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Abstract

 

Background.

 

Although epidemiologic studies
have long associated tobacco and alcohol use with the
development of squamous-cell carcinoma of the head and
neck, the molecular targets of these carcinogens have
yet to be identified. We performed a molecular analysis
to determine the pattern of mutations in the p53 gene
in neoplasms from patients with squamous-cell carcino-
ma of the head and neck and a history of tobacco or al-
cohol use.

 

Methods.

 

Sequence analysis of the conserved re-
gions of the p53 gene was performed in tumor samples
from 129 patients with primary squamous-cell carcinoma
of the head and neck. We then used statistical analysis to
identify any patient characteristics associated with muta-
tion of the p53 gene.

 

Results.

 

We found p53 mutations in 42 percent of the
patients (54 of 129). Fifty-eight percent of the patients
who smoked cigarettes and used alcohol (37 of 64; 95
percent confidence interval, 45 to 70 percent), 33 percent
of the patients who smoked but abstained from alcohol
(13 of 39; 95 percent confidence interval, 19 to 50 per-
cent), and 17 percent of the patients who neither smoked

nor drank alcohol (4 of 24, 95 percent confidence interval,
5 to 37 percent) had p53 mutations (P

 

�

 

0.001). (Two pa-
tients used alcohol but did not smoke, and neither had a
p53 mutation.) Furthermore, 100 percent of the mutations
in the patients who neither drank nor smoked occurred at
sites containing cytidine phosphate guanosine dinucle-
otides (potentially representing endogenous mutations)
within the p53 gene (5 of 5 mutations; 95 percent confi-
dence interval, 48 to 100 percent), whereas only 23 per-
cent of those in cigarette smokers consisted of such
changes (12 of 53 mutations; 95 percent confidence inter-
val, 12 to 36 percent; P

 

�

 

0.001).

 

Conclusions.

 

In our study, a history of tobacco and al-
cohol use was associated with a high frequency of p53
mutations in patients with squamous-cell carcinoma of the
head and neck. Preliminary evidence linked cigarette
smoking to p53 mutations at nonendogenous mutation
sites. Our findings suggest a role for tobacco in the mo-
lecular progression of squamous-cell carcinoma of the
head and neck and support the epidemiologic evidence
that abstinence from smoking is important to prevent
head and neck cancer. (N Engl J Med 1995;332:712-7.)
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E

 

PIDEMIOLOGIC data have strongly linked ciga-
rette smoking and alcohol consumption to the de-

velopment of certain cancers.

 

1,2

 

 Smoking is the most
common cause of cancer-related death in the United
States, and tobacco and alcohol use accounts for one
third of all cancer-related deaths.

 

1,2

 

 Tobacco and al-
cohol are important etiologic agents in squamous-cell
carcinoma of the head and neck.

 

3-6

 

 A large-scale pro-
spective study determined that the relative risk of death
due to cancer among smokers older than 35 years of
age, as compared with nonsmokers, was 27.5 for oral
and pharyngeal cancer and 10.5 for laryngeal cancer.

 

7

 

Repeated exposure to specific carcinogens in cigarette
smoke may cause multiple neoplastic lesions in the mu-
cosa of the aerodigestive tract (field carcinogenesis).

 

8,9

 

The upper aerodigestive tract, the only area in the
body in which the alimentary tract and the airways
form a common conduit, is an ideal site for evaluating
the independent and synergistic effects of tobacco and
alcohol.

The molecular targets of cigarette smoke and alcohol

have not been firmly identified. Carcinogens may leave
unique “fingerprints” in the form of specific mutations
that cause the initiation or progression of cancer.

 

10,11

 

Mutation of the p53 gene, the most common genetic al-
teration in human cancer, has been linked to tobacco
smoking in squamous-cell carcinoma of the head and
neck, as well as esophageal, lung, and bladder can-
cer.

 

11,12

 

 However, this conclusion rests on studies in-
volving small numbers of patients and often immuno-
histochemical evaluation,

 

13-23

 

 a method that, because of
its high false positive and false negative rates, does
not always identify mutations of the p53 gene.

