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Purpose

Patipents with human papillomavirus (HPV)-related oropharyngeal cancer (OPC) generally present
with more advanced disease but have better survival than patients with HPV-unrelated OPC. The
current American Joint Commission on Cancer (AJCC)/Union for International Cancer Control (UICC)
TNM staging system for OPC was developed for HPV-unrelated OPC. A new staging system is
needed to adequately predict outcomes of patients with HPV-related OPC.

Patients and Methods

Patients with newly diagnosed HPV-positive OPC (by p16 immunohistochemistry or in situ
hybridization) treated at our institution from January 2003 through December 2012 were included.
By using recursive partitioning analysis (RPA), we developed new stage groupings with both tra-
ditional OPC regional lymph node (N) categories and nasopharyngeal carcinoma (NPC) N categories.
Survival was estimated by the Kaplan-Meier method, and the relationship between stage and
survival was examined by using Cox proportional hazards regression analysis.

Results

A total of 661 patients with HPV-positive OPC met the inclusion criteria. With the traditional TNM
staging system, there was no difference in survival between stages (P = .141). RPA with NPC N
categories resulted in more balanced stage groups and better separation between groups for 5-year
survival than RPA with traditional OPC N categories. With the stage groupings that were based in
part on NPC N categories, the risk of death increased with increasing stage (Pfor trend < .001), and
patients with stage lll disease had five times the risk of death versus patients with stage IA disease.

Conclusion

New stage groupings that are based on primary tumor (T) categories and NPC N categories better
separate patients with HPV-positive OPC with respect to survival than does the current AJCC/UICC
TNM staging system. Although confirmation of our findings in other patient populations is needed,
we propose consideration of NPC N categories as an alternative to the traditional OPC N categories
in the new AJCC/UICC TNM staging system that is currently being developed.

J Clin Oncol 34.:1848-1854. © 2016 by American Society of Clinical Oncology

OPC, even though HPV-related OPC often is
diagnosed at later stages.*”
In patients with head and neck cancer, the

Oropharyngeal carcinoma (OPC) is increasing in
incidence, particularly in the developed world,
and a substantial and increasing proportion of
OPC is attributable to human papillomavirus
(HPV) infection.!” HPV-related OPC is bio-
logically and clinically distinct from HPV-
unrelated OPC (commonly caused by tobacco
and alcohol use); HPV-related OPC is associated
with notably better survival than HPV-unrelated
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regional lymph node (N) category has traditionally
been considered the most important prognostic
indicator, and cervical lymph node metastases are
associated with a 50% reduction in 5-year overall
survival (OS).® However, recent studies have found
that, for OPC, HPV status and, to a lesser extent,
tobacco smoking are the most important prog-
nostic factors.*® The American Joint Committee
on Cancer (AJCC)/Union for International Cancer
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Control (UICC), based the current TNM staging system for OPC on
tobacco-related/HPV-unrelated OPC,'® and TNM stages correspond
well with outcomes for patients with tobacco- and alcohol-related
OPC. We and others have shown that the current AJCC/UICC TNM
staging system is not adequate for HPV-related OPC'®""%; therefore,
there is a need for a separate staging system for HPV-related OPC.
Recently, Huang et al'’ proposed a new staging system for HPV-
related OPC that is based on recursive partitioning analysis (RPA)
that performed better than the seventh-edition AJCC/UICC TNM
staging system among a cohort of patients in Canada.

The goal of this study was to compare current TNM stage
groupings and alternative stage groupings that are based on RPA in
terms of their abilities to separate patients with HPV-related OPC
treated at our institution with respect to survival.

Study Population

This study was a retrospective database abstraction that included
all patients with newly diagnosed, histopathologically confirmed, non-
metastatic (M0) squamous cell carcinoma of the oropharynx (OPC) who
were definitively treated with intensity-modulated radiation therapy at
The University of Texas MD Anderson Cancer Center during the period
from January 1, 2003, through December 31, 2012. Less than 15% of
patients with newly diagnosed OPC who presented to the institution
during the study period received treatment elsewhere, and less than 2%
were treated with primary surgery; therefore, virtually all patients were
treated with definitive intensity-modulated radiation therapy. Demo-
graphic, exposure, and clinical data were collected prospectively as part of
routine clinical care; they were not collected specifically for this project. Each
imaging study was reviewed by a radiation oncologist for verification of nodal
status, including bilaterality and low-neck disease. Disease progression was
confirmed by biopsy. The study protocol was approved by the institutional
review board, and all patients provided written informed consent.

