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SUMMARY

Objectives—The standard concurrent radiotherapy and chemotherapy regimens for patients with
oropharyngeal cancer are highly toxic. Human papillomavirus (HPV)-associated oropharyngeal
squamous cell carcinoma (OPSCC) has recently emerged as a distinct biological and clinical entity
with improved response to treatment and prognosis. A tailored therapeutic approach is needed to
optimize patient care. The aim of our study was to investigate the impact of HPV and smoking
status on early toxicities (primarily mucositis) associated with concurrent chemotherapy and
radiotherapy in patients with OPSCC.
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Materials and methods—We retrospectively evaluated 72 consecutive patients with OPSCC
and known HPV status treated with concurrent radiotherapy and chemotherapy at our institution.
Treatment-related toxicities were stratified by smoking and HPV status and compared using
univariate and multivariate logistic regression.

Results—HPV-positive patients had a 6.86-fold increase in the risk of having severe, grade 3-4
mucositis. This effect was preserved after adjusting for patient smoking status, nodal stage,
radiotherapy technique and radiotherapy maximum dose. Additionally, HPV status had significant
effect on the objective weight loss during treatment and at three months after treatment.
Consistently, non-smokers had a significant 2.70-fold increase in the risk of developing severe
mucositis.

Conclusion—Risk factors for OPSCC modify the incidence of treatment-related early toxicities,
with HPV-positive and non-smoking status correlating with increased risk of high grade mucositis
and associated outcomes. Retrospective single-institution studies need to be interpreted cautiously.
However, this finding is important to consider when designing therapeutic strategies for HPV-
positive patients and merits further investigation in prospective clinical trials.

Keywords

Human papillomavirus; Smoking; Oral mucositis; Radiotherapy; Chemotherapy; Squamous cell of
head and neck

Introduction

Although alcohol and tobacco use are well characterized risk factors for head and neck
cancer, human papillomavirus (HPV)- associated oropharyngeal squamous cell carcinoma
(OPSCC) has been identified as a distinct tumor entity with unique biological, pathological
and clinical features [1-5]. Approximately 63% of all OPSCC cases diagnosed between
2004 and 2008 were attributable to HPV [6]. In a recent systematic review and meta-
analysis, patients with HPV-related OPSCC had a 53% better overall survival (OS) and a
52% better progression-free survival (PFS) vs. those with HPV-unrelated OPSCC [7].

Concurrent chemoradiotherapy (CRT) is a standard definitive treatment for patients with
locally advanced head and neck squamous cell carcinoma (HNSCC). Combined treatment
leads to substantial acute side effects (e.g., mucositis), resulting in significant short- and
long-term morbidity [8]. Given the favorable prognosis of HPV-related OPSCC [9-11],
developing alternative strategies for reducing treatment related morbidity is imperative.

Smokers with HNSCC have diffuse alterations in the mucosa that lines their entire throat,
while HPV-positive patients and non-smokers tend to have focal genetic alterations [12,13],
which may impact the quality of the mucosa and thus lead to differences in tolerance to
CRT. There have been no published reports on the role of HPV status in early treatment-
related toxicities. Understanding the differential tolerance of normal mucosa in HPV-related
vs. -unrelated OPSCC patients is important when considering the risk for treatment-related
toxicities and when designing therapeutic strategies more specific for HPV-positive patients.
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We hypothesized that patients with OPSCC may have differential mucosal inflammatory
response (mucositis) to CRT based on their etiologies (HPV vs. smoking-associated
OPSCC). This study aimed to measure the impact of HPV status, smoking, and other
covariates on the degree of acute toxicities (primarily mucositis) during and immediately
after CRT in a consecutive series of OPSCC patients.

Patients and methods

Study design and eligibility criteria

This retrospective study was conducted at the Comprehensive Cancer Center of Wake Forest
University (CCCWFU) and approved by our Institutional Review Board. We identified all
consecutive patients with OPSCC in our Cancer Registry treated with definitive concurrent
radiotherapy and chemotherapy regimens between January 2007 and September 2012. Only
patients with known HPV status were eligible for analysis. Additional criteria for eligibility
include: HPV + unknown primary HNSCC, and OPSCC with oligometastatic disease who
received standard CRT for their loco-regional disease. We excluded patients treated with
adjuvant concurrent CRT, patients not treated at CCCWFU, and/or those with less than three
months of follow-up after completing treatment.