 

24-27

 

 Al-
though technically difficult and time consuming, mo-
lecular sequencing is the gold standard for detecting
p53 mutations. It is the only means of identifying the
pattern of p53 mutations that may result from expo-
sure to carcinogens.

 

11

 

 We collected samples of invasive
squamous-cell carcinomas of the head and neck, se-
quenced the p53 gene, and attempted to determine
whether any clinical characteristics correlated with
mutation of the gene.

 

M

 

ETHODS

 

Patients

 

One hundred forty-four consecutive patients with squamous-cell
carcinoma of the head and neck who were undergoing biopsy or sur-
gical resection at Johns Hopkins Medical institutions were prospec-
tively entered into the study, which was approved by the appropriate
institutional review board. Sixty-nine of these patients had been part
of a previous study investigating the value of p53 as a molecular
marker of occult tumor cells in pathological samples.

 

28

 

 Demographic
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data were collected from the hospital charts, the cancer registry, and
interviews with the patient and treating physician as necessary.
Demographic data on each patient were collected by staff members
who had no knowledge of the status or the type of p53 mutation
present in the patient’s tumor.

The history of use of tobacco and alcohol was carefully document-
ed. Nonsmokers and nondrinkers were defined as patients who never
used, rarely used, or had stopped using tobacco and alcohol, respec-
tively, more than 20 years before being treated for head and neck
cancer. Smokers and drinkers were defined as patients with moderate
or heavy use of cigarettes (at least 20 pack-years) and alcohol (one
or more drinks per day — one drink being defined as containing ap-
proximately 10 g of alcohol, which is equal to 1 oz [30 ml] of 86-proof
hard liquor, one 3.6-oz [108-ml] glass of wine containing 12 percent
alcohol, or one 12-oz [360-ml] can of beer), respectively, during the
20 years preceding their treatment for head and neck cancer.

 

4

 

 We in-
tended to stratify these patients according to whether they had quit
using tobacco or alcohol more than 15, 10, or 5 years before treat-
ment or were still using them at the time of our study.

The perioperative data included the tumor–node–metastasis
stage of the head and neck cancer (stage I, II, III, or IV according to
the staging system of the American Joint Committee on Cancer

 

29

 

),
the site of the primary tumor, and the pathological grade of the neo-
plasm on light-microscopical examination. All patients were assigned
to subgroups according to whether the cancer was newly diagnosed
or recurrent at the time of evaluation of the p53 gene.

 

Molecular Analysis

 

With the patient’s consent, portions of the invasive tumors were
collected in the operating room and immediately frozen in liquid ni-
trogen. The frozen specimens were microdissected to remove normal
tissue (only specimens containing more than 50 percent neoplastic
cells were included in the analysis), and DNA was isolated.

 

30

 

 A 1.8-kb
fragment of the p53 gene encompassing exons 5 through 9 was am-
plified from the frozen primary-tumor DNA by the polymerase chain
reaction,

 

31

 

 cloned, and then sequenced.

 

32

 

 The results were confirmed
with repeated amplification, cloning, and sequencing of the tumor
DNA (a complete list of the specific p53 mutations in these patients
is available on request).

 

Statistical Analysis

 

The clinical and pathological findings were analyzed with respect
to p53 mutations with use of the chi-square and Fisher’s exact tests.
The relation of multiple patient characteristics to mutations of the
p53 gene was also examined by logistic regression. We used JMP 3.0
statistical software (SAS Institute, Cary, N.C.).

 

R

 

ESULTS

 

Characteristics of the Patients

 

One hundred forty-four consecutive patients with in-
vasive squamous-cell carcinoma of the head and neck
were enrolled in the study. Three patients were exclud-
ed because of a lack of demographic data (their hospital
charts could not be located), and 12 other patients
were excluded because cigarette-smoking and alcohol-
consumption histories were not available. The demo-
graphic data were analyzed separately for the 102 pa-
tients with newly diagnosed cancer and the 27 patients
with recurrent cancer (Table 1).

