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A bs tr ac t

Background

The abrogation of function of the tumor-suppressor protein p53 as a result of muta-
tion of its gene, TP53, is one of the most common genetic alterations in cancer cells. 
We evaluated TP53 mutations and survival in patients with squamous-cell carcino-
ma of the head and neck.

Methods

A total of 560 patients with squamous-cell carcinoma of the head and neck who were 
treated surgically with curative intent were enrolled in our prospective multicenter, 
7-year study. TP53 mutations were analyzed in DNA from the tumor specimens with 
the use of the Affymetrix p53 chip and the Surveyor DNA endonuclease and dena-
turing high-performance liquid chromatography. Mutations were classified into two 
groups, disruptive and nondisruptive, according to the degree of disturbance of pro-
tein structure predicted from the crystal structure of the p53–DNA complexes. TP53 
mutational status was compared with clinical outcome.

Results

TP53 mutations were found in tumors from 224 of 420 patients (53.3%). As com-
pared with wild-type TP53, the presence of any TP53 mutation was associated with 
decreased overall survival (hazard ratio for death, 1.4; 95% confidence interval [CI], 
1.1 to 1.8; P = 0.009), with an even stronger association with disruptive mutations 
(hazard ratio, 1.7; 95% CI, 1.3 to 2.4; P<0.001) and no significant association with 
nondisruptive mutations (hazard ratio, 1.2; 95% CI, 0.9 to 1.7; P = 0.16). In multi-
variate analyses a disruptive TP53 alteration, as compared with the absence of a TP53 
mutation, had an independent, significant association with decreased survival (haz-
ard ratio, 1.7; 95% CI, 1.2 to 2.4; P = 0.003).

Conclusions

Disruptive TP53 mutations in tumor DNA are associated with reduced survival after 
surgical treatment of squamous-cell carcinoma of the head and neck.
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Squamous-cell carcinoma of the head 
and neck is one of the most common can-
cers worldwide. More than 45,000 new cas-

es are expected in the United States in 2007.1 The 
disease is multifactorial in its pathogenesis and 
is associated with the use of tobacco2,3 and alco-
hol4,5 and infection with the human papillomavi-
rus (HPV).6,7 The abrogation of p53 function — 
through the mutation of its gene, TP538; the loss 
of heterozygosity of TP539; or interaction with vi-
ral proteins10 — is one of the most common mo-
lecular alterations in squamous-cell carcinoma of 
the head and neck.11-13 The involvement of p53 in 
apoptosis14 and cell-cycle control15 makes it a plau-
sible biomarker of prognosis. In addition, the spec-
trum of p53 mutations observed among tumor 
samples suggests that the mutations vary in their 
prognostic power. In addition, no molecular mark-
ers of prognosis are currently well established.16,17

The role of p53 as a prognostic marker of squa-
mous-cell carcinoma of the head and neck is con-
troversial. The small numbers of patients studied, 
insufficient clinical follow-up, and variable labo-
ratory techniques have made the interpretation of 
published results difficult.18,19 Methods for iden-
tifying p53 alterations have included immunohis-
tochemical analysis, mutation screening, and func-
tional tests involving yeast. The measurement of 
p53 expression by immunohistochemical means 
yields inconsistent conclusions, probably because 
of the variable definition of “overexpression.”20,21 
In addition, immunohistochemical techniques fail 
to detect frame-shift, splice-site, and null muta-
tions and cannot determine clinical associations 
of specific mutations. Sensitive and rapid muta-
tion analysis,22 in contrast, allows for the deter-
mination of the base change and its position 
within the gene. Crystal structural analyses of the 
effect of TP53 mutations on DNA binding support 
the possibility of a variable effect of mutations on 
tumor behavior.23 Studies of various types of tu-
mors24-26 suggest that the heterogeneity of TP53 
mutants leads to similarly heterogeneous clinical 
outcomes.

Our study, involving the Eastern Cooperative 
Oncology Group (ECOG) and the Radiation Ther-
apy Oncology Group (RTOG) (study no. ECOG 
E4393/RTOG 9614), has as its first objective to 
determine the clinical utility of molecular detec-
tion of cancer cells in tumor margins; research 
toward this objective is ongoing. An independent, 
second objective of the protocol is to determine 

the incidence of TP53 mutation in squamous-cell 
carcinoma of the head and neck and to seek as-
sociations between TP53 status and survival. We 
report the results of the second objective in this 
article.

