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A B S T R A C T

Purpose
We tested the efficacy and toxicity of cisplatin plus accelerated fractionation with a concomitant
boost (AFX-C) versus standard fractionation (SFX) in locally advanced head and neck carcinoma
(LA-HNC).

Patients and Methods
Patients had stage III to IV carcinoma of the oral cavity, oropharynx, hypopharynx, or larynx.
Radiation therapy schedules were 70 Gy in 35 fractions over 7 weeks (SFX) or 72 Gy in 42 fractions
over 6 weeks (AFX-C). Cisplatin doses were 100 mg/m2 once every 3 weeks for two (AFX-C) or
three (SFX) cycles. Toxicities were scored by using National Cancer Institute Common Toxicity
Criteria 2.0 and the Radiation Therapy Oncology Group/European Organisation for Research and
Treatment of Cancer criteria. Overall survival (OS) and progression-free survival (PFS) rates were
estimated by using the Kaplan-Meier method and were compared by using the one-sided log-rank
test. Locoregional failure (LRF) and distant metastasis (DM) rates were estimated by using the
cumulative incidence method and Gray’s test.

Results
In all, 721 of 743 patients were analyzable (361, SFX; 360, AFX-C). At a median follow-up of 7.9
years (range, 0.3 to 10.1 years) for 355 surviving patients, no differences were observed in OS
(hazard ratio [HR], 0.96; 95% CI, 0.79 to 1.18; P � .37; 8-year survival, 48% v 48%), PFS (HR, 1.02;
95% CI, 0.84 to 1.24; P � .52; 8-year estimate, 42% v 41%), LRF (HR, 1.08; 95% CI, 0.84 to 1.38;
P � .78; 8-year estimate, 37% v 39%), or DM (HR, 0.83; 95% CI, 0.56 to 1.24; P � .16; 8-year
estimate, 15% v 13%). For oropharyngeal cancer, p16-positive patients had better OS than
p16-negative patients (HR, 0.30; 95% CI, 0.21 to 0.42; P � .001; 8-year survival, 70.9% v 30.2%).
There were no statistically significant differences in the grade 3 to 5 acute or late toxicities
between the two arms and p-16 status.

Conclusion
When combined with cisplatin, AFX-C neither improved outcome nor increased late toxicity in
patients with LA-HNC. Long-term high survival rates in p16-positive patients with oropharyngeal
cancer support the ongoing efforts to explore deintensification.

J Clin Oncol 32:3858-3867. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Concurrent chemoradiotherapy has become the stan-
dard of care for locally advanced head and neck squa-
mous cell carcinoma (LA-HNC). Meta-analyses
revealed the benefit of biologically sound modified-
fractionation radiation therapy regimens relative to

standard fractionation (SFX)1 and the superiority of
adding chemotherapy to radiation versus radiation
therapy alone.2,3 Whether modified fractionation
could yield incremental advantages over SFX when
combined with cisplatin remained an open question.

The Radiation Therapy Oncology Group
(RTOG) completed a phase III trial comparing the
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efficacy of three modified-fractionation regimens: hyperfractionation
(HFX) or accelerated fractionation (AFX) with either concomitant
boost (AFX-C) or with split course (AFX-S) against SFX in LA-HNC.4

Two regimens, HFX and AFX-C, were found to significantly im-
prove tumor control rates. Because of the lower overall workload
favoring AFX-C over HFX, RTOG chose AFX-C for further study;
this decision predated the meta-analyses, which found a significant
survival benefit only when HFX with dose escalation was used.1

After establishing the safety of combining AFX-C with cisplatin,5 a
phase III trial, RTOG 0129 (Phase III Trial of Concurrent Radia-
tion and Chemotherapy [Followed by Surgery for Residual
Primary/N2-3 Nodal Disease] for Advanced Head and Neck Car-
cinomas), was launched to assess whether AFX-C would yield
better survival than SFX when combined with cisplatin. We previ-
ously reported survival results (hazard ratio [HR], 0.90; 95% CI,
0.72 to 1.13 for overall survival [OS]) along with the high prognos-
tic significance of tumor human papillomavirus (HPV) status in
oropharyngeal carcinoma (OPC).6,7 This article presents the up-
dated overall outcomes.

PATIENTS AND METHODS

Patients

Patients with newly diagnosed stage III to IV (excluding T1N� or T2N1)
carcinoma of the oral cavity, oropharynx, hypopharynx, or larynx; good per-
formance status (Zubrod score 0 to 1); age � 18 years; and who had adequate
bone marrow, hepatic, and renal function were eligible for RTOG 0129, which
is registered with the National Cancer Institute and approved by institutional
review boards. All patients provided written informed consent.

