hazard model for overall survival, adjusted
for significant clinical variables from preliminary analysis and a
continuous variable representing the stage groups for a given scheme

Similar to hazard consistency, Breslow’s estimation of likelihood
was applied and likelihood ratio test was used to compare model
(2) and (3). The score of hazard discrimination was then calculated
by normalizing the likelihood ratio test statistic for each scheme
(Equation 6).

_—2x(log(£;) ~log(£,))
Ng -2 (6)

A smaller score indicates a better linear trend in log hazard ratio
from the lowest stage group to the highest stage group. We used this
score to measure hazard discrimination since it is analogous to the first
part of “hazard discrimination” score under the existing evaluation
criteria, where the scheme with better hazard discrimination was
expected to have evenly spaced survival curves.

HD

Explained variation: The proportion of the variation of censored
survival times explained by a given proportional hazards model was
measured by V, which is proposed by Schemper and Henderson
[23]. While the existing criteria used V, [17] and did not adjusted
for clinical factors [2,17]. In the recent PVE measurement, V
has improved the handling of censoring and used mean absolute
deviation between the predicted survival from Cox model and the
true status of the observations as a measure of prediction error [23].
Explained Variation is calculated by

V() ={D(r)-D,()}/D()’ -

D(T) and Dx(T) are the overall measures of marginal and
conditional predictive accuracy.

D(r)=2[ S){1-5()} f (t)dt/ [ f@at
and (8)

D, ()= 2]0 Ex[ s fi-s(|x)}]f (t)dt/jo’ f(t)dt,

In this paper, the PVE measurement has been calculated adjusting
for the important clinical variables.

Likelihood difference: (2) Cox proportional hazard model
for overall survival, adjusted for significant clinical variables from
preliminary analysis and an indicator variable for each of the stage
groups of a given scheme;

(4) Cox proportional hazard model for overall survival, only
contains significant clinical variables from preliminary analysis

Analogously, we used a parametric approach to evaluate this
score in our new criteria, where we compare the model with only
an indicator variable for each stage grouping of a given scheme, to
the null model with no covariates. This measurement is to assess the
improvement of fit of the model with stage grouping and clinical
factors comparing to the model only contains clinical factors. This
score of likelihood difference was then calculated based on the
likelihood ratio test statistic for each scheme (Equation 9).

_—2x(log(£,) - log(£,))
- 9
Ng —1 ©
Both Explained Variation and Likelihood Difference can be used
to evaluate outcome prediction of the stage scheme [17].

LD

Balance: Finally, “Balance” was evaluated in the same way as
before (Equation 3).
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Figure 2: Kaplan-Meier curves of overall survival for existing schemes (HPV+ OPC cohort).
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Figure 3: Kaplan-Meier curves of overall survival for existing schemes (HPV- OPC cohort).

The actual score for each criterion for each of the scheme was
normalized and then summarized by using the sum of the component
scores, which puts equal weight on all five measurements. The stage
grouping schemes were then ranked within the summary scores
with the lowest summary score ranking first. Given the fact that the
criterion of “balance” may be of less importance clinically, we also
tried different weighting methods for this criteria.

Validation

Bootstrap validation: Bootstrap method was implemented as an
approach to internally validate the results and evaluate the robustness
of our new criteria. Theoretically, bootstrapping is a statistical method

for assigning accuracy measures to sample estimates [24]. The basic
idea of bootstrapping is that inference about a population can be
modeled by resampling the sample data and performing inference on
the resampled datasets. The bootstrap resamples can be treated as the
“population” and hence the quality of inference from resampled data
to the real sample is measurable.

Based on the original data set, 1000 bootstrap samples data sets
were generated using sampling with replacement algorithm. For
each of these bootstrap data sets, we applied our new criteria on each
of the grouping scheme and calculate the summarized scores and
ranks. Overall, 1000 summarized scores and ranks were created. To
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Figure 4: Kaplan-Meier curves of overall survival for new RPA scheme
(HPV+ OPC cohort).

summarize the result, the average summarized score was reported as
the bootstrap score and the bootstrap rank was calculated based on
the bootstrap score. We also reported the proportion of being ranked
at top choices for each scheme.