Of the patients with newly diagnosed squamous-cell
carcinoma of the head and neck, 88 percent (90 of 102)
presented with advanced stage III or IV cancer, as is
typical in most tertiary cancer centers. The most com-
mon primary sites were the larynx, the oral cavity, and
the oropharynx. Light-microscopical examination of

the operative specimens, available for 86 patients, re-
vealed that approximately half the neoplasms were
moderately differentiated; the others were evenly divid-
ed between well-differentiated and poorly differentiat-
ed cancers. Most patients with newly diagnosed cancer
currently smoked cigarettes (81 of 102, or 79 percent)
or had smoked within the past 20 years (a history of at
least 20 pack-years). Fifty-seven percent of these pa-
tients (58 of 102) also reported moderate to heavy
intake of alcohol within the past 20 years. Very few
patients had stopped using either tobacco or alcohol
within the past 20 years; therefore, we did not subdi-
vide the groups according to whether they had stopped
smoking or drinking alcohol 5, 10, or 15 years before
the study began.

Twenty-one percent of the patients (27 of 129) pre-
sented with previously treated recurrent squamous-cell
carcinoma of the head and neck (Table 1). Eighty-one
percent of these patients (21 of 26) had been classified
as having stage I or II lesions when the original diag-
nosis was made (in 1 patient there was no documenta-
tion of the original stage). The stage of the recurrent
neoplasms was not revised to reflect the occurrence of
more advanced tumors, even though the patients typi-
cally presented with extensive locoregional disease.
The primary sites of the recurrent and newly diagnosed
neoplasms were similar, and the degrees of histologic
differentiation (available for 127 patients) were also
similar. Among the patients with recurrent cancer, 82

 

*Values are means 

 

�

 

SD.

†According to the tumor–node–metastasis staging system of the Amer-
ican Joint Committee on Cancer.

 

29

 

‡The degree of differentiation was known for 102 patients with newly
diagnosed cancer and 25 patients with recurrent cancer.

 

Table 1. Characteristics of the Patients with Newly
Diagnosed or Recurrent Squamous-Cell Carcino-

ma of the Head and Neck.

 

C

 

HARACTERISTIC

 

N

 

EWLY

 

 D

 

IAGNOSED

 

 
C

 

ANCER

 

 (N

 

�

 

102)
R

 

ECURRENT

 

 C

 

ANCER

 

 
(N

 

�

 

27)

 

Age (yr)* 63

 

�

 

13.6 63

 

�

 

9.7
Sex (%)

Male 79 56
Female 21 44

Clinical stage (%)†
I 3 39
II 9 42
III 30 4
IV 58 15

Site of primary tumor
Oral cavity 27 26
Oropharynx 27 18
Hypopharynx 9 4
Larynx 35 52
Nasopharynx 1 0
Unknown 1 0

Pathological grade on
light microscopy
(%)‡

Well differentiated 25 24
Moderately differen-

tiated
51 60

Poorly differentiated 24 16
Cigarette smoker (%) 79 82
Alcohol drinker (%) 57 30
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percent (22 of 27) smoked and 30 percent (8 of 27)
were moderate-to-heavy users of alcohol.

 

Molecular Analysis

 

The p53 gene was sequenced in tumor specimens
from 129 patients with squamous-cell carcinoma of the
head and neck, and 42 percent of the neoplasms had at
least one mutation of the p53 gene (Fig. 1). Four of
these tumors had tandem mutations of the p53 gene (2
apparently unrelated mutations), yielding a total of 58
mutations in 54 head and neck cancers (Table 2). The
most common p53 mutations were GC

 

→

 

AT, GC

 

→

 

TA,
and AT

 

→

 

GC. Twenty-eight percent of the p53 muta-
tions (16 of 58) included splice sites, frame shifts, dele-
tions, or stops. These changes would be predicted to en-
code truncated p53 proteins that immunohistochemical
analysis usually fails to detect.