Randomization and Assessment

After stratification by tumor site (larynx v other), nodal status (N0 v
N1-N2b v N2c-N3), and Zubrod score (0 v 1), patients were assigned to receive
the experimental AFX-C or the control SFX. AFX-C consisted of 72 Gy in 42
fractions over 6 weeks with twice-per-day irradiation for the last 12 treatment
days,8 whereas SFX consisted of 70 Gy in 35 fractions over 7 weeks. Cisplatin
dose was 100 mg/m2 given once every 3 weeks for two cycles to patients on the
AFX-C arm and for three cycles to patients on the SFX arm. Radiation tech-
nique consisted of two opposed lateral fields for the primary and upper nodes
matched to an anterior field for the low neck. The initial target volume
required a 2- to 3-cm margin around the gross disease and involved nodes, and
the boost volume required a 1- to 1.5-cm margin. Intensity modulated radia-
tion therapy was not allowed.

Acute toxicity was evaluated each week during therapy by using National
Cancer Institute Common Toxicity Criteria Version 2.0. Physical examina-
tions, laboratory testing, and imaging studies were performed once per quarter
for 2 years, semiannually through year 5, then annually to assess tumor status
and late toxicity by the RTOG late effects criteria.9

Laboratory Studies

The analysis of tumor HPV was restricted to patients with OPC because
of the low prevalence of HPV among nonoropharyngeal sites. This subgroup
analysis was not part of the initial design of the study. Determination of HPV
status and tumor p16 expression has been described previously.6

Statistical Analysis

The trial was designed with a sample size of 720 to detect a 25% reduction
in the death rate with 80% power, assuming a 2-year overall survival (OS) rate
of 45% in the control arm,10,11 with a one-sided log-rank test at the .05 level.

OS was defined as time from random assignment until death as a result of
any cause. Secondary end points included progression-free survival (PFS),
defined as time from random assignment to death or first documented relapse,

categorized as either locoregional failure (LRF; primary site or regional nodes)
or distant metastasis (DM) or death. Neck dissection more than 15 weeks after
radiation therapy or salvage surgery for the primary site (unless pathology
showed no disease) and death as a result of index cancer without a documented
site of recurrence or unknown cause were considered LRF. PFS and its com-
ponents (LRF and DM) were reported instead of protocol-specified secondary
end points (eg, disease-free-survival) to facilitate comparison with published
meta-analyses.12 We further analyzed LRF and DM as site of first failure. Rates
of OS and PFS were estimated by the Kaplan-Meier method13 and were
compared by one-sided log-rank tests.14 The cumulative incidence method15

and one-sided Gray’s test16 were used to estimate and compare rates of LRF
and DM. HRs were estimated with Cox proportional hazards regression mod-
els and expressed as experimental over control.17 Other end points for this
study included acute and late toxicities and compliance with protocol-defined
treatment delivery. Toxicity and feeding tube rates were compared by Fisher’s
exact test, and outcomes between p16-positive and p16-negative groups were
compared by two-sided log-rank or Gray’s test. Eligible patients were analyzed
per intent-to-treat.

RESULTS

In all, 743 patients were accrued from July 2002 to June 2005, and
721 were analyzable (Fig 1). Table 1 provides the demographics of
the analyzable patients, 361 on the SFX arm and 360 on the AFX-C
arm. Briefly, 597 (82.8%) were male, 563 (78.1%) had stage IV
disease, 433 (60.1%) had OPC, and HPV status was determined in
323 (74.6%) of the 433 patients with OPC. Of these 323 patients,
106 (64.2%) on the SFX arm were HPV-positive and 100 (63.3%)
on the AFX-C arm were HPV-positive. The p16 status was known
for 316 patients (73%) with OPC. On the SFX arm, 114 (70.4%) of
162 were p16-positive, and on the AFX-C arm, 101 (65.6%) of 154
were p16-positive. When compared with p16-negative patients,
those who were p16-positive had several favorable prognostic fac-
tors, including younger age, white race, absence of anemia, lower
number of cumulative tobacco smoking pack-years, and smaller
primary lesions.

Table 2 describes treatment compliance. Radiation therapy was
delivered per protocol or with acceptable variation in 96.4% of pa-
tients on the SFX arm and in 92.5% of those on the AFX-C arm. On the
AFX-C arm, 91.1% of the patients received at least 10 of the 12 planned
twice-per-day fractionation days. On the SFX arm, 92.8% of patients
received two or more cycles of cisplatin, whereas on the AFX-C arm,
87.8% of patients received two cycles of cisplatin.