Retrospective data collection

Utilizing an electronic medical record (EMR) review, we collected information on: age at
diagnosis, sex, race, HPV status, tobacco use, tumor/node/metastasis (TNM) stage, highest
grade of mucositis, and presence of excessive mucus production during and immediately
after treatment. Patients were considered smokers if they were actively smoking or had more
than a ten pack-year history and had quit less than one year before diagnosis. Excessive
mucus production was defined as present when specifically described in the notes and/or
patients were prescribed medications to address it (scopolamine patch, mucolytics).
Mucositis was graded using the Common Terminology Criteria for Adverse Events v3.0
(CTCAE) [14] (Supplementary Table 1). Dysphagia was retrospectively assessed by
patient’s ability to take oral nutrition at the end of treatment and by the need for referral for
speech and swallowing evaluation and treatment during follow-up. Aspiration was
documented either by flexible endoscopic evaluation of swallowing (FEES) or by imaging
studies describing aspiration pneumonia in the post-treatment follow-up. We documented
patients’ body weights at the beginning, end, and three months after therapy, duration of
utilization of a feeding tube, and hospital admissions due to mucositis and related
complications. Alcohol use was not well-documented in the EMR and thus was excluded
from this analysis. Evidence of treatment efficacy (e.g., response to treatment, disease
progression and survival to date) were also documented.

HPV and p16 analyses

HPV status was defined based on polymerase chain reaction (PCR) testing [15-18]. Only
patients found HPV-negative or HPV-positive for high-risk serotype were included in our
study. We attempted to determine p16 status in all HPV-positive patients; however, only 39
out of 62 patients had sufficient tumor tissue available for p16 testing (data not shown). All
but one of the 39 HPV-positive patients were found p16 positive. The patient found p16
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negative is a smoker [19]. PCR and p16 procedures are described in the Supplementary
Materials section.

Radiation was delivered using either 3D conformal radiotherapy (3D-CRT) or intensity-
moderated radiation therapy (IMRT). A parotid- sparing approach was used whenever
possible. The total treatment dose, oral cavity/oropharynx (OP) maximum (to 1 cc volume)
and mean dose were determined based on review of all RT plans when available (data
missing in one patient). The oropharynx was defined based on AJCC landmarks and
included the pharynx between the soft palate, hyoid inferiorly, and the lateral pharyngeal
walls/mucosa. All patients received CRT. The chemotherapy used concurrent with definitive
radiotherapy included cisplatin in 58 patients (80.5%); cisplatin and cetuximab (according to
Radiation Therapy Oncology Group [RTOG] 0522 [NCT00265941]) in one patient (1.4%);
carboplatin and paclitaxel in seven patients (9.7%); and docetaxel in two patients (2.8%).
Four patients (5.6%) received induction chemotherapy with docetaxel, cisplatin and 5-
fluorouracil (TPF) before the definitive CRT (Supplementary Table 2). Per our Head and
Neck Cancer Group policy, prophylactic gastrostomy tube (G-tube) placement was
recommended for all patients undergoing CRT.

Statistical analysis

Descriptive statistics were calculated for variables of interest. For continuous measures we
used means and standard deviations and for categorical measures we used counts and
percents. Etiologic groups (HPV-positive vs. HPV-negative and smoker vs. hon-smoker)
were compared using Fisher’s exact and Chi-Square tests (when expected cell counts
exceeded 5) for categorical outcomes and two-sample t-tests for continuous variables. Odds
ratios are presented for primary outcomes. For time to event outcomes, overall survival and
progression free survival, Kaplan—Meier curves were estimated and groups were compared
using the log rank test. Response rates were also compared between groups using Chi-
Square tests.

