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Abstract

Background—We report treatment outcomes for a large non-endemic cohort of patients with 

nasopharyngeal carcinoma treated with intensity-modulated radiotherapy (IMRT) and 

chemotherapy.

Methods—We identified 177 consecutive patients with newly diagnosed, non-metastatic 

nasopharyngeal cancer treated with definitive IMRT between 1998 and 2011. Endpoints included 

local, regional, distant control, and overall survival.

Results—Median follow-up was 52 months. The 3-/5-year actuarial rates of local control, 

regional control, distant control, and overall survival were 92%/83%, 93%/91%, 86%/83%, and 

87%/74%, respectively. The median time to local recurrence was 30 months; the annual hazard of 

local recurrence did not diminish until the 6th year of follow-up.

Conclusion—s. Overall, we observed excellent rates of disease control and survival consistent 

with initially reported results from our institution. Attaining locoregional control in patients with 

extensive primary tumors remains a significant clinical challenge. With mature follow-up we 

observed that more than half of observed local relapses occurred after 2 years, a pattern distinct 

from that of carcinomas arising from other head and neck sites. These findings raise the possibility 

that patients with NPC may benefit from close follow-up during post-treatment years 3–5.
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INTRODUCTION

Intensity-modulated radiotherapy has developed into the standard definitive treatment for 

nasopharyngeal carcinoma over the past 15 years, in both the United States and in Asia, 

where Epstein-Barr virus-related non-keratinizing carcinomas of the nasopharynx are 

endemic.(1, 2) Three randomized trials have compared IMRT to conventional radiotherapy in 

the treatment of NPC.(3–5) Although local control rates with IMRT have improved with the 

advent and now widespread adoption of IMRT, distant recurrence remains a persistent 

problem. The addition of chemotherapy has been shown to demonstrate a survival benefit 

among those with locally advanced NPC in both North American(6) and Asian clinical 

trials.(7–9)

Numerous studies have reported long-term follow-up for patients with NPC treated with 

IMRT, but relatively few have reported mature outcomes from non-endemic series.(10–12) In 

this retrospective analysis, we report treatment outcomes for a large non-endemic cohort of 

such patients with long-term follow-up.

MATERIALS AND METHODS

A waiver of informed consent for retrospective analysis of individual patient data was 

obtained from the Memorial Sloan Kettering Cancer Center (MSKCC) institutional review 

board. The MSKCC tumor registry and Radiation Oncology departmental databases were 

used to identify all patients with a diagnosis of nasopharyngeal carcinoma treated with 

definitive IMRT between 07/1998 and 04/2011. After exclusion of patients with recurrent or 

metastatic disease at presentation, we identified 177 patients who form the study cohort of 

the present analysis.

Patient/staging evaluation

A complete medical history, physical examination with fiberoptic nasopharyngoscopy, 

computed tomographic (CT) and/or magnetic resonance imaging scans of the nasopharynx, 

skull base, neck were performed as part of the pretreatment evaluation. Chest imaging 

consisted of either plain film radiograph or CT scan during the early portion of the study 

period. Pretreatment magnetic resonance imaging (MRI) scans of the nasopharynx/skull 

base were routinely acquired for all patients unless there was a contraindication. Positron 

emission tomography (PET) scans were initially performed as clinically indicated on the 

basis of abnormal screening test results or symptoms, but became part of the standard 

staging workup during the study period. For the purposes of the present study, patients were 

restaged according to the 7th edition of the American Joint Committee on Cancer staging 

manual.

Radiotherapy

The use of IMRT in the treatment of nasopharynx cancer was implemented in July of 1998. 

During the early portion of the study period 59 patients were treated with a 

hyperfractionated concomitant boost regimen. Patients who received this fractionation 

regimen were treated to a total dose of 70 Gy in 6 weeks. An IMRT plan encompassing all 

areas of gross and presumed microscopic disease was used for the first 20 fractions, 
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followed by 10 days of twice-daily treatment, each day using the initial IMRT plan for the 

first treatment and a second IMRT plan to boost sites of gross disease for the second 

treatment.(11) From 2002 to 2007, 25 patients enrolled on an single-institution phase I/II 

protocol (IRB# 02-077A) were treated using hypofractionated dose-painting IMRT to a total 

dose of 70 Gy in 30 daily fractions of 2.34 Gy.(13) The remaining patients included in this 

study were treated with dose-painting IMRT to a total dose of 70 Gy in 33 fractions (PTV70 

received 70 Gy in 2.12 Gy/fraction, and PTV59.4 received 1.8Gy/fraction). Fusion of MRI 

and/or PET with treatment planning CT images was implemented whenever possible to 

increase accuracy in target delineation.