For p16-positive patients, radiation therapy was delivered per
protocol or with acceptable variation for 97.4% of the patients on the
SFX arm and for 95% of the patients on the AFX-C arm. On the
AFX-C arm, 94.1% received at least 10 of the 12 planned twice-per-
day fractionation days. At least two cycles of cisplatin were given per
protocol in 87.7% of the patients on the SFX arm and in 94.1% of the
patients on the AFX-C arm.

For p16-negative patients, radiation therapy was delivered per
protocol or with acceptable deviation for 100% of the patients on the
SFX arm and for 92.5% of the patients on the AFX-C arm. On the
AFX-C arm, 92.5% received at least 10 of the 12 planned twice-per-
day fractionation days. At least two cycles of cisplatin were given per
protocol for 81.3% of the patients on the SFX arm and for 90.6% of the
patients on the AFX-C arm.

On the SFX and AFX-C arms, 87 patients (24.1%) and 85 patients
(23.6%) had neck dissection within 15 weeks of radiation therapy
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completion, of which 60 (69%) and 57 (67.1%), respectively, had no
tumor in the specimen. On the SFX and AFX-C arms, 35 patients
(9.7%) and 37 patients (10.3%) had neck dissection beyond 15 weeks
of radiation therapy completion, of which 20 (57.1%) and 23 (62.2%),
respectively, had no tumor in the specimen.

Outcome and Toxicity

At the time of analysis (January 2013), 355 patients were alive,
with a median follow-up of 7.9 years (range, 0.3 to 10.1 years). Only six
patients (0.8%) were censored with less than 2 years of follow-up.
Overall, 52.2% of deaths were attributed to the treated cancer, 9.3% to
a secondary malignancy, and 1.9% to treatment complications (Data
Supplement); there was no difference in the cause of death between
the two arms. The most common first site of failure was locoregional,
accounting for 21.1% of all patients and 37.2% of all failures; DM as
the sole site of first failure accounted for only 13.7% of all patients and
24.2% of all failures. No difference in the relapse pattern was noted
between the two arms (Data Supplement). No significant differ-
ences were found between the two arms in OS (HR, 0.96; 95% CI,
0.79 to 1.18; P � .37), PFS (HR, 1.02; 95% CI, 0.84 to 1.24; P � .58),
LRF (HR, 1.08; 95% CI, 0.84 to 1.38; P � .78), or DM (HR, 0.83;
95% CI, 0.56 to 1.24; P � .16) as shown in Figures 2A to 2D). The

8-year rates for OS were 47.6% versus 47.7%; PFS, 42.1% versus
41.4%; LRF, 36.7% versus 38.5%; and DM, 15.2% versus 12.8% for
the SFX and AFX-C arms, respectively. Treatment effect by sub-
group is shown in the Data Supplement.

The 8-year rates for OS were 70.9% versus 30.2%; PFS, 64.0%
versus 23.3%; LRF, 19.5% versus 52.4%; and DM, 10.3% versus 16.1%
for p16-positive and p16-negative patients, respectively (Data Supple-
ment). After adjustment for prognostic covariates, p16-positive pa-
tients had significantly better OS (HR, 0.34; 95% CI, 0.22 to 0.52), PFS
(HR, 0.43; 95% CI, 0.29 to 0.64), and LRF (HR, 0.29; 95% CI, 0.17 to
0.48) than p16-negative patients, but not better DM (HR, 0.59; 95%
CI, 0.26 to 1.35). The 8-year rates for good-risk patients with p16-
positive tumors (T1-2N1-2b or T3N0-2b, and � 10 pack-years of
smoking history) were 81.4% for OS, 78.3% for PFS, 13.5% for LRF,
and 8.3% for DM. Both arms had similar percentages of deaths as a
result of the study cancer (40.6% v 43.3%) whereas deaths as a result of
second malignancy were more common in p16-negative patients, but
unrelated cause of death was more common in p16-positive patients
(Data Supplement).