A series of simple logistic regression models were fit to assess the relationship between each
individual variable and mucositis grade (1-2 vs. 3-4). Next, all variables that had at least a
modest association with mucositis (i.e. p < 0.20) were considered for a multivariate logistic
regression model (MVA). In this MVA, HPV status and smoking status were forced into the
model regardless of their statistical significance since these two variables were central to the
hypotheses of this paper. Once these variables were included, a forward selection modeling
process was used to identify additional variables to include in the MV A using a criteria of p
< 0.10 for retaining a variable. In addition, based on the sample size for this study, we
determined that at most 5 variables could be retained in the final MVA; thus, if more than
five variables were identified in the selection process, then the variables would be removed
based on their level of significance until five remained.

All statistical tests were performed using 2-sided tests, and all analyses were performed in
SAS, version 9.2 (SAS Institute, Inc.).
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Patient characteristics

Association

Seventy-two patients diagnosed and treated at the CCCWFU between January 2007 and
September 2012 met eligibility requirements for this analysis. Patient characteristics are
described in Table 1. The mean age at diagnosis was 59.5 years (range 39-82 years). Most
patients were Caucasian (89%), male (85%), non-smokers (58%), and HPV-positive (79%).
Of the eight African Americans, six patients were HPV-negative (p < 0.001) and seven
patients were smokers (p = 0.008). As expected, the majority of HPV-negative patients were
smokers, while the majority of HPV-positive patients were non-smokers (P = 0.008). HPV-
positive patients presented with earlier T stage (68.4% having T1-2 tumors vs 46.7% of
HPV-negative patients) but with more advanced nodal disease (87.7% having N2-3 disease
compared to 73.4% of HPV-negative patients) (Table 1). The use of IMRT favored the
HPV-positive group (82.5% vs. 73.3%). Radiotherapy delivery technique and doses were
not significantly different between HPV-positive and negative groups. The mean and max
OP dose was equally distributed across HPV-positive and HPV-negative patients. The
volume and stage of disease treated was well-balanced between groups. Cisplatin was
administered concurrent with radiotherapy in a larger percentage of HPV-positive patients,
while a larger percentage of HPV-negative patients received more radiosensitizing regimens
such as carboplatin/paclitaxel or docetaxel, as well as induction chemotherapy before CRT
(Supplementary Table 2). The median follow-up was 26.4 months.

of grade 3-4 mucositis with HPV and smoking status: univariate analysis

Grade 1-2 mucositis and grade 3—4 mucositis were grouped for all comparisons due to the
inherent quantitative and qualitative limitations of toxicity grading in the retrospective
setting. No patients with grade 5 mucositis were identified. A univariate analysis was
completed to identify covariates impacting the development of grade 3—4 mucositis and
subsequent consideration of inclusion into the multivariate model. Patients with HPV-
positive tumors had a 6.86-fold increase in the odds of having grade 3—4 mucositis
compared to their HPV-negative counterparts (95% confidence interval [CI], 1.7-27.1) (P =
0.0061). Non-smokers had a 2.70-fold increase in the odds of developing grade 3—4
mucositis compared to smokers (95% Cl, 1.03-7.09) (P = 0.044) (Table 2). The absence of
smoking was associated with a statistically non-significant increase in grade 3—4 mucositis
in the HPV-positive subgroup similar to its effect in the entire study population (P = 0.24)
(Table 2). N-stage, but not T-stage, increased the odds of grade 3—4 mucositis (NO-N2a vs.
N2b, N2c,-N3: OR 2.8, 95% CI 0.76-10.3; p = 0.122; T3, T4 vs. TO-T1-T2: OR 0.53, 95%
Cl 0.20-1.45; p = 0.215). Race (OR 0.24, 95% CI 0.046 to 1.299) (p = 0.098) and
radiotherapy parameters such as the use of IMRT relative to 3DCRT (OR 3.8, 95% CI 1.07-
13.6) (p = 0.0397) and oral cavity max dose (OR 1.06, 95% CI 0.1.0-1.13), (p = 0.064)
increased the odds of grade 3—4 mucositis and met criteria for consideration in the
multivariate model (data not shown).