In Situ Hybridization and p 16 Immunohistochemistry

Patients were tested for tumor HPV status upon diagnosis. They were
considered to have HPV-positive OPC if their disease was positive for HPV
by in situ hybridization (ISH), p16 immunohistochemistry (IHC), or both
methods. Both assays were performed using paraffin-embedded tumor
tissue, and methods have been described elsewhere.'*'> HPV ISH was
performed using the ISH-catalyzed signal-amplification method for bio-
tinylated probes for types 16, 18, 31, 33, and 51 (Enzo, Farmingdale, NY). An
HPV-positive tumor was defined as a tumor for which there was specific
staining of tumor-cell nuclei for HPV. Tumor p16 expression was evaluated
by immunohistochemical analysis with the CINtec histology kit (Ventana
Medical Systems, Tucson, AZ). Positive p16 expression was defined as strong
and diffuse nuclear and cytoplasmic staining in 70% or more of the tumor cells.

Statistical Method's

Stata 12.0 (StataCorp, College Station, TX) was used for all statistical
analyses. All tests were two sided, and a P value of < .05 was considered
statistically significant. Standard descriptive statistics were used to describe
the study population. Statistical significance of differences between
groups was determined by the x? test for categorical variables and by the
t test with adjustment for unequal variances where indicated or by the
nonparametric equality-of-medians test for continuous variables.

For the survival analysis, OS was defined as time from diagnosis to
death as a result of any cause, and progression-free survival (PFS) was
defined as time from diagnosis to first clinically detectable recurrence or
death as a result of any cause. For OS, patients who were alive at the end of
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Table 1. Demographic, Smoking Exposure, and Clinical Characteristics of 661
Patients With HPV-Positive OPC
Variable No. (%) of Patients
Age, years
Mean (SD) 57.3 (8.9)
Median (IQR) 56 (52-63)
Sex
Male 574 (86.8)
Female 87 (13.2)
Smoking status
Never 335 (50.7)
Former 210 (31.8)
Current 116 (17.6)
Smoking exposure, pack-years*
Mean (SD) 25.9 (22.1)
Median (IQR) 20 (9-36)
p16/ISH HPV status
p16+/ISH+ 423 (64.0)
p16+/ISH— 81 (12.3)
p16—/ISH+ 4 (.6)
p16+/ISH missing 80 (12.1)
p16 missing/ISH+ 73 (11.0)
T category
T1 212 (32.1)
T2 251 (38.0)
T3 122 (18.5)
T4 76 (11.5)
N categoryt
NO 47 (7.1)
N1 82 (12.4)
N2a 66 (10.0)
N2b 293 (44.4)
N2c 133 (20.2)
N3 39 (6.9)
NPC N category
NO 47 (7.1)
N1 411 (62.2)
N2 106 (16.0)
N3 97 (14.7)
Chemotherapy+
No 124 (18.8)
Yes 537 (81.2)
Abbreviations: HPV, human papillomavirus; IQR, interquartile range; ISH, in situ
hybridization; NPC, nasopharyngeal cancer; OPC, oropharyngeal cancer; SD,
standard deviation.
*Former and current smokers only; four patients were missing pack-year data.
TN category could not be determined for one patient.
FChemotherapy included induction and/or concurrent therapy (n = 117 patients
received induction only, n = 233 patients received concurrent only, and n = 187
patients received both).

the study period or lost to follow up were considered censored; for PFS,
patients who were alive and recurrence free at the end of the study period
or lost to follow up were considered censored. The Kaplan-Meier method
with the log-rank test was used to evaluate differences in survival between
groups. Cox proportional hazards regression was used to calculate hazard
ratios (HRs) with 95% ClIs. On the basis of statistical significance in
univariate analysis, age, pack-years of smoking, and the use of chemo-
therapy (induction and/or concurrent with intensity-modulated radiation
therapy) were included in the final multivariable model. Because none of
the interaction terms for stage and age, stage and pack-years, and stage and
chemotherapy was significant, they were not included in the final model.
We quantified the predictive discrimination of the models by using the
concordance probability estimate (CPE), which takes into account cen-
sored outcomes.'®

We used the program STREE (http://c2s2.yale.edu/software/stree/) to
perform RPA to determine stage grouping for patients with HPV-positive
OPC."” Only primary tumor (T) and N categories were included in the

© 2016 by American Society of Clinical Oncology 1849
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HPV+ OPC
(n=661)
5-year OS, 84%
(95% Cl, 80 to 88)

T1-T2
(n =463)
5-year OS, 88%
(95% Cl, 84 to 92)

NO-N2 N3
(n =414) (n = 49)