Figure 3 shows the OS by fractionation and cisplatin cycles deliv-
ered. Patients receiving one cisplatin cycle had significantly worse OS
compared with patients receiving two or three cycles, regardless of the

Randomly assigned
(N = 743)

Assigned to SFX + cisplatin (n = 372)
)11 = n( dedulcxE  

    Not meeting inclusion criteria (n = 9)
    Withdrawn consent (n = 2)

Assigned to AFX-C + cisplatin (n = 371)
)11 = n( dedulcxE  

    Not meeting inclusion criteria (n = 8)
    Withdrawn consent (n = 2)
    No data post-randomization (n = 1)

)163 = n( elbigilE
  Received RT and cisplatin (n = 360)

)1 = n( ylno TR devieceR  

)063 = n( elbigilE
  Received RT and cisplatin (n = 354)

)2 = n( ylno TR devieceR  
  No protocol treatment (n = 4)

)1 = n( pu-wollof ot tsoL
Received < 66.5 Gy (95% of prescribed RT; n = 6)

)3 = n( htaeD  
)2 = n( lasufer tneitaP  
)1 = n( nwonknU  

Received < 3 cycles of cisplatin (n = 112)
)2 = n( htaeD  
)71 = n( lasufer tneitaP  
)08 = n( yticixoT  
)2 = n( esaesid rehtO  
)9 = n( rehtO  
)2 = n( nwonknU  

)1 = n( pu-wollof ot tsoL
Received < 68.4Gy (95% of prescribed RT; n = 22)

)01 = n( htaeD  
)5 = n( lasufer tneitaP  
)2 = n( yticixoT  

  Disease progression (n = 1)
)1 = n( rehtO  
)3 = n( nwonknU  

Received < 2 cycles of cisplatin (n = 44)
)2 = n( htaeD  
)4 = n( lasufer tneitaP  
)62 = n( yticixoT  
)4 = n( esaesid rehtO  

  Alternative treatment (n = 2)
)2 = n( rehtO  
)4 = n( nwonknU  

)163 = n( dezylanA
  Excluded from analysis (n = 11)
    Not meeting inclusion criteria (n = 9)
    Withdrawn consent (n = 2)

)063 = n( dezylanA
  Excluded from analysis (n = 11)
    Not meeting inclusion criteria (n = 8)
    Withdrawn consent (n = 2)
    No data post-randomization (n = 1)

Fig 1. CONSORT diagram. AFX-C, ac-
celerated fractionation with a concomitant
boost; RT, radiation therapy; SFX, stan-
dard fractionation.
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Table 1. Baseline Characteristics of the Study Patients and Their Tumors, According to Patient Group

Characteristic

All Patients Oropharynx Only With p16 Determination

P�

SFX � Cisplatin
(n � 361)

AFX-C � Cisplatin
(n � 360)

p16 Positive
(n � 215)

p16 Negative
(n � 101)

No. % No. % No. % No. %

Treatment assignment .36†
SFX � cisplatin 361 100.0 0 0.0 114 53.0 48 47.5
AFX-C � cisplatin 0 0.0 360 100.0 101 47.0 53 52.5

Age, years .02‡
Median 56 55 53 57
Range 34-82 26-82 31-78 37-82

Sex .15†
Male 309 85.6 288 80.0 184 85.6 80 79.2
Female 52 14.4 72 20.0 31 14.4 21 20.8

Race .002†
White 290 80.3 299 83.1 194 90.2 78 77.2
Nonwhite 71 19.7 61 16.9 21 9.8 23 22.8

Zubrod performance status .12†
0 206 57.1 211 58.6 145 67.4 59 58.4
1 155 42.9 149 41.4 70 32.6 42 41.6

Anemia§ .001†
No 250 69.3 247 68.6 169 78.6 62 61.4
Yes 111 30.7 113 31.4 46 21.4 39 38.6

Primary site
Oral cavity 24 6.6 18 5.0 0 0.0 0 0.0
Oropharynx 216 59.8 217 60.3 215 100.0 101 100.0
Hypopharynx 31 8.6 27 7.5 0 0.0 0 0.0
Larynx 90 24.9 98 27.2 0 0.0 0 0.0

T stage .004�

T2 69 19.1 99 27.5 73 34.0 22 21.8
T3 169 46.8 159 44.2 87 40.5 38 37.6
T4 123 34.1 102 28.3 55 25.6 41 40.6

N stage .65�

N0 67 18.6 69 19.2 15 7.0 8 7.9
N1 54 15.0 53 14.7 27 12.6 19 18.8
N2a 28 7.8 32 8.9 25 11.6 11 10.9
N2b 94 26.0 95 26.4 80 37.2 26 25.7
N2c 89 24.7 84 23.3 45 20.9 29 28.7
N3 29 8.0 27 7.5 23 10.7 8 7.9

AJCC stage .25†
III 77 21.3 81 22.5 26 12.1 17 16.8
IV 284 78.7 279 77.5 189 87.9 84 83.2