Predictors of grade 3—4 mucositis: multivariate analysis

Univariate analyses suggested that six possible variables could be included in the
multivariate models: HPV status (p = 0.0061), smoking status (p = 0.044), nodal status (p =
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0.122), race (p = 0.098), radiation therapy type (p = 0.03), and maximum OP dose (p =
0.06). Once HPV and smoking status were included in the multivariate model, three of these
four additional variables met the inclusion criteria (p < 0.10). These were nodal status (p =
0.10), radiation therapy type (IMRT vs 3DCRT, p = 0.032) and intensity (maximum OP
dose, p = 0.032). Race did not meet the inclusion criterion (p = 0.78).

The impact of HPV on the likelihood of developing grade 3—4 mucositis was preserved in
this multivariate model after adjusting for the relative contributions of smoking, nodal
staging, radiation therapy type (IMRT vs 3DCRT) and intensity (maximum OP dose). The
adjusted odds ratio for developing grade 3—4 mucositis for HPV-positive patients was 5.3 (p
=0.032) (Table 2). IMRT treatment and OP max dose showed statistically significant impact
on the rate of grade 3—4 mucositis in this multivariate model (P = 0.032 for both variables).

of weight loss with HPV and smoking status

HPV status had a statistically significant effect on weight loss measured at the end of
treatment (mean loss 15.0 Ib in the HPV-positive patients vs. 8.3 Ib in HPV-negative
patients; P = 0.015) and at three months after treatment (mean loss 23.1 Ib in the HPV-
positive patients vs. 12.6 Ib in HPV-negative patients; P = 0.013). A similar difference was
noted when measured as a percentage change in pre-treatment body weight (P = 0.045 at the
end of treatment and P = 0.096 at 3 months post-treatment). Non-smoking was associated
with a non-significant trend towards increased weight loss during (P = 0.21), and at three
months post-treatment (P = 0.5) (Table 3).

Other mucositis-associated outcomes

Excessive mucus production during treatment, generally associated with worse mucositis,
was found more frequently in non-smokers (P = 0.017). Similarly, the inability to take
anything by mouth at the end of treatment was significantly increased in non-smokers (P =
0.023). These outcomes were not statistically significant affected by HPV status.

HPV status did not significantly impact the likelihood of aspiration (P = 0.38); however,
smokers were 2.0 times more likely than hon-smokers (P = 0.049) to develop aspiration as
identified by FEES, CT scan, or both.

Smoking and HPV status had no significant impact on duration of G-tube use. When
patients with progressive disease who ultimately died with a G-tube were excluded, we
found a clinically meaningful difference of 48.3 days in the average duration of G-tube use
in HPV-positive vs. HPV-negative patients (P = 0.39). Smoking and HPV status also had no
significant effect on hospitalization for mucositis or mucositis-associated complications; or
the need for referrals for swallowing-related evaluation and management (Table 4).

Treatment compliance and outcomes

Of the 72 treated patients, 9 HPV-positive (15.8%) and two HPV-negative (13.3%) patients
had either a reduction in the number of cycles or changes in the type and dose of their
planned chemotherapy due to severe mucositis. The compliance with the prescribed
radiotherapy was high, with only five of 72 patients missing 2—6 Gray (Gy) of their
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prescribed dose and ten patients having non-significant, one- to four-day interruptions in
their radiotherapy (data not shown).

Outcomes were excellent; with 83.3% of patients achieving a complete response, 12.5% a
partial response, and 4.2% had stable disease (Table 4). HPV-positive patients were much
more likely to achieve a complete response (91.2 vs. 53.3%) and the HPV-negative patients
were more likely to obtain a partial response (33.3% vs. 7%) or stable disease (13.3% vs.
1.8%) (P = 0.002). Fourteen of the 72 patients died before the last follow-up, with one- and
two-year survival rate estimates of 93% and 85%, respectively. The differences in HPV-
positive vs. negative patients again reached statistical significance: 98% vs. 71% and 94 vs.
46% (Log-Rank Chi-Square 14.45, P = 0.0001), respectively (Fig. 1).

