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Abstract

Purpose—To test induction chemotherapy (IC) followed by concurrent chemoradiotherapy (CRT)
or surgery/ radiotherapy (RT) for advanced oropharyngeal cancer and to assess the effect of human
papilloma virus (HPV) on response and outcome.
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Patients and Methods—Sixty-six patients (51 male; 15 female) with stage III to IV squamous
cell carcinoma of the oropharynx (SCCOP) were treated with one cycle of cisplatin (100 mg/m?) or
carboplatin (AUC 6) and with fluorouracil (1,000 mg/mzld for 5 days) to select candidates for CRT.
Those achieving a greater than 50% response at the primary tumor received CRT (70 Gy; 35 fractions
with concurrent cisplatin 100 mg/m?2 or carboplatin (AUC 6) every 21 days for three cycles). Adjuvant
paclitaxel was given to patients who were complete histologic responders. Patients with a response
of 50% or less underwent definitive surgery and postoperative radiation. Pretreatment biopsies from
42 patients were tested for high-risk HPV.

Results—Fifty-four of 66 patients (81%) had a greater than 50% response after IC. Of these, 53
(98%) received CRT, and 49 (92%) obtained complete histologic response with a 73.4% (47 of 64)
rate of organ preservation. The 4-year overall survival (OS) was 70.4%, and the disease-specific
survival (DSS) was 75.8% (median follow-up, 64.1 months). HPV16, found in 27 of 42 (64.3%)
biopsies, was associated with younger age (median, 55 v 63 years; P = .016), sex (22 of 30 males
[73.3%] and five of 12 females [41.7%]; P = .08), and nonsmoking status (P = .037). HPV titer was
significantly associated with IC response (P = .001), CRT response (P =.005), OS (P =.007), and
DSS (P =.008).

Conclusion—Although the numbers in this study are small, IC followed by CRT is an effective
treatment for SCCOP, especially in patients with HPV-positive tumors; however, for patients who
do not respond to treatment, alternative treatments must be developed.

INTRODUCTION

The incidence of oral/oropharyngeal tumors is increasing.! In the United States, 34,360 new
instances (24,180 men; 10,180 women) of oral and pharynx cancer are expected in 2007.2
Tobacco and alcohol are the strongest etiologic factors,3>* but high-risk human papillomavirus
(HPV), commonly HPV16, is an emerging etiologic factor in oropharynx carcinomas.
Nonsmokers with SCCOP are 15-fold more likely to be HPV positive than smokers.'? Some
studies have indicated a relatively better outcome for HPV-positive patients who have head
and neck squamous cell carcinoma (HNSCC), particularly those with tonsillar cancer,!!~13 but
the reports are not unanimous. 415

The use of neoadjuvant chemotherapy in HNSCC to reduce tumor burden and to improve
outcomes with local treatment modalities has had variable success.'®17 On the basis of
provocative findings from the Department of Veterans Affairs Laryngeal Cancer Group
Study!8 and a University of Michigan Cancer Center clinical trial (UMCC 9520) in patients
with advanced laryngeal cancers,!? we designed this study (UMCC 9921) that uses the response
to IC to select patients with squamous cell carcinoma of the oropharynx (SCCOP) who were
most likely to respond to CRT. We also prospectively looked at the outcomes of patients who
were HPV 16 positive or HPV 16 negative and correlated these findings to smoking status and
sex.

PATIENTS AND METHODS

Eligibility Criteria and Patient Population

All patients had histologically confirmed, previously untreated, stage III to IV SCCOP and
were candidates for complete surgical resection. Staging included direct laryngoscopy (DL)
and CT. Patients with bone destruction or Karnofsky performance status (KPS) less than 60%
were ineligible. This protocol was approved by the institutional review board at the University
of Michigan with Department of Health and Human Services assurance; all patients gave
documented informed consent. The study schema is shown in Figure 1.
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Treatment Plan

Induction Chemotherapy—In patients who had a creatinine clearance (CrCl) of at least 60
mL/min and hearing loss of < 30 dB between 500 and 2000 Hz, cisplatin (100 mg/m?) was
administered (day one). Those with a CrCl of 30 to 59 mL/min and hearing loss of greater than
30 dB received carboplatin (AUC 6). Fluorouracil (1,000 mg/mzld) was administered on days
1 through 5 by continuous infusion.