Me thods

Study Design

Between 1996 and 2002, 560 patients with squa-
mous-cell carcinoma of the head and neck were 
enrolled in our prospective, multicenter study in-
volving 18 member institutions of ECOG and 
RTOG. The protocol was approved by ECOG, 
RTOG, and the investigational review board of each 
participating institution. All patients provided writ-
ten informed consent. Patients with newly diag-
nosed or recurrent squamous-cell carcinoma of the 
head and neck were eligible if the treatment plan 
included primary surgical extirpation with cura-
tive intent. During the operation, tumor and mar-
gin samples were collected.

ECOG and RTOG data managers collected de-
mographic and clinical data for each patient from 
the participating institutions perioperatively and 
at scheduled intervals during the follow-up period. 
Pathology reports were submitted to ECOG and 
RTOG, and the findings were reviewed and tabu-
lated. At 6-month intervals for the first 3 years and 
annually thereafter, the status of each patient, in-
cluding information about recurrent or second 
primary cancer and subsequent treatment, was 
reported.

Tumor Specimens

Isolation and Processing of Tumor Specimens  
and DNA Extraction
Tumor samples were rapidly frozen at −80°C be-
fore being shipped to the head and neck tumor 
laboratory at Johns Hopkins University. (Paraffin-
embedded specimens were used, occasionally, 
when frozen tissue specimens were unavailable.) 
A series of 5-μm sections were cut from each pri-
mary-tumor specimen for hematoxylin and eosin 
staining to confirm the presence of squamous-
cell carcinoma of the head and neck. Additional 
12-μm sections were cut and kept overnight in 
1% sodium dodecyl sulfate and proteinase K at 
48°C; DNA was then collected by means of phe-
nol–chloroform extraction and ethanol precipita-
tion. Only samples with at least 70% tumor cells 
were candidates for molecular studies. Tissues with 
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less than 70% tumor cells were microdissected to 
enrich the tumor-cell content of the specimen.

Mutational Analysis
TP53 mutations were screened according to a mul-
tistep process with the use of the GeneChip p53 

assay and the Surveyor DNA endonuclease (Trans-
genomic) and denaturing high-performance liquid 
chromatography (DHPLC). The GeneChip assay 
(Affymetrix) was performed as previously de-
scribed22,27 for high-throughput detection of mu-
tations in exons 2 through 11. DNA extracted from 

Table 1. Baseline Characteristics of the Patients.*

Characteristic All Patients
Patients with 

Wild-Type TP53
Patients with  
Mutant TP53 P Value

no. no. (%)

Sex

Male 303 146 (48.2) 157 (51.8) 0.30

Female 117 50 (42.7) 67 (57.3)

Race or ethnic group†

White 351 171 (48.7) 180 (51.3) 0.40

Hispanic 20 8 (40.0) 12 (60.0)

Black 45 16 (35.6) 29 (64.4)

Asian 1 0 1 (100.0)

Other 3 1 (33.3) 2 (66.7)

Age at study entry

<55 yr 135 70 (51.9) 65 (48.1) 0.50

55–64 yr 115 45 (39.1) 70 (60.9)

>64 yr 170 81 (47.6) 89 (52.4)

Cell differentiation

Well differentiated 84 41 (48.8) 43 (51.2) 0.40

Moderately differentiated 231 106 (45.9) 125 (54.1)

Poorly differentiated 79 35 (44.3) 44 (55.7)

Undifferentiated 2 0 2 (100.0)

Unknown 24 14 (58.3) 10 (41.7)

Primary tumor site

Oral cavity 180 83 (46.1) 97 (53.9) 0.03

Oropharynx 93 54 (58.1) 39 (41.9)

Hypopharynx 32 8 (25.0) 24 (75.0)

Larynx 90 39 (43.3) 51 (56.7)

Other 20 9 (45.0) 11 (55.0)

Multiple 3 1 (33.3) 2 (66.7)