Smoking history � .001†
Never-smoker 44 12.2 69 19.2 65 30.2 9 8.9
Former smoker 191 52.9 183 50.8 115 53.5 44 43.6
Current smoker 83 23.0 68 18.9 23 10.7 31 30.7
Unknown 43 11.9 40 11.1 12 5.6 17 16.8

Pack-years¶ � .001‡
Median 33 24 10 40
Range 0-137.5 0-152 0-152 0-100

HPV status, oropharynx primaries only � .001†
Positive 106 49.1 100 46.1 192 89.3 7 6.9
Negative 59 27.3 58 26.7 22 10.2 94 93.1
Unknown 51 23.6 59 27.2 1 0.5 0 0.0

p16 status, oropharynx primaries only
Positive 114 52.8 101 46.5 215 100.0 0 0.0
Negative 48 22.2 53 24.4 0 0.0 101 100.0
Unknown 54 25.0 63 29.0 0 0.0 0 0.0

Abbreviations: AFX-C, accelerated fractionation with concomitant boost radiotherapy; AJCC, American Joint Committee on Cancer; HPV, human papillomavirus;
SFX, standard fractionation radiotherapy.

�Comparing p16 positive with p16 negative..
†Pearson �2 test.
‡Kolmogorov-Smirnov test.
§Anemia is defined as hemoglobin � 13.5 g/dLfor males and � 12.5 g/dL for females.
�Kruskal-Wallis test.
¶A pack-year is defined as the equivalent of smoking one pack of cigarettes per day for 1 year. Pack-years are missing for 28 patients (13.0%) with p16-positive

tumors and 28 (27.7%) with p16-negative tumors.
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Table 2. Protocol Treatment Delivered by Assigned Arm

Treatment

SFX � Cisplatin (n � 361) AFX-C � Cisplatin (n � 360)

No. % No. %

Total dose of radiation, Gy
Mean 69.8 70.0
Standard deviation 5.5 10.6
Median 70 72
Range 4-76.4 0-76.02
Q1-Q3 70-70.4 72-72

Total fractions of radiation
Mean 34.7 40.7
Standard deviation 2.7 6.2
Median 35 42
Range 2-42 0-51
Q1-Q3 35-35 42-42

No. of days of RT�

Mean 52.3 43.6
Standard deviation 8.9 9.9
Median 51 43
Range 2-135 0-173
Q1-Q3 50-53 42-45
Less than per protocol 14 3.9 24 6.7
Per protocol � 0-7 291 80.6 300 83.3
Per protocol � 8-14 35 9.7 28 7.8
Per protocol � 15 or more 21 5.8 8 2.2

RT schedule
RT dose twice per day 1 0.3 348 96.7
RT did not include twice-per-day dose 357 98.9 8 2.2
No RT given 0 0.0 4 1.1
RT not evaluable 3 0.8 0 0.0

No. of days missed of twice-per-day dosage
Not applicable 361 100.0 0 0.0
0 0 0.0 266 73.9
1-6 0 0.0 73 20.3†
7-12 0 0.0 17 4.7‡
No RT given 0 0.0 4 1.1

Cisplatin total dose, mg/m2

Mean 254.8 183.1
Standard deviation 63.5 39.9
Median 298.4 200.0
Range 0-309.4 0-207.1
Q1-Q3 200.0-300.0 195.8-200.0
0 1 0.3 6 1.7
� 0, � 100 3 0.8 9 2.5
� 100, � 200 53 14.7 120 33.3
� 200 304 84.2 225 62.5

Cisplatin cycles delivered
0 1 0.3 6 1.7
1 25 6.9 38 10.6
2 86 23.8 316 87.8
3 249 69.0 0 0.0

Reason cisplatin discontinued after second cycle§
Toxicity 39 47.6
Patient condition (not toxicity/progression) 7 8.5
Physician refusal 17 20.7
Patient refusal 15 18.3
Other 4 4.9

Abbreviations: AFX-C, accelerated fractionation with concomitant boost radiotherapy; Q1, first quartile; Q3, third quartile; RT, radiation therapy; SFX, standard
fractionation radiotherapy.