Tumor Assessment

Bidimensional measurements of the primary tumor by DL with anesthesia were assessed
pretreatment and at 3 weeks after IC. Response Evaluation Criteria in Solid Tumors Group
criteria?Y were not used. Patients with a greater than 50% reduction in the bidimensional
product of the primary tumor area were eligible for CRT. Patients who were nonresponders
(ie, had < 50% response) underwent definitive surgery and radiation.

Concurrent CRT

Concurrent CRT began within 3 weeks after IC. Patients received cisplatin 100 mg/m? or
carboplatin (AUC 6) on days 1, 22, and 43 concurrent with radiation. The National Cancer
Institute Common Toxicity Criteria (version 2) were used for classification of adverse events.
21 Radiation was administered once daily for 5 days each week. The dose administered to the
gross disease and 1 to 2 cm margins, as defined by clinical examination, head/neck computed
tomography, and/or positron emission tomography (PET) scans, was 70 Gy at 2 Gy/fraction.
Tissue volumes at risk of harboring subclinical disease, including the bilateral neck, received
59 to 63 Gy at 1.7 to 1.8 Gy/fraction by using intensity-modulated radiation therapy, according
to published methods.22-23

Treatment Evaluations and Chemotherapy/Dose Modifications

Before enrollment, history and physical examination, complete blood count (CBC) with
differential and platelets, and serum chemistries were obtained. Chemistries and renal function
were monitored before each chemo-therapy cycle. A CBC was drawn on day 15 and on day
one of each subsequent cycle. Dosage modifications were based on the nadir laboratory values
of the preceding cycle. Chemotherapy subsequently was administered if the absolute neutrophil
count (ANC) was at least 1,000/uL and the platelet count was greater than 100,000/uL; dosage
adjustments were made if the nadir ANC < 500/pL.

During CRT, patients whose CrCl dropped to less than 30 mL/min or who developed grade 2
or greater tinnitus were changed to carboplatin (AUC 6). Cisplatin was held for grade 2 or
greater sensory neuropathy until symptoms resolved to less than grade 1; the cisplatin dosage
was decreased by 20 mg/m? for each subsequent event. If grade 3 nausea/vomiting had not
resolved by the next cycle, chemotherapy was held.

Tumor Assessment After CRT

Eight weeks after CRT, DL with biopsy was performed. Patients without residual disease at
the primary site were eligible for two cycles of adjuvant paclitaxel (175 mg/m?) every 21 days.
Paclitaxel was not administered to those with grade 2 or greater sensory neuropathy. Those
with biopsy-proven disease at the primary site underwent surgical resection and ipsilateral neck
dissections. Resection of primary cancers was dictated by pretreatment tumor extent. Patients
with neck nodes greater than 3 cm at the time of initial staging, a palpable neck mass, or neck
recurrence during follow-up had selective/modified radical neck dissection.
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HPV Testing

Pretreatment biopsies were retrieved from 50 of 66 patients for construction of a tissue
microarray (TMA).24 Blocks were not available from 16 patients who had outside biopsies. In
42 of 50 biopsies, sufficient tumor was present for DNA isolation and HPV analysis. There
was no residual tumor after TMA construction in eight patient cases.

HPV type and copy number were assessed with a sensitive, specific, quantitative method?>
that involved real-time competitive polymerase chain reaction and matrix-assisted laser
desorption/ionization-time of flight mass spectroscopy separation of products on a matrix-
loaded silicon chip array. Internal standards allow quantification of HPV copies per cellular
genome copy. Primers (Appendix Table A1, online only) designed to amplify the E6 region
distinguish 13 discrete high-risk HPV types (HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, and 68).26

Statistical Analysis

The covariates of interest were age, sex, disease site (base of tongue v tonsil), T class, N class,
KPS, smoking status (never v past [quit > 6 months ago]) v current smoker), and HPV16 titer.
T class, N class, KPS, and smoking status were analyzed as ordinal data. The outcomes of
interest were IC response, CRT response, and time to event outcomes (ie, overall survival [OS]
and disease-specific survival [DSS]). DSS was defined as the time to death from oropharynx
cancer. Patients who were alive at last follow-up or who died as a result of reasons other than
SCCOP were censored. Organ preservation was defined as time to local failure; the events
included a poor response to IC or CRT and local recurrence.