T3-T4
(n = 198)
5-year OS, 75%
(95% Cl, 65 to 82)

T3 T4
(n=122) (n =76)

5-year OS, 90%
(95% Cl, 85 to 93)

5-year OS, 71%
(95% Cl, 48 to 85)

5-year OS, 78%
(95% Cl, 65 to 87)

T1
(n = 195)
5-year OS, 94%
(95% Cl, 87 to 97)

Stage IA: T1,NO-N2
(n = 195)
5-year OS, 94%
(95% ClI, 87 to 97)

T2
(n=219)
5-year OS, 87%
(95% ClI, 79 to 92)

Stage IB: T2,N0-N2
(n=219)
5-year OS, 87%
(95% Cl, 79 to 92)

Stage Il: T1-T2,N3 or T3
(n=171)
5-year OS, 76%
(95% Cl, 65 to 84)

5-year OS, 69%
(95% Cl, 54 to 80)

Stage lll: T4
(n =76)
5-year OS, 69%
(95% Cl, 54 to 80)

Fig 1. Stage groups for human papil-
lomavirus —positive (HPV+) oropharyngeal
cancer (OPC) that are based on recursive
partitioning analysis (RPA) with nasophar-
yngeal cancer N categories. (A) Stage
groups and 5-year overall survival (OS)
estimates. (B) Diagram of proposed stages
(stage IV would be reserved for patients
with M1 disease).

B
T T2 T3 T4
NO IA B Il 1
N1 1A IB Il n
N2 1A IB Il n
N3 |l Il Il n

RPA models. We entered T and N categories for OPC into the model as
ordinal variables (T1/T2/T3/T4 and NO/N1/N2a/N2b/N2¢/N3). We also
performed a separate RPA, in which we entered T categories for OPC
and N categories for NPC (N0/N1/N2/N3) into the model to determine
whether this made a difference in staging. NPC N categories are based
on the number of positive nodes as well as on laterality of positive nodes
and whether supraclavicular nodes are involved. Although the AJCC/
UICC system for NPC uses a clinical descriptor for supraclavicular
nodes, we captured radiographic nodal locations. Hence, we defined
involvement of supraclavicular nodes as level-4 involvement (nodes
below the level of the cricoid cartilage) but otherwise adhered to the
AJCC definitions for NPC nodal groupings. Appendix Table Al
(online only) shows the detailed definitions of the AJCC/UICC N
categories.'®

Multiple imputation with logistic regression was used to impute
HPYV status for the 789 patients for whom HPV status was unknown. We
created 50 data sets and included age, sex, pack-years of smoking,
chemotherapy status, T category, NPC N category, and the Kaplan-
Meier survivor function. We calculated HRs with 95% ClIs by using
Rubin’s combination rules for the subset of patients who were HPV
positive by imputation.

1850 © 2016 by American Society of Clinical Oncology

A total of 1,640 patients with OPC were treated with definitive
intensity-modulated radiation therapy at our institution during the
period from January 1, 2003, through December 31, 2012.
Appendix Figure Al (online only) shows the patient selection
diagram. One hundred three patients were excluded because of
missing clinical or follow-up data, which resulted in a final sample
size of 1,537 patients. Of these, 748 patients (48.7%) had known HPV
status by ISH and/or p16 THC, 661 of whom (88%) had HPV-positive
disease. Median follow-up time for patients with HPV-positive
OPC who were alive at last follow up was 41 months (range, 3 to
122 months). Patients with known HPV status and those with
unknown HPV status were similar with respect to age and sex, but
patients with known HPV status were more likely to be never smokers,
to present with a lower T category, and to have nodal metastases
(Appendix Table A2). Demographic, exposure, and clinical data for
patients with HPV-positive OPC are listed in Table 1. Among patients
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Fig 2. Kaplan-Meier curves for overall survival (A) and progression-free survival
(B) among patients with human papillomavirus (HPV) —positive oropharyngeal
cancer by using proposed stage groups that are based on recursive partitioning
analysis (RPA) with nasopharyngeal cancer regional lymph node categories.

with HPV-positive OPC, 64% had tumors positive by both p16 THC
and ISH, 12% had tumors positive by p16 THC only, and less than 1%
had tumors positive by ISH only (Table 1). Eighty-seven percent of
patients with HPV-positive OPC were men, and 51% were never
smokers (Table 1). Furthermore, approximately 70% of patients with
HPV-positive OPC had T1 or T2 tumors, and 93% had positive nodal
status (Table 1). Only 12 patients had oncologic surgery at their primary
tumor sites before radiation.