Multiple Imputation validation: Additional validation was
performed using multiple imputations on patients with unknown
HPV status. First, we construct the imputation model using the 810
patients with known HPV status (573 HPV+ and 237 HPV- patients).
The imputation model was used to predict HPV status by logistic
regression method using significant clinical factors [25]. Multiple
imputations were applied on the 298 patients with unknown HPV
status. The imputed HPV positive patients were used to validate
the stage performance. The evaluation scores are standardized and
averaged over the imputed data sets before ranking the stage methods.

Results

The summary statistics of the HPV+, HPV-, and HPV unknown
subgroups were presented in Table 1. Kaplan-Meier curves for
existing scheme were presented in Figure 2 and Figure 3. For HPV+
OPC cohort (Figure 2), only Kiricuta scheme shows a correct risk
ordering, where the risk is increasing as the level of stages goes up
from I to IV. All other existing schemes have incorrect risk ordering

Table 1: Characteristics of Oropharyngeal Cancer Patients Treated in 2000-
2010.

HPV- HPV- HPV

positive negative unknown
Total case No. 573 237 298
Age (median) 57.8 65.6 58.4

Gender (male) 454 (79%) | 171 (72%) = 232 (78%)

Smoking pack-years (median) 40 15 25
Stage IlI-IV 540 (94%) = 198(84) | 266 (89%)
Treatment (CRT) 285(50%)  61(26%) 101 (34%)
Subsite Tontil/BOT 541(94%) = 169 (7T1%) | 245 (82%)
N2b-N3 399 (70%) = 124 (52%) | 169 (57%)
T1-T3 469 (82%) 166 (70%) 236 (79%)
Alcohol ;Z’;:’r’ai;‘eke" light! 140 (77%) 113 (48%) = 196 (66%)

and cannot separate different stages very well. On the contrary,
curves for all existing schemes in HPV- OPC cohort (Figure 3) are
well separated with correct risk ordering. This observation can be
explained by the fact that UICC/AJCC was developed mainly based
on the HPV- OPC cohort and all other schemes aimed to improve
UICC/AJCC.

Since all the existing stage grouping schemes work well on HPV-
OPC cohort, we focused our analysis on HPV+ OPC cohort and
developed the new stage grouping scheme for HPV+ OPC cohort.
Eight existing schemes and the new schemes were evaluated under
both existing and new evaluation criteria (Figure 4).

Evaluation of schemes under existing criteria

Table 2 presents the standardized, weighted scores for each
criterion along with the summary score and rankings. The higher the
score, the worse a scheme performed. The overall evaluation under
Existing Criteria ranked TANIS7 as the top one which has the best
performance in Hazard Discrimination (Table 2). RPA stage ranked
second, with the best performance in Hazard Consistency, Explained
Variation and Slope. UICC/AJCC did worst with lowest Hazard
consistency, Explained Variation, Slope and Balance. However,
the existing criterion of hazard discrimination did not take into
consideration the risk ordering (i.e. higher risk for subjects with
higher stage level); therefore TANIS7 with well separated survival
curves but a wrong risk ordering ranked first under this criterion.

Evaluation of schemes under new criteria

Hazard consistency: The difference on model-fitting statistic
between the model using stage groups proposed by scheme and the
model using all 24 TN subgroups ranged from a low of 0.98 for the
RPA scheme (Table 3), demonstrating the best hazard consistency,
to a high of 3.48 for the UICC/AJCC, demonstrating the worst
consistency.

Hazard discrimination: The hazard discrimination measure
varied from a low of 0.28 for UICC to a high of 5.21 for Berg (the
worst scheme by this criterion) (Table 3). RPA ranked 4 out of 9
schemes, with a score of 0.71.