To evaluate univariate association between two-level variables and response to IC, the
Cochran-Armitage trend test was used. To evaluate univariate associations between HPV16
titer and ordinal variables of interest, the Spearman correlation coefficient was used. For
HPV 16 titer associations with nominal variables, the Wilcoxon rank sum test was employed
for two-level variables and the Kruskal-Wallis test was employed for variables with three or
more levels. The Kaplan-Meier method and the log-rank test were used to test for differences
in the survival functions between strata defined by clinical variables. For descriptive purposes,
we show the survival function for responders to IC who are subsequently treated by CRT
compared with the survival function for those who do not respond to IC. We did not show a
P value for the comparison, because the two groups were not defined at the point of IC
treatment. (The intermediate outcome of IC response determines the CRT treatment.)

Cox proportional hazards models were used to relate time to event outcomes to HPV 16 titer
and to other predictors. For each time to event outcome, three models were constructed: a model
with HPV 16 titer alone; a model with clinical variables alone; and a model with clinical
variables and the HPV 16 titer. Models 2 and 3 were used to assess the HPV 16 effects beyond
the effects of clinical variables. Likelihood ratio statistics were used to compare the models.
The power of the test may be limited by the sample size; therefore, a nonsignificant result may
be a false negative, but a significant result still holds. All statistical analyses were done using
SAS version 9.0 (SAS Institute, Carey, NC).27 A two-tailed P value of .05 or less was
considered statistically significant.

RESULTS

Treatment and Outcome

From January 1, 2000 through November 30, 2002, 69 patients with stage III or IV SCCOP
were enrolled. One patient refused treatment, one died as a result of acute aspiration, and one
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had a CrCl value too low to receive chemotherapy; 66 assessable patients remained. Patient
characteristics and TNM staging are described in Tables 1 and 2.

Figure 2 outlines the responses to treatment. Fifty-six of 66 patients received cisplatin; 10 had
carboplatin. Nine of 10 patients treated with carboplatin were responders and received CRT.
Together, 54 of 66 patients responded to IC, one died as a result of metastatic disease before
CRT, and 53 received CRT. Thirty-eight (72%) of 53 patients received all three cycles of
chemotherapy during radiation. Neutropenia and thrombocytopenia (in 13 patients) or severe
nausea and vomiting (in two patients) limited concurrent cisplatin administration; 13 patients
(25%) received two cycles, and two patients (3%) received only one cycle.

Thirty-three of 49 responders to CRT underwent planned neck dissections; none had residual
tumor in the neck. Twenty-four of 49 responders received adjuvant paclitaxel (12 had two
cycles and 12 had one cycle); 24 patients with platinum-induced neuropathy received no
adjuvant paclitaxel, and one patient refused.

Toxicities and Chemotherapy Compliance

OS and DSS

Common grade 2 through 5 toxicities are noted in Table 3. One patient died as a result of febrile
neutropenia after fluorouracil treatment and subsequently was shown to have a
dihydropyrimidine dehydrogenase deficiency. Five patients were hospitalized for febrile
neutropenia—three after IC and two during CRT. Six patients were admitted for dehydration
or intractable pain secondary to mucositis—three after IC and three during CRT. Eight patients
were given outpatient intravenous fluids for grade 3 nausea/vomiting—three after IC and five
during CRT. Twenty-one patients received feeding tubes during treatment—16 for weight loss
or aspiration and five prophylactically. Only two patients remained dependent on a gastrostomy
tube, and both had surgery at the primary site after CRT. Another late toxicity that occurred
after CRT was mandibular osteoradionecrosis (in three patients). Nine patients who received
three cycles of cisplatin during CRT developed persistent grade 2 to 3 peripheral neuropathy
after one cycle of paclitaxel. Three patients refused the second cycle of paclitaxel. No patients
required permanent tracheostomy.

During CRT, seven patients developed grade 2 or greater tinnitus; five patients received
carboplatin for one cycle, and two patients received carboplatin for two cycles. Twenty-one
patients required cisplatin dosage adjustments because of peripheral neuropathy. Of these, two
required a second dosage adjustment.

At 4 years after CRT, 41 (62%) of 66 patients are alive; 25 (38%) of 66 are dead—20 from
their primary SCCOP (six with local/regional disease; 13 with distant metastases; and one with
both local/regional disease and distant metastases), one from a second primary cancer (lung),
one from chemotherapy toxicity, two from other causes, and one from suicide (Fig 2). With a
median time to follow-up of 64 months (95% CI, 59 to 72), the 4-year OS was 70.4% (95%
CI, 57.6% to 80.0%; Fig 3A), and the 4-year DSS was 75.8% (95% CI, 63.1% to 84.7%; Fig
3B). DSS by response to IC is shown in Appendix Figure A1A (online only). Adjuvant
paclitaxel did not provide a survival advantage. (Appendix Fig A1B).