The approach to target delineation evolved during the study time period. In the initial 

approach, a ‘PTVg’ was defined by adding a 1-cm margin to the gross tumor volume to 

include both biologic and technical uncertainties. This margin was applied isotropically 

except posterior to the primary tumor where a 5-mm margin was used. A second PTV that 

encompassed both the gross disease and volumes at high risk for microscopic involvement, 

plus 5-mm margin, was termed ‘PTVm.’

In a later approach used for patients treated with dose-painting IMRT two CTVs were 

defined as follows: CTV70 = GTV (no margin unless there was uncertainty to extent of gross 

disease), CTV59.4 = CTV70 + 5 mm margin plus areas at high risk for microscopic 

involvement. High risk regions for microscopic involvement included the entire 

nasopharynx, retropharyngeal nodal regions, skull base, clivus, pterygoid fossae, 

parapharyngeal space, sphenoid sinus, the posterior third of the nasal cavity or maxillary 

sinuses that includes the pterygopalatine fossae and level I–V lymph node regions. Elective 

nodal irradiation of the low neck (levels IVB and VB) consisted of an extended IMRT field 

or a matching conventional anterior-posterior field to 50.4 Gy at 1.8 Gy per fraction. In the 

extended IMRT field approach, the low neck was included in a lower-risk CTV treated to 54 

Gy at 1.64 Gy per fraction at the discretion of the treating physician. A planning target 

volume (PTV) of 3–5mm was added to each of the CTVs previously mentioned to account 

for organ motion and daily treatment set-up uncertainties. Margins could be reduced to 1mm 

in areas where the GTV or CTV was adjacent to critical normal structures such as the 

brainstem.

Chemotherapy

The vast majority (158; 89%) of patients received concurrent chemotherapy, including 126 

(71%) who received both concurrent and adjuvant chemotherapy. Among this group of 

patients, 91% were treated as per the INT-0099 trial: 2–3 cycles of cisplatin (100mg/m2) 

administered every 3 weeks during radiotherapy, and up to 3 planned cycles of adjuvant 

cisplatin (80mg/m2) and 5-fluorouracil (5-FU; 1000mg/m2/day).(6) Patients with significant 

renal dysfunction, neuropathy (including hearing loss) or other contraindication received 

carboplatin/5-fluorouracil in lieu of cisplatin (3%). Other alternate concurrent/adjuvant 

regimens included weekly cisplatin followed by adjuvant carboplatin/5-FU (2%), or 

cisplatin/bevacizumab (4%; RTOG 0615).(14)

Twenty-four patients (13%) received concurrent but not adjuvant chemotherapy. Eight 

patients (4%) received neoadjuvant and concurrent chemotherapy, including 4 who received 
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platinum/fluorouracil-based (PF) neoadjuvant chemotherapy, and 4 who received taxane/

platinum/fluorouracil (TPF) neoadjuvant chemotherapy.

Follow-up

Patients were evaluated weekly during the course of radiotherapy. After completing their 

treatment, patients were evaluated every 2–3 months for the first 2 years. Past this time 

point, evaluations were performed every 4–6 months. Follow up visits consisted of physical 

exams, flexible fiberoptic endoscopy, and neck palpation. Imaging studies were performed 

to document treatment response, determine whether patients were clinically free from 

disease, or required further diagnostic biopsy and/or treatment. Three months after 

treatment, a positron emission tomography scan as well as CT or magnetic resonance 

imaging scan of the nasopharynx and neck were performed as well. Chest radiographs or 

other imaging was performed annually to assess for distant metastases.