 

Statistical Analysis

 

Logistic-regression analysis did not reveal significant
correlations between the presence or absence of p53

mutations (P

 

�

 

0.50), the tumor–node–metastasis stage
(P

 

�

 

0.50), the pathological tumor grade (P

 

�

 

0.50), or
the primary site of the neoplasm in patients with either
newly diagnosed cancer (P

 

�

 

0.70) or recurrent cancer
(P

 

�

 

0.10).
By contrast, 47 percent of the tumors obtained from

smokers in the group with newly diagnosed cancer (38
of 81) had p53 mutations, whereas only 14 percent of
the tumors from nonsmokers (3 of 21) had mutations
of the p53 gene (P

 

�

 

0.006). A significant association
between alcohol use and mutation of the p53 gene was
also found in patients with newly diagnosed cancer.
Mutations of the p53 gene were found in 55 percent of
the carcinomas from the patients who drank alcohol
(32 of 58), but in only 20 percent of the tumors from
patients who did not drink (9 of 44, P

 

�

 

0.001). The as-
sociation of cigarette smoking (P

 

�

 

0.34) and alcohol
use (P

 

�

 

0.42) with mutation of the p53 gene was not
significant in the population of patients with recurrent
squamous-cell carcinoma of the head and neck, possi-
bly because of the small number of patients in that
group (n

 

�

 

27). Twelve of the 22 smokers with recur-
rent cancer had mutations of the p53 gene, whereas
this was true for only 1 of the 5 nonsmokers with recur-
rent cancer. Tumors from 5 of the 8 alcohol drinkers
with recurrent cancer had p53 mutations, whereas tu-
mors from 8 of the 19 nondrinkers with recurrent can-
cer had such mutations.

The characteristics of the patients with newly diag-
nosed cancer were similar to those of the patients with
recurrent cancer (Table 1). Almost all the patients with
recurrent cancer (25 of 27) had received radiation ther-
apy before undergoing a second tumor resection. In
these patients, we did not see the deletions of the p53
gene that exposure to radiation can cause.

 

33-36

 

 More-
over, the proportions of p53 mutations in the patients
with primary (42 percent) and recurrent (50 percent)
tumors and the pattern of these mutations were almost
identical. Consequently, the two groups were combined
for a more detailed analysis of smoking and drinking
habits. In the total population of 129 patients, the asso-
ciation of smoking and drinking with mutations of the
p53 gene was stronger than in the subgroups (Fig. 2).
Tumors from patients with head and neck cancer who
smoked cigarettes and drank alcohol had a 58 percent
incidence of p53 mutations (95 percent confidence in-
terval, 45 to 70 percent), those from patients who only
smoked had a 33 percent incidence of p53 mutations
(95 percent confidence interval, 19 to 50 percent), and
those from patients who neither smoked nor drank had
a 17 percent incidence of p53 mutations (95 percent
confidence interval, 5 to 37 percent; P

 

�

 

0.001). Only
two nonsmoking patients used alcohol, and neither had
a p53 mutation.

Sites containing cytidine phosphate guanosine (CpG)
dinucleotides are susceptible to endogenous mecha-
nisms of mutation. Methylation at these sites can lead
to spontaneous deamination and the misincorporation
of nucleotides on the complementary DNA strand. All

 

Figure 1. Autoradiographs of Mutations of the p53 Gene in Pa-

A C G T A C G T
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tients with Squamous-Cell Carcinoma of the Head and Neck.
Sequencing analysis of DNA from tumor samples is shown with
the lanes grouped together to facilitate the identification of ab-
normal mutant bands (three tumors are shown in Panel A, and
four tumors in Panel B). In Panel A, a tandem mutation consist-
ing of base-pair changes (TA

 

→

 

AT) at codons 253 and 254
(changing threonine to serine and isoleucine to phenylalanine) is
shown in lane 2 (arrows). In Panel B, a change in a single base
pair (GC

 

→

 

AT) at codon 278 (changing proline to a stop codon)
is evident in lane 3 (arrow).

 

*A total of 58 mutations were identified in tumor specimens
from 54 patients. Frame shifts are deletions or insertions of one
or more base pairs.

†Because of rounding, the values total 101 percent.