�SFX, per protocol is 47 days if starting on a Monday, 49 days otherwise; AFX-C, per protocol is 40 days if starting on a Monday, 42 days otherwise.
†Missing 1-6 days of twice-per-day dosage: 12 of 73 had fewer than 42 fractions.
‡Missing 7-12 days of twice-per-day dosage: 15 of 17 had fewer than 42 fractions.
§For patients who received first and second cycles but not a third cycle.
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radiation therapy regimen (HR, 4.17; 95% CI, 2.66 to 6.53 for SFX �
1 v SFX � 3; HR, 2.29; 95% CI, 1.50 to 3.51 for AFX-C � 1 v SFX � 3;
HR, 1.15; 95% CI, 0.81 to 1.62 for SFX � 2 v SFX � 3; and HR, 1.01;
95% CI, 0.79 to 1.29 for AFX-C � 2 v SFX � 3). However, patients
who received only one cycle of cisplatin tended to be older, have more
advanced stage and poorer performance status, and be more likely to
be p16-negative (Data Supplement).

Table 3 summarizes the distribution of worst grade 3 to 5 toxicity.
Regardless of scoring system (Common Toxicity Criteria or Radiation
Therapy Oncology Group/European Organisation for Research and
Treatment of Cancer), no differences were noted between the two
arms. Grade 5 toxicities occurred in two patients on the SFX arm and
six patients on the AFX-C arm (Data Supplement). All reported tox-
icities are listed in the Data Supplement. Death rates within 30 days of
treatment completion were similar between the two arms: 1.9% on the
SFX arm and 3.3% on the AFX-C arm (P � .26). Before treatment,

24.7% of patients on the SFX arm and 21.9% on the AFX-C arm (P �
.43) had a feeding tube. By treatment completion, this rose to 68.7%
versus 67.1% (P � .80) and then declined to 28.6% versus 26.1% at 1
year (P � .53) and to 5.9% versus 13.2% at 5 years (P � .08) for the
SFX and AFX-C arms, respectively.

The distribution of worst grade 3 to 5 toxicity showed no
differences by p16 status within the two arms, regardless of scoring
system (Data Supplement). Death rates within 30 days of treatment
completion were similar for p16-positive patients (1.8% on the
SFX arm v 3% on the AFX-C arm; P � .67) and p16-negative
patients (0% on the SFX arm v 1.9% on the AFX-C arm; P � 1.0).
Before treatment, the feeding tube rates were 15.3% and 28.7% (P
� .006); this increased to 64.5% and 74% (P � .12) at treatment
completion and then declined to 16.7% and 40% (P � .001) at 1
year and to 5.4% and 23.1% (P � .01) at 5 years for p16-positive
and p16-negative patients, respectively. We did not observe any
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Fig 2. Kaplan-Meier estimates of overall survival and progression-free survival and cumulative incidence estimates of locoregional failure and distant metastasis by
assigned treatment. There were no statistically significant differences in (A) overall survival (hazard ratio [HR], 0.96; 95% CI, 0.79 to 1.18; P � .37), (B) progression-free
survival (HR, 1.02; 95% CI, 0.84 to 1.24; P � .58), (C) locoregional failure (HR, 1.08; 95% CI, 0.84 to 1.38; P � .78), or (D) distant metastasis (HR, 0.83; 95% CI, 0.56
to 1.24; P � .16). Five-year rates for overall survival were 56.6% (95% CI, 51.5% to 61.8%) for the standard fractionation (SFX) arm and 60.0% (95% CI, 54.9% to
65.1%) for the accelerated fractionation with a concomitant boost (AFX-C) arm; for progression-free survival, 49.4% (95% CI, 44.2% to 54.6%) and 50.0% (95% CI,
44.8% to 55.2%); for locoregional failure, 30.8% (95% CI, 25.9% to 35.7%) and 33.7% (95% CI, 28.7% to 38.8%); and for distant metastasis, 14.5% (95% CI, 10.9%
to 18.2%) and 11.5% (95% CI, 8.2% to 14.8%), respectively.
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differences in feeding tube rates between treatment arms for each
known p16 status (Data Supplement).

DISCUSSION

Several randomized trials11,18-20 have shown that radiation therapy
with concurrent cisplatin was better than radiation therapy alone for
the nonsurgical treatment of LA-HNC. Because the fractionation reg-
imens and cisplatin dosing schedules varied among trials, the relative
impact of modified fractionation and the cumulative cisplatin dose on
outcome remain unclear. RTOG 0129 was specifically designed to
address whether AFX-C provided an incremental benefit over SFX
when combined with high-dose cisplatin given once every third week.
It was determined that only two cycles of cisplatin could be given
concurrently with the 6-week AFX-C regimen as opposed to three
cycles with the 7-week SFX regimen. Because two variables were mod-
ified on the AFX arm, the overall treatment time and the number of
chemotherapy cycles, the results of this study should be interpreted on
the basis of the study design including changes in both variables.