Unknown 2 2 (100.0) 0

Pathological tumor stage

T1 97 50 (51.5) 47 (48.5) 0.05

T2 150 77 (51.3) 73 (48.7)

T3 75 33 (44.0) 42 (56.0)

T4 88 34 (38.6) 54 (61.4)

TX or Tis 10 2 (20.0) 8 (80.0)

Pathological nodal stage

N0 or NX 212 103 (48.6) 109 (51.4) 0.40

N1–N3 208 93 (44.7) 115 (55.3)
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paraffin-embedded tissue was often degraded, re-
sulting in indeterminate results at several nucle-
otide positions on the p53 gene chip. Surveyor or 
DHPLC analysis (or both) was used to determine 
which of the indeterminate sequence variants were 
genetic alterations and which were artifacts. All 
mutations detected by means of the GeneChip p53 
assay or Surveyor–DHPLC analysis were confirmed 
with the use of automatic sequencing (ABI BigDye 
cycle-sequencing kit) or direct dideoxynucleotide 
sequencing.22

Classification of Mutations
Work published before the end of the study that 
described structural and functional differences 
among various TP53 mutations was used to define 
two categories, based on the location of the mu-

tation23 and the predicted amino acid alterations.28 
Disruptive mutations are nonconservative muta-
tions located inside the key DNA-binding domain 
(L2–L3 region), or stop codons in any region, and 
nondisruptive mutations are conservative muta-
tions or nonconservative mutations outside the 
L2–L3 region (excluding stop codons). (See the Sup-
plementary Appendix, available with the full text 
of this article at www.nejm.org, for additional de-
tails on the method of classification.)

Statistical Analysis

Laboratory and clinical data were submitted to the 
ECOG central office. Analysis was performed at 
the ECOG statistical center. Descriptive statistics 
were used to characterize the baseline character-
istics of the patients. Survival curves were estimat-

Table 1. (Continued.)

Characteristic All Patients
Patients with 

Wild-Type TP53
Patients with  
Mutant TP53 P Value

no. no. (%)

Clinical TNM stage

I 61 30 (50.0) 31 (50.8) 0.24

II 83 40 (48.2) 43 (51.8)

III 103 52 (50.5) 51 (49.5)

IV 170 72 (42.4) 98 (57.6)

Could not be assessed 3 2 (66.7) 1 (33.3)

Treatment

Surgery only 131 62 (47.3) 69 (52.7) 0.90

Surgery + postoperative therapy 203 89 (43.8) 114 (56.2)

Salvage surgery 78 39 (50.0) 39 (50.0)

Unknown 8 6 (75.0) 2 (25.0)

Smoking history

Never smoked 80 42 (52.5) 38 (47.5) 0.08

Pipe or cigar only 17 9 (52.9) 8 (47.1)

Cigarettes

<20 Pack-yr 46 24 (52.2) 22 (47.8)

20–40 Pack-yr 114 49 (43.0) 65 (57.0)

>40 Pack-yr 152 64 (42.1) 88 (57.9)

Unknown 11 8 (72.7) 3 (27.3)

Average alcohol use

<10 oz/wk 227 112 (49.3) 115 (50.7) 0.22

10–32 oz/wk 80 32 (40.0) 48 (60.0)

>32 oz/wk 82 36 (43.9) 46 (56.1)

Unknown 31 16 (51.6) 15 (48.4)

*	To convert values for alcohol to milliliters, multiply by 29.6. TNM denotes tumor–node–metastasis.
†	Race or ethnic group was determined on the basis of data in hospital records.
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Table 2. Results of Univariate Analysis of Selected Prognostic Factors for Overall Survival.*

Factor and Level
No. of 

Patients
No. of 
Deaths

Median 
Survival 

(yr)