 

Table 2. p53 Mutations Identified in 54 Pa-
tients with Squamous-Cell Carcinoma of the

Head and Neck.

 

*

 

B

 

ASE

 

-P

 

AIR

 

 C

 

HANGE p

 

53 M

 

UTATIONS

NO. IDENTIFIED % OF TOTAL†

 

GC

 

→

 

CG 5 9

GC

 

→

 

TA 12 21

GC

 

→

 

AT 18 31

AT

 

→

 

TA 7 12

AT

 

→

 

GC 9 16

AT

 

→

 

CG 3 5

Frame shift 4 7
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of the mutations in tumors from the patients with head
and neck cancer and p53 mutations who neither smoked
nor drank occurred at CpG sites (5 of 5 mutations; 95
percent confidence interval, 48 to 100 percent), but
such mutations were found in only 23 percent of the tu-
mors from patients with cancer and p53 mutations who
smoked cigarettes (12 of 53 mutations; 95 percent con-
fidence interval, 12 to 36 percent; P

 

�

 

0.001).

 

D

 

ISCUSSION

 

Patterns of mutations have been associated with cer-
tain environmental carcinogens.

 

10,11,37-39

 

 We sequenced
the p53 gene in tumor specimens from 129 patients
with squamous-cell carcinoma of the head and neck
and found that mutations of the gene correlated strong-
ly with cigarette smoking, either alone or in combina-
tion with alcohol consumption. These mutations were
3.5 times more common among patients who both
smoked cigarettes and drank alcohol than among pa-
tients who neither smoked nor drank.

A significant minority of the patients (19 percent)
neither smoked nor drank, and 30 percent smoked but
abstained from alcohol. We could thus analyze tobacco
and alcohol use as independent risk factors for muta-
tion of the p53 gene. Since only two patients drank al-
cohol but did not smoke, we could not evaluate the ef-
fect of alcohol in the absence of smoking.

Preliminary data link mutation of the p53 gene with
cigarette smoking in patients with lung carcinoma.

 

17-20

 

Most of the studies have used immunohistochemical
analyses to evaluate the p53 protein; this method has
substantial false positive and false negative rates as
compared with those for molecular sequencing.

 

24-27,40

 

 In

our patients, 28 percent of the p53 mutations could have
resulted in a truncated p53 protein, which would not
stain with labeled anti-p53 antibodies. Another study
linking exposure to carcinogens with p53 mutations
found 14 mutations, most of which were GC

 

→

 

TA.

 

17

 

The authors suggested that benzo[

 

a

 

]pyrene in tobacco
smoke specifically causes GC

 

→

 

TA mutations in the p53
gene.

 

17

 

 In esophageal cancer, another neoplasm relat-
ed to smoking and alcohol consumption, a wide range
of p53 mutations has been found, most commonly
GC

 

→

 

AT and GC

 

→

 

TA.

 

15,16

 

 Mutations of the p53 gene
in patients with bladder cancer who smoked typically
consisted of GC

 

→

 

CG and AT

 

→

 

GC.

 

22,41

 

 These muta-
tions may result from the aromatic amines and 

 

N

 

-[4-(5-
nitro-2-furyl)-2-thiaxolyl]formamide, both of which are
present at increased levels in urothelial cells in ciga-
rette smokers. All the patients in these earlier studies
were cigarette smokers, and their cancers had a wide
spectrum of base-pair changes in the p53 gene, similar
to those in our patients with squamous-cell carcinoma
of the head and neck who used tobacco and alcohol
(Fig. 3).

Because both endogenous and exogenous mutagens

 

Figure 2. Association of p53 Gene Mutations with Cigarette
Smoking and Alcohol Consumption in 129 Patients with Squa-
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mous-Cell Carcinoma of the Head and Neck.
The frequency of p53 gene mutations in patients with invasive
squamous-cell carcinoma of the head and neck was related
to the patients’ exposure to cigarette tobacco and alcohol
(P

 

�

 

0.001). Cigarette smokers who drank alcohol were 3.5 times
more likely than nonsmokers who abstained from alcohol to have
mutations of the p53 gene. The T bars represent the upper 95
percent confidence limit. Two nonsmokers who drank alcohol

were excluded from the analysis (neither had
a p53 mutation).