This randomized phase III trial showed no difference between
the two arms on OS, PFS, LRF, and DM. Patients on the AFX-C arm,
despite having one less cycle of cisplatin, did not show more DM,
probably reflecting the true value of concomitant cisplatin as a radio-
sensitizer. The lack of benefit of accelerating radiation therapy suggests
that three cycles of cisplatin virtually offset the effect of tumor clono-
gen repopulation during the 7-week course of fractionated radiation
therapy. The data may also suggest that the effect of 1 week of radiation
therapy acceleration approximated that of the third cycle of cisplatin.

The Groupe d’Oncologie Radiothérapie Tête et Cou (GORTEC)
reported a randomized phase III trial (GORTEC 99-02; Concomitant
Chemoradiotherapy Versus Acceleration of Radiotherapy With or
Without Concomitant Chemotherapy in LA-HNC: An Open-Label
Phase 3 Randomised Trial) for LA-HNC composed of three arms21:
arm 1 treatment consisted of three cycles of platinum-based chemo-
therapy with 70 Gy SFX, arm 2 used the same chemotherapy for two
cycles with accelerated radiation therapy of 70 Gy in 6 weeks, and arm
3 used very accelerated radiation therapy alone of 64.8 Gy in 3.5 weeks.
This study did not find any added benefit of accelerated radiation
therapy with concomitant chemotherapy when compared with con-
ventional chemoradiotherapy. Similarly, the European Organisation
for Research and Treatment of Cancer conducted a randomized trial
on larynx preservation that compared four sequential cycles of cispla-
tin and fluorouracil followed by radiation therapy versus alternating
the same chemotherapy with three cycles of 2-week radiation therapy.
Larynx preservation, PFS, OS, and toxicities were similar in both
arms.22 These data support the hypothesis that concomitant cispla-
tin inhibits repopulation during radiation therapy and that SFX
with three cycles of concurrent cisplatin should remain a standard-
of-care treatment.

It is difficult to administer the third cycle of chemotherapy with
SFX in many patients because of toxicity. This is one of the reasons
why alternative chemoradiotherapy regimens have been explored. But
there have not yet been any large randomized trials that compare SFX
with three cycles of high-dose cisplatin to two cycles of high-dose
cisplatin or to a once-per-week cisplatin regimen. The cumulative
dose of cisplatin needed and the type of delivery to achieve the best
therapeutic ratio is not clear. We performed an exploratory analysis
based on chemotherapy compliance and observed a worse survival
rate for patients who received only one cycle of cisplatin regardless of
the radiation therapy regimen. For patients who received two or more
cycles of chemotherapy on the SFX arm, OS was similar to that of
patients receiving two cycles of chemotherapy on the AFX-C arm.

Table 3. Grade 3 to 5 Toxicity Summary

Toxicity
No. of Days From

Start of RT

SFX � Cisplatin AFX-C � Cisplatin

P�

No. of Patients With
Toxicity/Total

Toxicity
(%) 95% CI (%)

No. of Patients With
Toxicity/Total

Toxicity
(%) 95% CI (%)

Nonhematologic � 90 266/361 73.7 69.1 to 78.2 261/360 72.5 67.9 to 77.1 .74
Mucositis/stomatitis � 90 141/361 39.1 34.0 to 44.1 119/360 33.1 28.2 to 37.9 .10
Mucositis/stomatitis � 90 13/351 3.7 1.7 to 5.7 16/343 4.7 2.4 to 6.9 .57
Any � 90 297/361 82.3 78.3 to 86.2 278/360 77.2 72.9 to 81.6 .10
Any � 90 128/351 36.5 31.4 to 41.5 130/343 37.9 32.8 to 43.0 .75

Abbreviations: AFX-C, accelerated fractionation with concomitant boost radiotherapy; RT, radiation therapy; SFX, standard fractionation radiotherapy.
�Calculated from Fisher’s exact test.
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 HR (95% CI)     
SFX + 3 Reference      
AFX-C + 2 1.01 (0.79 to 1.29)
SFX + 2 1.15 (0.81 to 1.62)
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Fig 3. Overall survival by fractionation and number of cisplatin cycles deliv-
ered. AFX-C, accelerated fractionation with a concomitant boost; HR, hazard
ratio; SFX, standard fractionation.
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These data should be interpreted with caution. The number of pa-
tients receiving SFX plus two cycles of cisplatin was small (n � 86)
compared with the number of patients receiving three cycles (n �
249), and the numbers of patients who received only one cisplatin
cycle (n � 38 for AFX-C � 1 and n � 25 for SFX � 1) were even
smaller. These patients tended to have poorer prognostic features,
precluding them from withstanding treatment as per protocol. These
data suggest that it is critical to provide supportive care to patients with
acute toxicities to allow them to receive at least two cycles of chemo-
therapy to optimize outcome.