OS According to Current AJCC/UICC TNM Stages and
Proposed New Stage Groupings for HPV-Positive OPC

There was no significant difference in OS among patients
with HPV-positive OPC across TNM stages, as defined according
to the seventh edition of the AJCC/UICC system (P = .141;

WWW.jco.org

Appendix Fig A2). Moreover, the distribution of patients between
stages was imbalanced, because 82% of patients had stage IV
disease.

When we used the stage grouping for HPV-positive OPC
recently suggested by Huang et al'* (stage I: T1-3, NO-N2b; II:
T1-3, N2¢; III: T4 or N3), we found no significant difference in OS
or PFS between patients with stage I and stage II disease (P = .807
for OS and P = .929 for PFS), although there was a significant
difference in survival between patients with stage II and stage III
disease (P = .001 for OS and P = .003 for PFS; Appendix Fig A3A
and A3B)."? Interestingly, patients with stage II disease had
nonsignificantly better OS than those with stage I disease (5-year
08, 87% for stage I and 88% for stage II). Similar to the AJCC/
UICC stage grouping, the distribution between stages was
imbalanced; 69% of patients had stage I disease.

RPA

In RPA with the traditional T and N categories for OPC, we
found that T category was most important and that N category had
no effect on stage grouping (results not shown). When we replaced
OPC N categories with NPC N categories, T category was still most
important, but N category became significant among patients who
had HPV-positive OPC with T1 and T2 tumors. Figure 1A shows
stage groups that are based on RPA that used NPC N categories
with 5-year OS estimates, and Figure 1B shows the T and N
categories for each stage. We propose division of patients with stage
I disease into two groups: stage IA, defined as T1, NO-N2; and stage
IB, defined as T2, NO-N2. Stage II would be defined as T1-T2, N3
or T3, NO-N3; stage III would be defined as T4 regardless of nodal
involvement, and stage IV would be all M1 tumors (Fig 1A and 1B).
These groups are well balanced with respect to the number of
patients in each group and are significantly different from each
other with respect to both OS and PFS; absolute differences in
survival rates are at least 7% between groups (Fig 2A and 2B,
respectively). Moreover, this stage grouping has greater predictive
power than either the AJCC/UICC system or that proposed by
Huang et al'* (CPE for our stage grouping, .670; AJCC/UICC, .555;
Huang et al,'* .575).

Next we calculated 5-year survival rates by RPA stage and RPA
stage stratified by smoking and chemotherapy use (Table 2). For all
patients regardless of stage, the 5-year OS rate was 84% (95% CI,
80% to 88%), and the 5-year PFS rate was 80% (95% CI, 76% to
83%). Overall, patients with greater than 10 pack-years of smoking
had significantly worse OS and PFS than those with 10 or fewer
pack-years (P = .011 and P = .008, respectively; Table 2); however,
there was no significant difference in survival between these groups
when stratified by stage (data not shown). As shown in Table 2, when
patients were stratified by pack-years (=< 10 v > 10), the RPA stage
grouping performed equally well in both groups. Stage groups were
significantly different from each other for both OS and PFS. When
patients were stratified by whether treatment included chemo-
therapy (induction and/or concurrent with intensity-modulated
radiation therapy), stage groups were significantly different from
each other except for OS among patients who received no che-
motherapy (Table 2). Within stage groups, there were no significant
differences in OS or PFS between patients who were and those who
were not treated with chemotherapy (data not shown).