Twelve patients had progressive disease at last follow-up. The one- and two-year
progression-free survival (PFS) rates were 89% and 86%, respectively. PFS was
significantly different across groups when stratified by HPV status, with one- and two-year
PFS rates of 59% and 59% in HPV-negative patients and 96% and 93% in HPV-positive
patients (log-rank Chi-Square 11.21, P = 0.0008) (Fig. 2).

Discussion

This single-institution experience with treatment-related mucositis and its relationship to
HPV and smoking status revealed a distinct association between HPV status and the
predisposition toward aggravated mucositis. Smoking status was initially expected to be a
potential confounder in the analysis, but after stratification, the effect of HPV status was
well-preserved. After adjusting for both patient- and treatment-related factors, the impact of
HPV status on grade 3—4 mucositis was also preserved.

Our analysis shows that HPV status has a well-defined impact not only on subjective
determinants of acute toxicity (e.g., an almost sevenfold increase in the odds of developing
grade 3—4 mucositis), but also on objective measurements of nutritional status. HPV-positive
patients lost both more absolute weight and as a percentage of their initial weight than their
HPV-negative counterparts during treatment and at 3 months after treatment, although only
the absolute difference in weight was statistically significant at the second timepoint. The
effect of mucositis on weight loss despite prophylactic PEG tube use is most likely related to
the appetite-suppressive effect of pain and nausea associated with high-grade mucositis.
While a similar trend was noted across smoking status, the magnitude was muted relative to
the difference across HPV-positive and negative patients.

Concordantly, non-smokers who were predominantly HPV-positive (91.5%), showed a
significant increase in the incidence of high-grade mucositis during treatment. This was
supported by the association with more objective measurements, such as increased mucus
production and inability to take anything by mouth at the end of treatment. This finding
contradicts a previous report that examined the impact of active smoking during treatment
on mucositis [20]. We lacked adequate documentation of active smoking during treatment in
our EMR, and thus we did not include that factor in analysis. In addition, with relatively few
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patients continuing to smoke during treatment when adequately supported, we considered
that history of smoking would be a more influential factor in our analysis.

Radiotherapy parameters were highly influential on the rate of grade 3—4 mucositis. The
maximum and mean OP dose was not disproportionately distributed across groups (Table 1),
but instead exhibited a strong effect on the risk of mucositis. Contrary to radiotherapy dose,
more conformal therapy with IMRT was disproportionately utilized in the HPV-positive
group. However, this did not result in a reduction in grade 3—4 mucositis, as would be
expected in the setting of similar sensitivity to radiation dose. This highlights the observed
interaction between HPV status and sensitivity to high-grade mucositis.

The current thought is that the actual incidence of grade 3—4 mucositis is deterministic (as
opposed to stochastic), and depends on a threshold dose of ~30 Gy, although our data argue
that beyond an absolute threshold there is a dose-dependent effect for every unit-dose
prescribed [21]. Toxicity is also a function of the volume treated. Whereas N2-3 disease
was present in 14.3% more of the patients in the HPV-positive subgroup, radiotherapy
volumes did not differ significantly, because we routinely treat the same volume of the neck
and retropharyngeal lymph nodes in Stage 3 and above patients regardless of extent of nodal
status. At the same time, smaller T1-2 tumors were significantly more frequent in the HPV-
positive subgroup. Therefore, more research into the effects of radiation dose and volume
and their effects on mucositis would be useful.

The difference in acute toxicity noted in the present study was limited to non-life threatening
conditions and thus did not lead to an increase in hospitalizations. It is more common to for
these patients to receive more aggressive supportive care measures (i.e. intravenous fluids
and pain, nausea and nutrition management) as outpatients. As such, adverse
symptomatology is more likely to impact quality of life. Other studies have documented a
more pronounced effect of CRT on quality of life in HPV-positive vs. HPV-negative
patients [22].

The mechanistic factors that contribute to increased treatment-related mucositis in HPV-
positive patients are unclear. Factors believed to be involved in a better response to
treatment among HPV-positive patients (e.g., immune surveillance to viral-specific tumor
antigens, an intact apoptotic response, absence of field cancerization), might facilitate an
increased inflammatory response to chemotherapy and radiotherapy inside the tumor and in
the surrounding mucosa, resulting in increased mucositis [12,23]. Because HPV-positive
patients tend to be non-smokers (70% in our population), they lack mucosal alterations
associated with long-term inflammatory insults from tobacco exposure.