Hazard Ratio 
 for Death 
(95% CI) P Value

Pathological nodal stage

N0 or NX 212 98 5.9 Reference

N1–N3 208 134 2.1 1.98 (1.4–2.4) <0.001

Pathological tumor stage

T1 or T2 247 125 5.7 Reference

T3 or T4 163 102 3.0 1.5 (1.1–1.9) 0.004

TX or Tis 10 5 NR 1.1 (0.4–2.7) 0.84

Primary tumor site

Oropharynx 93 45 5.6 Reference

Oral cavity 180 96 4.0 1.3 (0.9–1.8) 0.18

Hypopharynx 32 24 1.6 2.2 (1.3–3.6) 0.002

Larynx 90 54 3.9 1.3 (0.9–1.9) 0.21

Other 22 10 NR 0.9 (0.4–1.7) 0.64

Multiple 3 3 0.4 9.9 (3.0–32.2) <0.001

Treatment

Surgery + postoperative therapy 203 109 4.3 Reference

Surgery only 131 65 5.2 1.0 (0.7–1.3) 0.79

Salvage surgery 78 54 3.0 1.5 (1.1–2.0) 0.02

Unknown 8 4 5.3 0.9 (0.3–2.4) 0.79

Smoking history

Never smoked 80 40 4.7 Reference

Pipe or cigar 17 10 2.4 1.3 (0.6–2.6) 0.49

Cigarettes

<20 Pack-yr 46 21 NR 0.9 (0.5–1.6) 0.73

20–40 Pack-yr 114 69 3.4 1.4 (1.0–2.1) 0.08

>40 Pack-yr 152 88 3.9 1.3 (0.9–1.8) 0.24

Unknown 11 4 NR 0.7 (0.3–2.1) 0.56

Average alcohol use

<10 oz/wk 227 122 5.1 Reference

10–32 oz/wk 80 55 2.1 1.8 (1.3–2.3) <0.001

>32 oz/wk 82 43 3.5 1.2 (0.8–1.6) 0.44

Unknown 31 12 8.4 0.7 (0.4–1.3) 0.25

TP53 status

Wild-type 196 99 5.4 Reference

Mutant 224 133 3.2 1.4 (1.1–1.8) 0.009

Mutation category

Wild-type 196 99 5.4 Reference

Nondisruptive 139 76 3.9 1.2 (0.9–1.7) 0.16

Disruptive 85 57 2.0 1.7 (1.3–2.4) <0.001

*	The global P values from the log-rank test were as follows: for primary tumor site, P<0.001; for type of treatment, 
P = 0.04; for smoking history, P = 0.28; and for average alcohol use, P = 0.004. To convert values for alcohol to milliliters, 
multiply by 29.6.
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ed according to the Kaplan–Meier method,29 and 
the differences according to mutation-status cat-
egory were examined using the log-rank test.30 
Survival was defined as the time from study en-
try to death or to the last follow-up. Progression-
free survival was defined as the time from study 
entry to death or cancer recurrence. The data for 
patients who were alive without recurrence at the 
time of the analysis were censored at the last fol-
low-up. Fisher’s exact test,31 Student’s t-test, and 
Mehta’s exact test for ordered categorical data32 
were used to compare patients with and those 
without mutations at baseline.

Proportional-hazards models33 were used to as-
sess the univariate prognostic significance of tu-
mor variables on overall survival. P values for 
hazard ratios were calculated with the use of the 
likelihood-ratio test. Using multivariate Cox pro-
portional-hazards models, we considered TP53 
status, tumor site and stage, nodal stage, smok-
ing history, average alcohol use, and type of treat-
ment. Smoking history was included as a con-
tinuous variable, whereas all other factors were 
considered to be categorical variables. Hazard ra-
tios were calculated relative to a reference group. 
Akaike’s information criterion34 was used to evalu-
ate the relative usefulness of the model. The 
method developed by Gray35 was used to examine 
data on death from squamous-cell carcinoma of 
the head and neck and death from other causes. 
P values of less than 0.05 were considered to in-
dicate statistical significance.

R esult s

Exclusion of Patients

Of the 560 registered patients, we excluded 16 be-
cause they did not meet the eligibility criteria, 88 
because no tumor specimen was available (owing 
to the failure of the physician to provide a speci-
men or to an insufficient amount of tumor cells 
in the specimen), and 36 because their specimens 
could not be analyzed (because the tumor DNA 
could not be amplified). The remaining 420 pa-
tients were eligible and could be evaluated for TP53 
mutations in the primary tumor.