© 2016 by American Society of Clinical Oncology 1851
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Table 2. 5-Year OS and PFS Rates of Patients With HPV-Positive OPC by RPA Stage and RPA Stage Stratified by Smoking Exposure and Chemotherapy Use
oS PFS
No. of % 5-Year Survival No. of % 5-Year Survival
Variable Events/Total No. (95% Cl) P Events/Total No. (95% Cl) P
All patients 79/661 84 (80 to 88) 115/661 80 (76 to 83)
RPA stage
IA 8/195 94 (87 to 97) 16/195 91 (85 to 94)
B 21/219 87 (79 to 92) 34/219 82 (75 to 87)
Il 28/171 76 (65 to 84) 37/171 72 (62 to 80)
1 22/76 69 (54 to 80) < .001 28/76 64 (50 to 74) < .001
Smoking*
Patients with = 10 pack-years 41/427 86 (81 to 90) 62/427 83 (78 to 87)
RPA stage
IA 5/144 95 (88 to 98) 12/144 91 (85 to 95)
B 12/140 89 (81 to 94) 20/140 83 (74 to 89)
Il 16/110 76 (61 to 86) 21/110 75 (62 to 84)
1l 8/33 68 (37 to 86) < .001 9/33 71 (49 to 85) .018
Patients with > 10 pack-years 37/230 80 (72 to 86) 52/230 75 (68 to 81)
RPA stage
IA 3/51 90 (71 to 97) 4/51 90 (74 to 96)
B 9/76 81 (63 to 91) 14/76 80 (67 to 88)
Il 12/61 76 (58 to 87) 16/61 67 (49 to 80)
1l 13/42 71 (54 to 82) .006 18/42 60 (43 to 73) < .001
Chemotherapy use
Patients with no chemotherapy 6/124 92 (83 to 97) 13/124 88 (80 to 93)
RPA stage
IA 4/88 92 (79 to 97) 7/88 90 (80 to 95)
B 1/32 94 (80 to 100) 4/32 86 (65 to 94)
I /4 75 (13 to 96) 2/4 50 (6 to 84)
1] 0 [em] 197 0 [em] .009
Patients with chemotherapy 73/537 82 (77 to 86) 102/537 78 (74 to 82)
RPA stage
IA 4/107 96 (89 to 98) 9/107 91 (84 to 95)
B 20/187 85 (76 to 91) 30/187 81 (74 to 87)
I 27167 76 (64 to 84) 35/167 72 (62 to 80)
1l 22/76 69 (54 to 80) < .001 28/76 64 (50 to 74) < .001
Abbreviations: HPV, human papillomavirus; OPC, oropharyngeal cancer; OS, overall survival; PFS, progression-free survival; RPA, recursive partitioning analysis.
*Four patients were missing pack-year data.

Survival Analysis Using Staging Groups Derived From
RPA

In multivariable Cox regression, there was a significant trend
for increased risk of death among patients in each successive stage
group after adjustment for age, pack-years of smoking, and che-
motherapy use (P for trend < .001; Table 3; Appendix Table A3).
Compared with patients who had stage IA disease, those who had
stage III disease had five times the risk of death (HR, 5.0; 95% ClI,
2.0 to 12.2). These results were consistent in an expanded cohort

after multiple imputation of HPV status with and without mul-
tivariable adjustment (P for trend < .001; Table 3).

HPV status is a strong independent predictor of prognosis for
patients with OPC; thus, it has been suggested by our group and
others that a new staging system for HPV-related OPC is urgently

Table 3. Hazard Ratios for Patients With OPC Known to be HPV Positive and With Imputed HPV-Positive Status by RPA Stage Adjusted for Age, Pack-Years, and
Chemotherapy Use

Analysis by Type of HPV-Positive Status

Known Imputed
RPA stage No. (%) of Patients Crude HR (95% ClI) Adjusted* HR (95% ClI) Crude HR (95% CI) Adjusted* HR (95% CI)
1A 195 (29.5) 1.0 (referent) 1.0 (referent) 1.0 (referent) 1.0 (referent)
1B 219 (33.1) 2.5 (1.1 to 5.6) 2.1 (910 4.8) 1.4 (910 2.3) 1.4 (810 2.2)
Il 171 (25.9) 4.4 (2.0 t0 9.8) 34 (1.5t07.8) 2.8 (1.8 10 4.3) 2.6 (1.6 t0 4.3
Il 76 (11.5) 8.2 (3.7 t0 18.5) 5.0 (2.0 t0 12.2) 6.4 (4.1 t0 9.9) 5.2 (3.0 to 8.9)

*Adjusted for age, smoking pack-years, and chemotherapy use.

Abbreviations: HPV, human papillomavirus; HR, hazard ratio; OPC, oropharyngeal cancer; RPA, recursive partitioning analysis.

1852 © 2016 by American Society of Clinical Oncology
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needed.'”'>'*** Here, we used RPA to explore new stage
groupings for HPV-positive OPC and found that incorporation of
NPC N categories resulted in better distribution of patients
between groups than did use of the traditional OPC N categories.

Groome et al* identified four characteristics of useful stage
groupings: similar survival rates for patients within groups defined by
Tand N category; significantly different survival rates across groups;
accurate prediction of outcome; and balanced distribution of patients
between groups. When we applied the AJCC/UICC TNM staging
criteria to our patients with HPV-positive OPC, we did not find
differences in survival between stage groups, and the distribution of
patients was unbalanced: the majority of patients had stage IV disease.
The lack of prognostic differences and the unbalanced distribution
between groups highlight the need for a revised staging system.
Huang et al'* recently proposed a new stage grouping for HPV-
positive OPC; however, when we applied this grouping to our patient
population, we found that most patients had stage I disease; there
were no significant differences in survival between stage I and II; and,
although stage III was significantly different, only about 16% of
patients was in this group. Therefore, we performed RPA with dif-
ferent N categories for our patient population to determine whether
alternate stage groupings performed better.