Endpoints and statistical analysis

Actuarial rates of local control, regional control, locoregional control, distant control, 

progression-free survival and overall survival were calculated from the start of RT using the 

Kaplan-Meier method. Progression-free survival was defined as freedom from disease 

recurrence and death from any cause. Univariate and multivariate analyses using Cox 

proportional hazard regression models were performed to determine the predictive value of 

patient, tumor and treatment variables on censored treatment outcomes. The annual hazard 

of disease relapse was estimated using the life-table method.

RESULTS

Median follow-up among all patients and among surviving patients was 52 and 70 months, 

respectively. Patient and tumor characteristics are detailed in Table 1. Among 177 patients, 

26 patients developed locoregional recurrence, and 27 patients developed distant recurrence 

during the follow-up period. Among those patients who developed a locoregional 

recurrence, there were 10 with an isolated local recurrence, 4 with an isolated regional 

recurrence, 7 with both local and regional recurrences, 3 with local and distant recurrences, 

and 1 patient with local, regional and distant recurrence.

The 3- and 5-year actuarial rates of local control were 92% (95% confidence intervals: 88–

96%) and 83% (76–90%), respectively. The median time to local recurrence was 30 months. 

More than half (13 of 23) of the local relapses observed in our series occurred after 2 years 

Figure 2 details the annual hazard of local, regional, and distant recurrence by year of 

follow-up. The 3- and 5-year actuarial rates of regional control were 93% (89–97%) and 

91% (87–96%), respectively. The median time to regional recurrence was 19 months. The 3- 

and 5-year rates of locoregional control were 89% (84–94%) and 80% (72–87%), 

respectively. The 3- and 5-year rates of distant control were 86% (80–91%) and 83% (76–

89%), respectively. The median time to distant recurrence was 17 months.

Treatment outcomes stratified by T-, N-category and overall stage are detailed in Table 2. 

Patients with T4 disease were at markedly elevated risk of local, regional and distant 

recurrence compared to those with less advanced primary tumors, as evidenced by 5-year 
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progression-free survival of 42%. When analyzed as an ordinal variable, advanced T-

category was associated with a significantly increased of local recurrence, as well as a trend 

towards increased risk of regional and distant recurrence (Table 3). When patients were 

dichotomized between T4 and T1–3 disease, the prognostic value of T-category for regional 

(p=0.02) and distant (p=0.03) recurrence did reach statistical significance.

The hazard of local or regional relapse among patients with keratinizing disease was more 

than 2-fold greater than that of patients with non-keratinizing disease (Table 3), but this was 

not statistically significant given that only 11 patients had tumors of keratinizing histology. 

Of note, there were 39 patients whose histology could not be accurately determined by 

retrospective review of the chart, as the presence or absence of keratinization was not 

explicitly mentioned in the pathology report. These patients were at elevated risk of distant 

recurrence compared to those with non-keratinizing histology (HR 2.39, p=0.03). Patients 

with keratinizing carcinoma were more likely to be current smokers (55% vs 16%, p=0.002) 

and of non-Asian ethnicity (100% vs 63%, p=0.01) than those with keratinizing disease. 

This did not hold true for those with unknown keratinization status (13% vs 16% and 80% 

vs 63%, respectively).

DISCUSSION

The 3-year treatment outcomes we report in the present study are consistent with prior 

reports from our institution.(11, 13) Among 177 patients, we observed 3-year actuarial local 

and regional control rates of 92% and 93%, respectively, almost identical to the 3-year rates 

previously reported by Wolden et al. for the first 74 patients in our series. With further 

follow-up and more than twice the number of patients, we have updated those results to 

report 5-year actuarial local and regional control rates of 83% and 91%, respectively. More 

than half (13 of 23) of the local relapses observed in our series occurred after 2 years, a 

pattern distinct from that of carcinomas arising from other head and neck sites. In a 

previously published series of 442 oropharyngeal cancer patients treated with IMRT at our 

institution, for example, no local recurrences were seen after 2 years.(15) In contrast, patients 

with NPC included in our series had an appreciable annual hazard of local recurrence until 

the 6th year of follow-up (Table 2).