The data for patients included in the analyses 
and for those excluded had similar distributions 
with regard to ECOG performance status (P = 0.79); 
primary tumor site (P = 0.41); degree of cell differ-
entiation (P = 0.24); presence or absence of treat-
ment with surgery (P = 0.25), radiotherapy (P = 0.21), 

or chemotherapy (P = 0.21); and survival (P = 0.87). 
However, as compared with patients who were 
excluded, patients included in the analyses were 
more likely to have tumors of stage T3 or T4 
(30.8% vs. 47.3%, P = 0.001) and were more likely 
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Figure 1. Overall Survival among Patients, According to Mutation Status 
and Mutation Category.

Panel A shows Kaplan–Meier estimates of overall survival among the 196 
patients with wild-type TP53 (of whom 99 died) and among the 224 pa-
tients with mutant TP53 (of whom 133 died). The median survival among 
patients with mutant TP53 was 3.2 years, as compared with 5.4 years 
among patients with wild-type TP53. Panel B shows the Kaplan–Meier esti-
mates of overall survival among the 139 patients with nondisruptive TP53 
mutations (of whom 76 died) and the 85 patients with disruptive TP53 mu-
tations (of whom 57 died). The median survival among patients with dis-
ruptive mutations was 2.0 years, whereas that among patients with non
disruptive mutations was 3.9 years. Disruptive mutations were defined as 
nonconservative mutations located inside the key DNA-binding domain 
(the L2–L3 region) or stop codons in any region; nondisruptive mutations 
were defined as conservative or nonconservative mutations (excluding stop 
codons) outside the L2–L3 region.
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to have clinically enlarged lymph nodes (29.6% vs. 
43.0%, P = 0.006).

Follow-Up and Characteristics  
of the Patients

The follow-up period ranged from 5 days to 10.7 
years, with a median of 6.2 years for patients whose 
data were censored. The median age at diagnosis 
was 62 years (range, 17 to 98). At study entry, 131 
patients were treated with surgery alone, 203 un-
derwent surgery and postoperative radiation or 
chemoradiation therapy, and 78 underwent sal-
vage surgery (since previous radiation had failed 
to cure). The primary tumor site was the oral cav-
ity in 180 patients (42.9%), the larynx in 90 (21.4%), 
the oropharynx in 93 (22.1%), and the hypophar-
ynx in 32 (7.6%). In 22 patients (5.2%), the pri-
mary tumor was at another site or at an unknown 
site on initial staging. Three patients (0.7%) had 
primary tumors at multiple sites.

Table 1 summarizes the demographic and 
clinical characteristics of the patients. TP53 mu-
tations were found in tumors from 224 patients 
(53.3%). Neoplastic lesions arising from the hy-
popharynx had the highest mutation frequency 

(75.0%), followed by tumors arising from the lar-
ynx, oral cavity, and oropharynx (P = 0.03). Given 
the number of factors examined, however, this 
P value should be interpreted with caution.

Survival and TP53 Mutational Status

As of April 2007, 232 patients had died. The cause 
of death was head and neck cancer in 121 patients, 
other causes in 62, and unknown causes in 49. 
There were 49 reported second primary cancers, 
24 among patients who died (8 of disease, 13 of 
other causes, and 3 of unknown causes). The re-
maining 25 patients with second primary cancers 
were alive at the last follow-up. There was no as-
sociation between the development of a second pri-
mary cancer and TP53 mutational status (P = 0.98).

The survival of patients was associated with 
several conventional prognostic factors (Table 2). 
Patients with positive lymph nodes, tumor stage 
3 or 4, primary tumor in the hypopharynx, or 
study treatment consisting of salvage surgery for 
recurrence had a significantly increased risk of 
death. A smoking history of any type or quantity 
was not a significant factor for survival as com-
pared with no history of smoking. Patients who 
consumed an average of 10 to 32 oz (296 to 947 ml) 
of alcohol per week had a higher risk of death 
than those who consumed less than 10 oz per 
week (P<0.001), but given the number of factors 
examined, this association may be due to chance.

The presence of any TP53 mutation was signifi-
cantly associated with decreased overall survival 
(Fig. 1A). Five-year overall survival was reached in 
40.7% of patients with TP53 mutations and in 
54.8% of patients with wild-type TP53 (P = 0.009). 
The median survival was 3.2 years among patients 
with a TP53 mutation and 5.4 years among patients 
with wild-type tumors (hazard ratio, 1.4; 95% con-
fidence interval [CI], 1.1 to 1.8; P = 0.009).