Explained variation: After important clinical factors being
taken into account, RPA was still the best scheme for predicting the
hazard associated with HPV+ OPC, with 19.04% of the variance in
survival explained. UICC/AJCC scheme did worst, with 11.50% of the
variance explained.

Likelihood difference: The likelihood difference measure ranged
from 2.31 for UICC/AJCC (the worst scheme) to 27.99 for RPA (the
best scheme).

Balance: The score of “Balance” was the same as that under the
existing criteria. TANIS3 did best in splitting the patient population
into evenly sized groups, with a deviation score of 0.32. RPA stage
performance third with score at 0.37. UICC/AJCC did worst at 1.10.

Summary scores: Table 3 also presents the standardized,
weighted scores for each criterion along with the summary score
and rankings. The higher the score, the worse a scheme performed.
Overall, RPA stage ranked first, with the best performance in Hazard
consistency, Explained Variation, Likelihood Difference, and the
third best performance in Balance. Its score of 0.16 was followed by
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Table 2: Consistency, discrimination, variation explained, slope and balance scores and ranks for each scheme.

Performance Evaluation Using Existing Criteria
RPA Kiricuta TANIS3 Hart TANIS7 Snyderman Hall Berg uicc
Hazard Consistency 0.04 0.05 0.07 0.05 0.05 0.07 0.06 0.05 0.08
Score 0.00 0.57 1.59 0.69 0.49 1.47 0.89 0.69 2.00
Rank 1 3 8 4 2 7 6 5 9
Hazard Discrimination 0.46 0.44 0.49 0.42 2.85 1.62 1.26 0.25 0.57
Score 1.84 1.85 1.81 1.87 0.00 0.95 1.22 2.00 1.75
Rank 6 7 5 8 1 2 3 9 4
Explained Variation 11.63 9.57 4.78 7.56 7.56 4.34 6.19 7.09 0.81
Score 0.00 0.38 1.27 0.75 0.75 1.35 1.01 0.84 2.00
Rank 1 2 7 4 3 8 6 5 9
Slope 0.11 0.10 0.04 0.10 0.10 0.04 0.08 0.10 0.01
Score 0.00 0.08 1.26 0.13 0.16 1.23 0.57 0.08 2.00
Rank 1 3 8 4 5 7 6 2 9
Balance 0.37 0.46 0.32 0.37 0.66 0.54 0.67 0.63 1.10
Score 0.07 0.18 0.00 0.06 0.44 0.28 0.44 0.40 1.00
Rank 3 4 1 2 7 5 8 6 9
Overall Score 1.88 2.75 4.66 3.03 1.17 3.84 3.12 3.35 6.25
Overall Rank 2 3 8 4 1 7 5 6 9
Table 3: Scores and ranks for each scheme under new criteria.
Performance Evaluation Using New Criteria
RPA Kiricuta TANIS3 Hart TANIS7 Snyderman Hall Berg uicc
Hazard Consistency 0.98 1.26 2.60 1.38 1.48 2.66 1.99 1.15 3.48
Score 0.00 0.12 0.65 0.16 0.20 0.67 0.41 0.07 1.00
Rank 1 3 7 4 5 8 6 2 9
Hazard Discrimination 0.71 2.27 0.30 3.92 2.72 0.41 1.97 5.21 0.28
Score 0.09 0.41 0.01 0.74 0.50 0.03 0.34 1.00 0.00
Rank 4 6 2 8 7 3 5 9 1
Explained Variation 19.04 17.61 14.11 16.26 16.08 13.78 15.02 15.93 11.50
Score 0.00 0.19 0.65 0.37 0.39 0.70 0.53 0.41 1.00
Rank 1 2 7 3 4 8 6 5 9
Likelihood Difference 27.99 17.06 10.95 16.27 8.56 7.74 9.67 17.83 231
Score 0.00 0.43 0.66 0.46 0.76 0.79 0.71 0.40 1.00
Rank 1 3 5 4 7 8 6 2 9
Balance 0.37 0.46 0.32 0.37 0.66 0.54 0.67 0.63 1.10
Score 0.07 0.18 0.00 0.06 0.44 0.28 0.44 0.40 1.00
Rank 3 4 1 2 7 5 8 6 9
Overall Score 0.16 1.01 1.31 1.37 1.71 1.72 1.82 1.88 3.00
Overall Rank 1 2 3 4 5 6 7 8 9

Kiricuta at 1.01. UICC/AJCC did worst with a score of 3.00, and it
ranked worth in four of the five measurements.