When we used traditional OPC N categories in the RPA
analysis, T category was the most important factor, whereas N
category had a negligible effect. Others have similarly found that T
category but not N category predicts survival for patients with
HPV-positive OPC.'>'*?"?* In an analysis of Surveillance, Epi-
demiology, and End Results data, Keane et al'* found that the effect
of T category on head and neck cancer—specific mortality increased
between 1997 and 2008 (P for interaction = .01), whereas the effect
of N category declined during this same period (P for interaction
< .001), and overall stage was not predictive of outcome."’
Similarly, Ward et al'® retrospectively analyzed 266 patients with
OPC and found that the TNM system adequately staged patients
with HPV-negative but not HPV-positive disease. Among patients
with HPV-positive disease, only T category was prognostic; there
was no significant difference in survival according to N category
or TNM stage.'® Conversely, among patients with HPV-negative
disease, T category was not prognostic, whereas N category was.'?
These results and ours demonstrate the inadequacy of the current
N classification for HPV-positive OPC.

Although tumors of the oropharynx have the same N clas-
sification as tumors of the other major head and neck cancer sites
(oral cavity, hypopharynx, larynx, and paranasal sinuses), tumors
of the nasopharynx have a different N classification because of their
different risk factors (eg, Epstein-Barr virus is a risk factor for NPC
but not other head and neck cancers) and natural history.® The fact
that HPV-related OPC is another virally induced cancer with a
natural history different from that of tumors at other head and
neck sites indicates the need for different staging criteria for HPV-
positive OPC as well. Consequently, we applied NPC N categories
in our RPA to determine the usefulness of these categories in
staging HPV-positive OPC. To our knowledge, no other studies
have applied the NPC N categories to HPV-positive OPC, although
revision of N categories to take into account nodal size, bilaterality
of nodes, and matted nodes has been suggested.”’

Inclusion of NPC N categories in our RPA resulted in well-
differentiated stage groups with respect to both OS and PES (P <.001
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for both). There was an increasing risk of death with increasing stage,
and the risk of death was five times as high in patients with stage III
disease as in patients with stage IA disease. When we stratified patients
on the basis of smoking history (= 10 v > 10 pack-years), we found
that our RPA stage groups separated never/light smokers and heavy
smokers well with respect to both 5-year OS and 5-year PFS. However,
when these groups were compared within each stage group, we did
not find significant differences in survival. Thus, although smoking is
an important prognostic factor for HPV-positive OPC, smoking may
not need to be included in a new staging system if we assume that
TNM stages adequately separate patients.

A limitation of this study was the lack of knowledge of HPV
status for greater than half of all patients in the cohort, because
patients who have their diagnoses confirmed via fine-needle
aspiration are not routinely tested for HPV status. However, we
restricted our stage analysis to HPV-positive patients, and our
proposed staging system worked similarly in patients with
unknown HPV status when we imputed HPV status and controlled
for multiple variables. We considered patients to have HPV-
positive OPC if their disease was positive for HPV by either p16
IHC or ISH, and there may have been some false positives.
However, the number of false positives is likely small, because less
than 13% of patients had disease that was positive by only one
method, and both methods are now well established for deter-
mining tumor HPV DNA status.”**’ Furthermore, repeat analysis
restricted to patients who were p16 positive resulted in the same
RPA groups as shown in Appendix Figure A4. We acknowledge that
this analysis is limited to our institutional experience and that
survival outcomes for our patients and patients at other institu-
tions may differ. Therefore, additional studies with other patient
populations are needed to confirm our findings.

In this single-center cohort study, we demonstrated that the
current AJCC/UICC TNM staging system is inadequate for pre-
dicting survival in patients with HPV-positive OPC. Moreover,
we used RPA to identify new staging categories and found that
incorporation of NPC N categories resulted in better separation of
stage groups with respect to both OS and PFS and provided more
even distribution of patients between groups. Although the results
of this study require confirmation in other populations of patients
with HPV-positive OPC, we propose that NPC N categories be
considered alternatives to traditional OPC N categories in the new
staging system for HPV-positive OPC currently being developed
by the AJCC/UICC.
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American Joint Committee on Cancer (AJCC)/Union
for International Cancer Control (UICC) TNM stag-
Ing: a cancer staging system that describes the extent of cancer in a
patient’s body. “T” describes the size of the tumor and whether it has
invaded nearby tissue; “N” describes regional lymph nodes that are
involved; “M” describes distant metastasis (spread of cancer from one
body part to another). The TNM Classification of Malignant Tumours
was developed and maintained by the UICC to achieve consensus on
one globally recognized standard for classifying the extent of spread of
cancer. The TNM classification was also used by the AJCC. In 1987, the
UICC and AJCC staging systems were unified into a single staging
system. Prognosis of a patient is defined by TNM classification.

human papillomavirus (HPV): a double-stranded DNA virus
from the papillomaviridae family. Human papillomavirus is a cause of
cervical cancer as well as of a subset of cancers of the anus, oropharynx,
penis, vagina, and vulva.