Figure 3. The Pattern of p53 Base-Pair Mutations Resulting from
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Exposure to the Carcinogens in Cigarette Tobacco
and Alcohol.

Cigarette smokers who abstained from alcohol had five types of
base-pair changes: AT

 

→

 

TA, AT

 

→

 

GC, GC

 

→

 

AT, GC

 

→

 

TA, and
GC

 

→

 

CG. Cigarette smokers who drank alcohol had the widest
spectrum of alterations, involving all types of potential base-pair
changes, including frame shifts. Frame shifts involve insertions

or deletions of one or more base pairs.
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generate specific kinds of base substitutions at pre-
ferred sites, the spectrum of p53 mutations in tumors
may provide information about their cause.

 

38,39,42

 

 The
pattern of p53 mutations in our patients was notable
in two respects. First, the highest incidence of muta-
tions was associated with exposure to tobacco and
alcohol. In patients in Papua New Guinea who had
squamous-cell carcinoma of the head and neck pre-
dominantly associated with betel-nut chewing,

 

43

 

 the
incidence of p53 mutations was much lower (10 per-
cent), suggesting that tobacco (and perhaps alcohol)
may produce carcinogens that increase the frequency
of such mutations. Second, the location of the changes
within the p53 gene with respect to CpG sites was also
associated with exposure to cigarette tobacco and al-
cohol. These changes at CpG sites have been impli-
cated as endogenous mutational “hot spots” resulting
from methylation and deamination of cytosine by cel-
lular enzymatic processes.

 

42,44

 

 Consequently, a higher
percentage of changes at CpG sites would be expected
in patients whose mutations occurred without substan-
tial exposure to environmental carcinogens. In colon
cancer, a neoplasm not associated with smoking, the
frequency of p53 mutations is also high, but most mu-
tations occur at endogenous CpG sites.

 

42

 

 In the group
of patients who neither smoked nor drank, we also
detected a predominance of mutations at CpG sites.
However, the small number of subjects in this group
means that these findings must be regarded as prelim-
inary.

Critical studies have shown that the loss of the pro-
tective p53 cellular mechanism allows the evolution of
a clonal population of cells with a selective growth ad-
vantage that may eventually result in the progression of
cancer.

 

45,46

 

 Moreover, inactivation of the p53 gene may
be an important step in the progression of preinvasive
lesions of the head and neck.

 

23

 

 The different types of
base-pair changes in squamous-cell carcinoma of the
head and neck suggest the involvement of many of the
tobacco toxins thus far identified, although experi-
ments in animals have suggested that tobacco-specific
nitrosamine derived from nicotine may be the main
culprit.

 

1

 

 Our results also suggest that alcohol may aug-
ment the effects of tobacco by further increasing the
frequency of p53 mutations. Researchers have suggest-
ed that alcohol may cause mucosal injury and increase
the absorption of the mutagenic toxins present in ciga-
rette smoke.3 Alcohol consumption may also directly
cause carcinogenesis by inducing microsomal enzymes
involved in the metabolism of carcinogens by contrib-
uting to nutritional deficiencies, and by introducing car-
cinogenic impurities that may have contaminated alco-
holic beverages.3 

We have demonstrated that cigarette smoking and
alcohol consumption increase the frequency of p53 mu-
tations. Although such mutations also occur in cancers
that are not related to smoking, our findings provide
further evidence that such mutations are generally re-

stricted to endogenous hot spots in nonsmokers and
that cigarette smoke may have a propensity to inacti-
vate the p53 gene. Because inactivation of the gene ap-
pears critical for the progression of many head and
neck cancers, our molecular data strongly support the
epidemiologic evidence that abstinence from smoking
is important for the prevention of such cancers. More-
over, the link between exposure to tobacco and p53 mu-
tations in squamous-cell carcinoma of the head and
neck raises the possibility that a specific carcinogenic
exposure can serve as the etiologic agent in a particular
patient’s cancer.
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