The significant finding that smokers had twice the risk of aspiration compared to non-
smokers when followed post-treatment, correlates with increased dysphagia in smokers after
concurrent CRT reported by other studies [24]. While dysphagia during treatment can
correlate with the grade of mucositis, its persistence in the post-treatment period has added
complex mechanisms. Chronic alterations of the structure and function of the throat and
lung mucosa, as well as alterations in the clearing function and motility of the tracheo-
bronchial tree in smokers, can explain the findings of increased aspiration.
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As expected, HPV-positive patients showed a better response to treatment and survival
compared to HPV-negative patients. Because HPV status is tightly linked to prognosis,
research is seeking to de-escalate therapy and thus minimize both acute and longterm
toxicity [25]. Modifications in radiotherapy dose are the subject of a phase Il study (NCT
01530997), which offers IMRT 54 to 60 Gy concurrent with weekly cisplatin followed by a
biopsy of the primary site and neck dissection of lymph nodes that were positive pre-
treatment. An alternative approach to reduce treatment dose in the definitive treatment
setting may include the use of induction chemotherapy. With excellent response rates to TPF
[26,27], induction chemotherapy may be beneficial for patients with a large volume of
disease and may reduce the RT dose delivered to critical structures. This approach is the
focus of an ongoing phase Il Eastern Cooperative Oncology Group trial (NCT01084083)
which recently completed accrual (results pending). In addition, RTOG is currently
evaluating the efficacy of RT concurrent with cetuximab compared to traditional CRT in
HPV-positive patients (NCT01302834). Quality of life and short-term toxicities are
secondary endpoints in these trials, and the relationship of their results to classical clinical
endpoints (such as PFS and OS) could have wide-reaching impact.

The limitations of our single-site study include accuracy of mucositis grading taken from the
EMR and the limited number of patients with HPV-negative tumors. Prospectively-gathered
mucositis grading data in a clinical trial would minimize potential for inaccuracy. The rise in
incidence of HPV-positive tumors, and the shift in the general epidemiology of the disease,
make true matched comparisons to HPV-negative patients challenging. However, with a
large patient series, such comparisons would be possible.

Although grade 3—4 mucositis is short-lived, it could have longterm and clinically
meaningful implications on patients’ quality of life. Treatment breaks due to mucositis and
associated poor nutritional status have hindered cure rates in cases of definitive CRT in
multiple disease sites [8,28]. Follow-up studies to evaluate impact of HPV on treatment-
related late toxicities are warranted.

Conclusion

In conclusion, our retrospective analysis identified HPV status as an independent predictor
of CRT-related grade 3—4 mucositis. Importantly, HPV status had a well-defined impact on
objective measurements of nutritional status; HPV positivity adversely impacted patients’
absolute and percent weight loss both during and immediately following treatment.
Prospective studies with standardized mucositis grade assessment are needed to confirm the
impact and potential mechanisms of the interaction between HPV status and predisposition
to high-grade mucositis during CRT. Secondary analyses of recent large prospective studies
may be instructive for this purpose.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Overall survival stratified by HPV status.
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Figure 2.
Progression-free survival stratified by HPV status.
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Table 4

Correlation between treatment efficacy and HPV status.

Outcomes Overall population HPV+ HPV- P

N (%) N (%) N (%)
Complete response 60 (83.3) 52 (91.2) 8 (53.3) 0.002
Partial response 9 (12.5) 4 (7.0) 5(33.3)
Stable disease 3(4.2)1(1.8) 2(13.3)

Overall population (%) HPV+ (%) HPV-(%) P (%)
OS at 1 year 93 98 71 0.0001
OS at 2 years 85 94 46
PFS at 1 year 89 96 59 0.0008
PFS at 2 years 86 93 59

HPV (human papillomavirus); N (number); OS (overall survival); PFS (progression-free survival).
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