RTOG 0129 did not demonstrate any significant differences in
acute or late toxicities between the two arms. There was a trend toward
more dependence on feeding tubes at 5 years for the AFX-C arm
compared with the SFX arm (13.2% v 5.9%; P � .08). The GORTEC
99-02 trial reported a different pattern of feeding tube dependency at 5
years: 13% for the conventional fractionated radiotherapy plus che-
motherapy arm, 6% for the AFX plus chemotherapy arm, and 25% for
the very accelerated radiation therapy arm. However, more than one
third of patients, regardless of treatment, experienced grade 3 to 5
toxicities more than 90 days after treatment initiation. This is consis-
tent with reported data that severe late toxicity is common after con-
current chemoradiotherapy.23 It is possible that we have reached a
plateau in terms of outcome and toxicities with current platinum-
based chemoradiotherapy regimens, and we need to define better
strategies to address LA-HNC.

The better outcome for patients with HPV-positive OPC is still
maintained after a longer median follow-up (4.8 v 7.9 years in initial
and current reports, respectively).6 Yet there was no difference in the
distribution of worst grade 3 to 5 toxicity for patients with known p16
status. We did, however, observe a higher rate of feeding tube depen-
dency at 5 years for p16-negative versus p16-positive patients (23.1% v
5.4%; P � .01); this was not influenced by the treatment arms. This is
probably due to more T4 tumors in p16-negative patients, leading to a
higher incidence of pretreatment feeding tube use in this group
(22.9% on the SFX arm and 34% on AFX-C arm). In addition, a larger
volume of tumor and adjacent pharyngeal constrictor muscles receiv-
ing high radiation dose in the era before intensity modulated radiation
therapy could partially account for the persistent swallowing dysfunc-
tion in these patients, leading to long-term dependence on feeding
tubes. We also observed more death related to second malignancy in
p16-negative patients, a finding consistent with their higher exposure
to tobacco.

The recognition that despite their excellent prognosis, patients
with p16-positive OPC experienced toxicity similar to that of p16-
negative patients when treated with current standard therapy is an
incentive to explore treatment de-escalation to reduce toxicity without
compromising tumor control. For example, the RTOG along with the
Eastern Cooperative Oncology Group (ECOG) is conducting a phase
III trial (RTOG-1016; Radiation Therapy Plus Cetuximab Versus
Chemoradiotherapy in HPV-Associated Oropharyngeal Cancer)

comparing radiation therapy plus cisplatin to radiation therapy plus
cetuximab, an antibody against the epidermal growth factor receptor.
ECOG, in contrast, explored reduction of the radiation dose to 54 Gy
given with cetuximab in patients with p16-positive OPC who achieved
a complete response after induction chemotherapy in a phase II trial
(ECOG-E1308; Paclitaxel, Cisplatin, and Cetuximab Followed By Ce-
tuximab and Intensity-Modulated Radiation Therapy in Treating Pa-
tients With HPV-Associated Stage III or Stage IV Cancer of the
Oropharynx That Can Be Removed By Surgery).24

HPV-unrelated LA-HNC, which responds poorly to current
therapies, presents a therapeutic challenge. Treatment toxicity will
likely limit further intensification of radiation and traditional che-
motherapy. The addition of cetuximab to concomitant cisplatin-
based chemoradiotherapy is not superior to cisplatin-based
chemoradiotherapy alone.25 Novel targeted agents are needed for
these patients.26-31 Limiting toxicity while introducing new thera-
peutic targets to traditional regimens is the challenge of ongoing
and future trials.
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■ ■ ■

GLOSSARY TERMS

accelerated fractionation: radiation dose fractionation
schedule with an effective rate of dose accumulation exceeding
the traditional 10 Gy delivered in five fractions per week.

Cox proportional hazards regression model: a statis-
tical model for regression analysis of censored survival data, ex-
amining the relationship of censored survival distribution to one
or more covariates. This model produces a baseline survival
curve, covariate coefficient estimates with their standard errors,
risk ratios, 95% CIs, and significance levels.

locoregional failure: failure at the primary site or the regional
lymphatics.

overall survival: the duration between random assignment and
death.

p16: molecule that binds to cyclin-dependent kinase 4 and 6, thereby
preventing their interaction with cyclin D. p16 (also known as p16INK4)
behaves as a negative regulator of proliferation and arrests cells in the
G0/G1 phase of the cell cycle.
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