Table 1 summarizes the response to therapy and survival on the basis of sex, age, KPS, smoking
status, T class, N class, and tumor site. In this cohort, female sex (DSS, P =.0002; Fig 3C),
higher T class (DSS, P = .003), lower N class (DSS, P = .03; Appendix Fig A1C), current
smoking status (DSS, P =.003; Fig 3D) and base-of-tongue primary site (P = .04; Appendix
Fig A1D) were significantly associated with poor DSS. A lower KPS significantly influenced
OS (P =.03) but not DSS (P = .16).
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Organ Preservation

Eleven of 66 patients were nonresponders to IC; nine received surgery, one refused surgery,
and one was excluded for medical reasons. Of four patients with persistent disease after CRT,
three had surgery and one refused (Fig 2). Of 66 patients, two died prior to either surgery or
chemoradiation, leaving 64 assessable patients. Of these, 49 patients had organ preservation;
however, two patients had local recurrence at the primary site, leaving 47 of 64 patients with
organ preservation. The Kaplan-Meier estimated organ preservation rate was 73.4% at 7 years.
No patients with preserved organs were dependent upon tracheostomy tube or gastrostomy
tube.

Eight of nine patients who received only carboplatin during CRT were histologic responders;
one later died of lung cancer. The nonresponder underwent salvage surgery and has remained
alive. All patients who received one or two cycles of carboplatin during RT were complete
histologic responders and remained disease-free.

Outcomes Related to HPV Status

Of the forty-two pretreatment biopsies analyzed, 27 (64%) were positive for high-risk HPV
(all HPV16), and 15 were negative. The 27 HPV-positive tumors included 16 (61.5%) of 26
at the base of the tongue and 11 (68.8%) of 16 at the tonsil. The HPV16 viral load varied from
less than 2 to 7,875 copies/cell. HPV presence was associated with younger age (median age,
55 v 63 years; P =.016; Appendix Fig A1E) and with nonsmoking status (P = .037; Appendix
Fig A1F). A greater proportion of men (22 [73%] of 30) than women (5 [41.7%] of 12; P =.
08) were HPV positive. HPV copy number was significantly associated with response to IC
(P =.003; Fig 3E), CRT (P =.005), OS (P =.007), and DSS (P = .008; Fig 3F). Twenty-five
of 27 HPV-positive patients were responders to IC; 24 were responders to CRT; and 21 (78%)
have remained alive with organ preservation (Appendix Fig A2, online only).

Of the 15 HPV-negative patients, 10 responded to IC, and 5 did not. Of these 10 responders,
seven responded to CRT; one died of metastasis before CRT. Four of the seven patients have
remained alive with preserved organs, and three died; all five nonresponders died (Appendix
Fig A2).

Multivariate Analysis

The favorable prognosis of patients with higher HPV titers was maintained after adjusting for
sex, smoking status, T class, N class, age, and primary site (OS, P = .008; DSS, P =.004).
Although KPS influenced OS, it was not significant in multivariate analysis after other
variables were considered.

DISCUSSION

Selection for CRT versus early salvage surgery by using the response to IC is an approach to
organ preservation that has shown an improved outcome in advanced larynx cancer.!? In the
present study, a similar treatment strategy was used in patients with advanced SCCOP. The
organ preservation, DSS, and OS rates compare favorably with historical controls.28:2% Qur
results are comparable to those obtained by the Southwest Oncology Group trial of 37 patients
with stage III to IV base-of-tongue squamous cell carcinoma who were treated with two cycles
of cisplatin and fluorouracil that was followed by CRT for those who responded to IC.30 Many
trials include multiple sites in the head and neck; however, because site affects outcome, it is
important to analyze sites separately. For example, in the Southwest Oncology Group trial,30
base-of-tongue tumors fared better than hypopharynx tumors. Similarly, patients with stage I11
to IV squamous cell carcinoma of the oral cavity who were treated with the UMCC 9921
protocol had poorer OS, poorer organ preservation,! and a lower rate of functional swallowing
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than oropharynx patients who were treated identically. Likewise, patients on UMCC 9921 with
base-of-tongue tumors had poorer survival compared with those who had tonsillar tumors on
UMCC 9921 or compared with those who had stage III or IV larynx cancers treated on the
similar UMCC protocol (9520).1°

Other factors that vary by site also affect outcome. In particular, HPV plays an important role
in SCCOP.5-0 By using the AttoSense HPV Test (licensed to SensiGen, Ann Arbor, MI) to
identify and quantify high-risk HPV viral copy number, we found that 69% of tonsil and 62%
of base-of-tongue tumors contained HPV16. High HPV copy number in the pretreatment
biopsy was associated strongly with response to IC and CRT and with improved survival. It is
not known why patients with HPV-positive tumors fare better in nearly all studies published
to date.?-32-35 One explanation is the immune response to viral antigens.3® Another possibility
is that the Rb and p53 pathways are compromised but remain intact to retain some function,
such that, under the pressure of chemotherapy or radiotherapy, p53-mediated apoptotic
pathways may still function. However, much work is needed to test these possibilities.