Although it is arguably underappreciated, this predilection for late locoregional recurrence 

can be seen among published data from large randomized prospective trials, including the 

recent update of the Meta-Analysis of Chemotherapy in Nasopharynx Carcinoma (MAC-

NPC).(16) Among 634 patients treated with concomitant and adjuvant chemotherapy, 40 of 

79 (51%) observed locoregional recurrences occurred after more than 2 years of follow-up. 

Similarly, among 912 patients treated with concomitant chemotherapy alone, 78 of 169 

(46%) locoregional recurrences were observed after 2 years. A smaller proportion of LRR 

occurred after 2 years (30%) among those who were randomized to no chemotherapy, but 

this was due to a higher rate of early recurrence, rather than a reduction in the absolute rate 

of locoregional recurrence after 2 years.(16) Given that the extent of disease at the time of 

salvage therapy for locoregional recurrence has been shown to be prognostic of 

outcome,(17–19) patients with NPC may benefit from continued close follow-up during post-

treatment years 3–5.
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Although treatment outcomes in the overall cohort were excellent, the 26 patients in our 

series with T4 disease patients were at significantly elevated risk of locoregional and distant 

relapse, as evidenced by 5-year local, regional, and distant control rates of 55% (95% CI: 

28–81%), 75% (54–97%), and 65% (41–90%), respectively. Attaining locoregional control 

in patients with extensive primary tumors remains a significant clinical challenge, despite 

the improvements in dosimetry afforded by IMRT. The poor prognosis associated with T4 

disease in our series may be related to the disproportionately unfavorable biology seen in 

locally advanced tumors, which have been shown to display a heavier mutational burden 

than early stage tumors.(20) We observed an inverse correlation between T4 primary disease 

and non-keratinizing histology in our series, but this relationship did not reach statistical 

significance (p=0.09).

In contrast to primary tumor stage, advanced nodal stage predicted for significantly 

improved local control. This appeared to be driven, in part, by an elevated risk of local 

relapse among patients with T4N0 disease; among 8 such patients, 5 developed local 

recurrence. Nodal stage was not predictive of regional or distant relapse when analyzed as an 

ordinal variable. Excellent outcomes were observed among the 16 patients with 

supraclavicular (N3b) nodal disease, none of whom developed disease relapse. In contrast, 

bulky nodal disease (>6cm; N3a) was associated with a high rate of distant recurrence (44% 

3-yr distant control), albeit in a small sample size of 9 patients.

The prognostic value of keratinization in NPC is previously reported and widely 

recognized.(21) Non-keratinizing histology, which has a known association with EBV-

positivity and improved survival outcomes, constitutes a smaller proportion of cases in the 

United States compared to endemic areas, where it is the predominant histologic subtype.(22) 

Our cohort contained relatively few patients with keratinizing histology (8% among those 

with known histology) compared to older non-endemic series. Twenty-four percent of 

patients in the Intergroup 0099 cohort, for example, had keratinizing disease.(6) The 8% rate 

we observed in the present study is, however, consistent with more contemporary non-

endemic NPC series.(10, 12) RTOG 0225, which accrued patients from 17 North American 

centers, reported an 8.8% rate of keratinizing histology. Consistent with this trend, a recent 

report from the University of Pittsburgh identified a decrease in keratinizing histology from 

35% to 14% over the past several decades.(23) While we did observe a relatively low rate of 

keratinization, it must be mentioned that we could not exclude the possibility of additional 

patients with keratinizing disease, as the presence or absence of keratinization could not be 

explicitly determined in 21% of our cohort. This subset of patients had inferior local and 

distant control rates compared to those with non-keratinizing disease, but did not have the 

patient characteristics typically associated with keratinizing disease such as an increased 

proportion of non-Asian ethnicity and significant smoking history.

In our multivariate analysis of factors associated with patient outcomes (Table 4), the only 

factors significantly predictive of overall survival were T-category, non-keratinizing 

histology, and age at diagnosis. As expected, advanced primary tumor stage was additionally 

associated with an increased risk of local and distant relapse. Age at diagnosis was also 

significantly associated with disease control; each increasing year was associated with a 

3.6% increase in the hazard of local relapse (p=0.04) and a 2.4% increase in the hazard of 
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distant relapse (p=0.02). Despite being predictive of better overall survival, non-keratinizing 

histology was not significantly associated with locoregional or distant control. Although we 

found ethnicity to be predictive of distant control and progression-free survival in univariate 

analysis, this was driven by a small subset of 3 patients with unknown ethnicity who 

developed distant recurrence. We did not observe any significant relationship between Asian 

ethnicity and disease control or survival.