As compared with patients with wild-type TP53, 
the 85 patients with disruptive mutations had sig-
nificantly lower overall survival (hazard ratio, 1.7; 
95% CI, 1.3 to 2.4; P<0.001), but the 139 patients 
with nondisruptive mutations did not (hazard ra-
tio, 1.2; 95% CI, 0.9 to 1.7; P = 0.16) (Table 2 and 
Fig. 1B).

The cumulative incidence of death from squa-
mous-cell carcinoma of the head and neck or from 
other causes was higher among patients with mu-
tant TP53 than among those with wild-type TP53 
(P = 0.005), with the highest incidence among 
those with disruptive mutations (Fig. 2). The mu-
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Figure 2. Cumulative Incidence of Death among Patients with a Known 
Cause of Death, According to Mutation Category.

Of the patients who died from squamous-cell carcinoma of the head and 
neck, 44 had wild-type TP53, 39 had a nondisruptive TP53 mutation, and  
38 had a disruptive TP53 mutation. Of the patients who died from other 
causes, 27 had wild-type TP53, 22 had a nondisruptive TP53 mutation, and 
13 had a disruptive TP53 mutation. The mutation category was significantly 
associated with a cumulative risk of death from squamous-cell carcinoma 
of the head and neck (P = 0.002 with the use of the Gray test) but not with  
a cumulative risk of death from other causes (P = 0.87 with the use of the 
Gray test).
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tation category was associated with a cumulative 
risk of death from squamous-cell carcinoma of the 
head and neck (P = 0.002) but not with a cumula-
tive risk of death from other causes (P = 0.87).

In multivariate analyses involving Cox propor-
tional-hazards models, as compared with the ab-
sence of a TP53 mutation, the presence of any TP53 
mutation (hazard ratio for death, 1.32; 95% CI, 
1.01 to 1.73; P = 0.04), and particularly a disrup-
tive mutation (hazard ratio, 1.69; 95% CI, 1.20 to 
2.36; P = 0.003), remained significantly associated 
with decreased survival after adjustment for patho-
logic nodal stage, type of treatment, site of pri-
mary tumor, smoking history, and average alcohol 
use (Table 3). The group with wild-type TP53 had 
longer progression-free survival than did the group 
with nondisruptive TP53 mutations (P = 0.049) or 
the group with disruptive TP53 mutations (P<0.001) 
(Fig. 1 in the Supplementary Appendix).

Discussion

Our study provides evidence of an association be-
tween a TP53 mutation in a patient with squamous-
cell carcinoma of the head and neck and survival 
after surgical treatment. The results demonstrate 
that TP53 mutations generally, and disruptive mu-
tations of TP53 particularly, are significantly asso-
ciated with short survival in squamous-cell carci-
noma of the head and neck.

In previous reports, alterations of TP53 were 
detected in about 40% of cases, depending on the 
method used and the number of exons examined. 
We found a frequency of 53% in our cohort, prob-
ably because the p53 gene chip and Surveyor–
DHPLC analysis can detect mutations in the en-
tire coding region of TP53 (exons 2 through 11), 
whereas most previous studies analyzed only ex-
ons 5 through 8. The distribution of TP53 muta-
tions was consistent across participating institu-
tions in our study.

Of the 420 patients enrolled in our study, 180 
(42.9%) had cancer of the oral cavity, whereas 215 
(51.2%) had pharyngeal or laryngeal cancers. 
These data include patients who underwent pri-
mary surgery, and the data may not accurately 
represent the current population of patients with 
squamous-cell carcinoma of the head and neck, 
since rates of HPV-related oropharyngeal disease 
are increasing. An inverse relationship between the 
presence of HPV DNA in squamous-cell carcinoma 
of the oropharynx and the presence of a TP53 mu-

tation has been well documented.36 The relatively 
low frequency of TP53 mutations in oropharyn-
geal carcinomas (41.9%) may be due to the con-
tribution of HPV infection, in which TP53 is in-

Table 3. Results of Multivariate Analysis of Selected Prognostic Factors  
for Overall Survival.