Bootstrap result of scheme evaluation under new criteria

To assess the robustness of the assessment, we applied the new
criteria on 1000 bootstrap samples generated based on our population.
Average raw scores of each criterion and the average standardized
scores for each stage grouping scheme were reported in Table 4. The

overall scores were calculated by summing up the standardized scores
of the five criteria. We also reported the percentage of times in which
the scheme was ranked first or second.

RPA ranked first with an overall score of 0.42 and the best
performance in Hazard consistency, Explained Variation, and
Likelihood Difference. It was ranked first in 883 out of 1000
replications and ranked second 52 times. UICC/AJCC ranked the

Submit your Manuscript | www.austinpublishinggroup.com

Austin Biom and Biostat 2(1): id1014 (2015) - Page - 07



Xu W

Austin Publishing Group

Table 4: Scores and ranks for each scheme under new criteria (based on 1000 bootstrap replications).

Performance Evaluation Using Internal Validation by Bootstrap Algorithm

RPA Kiricuta TANIS3 Hart TANIS7 Snyderman Hall Berg uicc
Hazard Consistency 2.22 2.52 3.86 2.64 2.67 3.94 3.22 2.39 4.73
Score 0.07 0.18 0.68 0.23 0.24 0.71 0.44 0.13 1.00
Rank 2.22 291 7.12 3.92 3.92 7.73 5.84 2.37 8.97
Hazard Discrimination 1.89 3.42 1.13 5.04 4.07 1.30 3.10 6.17 1.37
Score 0.23 0.44 0.12 0.67 0.59 0.15 0.43 0.84 0.19
Rank 4.16 6.30 3.27 8.17 7.65 3.99 6.43 8.95 4.08
Explained Variation 18.45 16.98 13.58 15.71 15.60 13.27 14.50 15.41 11.18
Score 0.03 0.21 0.64 0.37 0.38 0.68 0.52 0.42 0.94
Rank 1.49 2.37 6.75 4.19 4.27 7.27 5.77 4.37 8.47
Likelihood Difference 28.83 17.96 11.65 17.18 9.82 8.53 10.77 18.87 3.27
Score 0.00 0.42 0.67 0.45 0.74 0.79 0.70 0.38 1.00
Rank 1.03 2.93 5.67 3.69 6.70 7.46 6.02 2.52 8.98
Balance 0.38 0.48 0.32 0.37 0.68 0.55 0.68 0.63 1.09
Score 0.10 0.23 0.03 0.10 0.48 0.31 0.48 0.43 1.00
Rank 2.34 4.13 1.64 221 7.24 4.77 7.37 6.30 9.00
Overall Score 0.42 1.16 1.49 1.40 1.87 191 1.96 1.80 3.16
Overall Rank 1 2 4 3 6 7 8 5 9
% Rank =1 883 81 6 19 2 0 0 9 0
% Rank = 2 52 605 115 142 12 0 6 68 0
Table 5: Scores and ranks for each scheme under new criteria (based on multiple imputations on unknown HPV status).
Performance Evaluation Using Multiple Imputations
RPA Kiricuta TANIS3 Hart TANIS7 Snyderman Hall Berg uicc
Hazard Consistency 1.10 111 1.25 1.27 1.06 1.27 0.95 1.18 1.39
Score 0.28 0.28 0.64 0.67 0.25 0.68 0.00 0.57 0.86
Rank 3.40 3.20 6.00 7.00 3.40 7.00 1.00 6.40 7.60
Hazard Discrimination 0.56 0.52 0.38 0.48 0.97 0.62 0.93 0.21 1.22
Score 0.39 0.35 0.26 0.25 0.71 0.35 0.58 0.09 0.71
Rank 4.40 4.40 4.20 4.00 7.20 5.00 6.20 2.20 7.40
Explained Variation 15.11 16.45 15.32 15.37 16.72 15.42 17.49 16.18 13.84
Score 0.68 0.21 0.62 0.54 0.21 0.54 0.02 0.48 0.79
Rank 7.40 3.20 6.40 5.60 3.00 6.00 1.60 5.00 6.80
Likelihood Difference 9.03 6.27 7.38 5.23 3.86 5.26 5.76 5.82 4.41
Score 0.00 0.51 0.31 0.71 0.96 0.70 0.61 0.60 0.85
Rank 1.00 3.40 2.20 6.00 8.60 6.00 5.20 5.60 7.00
Balance 0.27 0.41 0.30 0.28 0.68 0.53 0.71 0.62 1.05
Score 0.04 0.21 0.07 0.05 0.54 0.36 0.58 0.48 1.00
Rank 1.80 4.20 2.00 2.20 6.80 4.80 8.00 6.20 9.00
Overall Score 1.05 1.20 1.44 1.60 2.09 2.01 1.47 1.68 3.38
Overall Rank 1 2 3 5 8 7 4 6 9