The use of carboplatin in the metastatic or recurrent setting has inferior response results when
compared with cisplatin.37 Although our study of previously untreated tumors was not designed
to compare efficacy of the two chemotherapeutic agents, it appears that carboplatin was not
inferior to cisplatin in terms of response to IC or organ preservation. Furthermore, during CRT,
substitution of carboplatin for cisplatin helped to improve compliance rates with chemotherapy.
Seventy percent of our patients received all three cycles of chemotherapy compared with
similar regimens that used only cisplatin, in which compliance rates were 50% to 60%.38-39

UMCC 9921 included planned neck dissections for patients with neck nodes greater than 3
cm, but all were negative for residual tumor. On the basis of this and on the value of PET
imaging to assess CRT responses in multiple tumor types,*0-43 our practice evolved to monitor
the neck at 8 to 10 weeks after CRT with computed tomography/PET. PET scans, however,
were not required by the protocol. Patients with NO disease in our study had worse outcome
than those with N-positive disease. This was independent of HPV and may be due to a greater
incidence of current smokers in the NO group.

A survival benefit for adjuvant chemotherapy has never been documented.*#+#> In UMCC
9921, adjuvant paclitaxel increased permanent sensory neuropathy, was difficult to administer
because of cumulative toxicity after cisplatin, and did not result in any survival benefit. Hence,
adjuvant paclitaxel was not effective in this design.

In contrast to our expectations from UMCC studies that involved the larynx, salvage surgery
for SCCOP was ineffective in all who failed CRT and in five of nine nonresponders to IC.
Whether nonresponders to IC would have fared better if they received CRT instead of surgery
cannot be assessed from this trial design. Of the 20 patients with recurrent disease, 14 died as
a result of distant metastases, which suggests that better systemic therapy is needed. The
combination of docetaxel, cisplatin, and fluorouracil (TPF) in IC regimens has demonstrated
improved response and OS rates with less toxicity.*6-#8 It is interesting to speculate whether
nonresponders to IC with platinum and fluorouracil, HPV-negative patients, or patients with
other unfavorable tumor biomarker profiles would benefit from the addition of a taxane up
front.

The factors that govern the response to IC and the subsequent response to CRT are poorly
understood. However, it is clear that HPV-positive tumors were most likely to respond to IC,
whereas HPV-negative tumors were less likely to respond to IC or had borderline responses.
All HPV-negative patients were former or current smokers. For reasons that are not entirely
clear, smoking decreases the advantage of having an HPV-positive tumor. Kumar et al.>*
examine the role of tumor biomarkers (ie, p53, BCLXL, and EGFR), patient characteristics,
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and HPV status in response to therapy and survival. They identify marker patterns associated
with good response and survival and those associated with treatment failure and poor survival.
These markers suggest potential targets for individualized treatment for patients who are
unlikely to respond to CRT. It is clear that alternative treatment strategies must be developed
for those patients least likely to benefit from IC and CRT or surgery and RT. Finally, the high
incidence of high-risk HPV-associated cancers in men suggests that vaccination of all
adolescents against this oncogenic risk should be considered.
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neck dissection was performed. (“*) If a positive biopsy was obtained, primary site resection
with or without neck dissection was performed.
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Schema showing the response of patients according to treatment. Endoscopy*, endoscopy with
biopsy. DoD, died of disease; Sec, second; DM, distant metastases; CRT, concurrent
chemotherapy/radiation therapy; XRT, radiation therapy; LR, local/regional unresectable; CR/
PR, complete response/partial response (> 50% response to induction chemotherapy); < PR,
stable disease or progressive disease (< 50% response to induction chemotherapy); DPD,
dihydropyrimidine dehydrogenase deficiency; DoC, died of other causes.
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Response to induction chemotherapy based on mean human papilloma virus (HPV) titers; blue
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dot, mean; blue dot, outlier. (F) Disease-specific survival according to HPV 16 titers. CR,
complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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