Model and Selected Factor
Hazard Ratio 

for Death (95% CI) P Value

Any mutation

Presence of mutation 1.3 (1.0–1.7) 0.04

Primary tumor site

Oral cavity 1.7 (1.2–2.6) 0.005

Hypopharynx 1.8 (1.1–3.1) 0.02

Larynx 1.4 (0.9–2.1) 0.13

Other 1.0 (0.5–2.0) 0.93

Multiple 8.3 (2.4–28.0) <0.001

Pathologic nodal stage N1–N3 2.4 (1.8–3.3) <0.001

Treatment

Surgery only 1.4 (1.0–1.9) 0.06

Salvage surgery 2.0 (1.4–2.9) <0.001

Smoking history 1.1 (1.0–1.2) 0.07

Average alcohol use*

10–32 oz/wk 1.3 (0.9–1.9) 0.11

>32 oz/wk 0.9 (0.6–1.2) 0.39

Unknown 0.5 (0.2–1.0) 0.07

Mutation category

Nondisruptive TP53 mutation 1.1 (0.8–1.6) 0.43

Disruptive TP53 mutation 1.7 (1.2–2.4) 0.003

Primary tumor site

Oral cavity 1.7 (1.2–2.5) 0.006

Hypopharynx 1.9 (1.1–3.2) 0.02

Larynx 1.4 (0.9–2.1) 0.14

Other 1.0 (0.5–2.0) 0.91

Multiple 9.7 (2.8–33.0) <0.001

Pathologic nodal stage N1–N3 2.4 (1.8–3.3) <0.001

Treatment

Surgery only 1.4 (1.0–2.0) 0.05

Salvage surgery 2.1 (1.4–3.0) <0.001

Smoking history 1.1 (1.0–1.2) 0.07

Average alcohol use*

10–32 oz/wk 1.3 (0.9–1.8) 0.13

>32 oz/wk 0.9 (0.6–1.3) 0.41

Unknown 0.5 (0.2–1.0) 0.04

*	To convert values for ounces to milliliters, multiply by 29.6.
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activated by binding to the E6 viral protein rather 
than by mutation. The importance of HPV in oro-
pharyngeal cancer was not recognized at the time 
our study was designed, and analysis for HPV was 
not included in the protocol.

TP53 mutation is associated with a history of 
tobacco use.37 Most of the patients in our study 
were smokers, but the association between smok-
ing and TP53 mutation was not significant, per-
haps because the data-collection forms did not 
distinguish between former smokers and non-
smokers.

In our study, 124 of the 560 registered patients 
were excluded because of a lack of tumor-tissue 
specimens or because the DNA from the speci-
mens was of poor quality. The cancers in these 
patients were likely to be stage 1 or 2, in which 
tumor is less abundant than in higher stages. 
Although these exclusions could introduce bias, 
since TP53 mutations were seen most frequently 
in patients with advanced-stage squamous-cell 
carcinoma of the head and neck, the association 
of TP53 status with survival was independent of 
stage. Our results show that — independently of 
tumor site, tumor stage, and type of treatment — 
the disruptive category of mutation accounted for 
almost all of the association of TP53 mutation with 
short survival (Fig. 1B).

Several strategies have been used to categorize 

TP53 mutations, since different alterations have 
been observed to behave in different ways. Our 
data support this concept. The functional proper-
ties of each mutation may uniquely affect path-
ways for maintaining genomic integrity that in-
volve p53. The biologic effects of TP53 mutations 
may also be influenced by the presence or absence 
of the remaining wild-type allele and by the gain 
of function of some mutants. In light of the com-
plexity of p53 interactions, it is interesting that 
our simple categorization based on protein fold-
ing and certain features of the gene successfully 
classified cases into groups that were associated 
with different outcomes.

Our results indicate that TP53 mutations could 
be a useful stratification factor in prospective 
clinical trials. In our cohort, chemotherapy was 
administered only as an adjuvant measure in com-
bination with postoperative radiation therapy, or 
before study entry in a few cases. Therefore, we 
have no data on tumor response to chemothera-
py. It would be clinically useful to determine 
whether TP53 mutations are associated with a 
response to treatments that attack p53-specific 
pathways.
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