Multiple clinical trials and meta-analyses have clearly demonstrated the role of concurrent 

chemotherapy as a cornerstone of the treatment of locally-advanced NPC.(6, 7, 9, 24–26) 

Despite multiple randomized studies attempting to improve on outcomes achieved with the 

Intergroup 00–99 regimen, concurrent chemoradiotherapy followed by adjuvant 

chemotherapy with platinum-based regimens remains the standard of care for locoregionally 

advanced NPC. Among 158 patients with stage II-IVB disease included in our series, all but 

1% received concurrent chemotherapy, including 79% who received both concurrent and 

adjuvant chemotherapy. Only 5% of patients received neoadjuvant and concurrent 

chemotherapy. Given the relative uniformity with which chemotherapy was delivered, it was 

unsurprising that we did not see any significant relationship between treatment outcomes 

and the sequence of chemotherapy delivery in our series.

Our study has several significant limitations, including its retrospective and non-randomized 

nature. Our data do not address late toxicities, the incidences of which are critical to defining 

the therapeutic window of chemoradiotherapy for NPC. We also had relatively few patients 

with data regarding the presence or absence of EBV-encoded small RNA (EBER) staining or 

circulating EBV DNA, preventing us from assessing the prevalence of EBV-related disease 

in this non-endemic cohort.

In conclusion, we report long-term treatment outcomes for a large non-endemic cohort of 

patients uniformly treated with IMRT and chemotherapy. Overall, treatment outcomes were 

excellent and consistent with initially reported results from our institution. With further 

followup, we observed late locoregional and distant recurrences inherent to the natural 

history of NPC, highlighting the importance of long-term multidisciplinary follow-up. 

Attaining locoregional control in non-endemic patients with extensive primary tumors 

remains a significant clinical challenge, despite the improvements in dosimetry afforded by 

IMRT.
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• We report long-term patterns of relapse after definitive IMRT for non-

endemic NPC.

• 177 patients were included, including 158 who received concurrent 

chemotherapy.

• Overall, outcomes were excellent and consistent with reported short-

term results.

• More than half of local relapses occurred after 2 years.

• Our results highlight critical importance of long-term multidisciplinary 

follow-up.
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Figure 1. Kaplan-Meier treatment outcomes
Abbreviations: OS, overall survival.
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Figure 2. Annual hazard of locoregional and distant recurrence
Abbreviations: LRR, locoregional recurrence; DR, distant recurrence.

Setton et al. Page 12

Oral Oncol. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Setton et al. Page 13

Table 1

Patient and tumor characteristics

N (%)

Age

 Median 52

 <40 36 (20)

 40–50 47 (27)

 51–60 47 (27)

 61–70 30 (17)

 >70 17 (10)

Gender

 Male 125 (71)

 Female   52 (30)

Smoking status*

 Never 92 (52)

 Former 54 (31)

 Current 31 (18)

Smoking pack-years**

 <100 cigarettes lifetime 92 (52)

 0–10 17 (10)

 >10 60 (34)

 Unknown 8 (5)

Ethnicity/Race

 White† 89 (51)

 Black† 16 (9)  

 Asian 55 (31)

 Hispanic/Latino 14 (8)  

 Unknown 3 (2)

T-category

 T1 66 (36)

 T2 37 (20)

 T3 48 (26)

 T4 26 (14)

N-category

 N0 48 (26)

 N1 49 (27)

 N2 55 (30)

 N3a 9 (5)

 N3b 16 (9)  
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N (%)

Histology

 Keratinizing 11 (6)

 Non-keratinizing 125 (69)

 Basaloid   2 (1)

 Unknown   39 (21)

*
‘Never’ defined as less than 100 cigarettes life-time. ‘Former’ defined as smoking cessation for at least 12 months.

**
Among ‘former’ or ‘current’ smokers.

†
Non-hispanic/latino ethnicity.
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