last, indicating its worst performance under this new evaluation
criteria. Overall, the bootstrap evolution confirmed the conclusion

shown in Table 3.

Multiple imputation results

Besides that validation using bootstrap datasets, we applied

multiple imputation using the 298 HPV unknown patients. Based on
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logistic regression model, we constructed the imputation model using
significant HPV related clinical factors such as age (continuous),
gender, sub site (Tontil/BOT vs. others), smoke Pack-Year (PY)
(<=10 PY vs. >10 PY), N (NO-N2a vs. N2b-N3), T (T1-T3 vs. T4ab),
and alcohol drinking (ex-drinker/heavy/unknown vs. non-drinker/
light/Moderate. The predictive ability of the imputation model is
high (AUC=0.825). The imputation model was applied on the HPV
unknown data to predict HPV+ status. The overall scores were
calculated by summing up the standardized scores of the five criteria
in Table 5. The overall rank of the multiple imputations results was
also provided based on the overall score.

RPA stage ranked first with an overall score of 1.05 and the
best performance in Explained Variation, Likelihood Difference,
and Balance. UICC/AJCC ranked the last, indicating its worst
performance which is consistent to the bootstrap validation results.

Discussion

All existing stage grouping schemes do not take the effects of
important clinical factors (e.g. treatment) into consideration in the
development process, although their development are all based on
historical data. Based on this observation, we proposed new criteria
to evaluate performances of different schemes, with key clinical
factors adjusted in the evaluation process. Given the fact that within
HPV+ OPC cohort, all existing stage schemes have incorrect risk
ordering and cannot separate different stages very well, we proposed
a new stage grouping schemes, which was shown to have superior
performance over all existing schemes.

The assumptions underlying the use of the UICC/AJCC scheme
in head and neck cancer are that the groups consist of patients with
similar disease severity and that the differences in severity among the
groups are meaningful. We have shown that, for HPV+ oropharynx
cancer, these assumptions do not hold. For both existing and new
criteria, UICC/AJCC did worst among all schemes.

By presenting the results for each measurement separately, the
researchers can focus on the property that is most relevant to their
specific research purpose. Based on our scoring system, within the
HPV+ cohort, RPA stage scheme performed better than the rest,
and the results were verified using bootstrap validation algorithm
and multiple imputations. We also tried different weightings on
each measurement (e.g. gave less weight to the “Balance” score) and
obtained consistent conclusion, where RPA stage was still the best
scheme and UICC/AJCC was ranked last (results not shown).