© 2016 by American Society of Clinical Oncology

oropharyngeal carcinoma: a carcinoma arising from the middle
part of the pharynx behind the mouth and includes the back one third
of the tongue, the soft palate, the side and back walls of the throat, and
the tonsils. This typically includes the base of tongue, soft palate, uvula,
tonsils, and pharyngeal walls.

overall survival: the duration between random assignment and
death.

progression-free survival: time from random assignment until
death or first documented relapse, categorized as either locoregional
(primary site or regional nodes) failure or distant metastasis or death.

recursive partitioning: multivariable analysis that generates a
clinically intuitive decision tree model in which the population is
divided into prognostic subgroups. This is achieved through multiple
dichotomous divisions on the basis of a set of independent variables.
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Appendix

Patients with OPC treated
with IMRT during
2003-2012
(n=1,640)

Total number of patients
(n=1,537)
Median age, 57 years; male,
86%; smokers, 56%

Patients with HPV
testing
(n =748)

HPV-positive patients
included in RPA analysis
(n=661)

Excluded:

102 missing clinical data;
1 lost to follow-up;
Median age, 53 years; male,
79%; smokers, 55%

Missing HPV data:
Included in multiple
imputation analysis only
(n =789)

Patients negative for
HPV
(n =87)

Fig A1. Patient selection diagram that shows the median age, percentage who
were men, and percentage of ever-smokers for patients excluded from and included
in the analysis. HPV, human papillomavirus; IMRT, intensity-modulated radiation
therapy; OPC, oropharyngeal cancer.

JOURNAL OF CLINICAL ONCOLOGY



New Staging System for Patients With Oropharyngeal Cancer

Overall Survival

1.00 e e |
@ 0.75
£
=
>
.
=}
wn
= 0.50 -
X=]
=
o
o
o
L
8- 0.25 4
TNM /1l
TNM 1l
--------- TNM IV
T T T T T
0 12 24 36 48 60
Follow-Up Time (months)
No. at risk
TNM /Il 27 27 24 18 10 4
TNM Il 90 88 80 49 31 17
TNM IV 543 524 475 312 203 115

Fig A2. Kaplan-Meier curve for overall survival among patients with human papillomavirus (HPV) —positive oropharyngeal cancer (OPC) by current American Joint
Committee on Cancer (AJCC)/Union for International Cancer Control (UICC) TNM stage groups.
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Fig A3. Kaplan-Meier curves for overall survival (A) and progression-free survival
(B) among patients with human papillomavirus (HPV) —positive oropharyngeal
cancer (OPC) by stage groups that are based on recursive partitioning analysis (RPA)
proposed by Huang et al'? (stage I: T1-3, NO-N2b; II: T1-3, N2c; Ill: T4 or N3).
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Table A1. AJCC (ed 7) Regional Lymph Node (N) Classification for Nasopharynx and Oropharynx/Hypopharynx Cancer

Classification

Description by Cancer Type

Nasopharynx Cancer

Oropharynx/Hypopharynx Cancer*

NX Regional lymph nodes cannot be assessed Regional lymph nodes cannot be assessed
NO No regional lymph node metastasis No regional lymph node metastasis
N1 Unilateral metastasis in cervical lymph node(s), = 6 cm in Metastasis in a single ipsilateral lymph node, = 3 cm in greatest
greatest dimension, above the supraclavicular fossa, and/or dimension
unilateral or bilateral, retropharyngeal lymph nodes, = 6 cmiin
greatest dimensiont
N2 Bilateral metastasis in cervical lymph node(s), = 6 cm in Metastasis in a single ipsilateral lymph node, > 3 cm but not >
greatest dimension, above the supraclavicular fossat 6 cm in greatest dimension, or in multiple ipsilateral lymph
nodes, none > 6 cm in greatest dimension, or in bilateral or
contralateral lymph nodes, none > 6 cm in greatest
dimension
N2a Not specified Metastasis in a single ipsilateral lymph node > 3 cm but not > 6
cm in greatest dimension
N2b Not specified Metastasis in multiple ipsilateral lymph nodes, none > 6 cm in
greatest dimension
N2c Not specified Metastasis in bilateral or contralateral lymph nodes, none > 6
cm in greatest dimension
N3 Metastasis in a lymph node(s)T > 6 cm and/or to supraclavicular Metastasis in a lymph node > 6 cm in greatest dimension
fossa
N3a > 6 cm in dimension Not specified
N3b Extension to the supraclavicular fossat Not specified