All the existing stage grouping schemes were developed based on
historical data, where important clinical factors like treatment and
smoking behavior have huge impact on the survival outcome that
cannot be ignored. Therefore, we incorporated those key factors into
the new criteria and applied the parametric approach to evaluate
stage grouping schemes by using the likelihood ratio statistic from
Cox proportional hazards model. Besides that, it also improves the
existing criteria from other aspects. First, in the new criteria, we
measured the predictive ability of a certain grouping scheme by
using the percent of the variance in the hazard rates explained by a
given grouping scheme, and the likelihood difference between the
model with and without grouping scheme. The “Slope” measurement
was removed because it largely depends on the follow-up time of

patients and those who were censored or dead before 3 years follow-
up must be excluded from the analysis, which introduces bias in the
evaluation. Second, in addressing hazard discrimination, the existing
criteria measures how evenly the group survival curves are spaced
and how large a survival rate difference they span. However, it does
not take into consideration the correct risk ordering, which means a
scheme with well separated survival curves but a wrong risk ordering
may get a high score on this criterion. It is shown from the Kaplan-
Meier curves that the risk ordering of most existing stage grouping
schemes is not correct for HPV+ OPC cohort; therefore the existing
measurement on hazard discrimination is not appropriate. In the
new criteria, we used the parametric approach to measure the risk
discrimination and difference between groups within a given scheme.
This method gives schemes with correct risk ordering higher scores
than those with incorrect ordering. Furthermore, the current criteria
were based on the non-parametric modeling using only monthly rate,
the new criteria use parametric evaluation and takes into according
all the follow up information of the survival outcomes to provide
more precise evaluation on the grouping schemes.

For the TNM grouping schemes, some were developed based on
clinical understanding of the disease processes (i.e. UICC/AJCC); the
others were developed based on historical observations including the
newly developed schemes. However, a single disease cohort may have
sample variation and causes biased scheme selection by chance. Our
bootstrap procedure and multiple imputations provided convincing
validation to the robustness of the scheme performance. It also
demonstrated the robustness of new evaluation criteria.

Summary Statement

It is worth to point out that HPV+ and HPV- OPC cohort are
fundamentally different in the survival performance, therefore it is
recommended to develop a new stage grouping scheme for HPV+
cohort as a separate disease site. Currently, UICC/AJCC is derived
mainly based on HPV- OPC patients, and other existing schemes
aim to improve the prognostic ability of UICC/AJCC, but without
paying enough attention on the distinction between the two HPV
cohorts. The new stage grouping scheme we proposed was designed
based on HPV+ OPC cohort, and we have shown that this new
scheme outperforms all existing grouping schemes; the results are
robust within the datasets under bootstrap validation and multiple
imputations.

Our findings need to be further validated in additional research
since the patient population basis as well as the treatment practice may
differ across different clinics. Ideally, the new scheme can outperform
UICC/AJCC in head and neck cancer sub sites of lip, oral cavity, and
oropharynx, hypopharynx, larynx and paranasal sinuses. However, as
many studies have demonstrated [4-6], HPV+ OPC cohort has much
better survival performance than HPV- OPC cohort, which may lead
to the conclusion that no one scheme will serve both types of OPC.

Current stage grouping system only provides classification from
the anatomic perspective and does not take into account tumor-
related factors or patient-related factors, which have significant
prognostic value. As more and more studies recognized the
importance of non-anatomic factors, how to incorporate them into
the current system has become the main challenge. Admittedly, key
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prognostic factors for different disease sub sites are usually different.
Therefore, it is not easy to propose a uniform grouping system with
non-anatomic factors included for all sites. Further research may
focus on developing new algorithms to construct prognostic models
or prognostic nomograms, which will include both the anatomic and
non-anatomic information.

In conclusion, no existing stage grouping scheme has good
prognostic value in HPV+ OPC cohort. Therefore, we proposed
the new scheme and it outperformed all existing schemes under
the new criteria which incorporate non-anatomic information.
In future research, we should aim to develop a prognostic system
including non-anatomic factors as a companion to the current stage
grouping scheme, which relies solely on anatomic information. The
improvements made on the prognostic system will not only benefit
clinical and research practice, but more importantly, will benefit the
patients.
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