NOTE. Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, IL. The original source for this information is the AJCC Cancer Staging
Manual (ed 7), published in 2010 by Springer.'®

*Metastases at level VIl are considered regional lymph node metastases, originally described by Ho (Ho JHC: IARC Scientific Publication 20, 1978, pp 99-113). It is
defined by three points: the superior margin of the sternal end of the clavicle, the superior margin of the lateral end of the clavicle, and the point where the neck meets the
shoulder. Note that this definition would include caudal portions of levels IV and VB. All cases with lymph nodes (whole or part) in the fossa were considered N3b.
TMidline nodes are considered ipsilateral nodes.

FSupraclavicular zone or fossa is relevant to the staging of nasopharyngeal carcinoma and is the triangular region.

Table A2. Demographics, Smoking Exposure, and Clinical Characteristics of Patients With OPC by
Known and Unknown HPV Status
No. (%) of Patients by HPV Status
Characteristic Known (n = 748) Unknown (n = 789) P
Age, years
Mean (SD) 57.4 (9.0) 57.7 (9.9) .568*
Median (IQR) 56.5 (52-63) 57 (51-64) 720
Sex 475
Male 640 (85.6) 685 (86.8)
Female 108 (14.4) 104 (13.2)
Smoking status .013
Never 357 (47.7) 321 (40.7)
Former 246 (32.9) 279 (35.4)
Current 145 (19.4) 189 (24.0)
T category .001
T1 236 (31.6) 198 (25.1)
T2 269 (36.0) 275 (34.9)
T3 142 (19.0) 159 (20.2)
T4 101 (13.5) 157 (19.9)
N categoryt .002
NO 55 (7.4) 95 (12.1)
N1 90 (12.1) 111 (14.7)
N2a 71 (9.5) 72 (9.1)
N2b 332 (44.4) 284 (36.0)
N2c 156 (20.9) 166 (21.1)
N3 43 (5.8) 60 (7.6)
Abbreviations: HPV, human papillomavirus; IQR, interquartile range; NPC, nasopharyngeal cancer;
OPC, oropharyngeal cancer; SD, standard deviation.
*Adjusted for unequal variances.
TN category could not be determined in two patients (n = 1 with known and n = 1 with unknown
HPV status).
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Table A3. HRs for Patients With OPC Known to Be HPV Positive and With Imputed HPV-Positive Status by RPA Stage Adjusted for Age, Pack Years,
and Chemotherapy Use
Analysis by Type of HPV-Positive Status
Known Imputed
Crude Adjusted Crude Adjusted
Variable HR (95% Cl) P HR (95% CI) P HR (95% ClI) P HR (95% CI) P

RPA stage

1A 1.00 (referent) 1.00 (referent) 1.00 (referent) 1.00 (referent)

1B 2.47 (1.09 to 5.58) .030 2.07 (.89 to 4.84) .092 1.44 (.90 to 2.31) 130 1.37 (.84 t0 2.23) .209

Il 4.44 (2.03 to 9.76) < .001 3.37 (1.45 to0 7.82) .005 2.79 (1.80 to 4.34) < .001 2.62 (1.58 to 4.33) < .001

1 8.24 (3.67 to 18.51) < .001 5.00 (2.04 to 12.18) < .001 6.39 (4.10 to 9.94) < .001 5.17 (3.01 to 8.89) < .001
Age 1.04 (1.01 to 1.06) .004 1.03 (1.00 to 1.05) .030 1.04 (1.03 to 1.06) < .001 1.03 (1.01 to 1.05) < .001
Smoking pack-years 1.02 (1.01 to 1.03) < .001 1.01 (1.01 to 1.02) .001 1.01 (.99 to 1.03) .285 1.00 (.99 to 1.02) .309
Chemotherapy 3.18 (1.38 to 7.32) .006 1.74 (.70 to 4.35) .236 1.96 (1.36 to 2.81) < .001 1.03 (.66 to 1.62) .893
Abbreviations: HPV human papillomavirus; HR, hazard ratio; OPC, oropharyngeal cancer; RPA, recursive partitioning analysis.
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